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PREFACE

Switching Power Converter: an Early Example

Although the origin of switching power converters is lost
inantiquity, some early machines have beenidentified that
work on this principle. Among the first was the hydraulic
impulse pump, in use centuries before the use of electric-
ity (see Figure 1). This device allows some of the energy
in the stream of water flowing from point Ato point B to be
diverted to pump a smaller amount of water from point B
to point C. Here is how this “water hammer” works (refer
to Figures 1 and 2). First, the control valve SW1 opens at
time t1 and flow commences through the downpipe L1. As
the velocity of water flow in the downpipe increases, so
does the energy stored in the moving mass. (E = 1/2MV2,
where M = mass of the moving water, V = the velocity of
the moving water, and E = energy, usually expressed in
Joules). When the valve SW1 has been open long enough
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Figure 1. Hydraulic Impulse Pump (Water Hammer)

for the water flow rate to reach a valve that is a significant
percentage of the theoretical maximum flow rate, we shut
the valve SW1.Thisistyin Figure 2. By shutting the control
valve SW1 attime to, we attempt to arrest the flow through
the downpipe. One thing about energy—it doesn’t like
being abandoned, so the pressure rises until something
gives. Lucky for our downpipe, we have a check valve that
can open and divert the otherwise-trapped energy into C1,
the output damper. Enough HoO moves through the check
valve D1 and into C1 at a pressure head above the load
head H2 to remove all kinetic energy associated with the
down flow in the downpipe. Hence, for every hogshead of
water that flows into the downpipe, a partial hogshead of
water is delivered to the barrel at point C.
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INTRODUCTION

The advent of the switching regulator has greatly reduced
the size, weight and volume of power conversion circuitry,
while improving both the speed of response and effi-
ciency. With the output voltage requirements going ever
lowerand currents ever higher, close scrutiny isapplied to
the loss mechanisms of the power converter. The loss
mechanisms are divided into three classes: resistance
loss, fixed voltage loss and switching loss. Resistance
losses are caused by the circuit resistances (input capaci-
tor ESR, power switch on-resistance, DC and AC resis-
tance of the inductor, resistance of any current-sense
elements, resistance in the output diode and ESR in the
output capacitors), each multiplied by the squares of their
respective currents. Fixed voltage losses associated with
diode forward drops can be calculated by multiplying
diode forward voltage by diode current. Switching losses
are caused by both the finite turn-on and turn-off times of
the MOSFETSs and the stray capacitance on the source of

the top MOSFET. As the trend toward higher output
current progresses, the first thing to do is minimize all
losses caused by resistance (because the power is propor-
tional to 12R). Itis easy to minimize resistance because we
have available very low ESR capacitors, low on-resistance
MOSFETs and low series-resistance inductors. We have
controllers that place a very small voltage across the
current sense resistors. We do such a good job of drop-
ping the resistive loss mechanisms that the output diode
forward-voltage drop becomes the greatest loss mecha-
nism. This is how the mandate for synchronous rectifica-
tion comes about. Synchronous rectification is achieved
by replacing the output diode with a low on-resistance
switch. With synchronous rectification, efficiencies are
higher, and, more importantly, power dissipated in the
switching power supply is lower, often eliminating the
need for heat sinks and/or fans.
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FEATURES

= High Voltage: Operation Up to 60V

= High Current: Dual N-Channel Synchronous Drive
Handles Up to 10,000pF Gate Capacitance

= Programmable Average Load Current Limiting

= 5V Reference Qutput with 10mA External
Loading Capability

= Programmable Fixed Frequency Synchronizable
Current Mode Operation Up to 150kHz

= Undervoltage Lockout with Hysteresis

= Programmable Start Inhibit for Power Supply
Sequencing and Protection

= Adaptive Nonoverlapping Gate Drive Prevents
Shoot-Through

APPLICATIONS

48V Telecom Power Supplies
Personal Computers and Peripherals
Distributed Power Converters
Industrial Control Systems
Lead-Acid Battery Backup Systems
Automotive and Heavy Equipment

High Power Synchronous
DC/DC Controller

DESCRIPTION

The LT®1339 is a high power synchronous current mode
switching regulator controller. The IC drives dual
N-channel MOSFETs to create a single IC solution for high
power DG/DC converters in applications up to 60V.

The LT1339 incorporates programmable average current
limiting, allowing accurate limiting of DC load current
independent of inductor ripple current. The IC also incor-
porates user-adjustable slope compensation for minimi-
zation of magnetics at duty cycles up to 90%.

The LT1339 timing oscillator operating frequency is pro-
grammable and can be synchronized up to 150kHz. Mini-
mum off-time operation provides main switch protection.
The ICalsoincorporates a soft start feature that is gated by
both shutdown and undervoltage lockout conditions.

An output phase reversal pin allows flexibility in configu-
ration of converter types, including inverting and negative
topologies.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
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ABSOLUTE MAXIMUM RATINGS

(Note 1)

Supply Voltages
Power Supply Voltage (12Vin) ..cvovvvvnee. -0.3Vto 20V
Topside Supply Voltage (VogsT)
V1g = 0.3V to Vig + 20V (Vyax = 79V)
Topside Reference Pin Voltage (TS) ......—0.3V to 60V
Input Voltages
Sense Amplifier Input Common Mode...—0.3V to 60V

RUN/SHDN Pin Voltage ...................... -0.3Vto 12V)y

All Other INPULS ...cvveecieeeecee -0.3Vto 7V
Maximum Currents

5V Reference Output Current............c.cccueeee... 65mA

Maximum Temperatures
Operating Ambient Temperature Range

LT1339C .. 0°C to 70°C
LT1339 e -40°C to 85°C
Storage Temperature Range ................. -65°C to 150°C
Lead Temperature (Soldering, 10 SeC).......c........... 300°C

PACKAGE/ORDER INFORMATION

ORDER PART
TOP VIEW NUMBER
SYNC [1] 20] Vgoost
5Vper [2] [19] TG
cT (3] 18] TS LT1339CN
sL/ADJ [4] [17] 12vy LT1339CSW
lave E E‘ BG LT1 339|N
ss [6] 15] PGND LT1339ISW
Ve [7] [14] PHASE
SGND [8] [13] RUN/SHDN
Ves [9 [12] SENSE-
Vper [10] [11] SENSE*

N PACKAGE SW PACKAGE
20-LEAD PDIP  20-LEAD PLASTIC SO WIDE

Tymax = 125°C, 8ya = 70°C/W (N)
Timax = 125°C, 6y4 = 85°C/W (SW)

Consult factory for Military grade parts.

ELECTRICAL CHARACTERISTICS

12V = Vggost = 12V, Vg =2V, TS = OV, Vg = Vger = 1.25V, Cyg = Cgg = 3000pF, Tp = 25°C unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP  MAX | UNITS

Supply and Protection

l1ovIN DC Active Supply Current (Note 2) o 14 20 mA
DC Standby Supply Current VRun/sHon < 0.5V . 150 250

IBoosT DC Active Supply Current (Note 2) 2.2 mA
DC Standby Supply Current VRun/sHon < 0.5V 0

VRun/sHon| Shutdown Rising Threshold o | 115 1.25 1.35 v

Vsshyst | Shutdown Threshold Hysteresis 25 mV

Isg Soft Start Charge Current o 4 8 14 pA

VuviLo Undervoltage Lockout Threshold - Falling o | 820 9.00 9.75 v
Undervoltage Lockout Threshold - Rising ° 9.35 9.95 v
Undervoltage Lockout Hysteresis ° 200 350 mV

5V Reference

VRers 5V Reference Voltage Line, Load and Temperature o | 475 5.00 5.25 v
5V Reference Line Regulation 10V <12V)y <15V o 3 5 mV/\/

IREFS 5V Reference Load Range - DC o 10 mA

Pulse 20 mA

5V Reference Load Regulation 0 < Iggrs < 20mA . -1.25 -2 V/A

Isg 5V Reference Short-Circuit Current 45 mA

LY IR
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ELECTRICAL CHARACTERISTICS

12V = Vggost = 12V, Vg =2V, TS = OV, Vg = Vgep = 1.25V, Cyg = Cgg = 3000pF, Ty = 25°C unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP MAX | UNITS
Error Amplifier
Vig Error Amplifier Reference Voltage Measured at Feedback Pin 1.242 1.250 1.258 v
o | 1.235 1.250 1.265 v
Irg Feedback Input Current Vig = VRer o 0.1 0.5 1.0 pA
Om Error Amplifier Transconductance o | 1200 2000 3200 pumho
Ay Error Amplifier Voltage Gain o | 1500 3000 VN
Ivg Error Amplifier Source Current e | 200 275 PA
Error Amplifier Sink Current Vg — VRer = 500mV o | 280 400 pA
Ve Absolute V¢ Clamp Voltage Measured at V¢ Pin 3.5 v
Vsense Peak Current Limit Threshold Measured at Sense Inputs o | 170 190 mV
Average Current Limit Threshold (Note 4) Measured at Sense Inputs . 110 120 130 mV
Viave Average Current Limit Threshold Measured at |pyg Pin 2.5 v
Current Sense Amplifier
Ay Amplifier DC Gain Measured at |pyg Pin 15 VN
Vos Amplifier Input Offset Voltage 2V < Vomsense < 60V, . 0.1 mV
SENSE* — SENSE™ = 5mV
Ig Input Bias Current Sink (Vomsense > V) o 45 75 pA
Source (Vomsense = 0V) . 700 1200 PA
Oscillator
fo Operating Frequency, Free Run ° 150 kHz
Frequency Programming Error (Note 3) fg < 150kHz o -5 5 %
It Timing Capacitor Discharge Current LT1339C o | 220 2.50 2.75 mA
LT1339 o | 210 2.50 2.75 mA
Vsyne SYNC Input Threshold Rising Edge . 0.8 2.0 V
fsyne SYNC Frequency Range fsyne < 150kHz o fo 1.4fg
Output Drivers
V16,86 Undervoltage Output Clamp 12V <8V . 04 0.7 v
Standby Mode Output Clamp VRun < 0.5V o 0.1 v
Vg Top Gate On Voltage o | 110 11.9 12.0 v
Top Gate Off Voltage o 04 0.7 V
tTeR Top Gate Rise Time ° 130 200 ns
trgr Top Gate Fall Time . 60 140 ns
b Bottom Gate On Voltage o | 110 11.9 12.0 v
Bottom Gate Off Voltage o 04 0.7 V
tBGR Bottom Gate Rise Time o 70 200 ns
tRgF Bottom Gate Fall Time o 60 140 ns

The e denotes specifications which apply over the full operating

temperature range.

Note 2: Supply current specification does not include external FET gate
charge currents. Actual supply currents will be higher and vary with

Note 1: Absolute maximum ratings are those values beyond which the life operating frequency, operating voltages and the type of external FETs

of a device may be impaired.

used. See Application Information section.
Note 3: Test condition: Rgr = 16.9k, gt = 1000pF.
Note 4: Test Condition: Vgpmsense = 10V.

AN73-8
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS

SYNC (Pin 1): Oscillator Synchronization Pin with TTL-
Level Compatible Input. Input drives internal rising edge
triggered one-shot; sync signal on/off times should be
>1us (10% to 90% DC at 100kHz). Does not contain
internal pull-up. Connect to SGND if not used.

SVRer (Pin 2): 5V Output Reference. Allows connection
of external loads up to 10mA DC. (Reference is not
available in shutdown.) Typically bypassed with 1uF
capacitor to SGND.

CT (Pin 3): Oscillator Timing Pin. Connect a capacitor
(CcT) to ground and a pull-up resistor (Rgt) to the SVRer
supply. Typical values are CT = 1000pF and 10k < Rgt
< 30k.

SL/ADJ (Pin 4): Slope Compensation Adjustment.
Allows increased slope compensation for certain high
duty cycle applications. Resistive loading of the pin
increases effective slope compensation. A resistor
divider from the 5VRgr pin can tailor the onset of addi-
tional slope compensation to specific regions in each
switch cycle. Pin can be floated or connected to 5V if
no additional slope compensation is required. (See
Applications Information section for slope compensa-
tion details.)

lavg (Pin 5): Average Current Limit Integration. Fre-
quency response characteristic is set using the 50kQ
output impedance and external capacitor to ground.
Averaging roll-off typically set at 1 to 2 orders of magni-
tude under switching frequency. (Typical capacitor value
~1000pF for fg = 100kHz.) Shorting this pin to SGND will
disable the average current limit function.

SS (Pin 6): Soft Start. Generates ramping threshold for
regulator current limit during start-up and after UVLO
event by sourcing about 8pA into an external capacitor.

V¢ (Pin 7): Error Amplifier Output. RC load creates
dominantcompensationin power supply regulation feed-
back loop to provide optimum transient response. (See
Applications Information section for compensation de-
tails.)

SGND (Pin 8): Small-Signal Ground. Connect to negative
terminal of Cqyr.

Veg (Pin 9): Error Amplifier Inverting Input. Used as
voltage feedback input node for regulator loop. Pin
sources about 0.5pA DC bias current to protect from an
open feedback path condition.

VRer (Pin 10): Bandgap Generated Voltage Reference
Decoupling. Connect a capacitor to signal ground. (Typi-
cal capacitor value ~0.1uF.)

SENSE* (Pin 11): Current Sense Amplifier Inverting
Input. Connect to most positive (DC) terminal of current
sense resistor.

SENSE~ (Pin 12): Current Sense Amplifier Noninverting
Input. Connect to most negative (DC) terminal of current
sense resistor.

RUN/SHDN (Pin 13): Precision Referenced Shutdown.
Can be used as logic level input for shutdown control or
as an analog monitor for input supply undervoltage
protection, etc. IC is enabled when RUN/SHDN pin rising
edge exceeds 1.25V. About 25mV of hysteresis helps
assure stable mode switching. All internal functions are
disabled in shutdown mode. If this function is not
desired, connect RUN/SHDN to 12V (typically through
a 100k resistor). See Applications Information section.

PHASE (Pin 14): Output Driver Phase Control. If Pin 14
is not connected (floating), the topside driver operates
the main switch, with the bottom side driver operating
the synchronous switch. Shorting Pin 14 to ground
reverses the roles of the output drivers. PHASE is typi-
cally shorted to ground for inverting and boost configu-
rations. Positive buck configuration requires the PHASE
pin to float. See Applications Information section.

PGND (Pin 15): Power Ground. References the bottom
side output switch and internal driver control circuits.
Connect with low impedance trace to V)y decoupling
capacitor negative (ground) terminal.

BG (Pin16): Bottom Side Output Driver. Connects to gate
of bottom side external power FET.

12Vy (Pin 17): 12V Power Supply Input. Bypass with at
least 1uF to PGND.

TS (Pin 18): Boost Output Driver Reference. Typically
connects to source of topside external power FET and
inductive switch node.

TG (Pin 19): Topside (Boost) Output Driver. Connects to
gate of topside external power FET.

Voost (Pin 20): Topside Power Supply. Bootstrapped
via 1yF capacitor tied to switch node (Pin 18) and
Schottky diode connected to the 12V supply.

AN73-12
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OPEM-ITIOI'I (Refer to Functional Block Diagram)

Basic Control Loop

The LT1339 uses a constant frequency, current mode
synchronous architecture. The timing of the IC is provided
through an internal oscillator circuit, which can be syn-
chronized to an external clock, programmable to operate
at frequencies up to 150kHz. The oscillator creates a
modified sawtooth wave atits timing node (CT) with aslow
charge, rapid discharge characteristic.

During typical positive buck operation, the main switch
MOSFET is enabled at the start of each oscillator cycle. The
main switch stays enabled until the current through the
switched inductor, sensed via the voltage across a series

sense resistor (Rgense), is sufficient to trip the current
comparator (IG1) and, inturn, resetthe RS latch. Whenthe
RS latch resets, the main switch is disabled, and the
synchronous switch MOSFET is enabled. Shoot-through
prevention logic prohibits enabling of the synchronous
switch until the main switch is fully disabled. If the current
comparator threshold is not obtained throughout the
entire oscillator charge period, the RS latch is bypassed
and the main switch is disabled during the oscillator
discharge time. This “minimum off time” assures ad-
equate charging of the bootstrap supply, protects the main
switch, and is typically about 1ps.

LY IR
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The current comparator trip threshold is set on the V¢ pin,
which is the output of a transconductance amplifier, or
error amplifier (EA). The error amplifier integrates the
difference between a feedback voltage (on the Vg pin)
and an internal bandgap generated reference voltage of
1.25V, forming a signal that represents required load
current. If the supplied current is insufficient for a given
load, the output will droop, thus reducing the feedback
voltage. The error amplifier forces current out of the V¢
pin, increasing the current comparator threshold. Thus,
the circuit will servo until the provided current is equal to
the required load and the average output voltage is at the
value programmed by the feedback resistors.

Average Current Limit

The output of the sense amplifier is monitored by a single
pole integrator comprised of an external capacitor on the
lavg pin and an internal impedance of approximately
50kQ. If this averaged value signal exceeds a level corre-
sponding to 120mV across the external sense resistor, the
current comparator threshold is clamped and cannot
continue to rise in response to the error amplifier. Thus, if
averageload currentrequirements exceed 120mV/Rsensk,
the supply will current limit and the output voltage will fall
out of regulation. The average current limit circuit moni-
tors the sense amplifier output without slope compensa-
tion or ripple current contributions, therefore the average
load current limit threshold is unaffected by duty cycle.

Undervoltage Lockout

The LT1339 employs an undervoltage lockout circuit
(UVLO) that monitors the 12V supply rail. This circuit
disables the output drive capability of the LT1339 if
the 12V supply drops below about 9V. Unstable mode
switching is prevented through 350mV of UVLO threshold
hysteresis.

Adaptive Nonoverlapping Output Stage

The FET driver output stage implements adaptive
nonoverlapping control. This circuitry maintains dead
time independent of the type, size or operating conditions
of the switch elements. The control circuit monitors the

output gate drive signals, insuring that the switch gate
(being disabled) is fully discharged before enabling the
other switch driver.

Shutdown

The LT1339 can be put into low current shutdown mode
by pulling the RUN/SHDN pin low, disabling all circuit
functions. The shutdown threshold is a bandgap referred
voltage of 1.25V typical. Use of a precision threshold on
the shutdown circuit enables use of this pin for undervolt-
age protection of the Vjy supply and/or power supply
sequencing.

Soft Start

The LT1339 incorporates a soft start function that oper-
ates by slowly increasing the internal current limit. This
limitis controlled by clamping the V¢ node to alow voltage
that climbs with time as an external capacitor on the SS pin
is charged with about 8pA. This forces a graceful climb of
output current capability, and thus a graceful increase in
output voltage until steady-state regulation is achieved.
The soft start timing capacitor is clamped to ground
during shutdown and during undervoltage lockout, yield-
ing a graceful output recovery from either condition.

5V Internal Reference

Power for the oscillator timing elements and most other
internal LT1339 circuits is derived from an internal 5V
reference, accessible at the 5VRgr pin. This supply pin can be
loaded with up to 10mA DC (20mA pulsed) for convenient
biasing of local elements such as control logic, etc.

Slope Compensation

For duty cycles greater than 50%, slope compensation is
required to prevent current mode duty cycle instability in
the regulator control loop. The LT1339 employs internal
slope compensation that is adequate for most applica-
tions. However, if additional slope compensation is
desired, it is available through the SL/ADJ pin. Excessive
slope compensation will cause reduction in maximum
load current capability and therefore is not desirable.

AN73-14

LY R



Application Note 73

APPLICATIONS INFORMATION

Rsense Selection for Output Current

Rsense generates a voltage that is proportional to the
inductor current for use by the LT1339 current sense
amplifier. The value of Rgpysg is based on the required
load current. The average current limit function has a
typical threshold of 120mV/Rggnse, or:

Rsense = 120mV/Imir

Operation with Vggyse common mode voltage below 4.5V
may slightly degrade current limit accuracy. See Average
Current Limit Threshold Tolerance vs Common Mode
Voltage curve in the Typical Performance Characteristics
section for more information.

Output Voltage Programming

Output voltage is programmed through a resistor feed-
back network to Vg (Pin 9) on the LT1339. This pin is the
inverting input of the error amplifier, which is internally
referenced to 1.25V. The divider is ratioed to provide
1.25V atthe Vg pin when the output is at its desired value.

The output voltage is thus set following the relation:
Vout = 1.25(1 + R2/R1)

when an external resistor divider is connected to the
output as shown in Figure 1.

Vout

R2

©

LT1339 Vig

SGND R1
8

= 13%-fo1

Figure 1. Programming LT1339 Output Voltage

If high value feedback resistors are used, the input bias
current of the Veg pin (1pA maximum) could cause a slight
increase in output voltage. A Thevenin resistance at the
VEg pin of <5k is recommended.

Oscillator Components Rey and Cey

The LT1339 oscillator creates a modified sawtooth wave
atitstiming node (CT) with a slow charge, rapid discharge
characteristic. The rapid discharge time corresponds to

the minimum off-time of the PWM controller. This limits
maximum duty cycle (DCyax) to:
DCuax = 1 - (toisch) (o)

This relation corresponds to the minimum value of the
timing resistor (Rgt), which can be determined according
to the following relation (R¢t vs DCyax graph appears in
the Typical Performance Characteristics section):

Reriny = [(0.8)(1073)(1 = DCyax)] ™

Values for Rgr > 15k yield maximum duty cycles above
90%. Given a timing resistor value, the value of the timing
capacitor (Cgt) can then be determined for desired oper-
ating frequency (fp) using the relation:

(170) - (100) 7075
)+ 1.75
(2.5):907°5-(3.375/Rc7 )

Cer =

(Rer /1.85

A plot of Operating Frequency vs Rgt and Cet is shown in
Figure 2. Typical 100kHz operational values are Ggt =
1000pF and Rt = 16.9k.

160
N
g \ \ Cor=1.0nF
= 130 :
= \ \\ Cer=1.50F
Z 100 N N\ /
o0
g . JANAVANY
& N N AN
S \\\\ ~
<T
g 40 iCCT:3.3nF¥>\\\
@ \
o S~ I
20 Cer=2.2nF

0

0 5 10 15 20 25 30
TIMING RESISTOR (kQ)

LT1339+ F02

Figure 2. Oscillator Frequency vs Rer, Cer

Average Current Limit

The average current limit function is implemented using
anexternal capacitor (Cayg) connected from | pyg to SGND
that forms a single pole integrator with the 50kQ output
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impedance of the Iayg pin. The integrator corner fre-
quency istypically set 1to 2 orders of magnitude belowthe
oscillator frequency and follows the relation:

f_a48 = (3.2)(1078)/Cavg

The average current limit function can be disabled by
shorting the Ipyg pin directly to SGND.

Soft Start Programming

The currentcontrol pin (V) limits sensed inductor current
tozeroatvoltages less than atransistor Vg, to full average
current limit at Vg = Vge + 1.8V. This generates a 1.8V full
regulation range for average load current. An internal
voltage clamp forces the V¢ pin to a Vgg — 100mV above
the SS pin voltage. This 100mV “dead zone” assures 0%
duty cycle operation at the start of the soft start cycle, or
when the soft start pin is pulled to ground. Given the
typical soft start current of 8uA and a soft start timing
capacitor Cgg, the start-up delay time to full available
average current will be:

tgs = (1.5)(10°)(Css)

Boost Supply

The VggosT supply is bootstrapped via an external capaci-
tor. This supply provides gate drive to the topside switch
FET. The bootstrap capacitoris charged from 12V, through
a diode when the switch node is pulled low.

The diode reverse breakdown voltage must be greater than
Vi +12V)y. The bootstrap capacitor should be at least 100
times greater than the total input capacitance of the
topside FET. A capacitor in the range of 0.1uF to 1pF is
generally adequate for most applications.

Shutdown Function—Input Undervoltage Detect and
Threshold Hysteresis

The LT1339 RUN/SHDN pin uses a bandgap generated
reference threshold of about 1.25V. This precision thresh-
old allows use of the RUN/SHDN pin for both logic-level
shutdown applications and analog monitoring applica-
tions such as power supply sequencing.

Because an LT1339 controlled converter is a power trans-
fer device, a voltage that is lower than expected on the
input supply could require currents that exceed the sourc-

ing capabilities of that supply, causing the system to lock
up in an undervoltage state. Input supply start-up protec-
tion can be achieved by enabling the RUN/SHDN pin using
aresistor divider from the input supply to ground. Setting
the divider outputto 1.25V whenthat supply is almost fully
enabled preventsthe LT1339 regulator from drawing large
currents until the input supply is able to provide the
required power.

|f additional hysteresis is desired for the enable function,
an external feedback resistor can be used fromthe LT1339
regulator output. If connection to the regulator output is
not desired, the SVRgr internal supply pin can be used.
Figure 3 shows a resistor connection on a 48V to 5V
converter that yields a 40V Vy start-up threshold for
regulator enable and also provides about 10% input
referred hysteresis.
a0

Vout

300k v
// OPTION 1

390k  \OPTION 2
\,

SVRer
LT1339

RUN/SHDN
%Ok 1339+ F03

Figure 3. Input Supply Sequencing Programming

The shutdown function can be disabled by connecting the
RUN/SHDN pin to the 12Vy rail. This pin is internally
clampedto 2.5V through a 20k series input resistance and
will therefore draw about 0.5mA when tied directly to 12V.
This additional current can be minimized by making the
connection through an external resistor (100k is typically
used).

Inductor Selection

Theinductorforan LT1339 converter is selected based on
output power, operating frequency and efficiency require-
ments. Generally, the selection of inductor value can be
reduced to desired maximum ripple currentinthe inductor
(Al). Forabuck converter, the minimum inductor value for
adesired maximum operating ripple current can be deter-
mined using the following relation:

AN73-16
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(VOUT)(VIN - VOUT)

i

where fg = operating frequency. Given an inductor value
(L), the peak inductor current is the sum of the average
inductor current (layg)and half the inductor ripple current
(Al), or:

(VOUT)(VIN - VOUT)

lpk =lavg + (2)(|_)(f0)(V|N)

The inductor core type is determined by peak current and
efficiency requirements. The inductor core must with-
stand peak current without saturating, and series winding
resistance and core losses should be kept as small as is
practical to maximize conversion efficiency.

The LT1339 peak current limit threshold is 40% greater
thanthe average current limit threshold. Slope compensa-
tion effects reduce this margin as duty cycle increases.
This margin must be maintained to prevent peak current
limit from corrupting the programmed value for average
current limit. Programming the peak ripple current to less
than 15% of the desired average current limit value will
assure porper operation of the average current limit
feature through 90% duty cycle (see Slope Compensation
section).

Oscillator Synchronization

The LT1339 oscillator generates a modified sawtooth
waveform at the Ct pin between low and high thresholds
ofabout0.8V (vl)and 2.5V (vh) respectively. The oscillator
can be synchronized by driving a TTL level pulse into the
SYNC pin. Thisinputs toaone-shot circuitthat reduces the
oscillator high threshold to 2V for about 200ns. The SYNC
input signal should have minimum high/low times of
>1ps.

Slope Compensation

Current mode switching regulators that operate with a
duty cycle greater than 50% and have continuous inductor
current can exhibit duty cycle instability. While a regulator
will not be damaged and may even continue to function

2.5V

. I

0.8V (V1)
<—— FREE RUN ——> <——— SYNCHRONIZED ————>

1339 F04

Figure 4. Free Run and Synchronized Oscillator
Waveforms (at Cy Pin)

acceptably during this type of subharmonic oscillation, an
irritating high-pitched squeal is usually produced.

The criterion for current mode duty cycle instability is met
when the increasing slope of the inductor ripple current is
less than the decreasing slope, which is the case at duty
cycles greater than 50%. This condition is illustrated in
Figure 5a. The inductor ripple current starts at |4, at the
beginning of each oscillator switch cycle. Current
increases at a rate S1 until the current reaches the control
trip level lo. The controller servo loop then disables the
main switch (and enables the synchronous switch) and
inductor current begins to decrease at a rate S2. If the
current switch point (lo) is perturbed slightly and
increased by Al, the cycle time ends such that the mini-
mum current point is increased by a factor of (1 + S2/S1)
to start the next cycle. On each successive cycle, this error
is multiplied by a factor of S2/S1. Therefore, if S2/S1 is
> 1, the system is unstable.

Subharmonic oscillations can be eliminated by augment-
ing the increasing ripple current slope (S1) in the control
loop. This is accomplished by adding an artificial ramp on
the inductor current waveform internal to the IC (with a
slope Sy) as shown in Figure 5b. If the sum of the slopes
S1+ Sy is greater than S2, the condition for subharmonic
oscillation no longer exists.

For a buck converter, the required additional current
waveform slope, or “Slope Compensation,” follows the
relation:

i _
Sy = ETaznc J
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Figure 5. Inductor Current at DC > 50% and
Slope Compensation Adjusted Signal

For duty cycles less than 50% (DC < 0.5), Sy is negative
and is not required. For duty cycles greater than 50%, Sy
takes onvalues dependenton S1and duty cycle. This leads
to a minimum inductance requirement for a given Vyy and
duty cycle of:

LW%—S 20C- 1)

The LT1339 contains an internal Sy slope compensation
ramp that has an equivalent current referred value of:

0 fg O

0.084r
SENSE E

where fg is oscillator frequency. This yields a minimum
inductance requirement of:

(VIN)(RSENSE)(ZDC‘ 1)

(0.084) )

A down side of slope compensation is that, since the IC
servo loop senses an increase in perceived inductor cur-
rent, the internal current limit functions are affected such
that the maximum current capability of a regulator is
reduced by the same amount as the effective current
referred slope compensation. The LT1339, however, uses
a current limit scheme that is independent of slope com-
pensation effects (average current limit). This provides
operation at any duty cycle with no reduction in current
sourcing capability, provided ripple current peak ampli-
tude is less than 15% of the current limit value. For
example, if the supply is set up to current limit at 10A, as
long as the peak inductor current is less than 11.5A, duty
cycles up to 90% can be achieved without compromising
the average current limit value.

Amp/s

Lain 2

If an inductor smaller than the minimum required for
internal slope compensation (calculated above as Lyyy) is
desired, additional slope compensation is required. The
LT1339 provides this capability through the SL/ADJ pin.
This feature is implemented by referencing this pin via a
resistor divider from the 5VRgr pin to ground. The addi-
tional slope compensation will be affected at the point in
the oscillator waveform (at pin CT) corresponding to the
voltage set by the resistor divider. Additional slope com-
pensation can be calculated using the relation:

2500)(fp)
L ()
XADD (REQ)(RSENSE) Amp/s

where Rgqisthe effective resistance of the resistor divider.
Actual compensation will be somewhat greater due to
internal curvature correction circuitry that imposes an
exponential increase in the slope compensation wave-
form, further increasing the effective compensation slope
up to 20% for a given setting.

1.40
N
135 \
S 130 \
E N
= \
T 125 AN
o
& \\
120 N
115
110

0 01 02 03 04 05 06 0.7 08 09
DUTY CYGLE (DC)

LT1339 « FO6

Figure 6. Maximum Ripple Current (Normalized)
vs Duty Cycle for Average Current Limit

Design Example:
Viy =20V
Vout =15V (DC = 0.75)
Rsense = 0.01Q
fo = 100kHz
L = 5puH

The minimum inductor usable with no additional slope
compensation is:

AN73-18
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(20v)(0.010)(1.5-1)
(0.084)(100000)

Lvin 2 =11.9uH

Since L =5pH is less than Ly, additional slope compen-
sation is necessary. The total slope compensation
required is:

Sy %% 15-1)=(2)40°0  Ampss

Subtracting the internally generated slope compensation
and solving for the required effective resistance at SL/ADJ

RE; ) (2500)(to)
P o]0

Setting the resistor divider reference voltage at 2V assures
that the additional compensation waveform will be
enabled at 75% duty cycle. As shown in Figure 7a, using

=21.5k

SVREF
LT1339
SL/ADJ

1339 F07a

_(0.084 +0.139)(fo)
- RsEnsE

(0.084)(fo)
RsEnsE

? 1339 « FO7b

Figure 7b. Slope Compensation Waveforms

Rg11 = 45k and Rg o = 30k sets the desired reference
voltage and has a Rgq of 18k, which meets both design
requirements. Figure 7b shows the slope compensation
effective waveforms both with and without the SL/ADJ
external resistors.

Power MOSFET and Catch Diode Selection

External N-channel MOSFET switches are used with the
LT1339. The positive gate-source drive voltage of the
LT1339 for both switches is roughly equivalent to the
12V|y supply voltage, so standard threshold MOSFETs
can be used.

Selection criteria for the power MOSFETs include the “ON”
resistance (Rpsony), reverse transfer capacitance (Grss),
maximum drain-source voltage (Vpgg) and maximum
output current.

The power FETs selected must have a maximum operating
Vpsg exceeding the maximum V)y. Vgg voltage maximum
must exceed the 12V supply voltage.

Once voltage requirements have been determined, Rps(on)
can be selected based on allowable power dissipation and
required output current.

Inan LT1339 buck converter, the average inductor current
is equal to the DC load current. The average currents
through the main and synchronous switches are:

Imain = (ILoap)(DC)

Isyne = (ILoap)(1 —DC)
The Rps(on) required for a given conduction loss can be
calculated using the relation:

PLoss = (Iswirch)?(Ros(on))

In highvoltage applications (Vjy>20V), the topside switch
is required to slew very large voltages. As V| increases,
transition losses increase through a square relation, until
it becomes the dominant power loss term in the main
switch. This transition loss takes the form:

Ptr = (K)(Vin)?(Imax) (Crss) (fo)

where k is a constant inversely related to the gate drive
current, approximated by k = 2 in LT1339 applications.
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The maximum power loss terms for the switches are thus:

Pwain = (DC)(Imax)?(1 + 8)(Ros(on)) +
2(Vin)?(Imax)(Crss) (fo)

Psync = (1= DC)(Imax)?(1 + &)(Ros(on))

The (1 + d) term in the above relations is the temperature
dependency of Rps(ony, typically given in the form of a
normalized Rpg(on) vs Temperature curve in a MOSFET
data sheet.

In some applications, parasitic FET capacitances couple
the negative going switch node transient onto the bottom
gate drive pin of the LT1339, causing a negative voltage in
excess of the Absolute Maximum Rating to be imposed on
that pin. Connection of a catch Schottky (rated to about 1A
istypically sufficient) from this pinto ground will eliminate
this effect.

Cin and Coyr Supply Decoupling Capacitor Selection

The large currents typical of LT1339 applications require
special consideration for the converter input and output
supply decoupling capacitors. Under normal steady state
operation, the source current of the main switch MOSFET
is a square wave of duty cycle Voy1/Viy. Most of this
current is provided by the input bypass capacitor. To
prevent large input voltage transients and avoid bypass
capacitor heating, a low ESR input capacitor sized for the
maximum RMS current must be used. This maximum
capacitor RMS current follows the relation:

(haax)(Vour (Vin - VOUT))1/2
Vin

which peaks at a 50% duty cycle, when lpys = Imax/2.
Capacitor ripple current ratings are often based on only
2000 hours (three months) lifetime; it is advisable to
derate either the ESR or temperature rating of the capaci-
tor for increased MTBF of the regulator.

The output capacitor in a buck converter generally has
much less ripple current than the input capacitor. Peak-to-
peak ripple current is equal to that in the inductor (Aly),
typically a fraction of the load current. Coyr is selected to
reduce output voltage ripple to a desirable value given an
expected output ripple current. Qutput ripple (AVqyT) is
approximated by:

|

AVour = AILESR + [(4)(fo) « Cout]™)
where fg = operating frequency.

Efficiency Considerations and Heat Dissipation

High output power applications have inherent concerns
regarding power dissipation in converter components.
Although high efficiencies are achieved using the LT1339,
the power dissipated in the converter climbs to relatively
high values when the load draws large amounts of power.
Even at 90% efficiency, an application that provides 500W
to the load has conversion loss of 55W.

2R dissipation through the switches, sense resistor and
inductor series resistance create substantial losses under
high currents. Generally, the dominant I2R loss is evident
inthe FET switches. Loss in each switch is proportional to
the conduction time of that switch. For example, in a 48V
to 5V converter the synchronous FET conducts load cur-
rent for almost 90% of the cycle time and thus, requires
greater consideration for dissipating 12R power.

Gate charge/discharge current creates additional current
drain on the 12V supply. If powered from a high voltage
input through a linear regulator, the losses in that regula-
tor device can become significant. A supply solution
bootstrapped from the output would draw current from a
lower voltage source and reduce this loss component.

Transition losses are significant in the topside switch FET
when high V| voltages are used. Transition losses can be
estimated as:

PrLoss = 2(Vin)2(Imax) (Crss) (fo)

Since the conduction time in the main switch of a 48V to
5V converter is small, the I2R loss in the main switch FET
is also small. However, since the FET gate must switch up
past the 48V input voltage, transition loss can become a
significant factor. In such a case, it is often prudent to take
the increased I2R loss of a smaller FET in order to reduce
Crss and thus, the associated transition losses.

Gate Drive Buffers

The LT1339 s designed to drive relatively large capacitive
loads. However, in certain applications, efficiency im-
provements can be realized by adding an external buffer
stage to drive the gates of the FET switches. When the
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switch gates load the driver outputs such that rise/fall
times exceed about 100ns, buffers can sometimes result
in efficiency gains. Buffers also reduce the effect of back
injectioninto the bottom side driver output due to coupling
of switch node transitions through the switch FET Gy ER.

Paying the Physicists

In high power synchronous buck configurations, certain
physical characteristics of the external MOSFET switches
can impact conversion efficiency. As the input voltage
approaches about 30V, the bottom MOSFETs will begin to
exhibit “phantom turn-on.” This phenomenon is caused
by coupling of the instantaneous voltage step on the
bottom side switch drain through Cpy LR to the device
gate, yieldinginternal localized gate-source voltages above
the turn-on threshold of the FET. This generates a shoot-
through blip that ultimately eats away at efficiency num-
bers. In Figure 8 a negative prebias circuit is added to the
bottom side gate. The addition of this (BV of negative
offset to the bottom gate drive provides additional off-
state voltage range to prevent phantom turn-on.

This type of prebias circuit is used in the 48V to 5V, 50A
converter pictured in the Typical Applications section.

As currents increase beyond the 10A to 15A range, the
bottom side FET body diode experiences hard turn-on
during switch dead time due to local current loop induc-
tance preventing the timely transfer of charge to the
Schottky catch diode. The charge current required to
commutate this body diode creates a high dV/dt Schottky
avalanche when the diode charge is finally exhausted (due
to an effective inductor current discontinuity at the
moment the body diode no longer requires charge). This
generates an increased turn-on power burst in the topside
switch, causing additional conversion efficiency loss. This
effect of this parasitic inductance can be reduced by using
FETKEY ™ MOSFETSs, which have parallel catch Schottky
diodes internal to their packages. FETKEY MOSFETs are

TS

3.3V

12V}

Ly

ZTX649 14F

LT1339

BG ZTX749 10k

D1N914

PGND * L g

= 1339F08

Figure 8. Bottom Side Driver Negative Prebias Circuit

not available for high voltages, so as input voltage contin-
ues to increase, they can no longer be used. Because this
necessitates the use of discrete FETs and Schottkys,
interdigitation of a number of smaller devices is required
to minimize parasitic inductances. This technique is also
used in the 48V to 5V, 50A converter shown in the Typical
Applications section.

Optimizing Transient Response—Compensation
Component Values

The dominant compensation point for an LT1339 con-
verter is the Vg pin (Pin 7), or error amplifier output. This
pinis connected to a series RC network, Ryg and Cyc. The
infinite permutations of input/output filtering, capacitor
ESR, inputvoltage, load current, etc. make foran empirical
method of optimizing loop response for a specific set of
conditions.

Loop response can be observed by injecting a step change
inload current. This can be achieved by using a switchable
load. With the load switching, the transient response of the
output voltage can be observed with an oscilloscope.
lterating through RC combinations will yield optimized
response. Referto LTC Application Note 19in 7990 Linear
Applications Handbook, Volume 1 for more information.

FETKEY is a trademark of International Rectifier Corporation.
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TYPICAL APPLICATIONS

5V to 28V DC/DC Synchronous Boost Converter Limits Input Current at 60A (DC)
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12v I+ Cour 28V
N 2200F
DBST 1L Gy i‘r’g’
MBRO530 ? 474
SYNC v
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Ve, /- _— SHhri
- SGND PHASE b3 Resi é
a1, 27K v RUN/SHDN 100Q
N ANA
_| | CRer, 0. 1uF M VFB SENSE M RsS
I Regz, 1.2k REF Rssz, 1000 000202y,
A SENSE* AM
Wv Vv Cin 5V AT 60A
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x4
= 1339 TAD4
PHCKHGG DGSCBIPTIOI’I Dimensions in inches (millimeters) unless otherwise noted.
N Package
20-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)
1.040%
(26.416)
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TYPICAL APPLICATION

48V to 5V 50A DC/DC Converter with Input Supply Start-Up Protection

12v 50mA Vin
d 4’- 48V
: o S;ZVF'N '
LT1339 T'N5819 . 1 ooC'NF _E J
Qi 15004
SYNC  VBoosT . 63V, x 6
[T Lo |_5 Jieg 17
10k 5VRer TG d I’{lz ¢
TS s 5 : -
-4 CSVREFJ_ Cor or 12V Ml\l1|SZ4684
=T WF 2200pF SL/ADJ Q3
| | Cave, 2200pF BG IRFZ44
lave
| Css. 10uF 1
"—I Rye, 4.7k N §4O”H
0—| |—WV—C"° 22000F_ A Vo PGND -
PHASE |— %RR‘* iy
B SGND 51k 22k
0_§5FF RUN/SHDN ¢ |
| : B
« Vpgr  SENSE $S
’—I ! R i X s
RfEZ A D1 = IR30BQO6O0 x 8 Cour [+ SVATSOA
— AM— & ANA Q1, 03 = FMMT619; 02, Q4 = FMMT720 2200uF =
L N L1 = Kool Mu®, 12T 4X12 ON 77439-A7 6.3V, x4 L
= Kool My IS A REGISTERED TRADEMARK OF MAGNETICS, INC. = womn
48V to 5V Efficiency
100
95
90 /
8
S
g 7
=
Yo
60
55
50
0 10 20 30 40 50
OUTPUT CURRENT (AMPS)
PART NUMBER DESCRIPTION COMMENTS
LT1158 Half-Bridge N-Channel MOSFET Driver Current Limit Protection, 100% of Duty Cycle
LT1160 Half-Bridge N-Channel MOSFET Driver Up to 60V Input Supply, No Shoot-Through
LT1162 Dual Half-Bridge N-Channel MOSFET Driver Vi to 60V, Good for Full-Bridge Applications
LT1336 Half-Bridge N-Channel MOSFET Driver Smooth Operation at High Duty Cycle (95% to 100%)
LTC®1530 High Power Step-Down Switching Regulator Controller Excellent for 5V to 3.xV Up to 50A
LTC1435A High Efficiency, Low Noise Current Mode Step-Down DG/DC Converter | Drives Synchronous N-Channel MOSFETs
LTC1438 Dual High Efficiency, Low Noise Synchronous Step-Down Controller Tight 1% Reference
LT1680 High Power DC/DC Current Mode Step-Up Controller High Side Current Sense, Up to 60V Input
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EXPANDED PIN DESCRIPTIONS

SYNC (PIN 1) OSCILLATOR SYNCHRONIZATION PIN

This pin allows the user to synchronize the LT1339 to an
external clock.

The synchronized frequency must be faster than the free-
running frequency of the LT1339. This logic-level input
can be drivenfrom TTL or 3.3V or 5V CMOS. Its threshold
is set at 2.2Vpg, about 1.5V, and it exhibits no hysteresis.
lts duty factor can be almost anything, but you must
ensure that the pulse is at least 500ns wide, whether
asserted high or low. The internal synchronization eventis
triggered on the rising edge of the SYNC pulse; this event
triggers an internal 200ns one-shot. While the output of
the internal one-shot is asserted, the high level trip point
of the CT pin is reduced from 2.5V to 2V (see Figure 3).

0.8V )
~<—— FREE RUN —> <——— SYNCHRONIZED ——>

AN73 FO3

Figure 3. Free Run and Synchronized Oscillator
Waveforms (at Pin CT)

If, during the 200ns at the output of the internal one-shot,
the ramp voltage on the CT pin is above 2V, an early reset
is initiated. Normal reset is initiated at 2.5V. The functions
performed by the reset event are:

1. The CT pin (Pin 3) is discharged by the LT1339 to 0.8V

2. The beginning of a new on cycle ensues (the top gate
goes high in buck mode or the bottom gate goes high
in boost mode, depending on the logic level of the
PHASE pin).

The SYNC pin is used to pull the oscillator frequency up
fromthe free-running frequency set by Rgrand Cer, so the
free-running frequency should be set low enough (20%
lower than the desired running frequency) to ensure
synchronization. If unused, this pin should be tied either to
SGND or to 5VRgr, the latter having a penalty of an
additional 1mA of quiescent operating current. Leaving
this pin floating is bad form. If this pin is to be driven from

12V or 15V logic, a resistor divider is recommended, as
shown in Figure 4.

12V OR 15V
LOGIC 1 15¢
R LT1339

20k 1

SYNC
10k

SGND
I
= Aw73F04

Figure 4. Synchronizing from Higher Voltage Logic Families

Pulling the SYNC pin above 5Vrgr by a diode drop forward
biases an internal diode which begins to source current
into 5V, which has no provision to sink current. This is
not recommended.

SYNCHRONIZING MULTIPLE LT1339s

There are two basic schemes to synchronize multiple
power converters: master/slave synchronization and
multiphase synchronization.

Master/Slave Synchronization

In master/slave synchronization, one LT1339 (the master)
is set to free-run at the frequency desired for the whole
system and the other LT1339(s) are slaved from the
master. Figure 5 details the master/slave connection. The
free-running frequencies of the slaves are set 20% lower
than the free-running frequency of the master. In such a
system, if the master LT1339 stops switching (shuts
down) the slaves free-run at their natural frequency until
the master resumes switching.

#1

#2
SYNC

SGND

SYNC

SGND

- AN73 F05

Figure 5. Master/Slave Synchronization
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Multiphase Synchronization

Multiphase synchronization is very useful in systems
where high ripple current mandates massive input
capacitors in a buck or forward regulator, or massive
output capacitors in a boost regulator. Refer to Figure 6.
The master oscillator (U1) is set to run at n times the
desired running frequency, where n is the number of
phases desired. Select the subcircuit of U2 that matches
the number of phases you desire (or make more phases by
looking up the 4017 data sheet and choosing additional
[up to ten] phases). Simply connect the sync outputs of
Figure 6 to the SYNG pins of the respective LT1339s. Set
up the LT1339s to free-run 20% slower than the synchro-
nizing frequency, fosg/n.

5V
|16

Vbp

-—p
4017

3 svne 1 | 29
2 sync 2 [ fosc/2
4

=]

T O = o

> GND

AGRC

5V
|16

Voo 0 FP—syne 1
2 30
1 b TEse2 il g

4
4017

U1
LMC555

THRESHOLD OUT

—SYNC 3
7

]

T w N = O

> GND

AGRC

5V
|16

Vop

EE. SYNC 1

2 SYNG 2 | 49

14 oyne 3 [ fosc/
LT syN 4
10

5]

4017

T N W0 NN = O

> GND

AGRC

AN73 F06

Figure 6. Mulitphase Synchronization

Wide-Range Synchronization

The LT1339 oscillator can be synchronized over a wider
frequency range by acting directly on the CT pin. This can

be done by pulling the CT pin above 2.5V; this sets an
internal flip-flop, which, while set, keeps the LT1339inthe
deadtime phase of operation. The deadtime phase is
maintained until the CT pin is brought down to 0.8V.
During the dead-time phase, the LT1339 enters and
remains in the following state:

1. The main transistor (top FET of buck, bottom FET of
boost) is off.

2. The synchronous transistor (bottom FET of buck, top
FET of boost) is on.

3. A 2.5mA current source is discharging the CT pin.

The LT1339 will stay in this state as long as the CT pin is
held above 0.8V.

Whenthe CT pinis released, the internal discharge current
(2.5mA) will pull it down to 0.8V, the internal flip-flop is
reset and the next on cycle begins:

1. The synchronous transistor is turned off
2. The main transistor is turned on.
3. The 2.5mA discharge current is switched off.

Refer to Figure 7. This synchronization scheme has the
advantage of allowing synchronization over the full oper-
ating range of the LT1339, but has the disadvantage of
disabling the slope compensation. Due to the internal
structures of the LT1339, the CT pin should not be pulled
above 3.5V; doing so may seriously confuse the internal
logic.

2 THIS EXTERNAL
5VRer SYNCHRONIZING WAVEFORM
WIDTH SETS
MINIMUM OFF TIME
2N3904 LT1339 <>

3 5V

Her I
ov

SGND

iC

Figure 7. Wide-Range Synchronization Using the CT Pin

AN73 FO7

9VRer (PIN 2) OUTPUT REFERENCE

This is your reference, the reference to power your
external logic, amplifiers and the supply to tailor the
inputs of the LT1339 to your needs—it is 5V £250mV
overline, load and temperature. You can draw up to 10mA
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from this pin. Sourcing current into this pin is not recom-
mended because it has no pull-down capability other than
the normal operating current of the logic of the LT1339. It
is used as the reference for the oscillator section through
Rt. To set up hysteresis for the RUN pin, connect an
appropriate resistor from the RUN pin to the 5VRgr pin.
Finally, the 5VRgr pinis used with the SL/ADJ pin to set the
maximum duty factor or additional slope compensation
when needed. Internally, the 5Vggr pin is used to power
practically all internal functions, with only the RUN/SHDN
comparator and both gate drive circuits powered from
other sources. This pin should be decoupled to ground
(SGND) with a 1uF capacitor having an ESR less than 10Q.
The decoupling capacitor can be anything from 0.1pF to
many thousands of microfarads.

CT (PIN 3) OSCILLATOR TIMING PIN

The free-running (nonsynchronized) frequency of the
LT1339 is set up by the Rgr and Cgr combination con-
nected to this pin (see Figure 8). The value of the resistor
Rt sets up the minimum off-time of the LT1339. Refer to
Figure 9 for duty factor verses Rgrin kQ. If you would like

SVRer

LT1339

AN73 FO8

Figure 8. Oscillator Pin Connection + Waveform

100
o[ T+
% IDISCHG = 2.75mA 7
S Vi
w70 7
S 1/
& 60 4
= Vi
2 50 /l’
1/1 =2.1mA
= 40 :' DISCHG
Z 30
2 /
= 2
10
0
1 2 4 6 10 20 40 60 100
Rer (kQ)

AAAAAAA

Figure 9. Duty Factor vs Rey

to limit maximum duty factor to a number less than 90%,
abetter way to do so is described in the SL/ADJ (Pin 4) pin
description.

Figure 10 shows the Oscillator Frequency vs Rgrand Cer.
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~ 140 \ \ chmnF
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T 100 [\ N\

o0

2 o \ \\

£ N AN
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Figure 10. Oscillator Frequency vs Rer, Cet

SL/ADJ (PIN 4) SLOPE COMPENSATION
ADJUSTMENT PIN

This pin is used to limit maximum duty factor and/or
introduce additional slope compensation to the LT1339.

Limiting Maximum Duty Factor

Figure 11 details how to use the SL/ADJ pin to limit
maximum duty factor. Limiting the maximum duty factor
effectively limits the voltage input-to-output ratio where
the converter can transform power. If you think of the
converterasaDC variac, limiting the duty factor limits how
far the variac can be turned. What function limiting duty
factor performs depends upon the topology used:

1. Inasynchronous buck converter, decreasing the maxi-
mum duty factor increases the dropout voltage. This
could be used to set the minimum input voltage at
which a given output voltage can be reached. It also
limits the load-step response time when at the lowest
input voltage.

2. Inasynchronous boost converter, decreasing the maxi-
mum duty factor decreases the maximum available
output voltage at a given input voltage. This could be
used as an overvoltage protection default. Limiting duty
factor can also affect the load step response time when
operating at the minimum input voltage.

AN73-28
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3. Ina forward converter, decreasing the maximum duty
factor is highly desirable because it prevents trans-
former core saturation, resulting in a robust design.

4. Inall topologies, limiting the maximum duty factor can
be used to prevent operation at duty factors at which the
circuit would experience current mode instability, but
this function is better performed by setting the UV
lockout voltage appropriately.

Setting Maximum Duty Factor

100
SVRer
90 4

80 ,/ 1k
70 ,/

60 R2
50 /

p / =
30 p, /
20

o /

100 500 1000
R2 (Q) ANT3 F11

SL/ADJ

MAXIMUM DUTY FACTOR

Figure 11. Using the Slope Comp Pin to Limit Duty Factor

Adding More Slope Compensation

At duty factors greater than 50%, an instability enters the
current mode switcher world: current mode instability.
This is seen as a two-cycle sequence: first, a cycle with a
long on-time and short off-time, then a cycle with a short
on-time and a long off-time. Current mode instability
always happens at exactly half of the switching frequency
and is completely independent of other forms of
subharmonic oscillation. Current mode instability is inde-
pendent of the control loop and can be observed when a
voltage source is substituted for the control loop. Current
mode instability occurs whenever the rising main inductor
current ramp is slower than the falling main inductor
currentramp. To make adesignthat can runat duty factors
approaching unity, slope compensation is a must. The
LT1339 has built-in slope compensation that is adequate
for most buck converter designs, but if you have a boost
converter running at very high duty factors, you may need
more slope compensation.

If your system exhibits current mode instability, you will
need to add slope compensation or increase the induc-
tance of the main inductor. For the procedure to calculate
the correct value for the maininductor, refer to the section
entitled “Boost,” or “Buck”, according to which topology
you have,and look up the “Inductor Selection” subsection.
To add slope compensation to your existing design, use
this procedure:

1. By varying V,y, measure the minimum duty factor at
which current mode instability occurs. If the duty factor
is 50% or less, you are not looking at current mode
instability; check loop stability.

2. Gonstruct the subcircuit shown in Figure 12 and con-
nect it to your switcher.

SVREF

ADD SLOPE COMPENSATION
POT2
2.49k / 20K
SW1 O—ML| |SL/ADJ
POT1
1k ¢ O—
Q~———ser
15 + THEVENIN
’ DVM VOLTAGE
-4

AN73 F12

Figure 12. Slope Compensation Adjustment Setup Circuit

3. Power up and switch SW1 to the “set Thevenin voltage”
position.

4. Select a Thevenin voltage from Table 1 that corre-
sponds to a duty factor that is 10% less than you found
in step 1.

Table 1. Thevinin Voltages for Slope Compensation

DF VTHEVININ
90% 2.37
80% 2.23
70% 2.09
60% 1.922
50% 1.744

5. Adjust POT1 for that Thevenin voltage, as read on the
DVM.

6. Adjust POT2 for maximum resistance and set SW1 for
“Add slope compensation.”

LY IR
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7. Decrease the resistance of POT2 to correct the current
mode instability at the minimum input voltage and
maximum load current allowed.

8. Calculate from the equations in Figure 13 the resistor
values needed to construct the slope-compensation
network shown in Figure 14.

1

R =
THEV = 1

SV —Vryey)/

0 E}"‘D 0
O
ngv/f»v 5 (5V)(4k) 5

RseLecT = (RPOT2)(O-8) (Margin)

RrotaL =Rthev +RseLeet

R - (l {TOTAL)(S)
TOP \
THEV

(RroTaL)(®)

Reotrom =
9= Vrpgy

Figure 13. Calculating the Resistor Values for
a 2-Resistor Slope Compensation Network

SVRer

LT1339
SL/ADJ

SGND
8

ReoTTOM

— ANT3Fi4

Figure 14. Two Resistor Slope Compensation

For the new design, refer to the “Inductor Selection”
subsection of the section describing the topology you are
designing.

The slope compensation in your system need only be
enoughto handle the steady-state operation at minimum
Vy with maximum Vgt and maximum load current (UV
lockout can be set to limit minimum input voltage and
lrsense €an be set to limit maximum current). If the

converter is stable in steady-state operation, it will also
be free from current mode instability during load-step-
induced duty factor variations.

Iave (PIN 5) AVERAGE CURRENT LOOP
INTEGRATION CAPACITOR

This pin is used to smooth out the triangular wave shape
of the current waveform and, in the process, to set up the
loop compensation of the current limit loop. Inthe buck or
boost converter, the current waveform in the inductor of
the power converter is roughly triangular, the average of
which represents the DC output current of the buck
converter (DC input current for a boost converter). This
main inductor current is converted into a voltage by the
current sense resistor. The voltage across the sense
resistor is applied to the SENSE ~and SENSE * pins of the
LT1339. Inside, it is amplified by a gain of 15 and is then
offset by a Vge so that 700mV represents zero pro-
grammed peak inductor current. This current signal rep-
resenting inductor current is then given an impedance of
50k and brought out to the Iayg pin. Placing a capacitor
from the Ipye pin to the Vg pin (Pin 7), sets up an
integration network that smooths out the triangular ripple,
yielding a DC voltage that represents the average current.
This DC voltage is subtracted from 2.5V and converted to
acurrent by a transconductance amplifier. If the resultant
currentis negative, itis subtracted fromthe erroramplifier’s
output current. The transconductance of the conversion is
0.03A/V. Once the current reaches its threshold, the
average current limit loop comes to life, taking control of
the main control loop. The power converter changes from
a constant voltage source to a constant current source. If
the average current limit feature is not used, this pin
should be grounded.

Using the Ipyg Pin to Implement
an Adjustable Current Limit.

Refer to Figure 15. This circuit is a system-level applica-
tion using the LT1339 where there is a motherboard that
uses one-half of the available power and two daughter
boards that, when present, each use one-quarter of the
total available power. Using this circuit, one can protect
the motherboard and daughterboards with current limits
set appropriately for the actual load.
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Figure 15. Multiple Level Automatic Current Limit

SS (PIN 6) SOFT-START INTEGRATION CAPACITOR

This pin, with its associated external capacitor, generates
aramp that limits the maximum voltage possible onthe V¢
pin. The V¢ pin is clamped by a PNP transistor to be 1Vgg
(~0.7V) maximum above the SS pin. This allows the
current output of the power converter to start at zero and
rise to the operating load current at a rate slower than the
loop response. Soft-start ramps minimize or completely
eliminate overshoot at turn-on. This pin is actively pulled
to ground when either the 12V pin voltage drops below
the UV lockout point, disabling operation (see the section
onthe 12V, pinfor details), orthe RUN/SHDN pinis below
its low voltage trip point (see the section on the RUN/
SHDN pin for details). When the voltages on both the
12V)y and the RUN/SHDN pins enable operation, approxi-
mately 8pA is sourced out of this pin, charging Cgg, the
capacitor connected between ground and this pin. This
current can vary from 4pA to 20pA. For tighter charge-
current tolerance, an external resistor is recommended
between the 5VRgr pin and the SS pin, setting up a much
higher (100uA) charge current. The voltage on this pin is
internally clamped at 3.5V and any resistor pulling up on
this pin should be sized to limit the current to 150pA.

Whenthe LT1339 pulls this pin low, the discharge current
is 10mA. This discharge current becomes available
whenever the voltage at the 12V pin is greater than 3V.
When the soft-start pin is fully discharged by the internal
discharge transistor, the peak current programmed is
zero. Grounding the SS pin will stop the top FET drive from
turning on. The bottom FET drive will be on for the
maximum time as set up by the running frequency and
dead-time. Using the internal charge current, the time to
full current is nominally Time (s) = 0.8 « 10°C. If this pin
isunused, it should be left floating. If your design requires
that the Vpers output be active while the LT1339 output is
shut down, use the circuit detailed in Figure 16.

LT1339

6
IT ss
+
H = SHUTDOWN -| VN2222 Css SGND
i } I |8

= AN73F16

NOTE: GROUNDING THE SOFT-START PIN WILL
CAUSE THE OUTPUT TO BE DISCHARGED TO
OR BELOW GROUND

Figure 16. Shutdown While Keeping 5Vggr Circuit Alive
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V¢ (PIN 7) CONTROL LOOP COMPENSATION NODE

This pincomprises the output ofthe erroramplifierand the
input of the peak current comparator. Normally it is used
to compensate the output voltage control loop. Compen-
sation is performed by adding a pole and a zero to the
control loop function; sometimes an additional pole is
needed—this is provided by CgyaL. These two poles and
one zero are configured by connecting this pin in the
manner indicated in Figure 17. The total voltage loop is
detailed in Figure 18. If your design requires gating on and
off, use the RUN/SHDN pin as your first choice. If, how-
gver, you need to keep SVRgr alive during the shutdown
period, the V¢ pin can be pulled down by an NPN transistor
or MOSFET, as shown in Figure 19. This allows the soft-
start function to work independently of the gating signal.
If soft-start is desired on each turn-on of your gating
sequence, refer to Figure 16 in the soft-start pin descrip-
tion. When using optoelectronic feedback in a forward
converter, ground the feedback pin and connect the op-
toisolator to the V¢ pin according to Figure 20.

R
A\,—sooo( REF )

Rrs + RReF,
7
Ve \ 4
| Rcomp
LT1339 —_l__ CrinAL
1 -

- F= 1

"~ (2m)(Ccomp)(1.5)(109)

_ 1
F= (2m)(Rcomp) (CFINAL)
SGND Reer | [Reow) Y
iE Ay = 3000(R|:B + Reer] (1566 | X N\
= ZERO

_ 1
F = @ Roonr) Coomp)

POLE
Ccomp

AN73 F17

Figure 17. Control Loop Compensation

Current Sharing Multiple Power Converters

As with the synchronization of multiple LT1339 power
converters, current sharing can be achieved by two differ-
entstrategies: master/slave currentsharing and peer-level
sharing controlled by a system master control loop.

1. Master/slave currentsharing is performed by the circuit
detailed in Figure 21.

2. Operating peer-level power converters with a master
system loop is detailed in Figure 22.

6
NC — SS

LT1339
Ve

J— % 2N3904 OR SGND
| VN2222 J_g
— j___ = AN73F19

Figure 19. Gating the Power Converter
On and Off Without Soft Start
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LT1339
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SGND

L

Figure 20. Optical Feedback Scheme
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Figure 18. Total Voltage Loop
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Figure 21. Master/Slave Current Sharing
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Figure 22. Peer Level Current Sharing

SGND (PIN 8) SIGNAL GROUND

This is the “clean” ground pin; it is for the returns of Cer,
the feedback resistor divider, CCOMP, C5VREF, Ciave, CVRer
and CsoprsTarT. This pin also is the reference for the
RUN/SHDN pin. This pin is electrically connected to the
PGND inside the LT1339; the resistance between these
pins is approximately 10Q. On the PCB there should be a
trace connecting this pinto the PGND pin. This connecting
trace should be situated so that no switching frequency AC
or power level DG current flows through it. Placing the
LT1339 on a ground plane with PGND and SGND con-
nected to the plane works well.

Vgg (PIN 9) FEEDBACK PIN FOR
OUTPUT VOLTAGE CONTROL

This pin is the inverting input to the error amplifier. The
input voltage at the Vg pin is subtracted from the voltage
on the VRer pin and converted into an error current by the
error amplifier’s transconductance of 0.002A/V. The
LT1339, using its loop gainand current-controlled engine,
is constantly forcing this pin to 1.250V. Thus, the output
voltage is set by a resistor divider (See Figure 23) con-
nected to this pin.

Vour
R2
9
LT1339 VrB
SGND R1
8
VOUT =125+ % = AN73F23

Figure 23. Programming LT1339’s Output Voltage

Error Amplifier Characteristics

ThereisaDC voltage that, when placed on the feedback pin
(Vg ), will cause the current output of the error amplifier
to be zero. This voltage falls between 1.242V and 1.258V
and is called V. Figure 24 details the DC characteris-
tics of the error amplifier. Note the generous width of the
linear region; this is important for noise immunity in high
power systems. It is evident that a 200mVp-p high fre-
quency disturbance on the feedback pin will not take the
error amplifier out of its linear region, and will be inte-
grated in the compensation network. This is the essence
of removing the nasty “R word” (rectification) from the

Im=0
275 ~

Om = 2000

=275

gm =130

ERROR AMP OUTPUT CURRENT (pA)

0.3 VnuLe —0.14— Vyuie = Vol +0.14
FEEDBACK VOLTAGE (V) ANT3 P24

Figure 24. Error Amplifier Transconductance
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arena of problems encountered with poorly designed
parts. There is, however, a limit to the ability of the error
amplifier to reject rectification when looking across the
DC-to-daylight spectrum. Rectification happens when the
dV/dT onthe feedback pin approaches 50V/us. The mecha-
nism of this rectification is seenin Figure 25, as Q1 cuts off
when the feedback pin’s dV/dT goes positive faster than |4
cancharge C1. Ifthe feedback pin slews at rates approach-
ing this limit, we recommend that you add a small capaci-
tor between the feedback pin and the Vggr pin or SGND pin
to slow down the signals at the Vg pin. The feedback pin
has a maximum voltage and current restriction. If you pull
the feedback pin above 5V, you will turn on a parasitic
vertical PNP transistor and inject current into the sub-
strate. Under such conditions the current into the feed-
back pin should be limited to less than 1mA.

- - - - ANT73 F25

Figure 25. Error Amplifier Input Stage

Vg (PIN 10) ERROR AMPLIFIER VOLTAGE
REFERENCE DECOUPLING

The VRgr pin is connected directly to the noninverting
input of the error amplifier. This pinis normally decoupled
with a 0.1yF cap connected from this pin to SGND.
Internally, there is a 5k isolation resistor between this pin
and the bandgap reference. The dynamic output imped-
ance of the bandgap reference is approximately 100Q.

Setting Up a Voltage Soft-Start Using the Vggr Pin

The error amplifier that is connected to this pin has an
input common mode range that extends below 0.6V. This
pin can be used for a voltage soft-start circuit. The circuit
shown in Figure 26 utilizes the error amplifier to program
a soft-start that starts at 50% of nominal output voltage
and ramps up to 100% of the nominal output voltage.

|\| 5 VREFs Vour
2N3904 . 4 SS

< LT1339

VREr ~Vour
SGND 2

100 = _lj

AN73 F26

Figure 26. Voltage Soft Start

Using the Vggr Pin to Implement a Noise-Immune
Output Voltage Trim

Although the output voltage can be easily trimmed by
adding a resistor to the Vg pin, the poor noise immunity
of this trim method is less than desirable. A much better
voltage trim is accomplished by connecting an appropri-
ate valued resistor to the Vggr pin and adjusting the value
of the decoupling capacitor for a time constant in the tens
to hundreds of milliseconds (refer to Figure 27). The time
constant of noise reduction on the VRgg pin has no effect
on loop stability, unlike networks used on the Vg pin. This
function is also useful in applications requiring remote
sense.

TRIM R1 10
VOLTAGE VREF
0V TO 2.5V
C
| LT1339

SGND

L

= Aw3F7

5k

v
TRIM RANGE WITH 0V TO 2.5V INPUT = Lﬂﬁq(R1+5J

1.25

(5k)(R1)

TIME CONSTANT (tyg) = CBK + R1)

Figure 27. The Right Way to Trim Output Voltage

SENSE* (PIN 11) SENSE AMPLIFIER
NONINVERTING INPUT

This pin, in conjunction with the SENSE~ pin, forms the
inputto a wide common mode range differential amplifier.
This amplifier takes its differential input voltage, adds an
intentional 5mV offset, multiplies the result by 15and adds
it to a voltage that is one Vg (~0.7V) above ground. This
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provides an internal voltage representing the current flow-
inginthe external current sense resistor (Rg). This voltage
is used for current mode operation and in the average-
current-limiting loop. The input common mode range
extends from —0.3V to 60V. This common mode range
spans two ranges of operation, =0.3V to (5V —1Vpgg) and
(5V —1VgE) to 60V. We will investigate these two ranges
of operation because the input characteristics of this
amplifier change somewhat when going from one range to
the other. The input structure of the current sense ampli-
fier is shown in Figure 28.

SVREF

SENSE AMP
ouT

AN73 F28

Figure 28. Current Sense Amplifier Equivalent Circuit

High Common Mode Voltage

When the SENSE* and SENSE~ pins are above
(5VRer — 1Vgg) D1 is not conducting and the input bias
current is 45pA (the emitter current of the PNPs). When
the voltage on SENSE* goes positive with respect to the
voltage on SENSE™, current in excess of 45pA flows
through R1 and through Q4 into R5. The voltage across
R5thus becomes arepresentation of the voltage between
SENSE* and SENSE ™ multiplied by 15. Keep in mind that
the emitter voltages of Q2 and Q3 are always the same.
This amplifier has a bandwidth of 300kHz.

The Low Voltage Range

When these pins are pulled below (5VRgr — 1Vgg), the
direction of input bias current changes and its magnitude
depends upon how far the sense leads are pulled below
(5VRgr — 1Vgg). When using this amplifier in the low
voltage mode, the input bias currentis high, so be sure that
any external resistors connected to these pins are matched.

SENSE™ (PIN 12) SENSE AMPLIFIER
INVERTING INPUT

This pin complements the function of the SENSE* pin
(Pin 12).

See the Pin 11 definition.

RUN/SHDN (PIN 13) PRECISION REFERENCED
SHUTDOWN CONTROL PIN

This pin implements the user-programmed undervoltage
(UV) lockout. By placing a resistor divider from V,y at this
pinto ground, any UV lockout voltage from 1.25V through
hundreds of volts can be programmed. Internal hysteresis
of this pin is internally set at 15mV (1.2% of the 1.25V
switching point). Additional hysteresis can be imple-
mented by adding a resistor from this pin to the 5Vggr pin
(see Figure 29a).

Figures 29b and 29c detail digital shutdown with and
without UV lockout.

0.1uF
Vi |

RUN/SHDN

SELECT R2 (10k)

RY - RQ(VSHDN +53Vsu - 5)
LT1339

SVREF
SGND

iC

Figure 292 RUN/SHDN Pin

R3 - RZ(VSHDN +3Vsy - 5)
Vsu - VsHpNn

Vsy = VsTARTUP, VSHDN = VSHUTDOWN

AN73 F29a

Vi

Ruvé
LOCKOUT ¢ Ruy 2
——NW— 5VRer

H = SHUTDOWN LT1339
13
* RUN/SHDN
- < )
—| g_szzzz E o OPTIONAL SGND
- - - J_S

= AN73F29b

Figure 29b UV Lockout with Digital Shutdown

LT1339
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Figure 29¢ Digital Shutdown
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PHASE (PIN 14) OUTPUT DRIVER PHASE CONTROL

This pin configures the LT13391to functionin one of its two
separate modes:

1. Synchronous buck converter (pin left floating or tied
to 5V)

2. Synchronous boost converter (pin grounded)

Thethreshold of this pinis at 1Vgg above ground and it has
very good noise immunity when left floating. The input
characteristics of this pin are such that sinking current
from this pin (pulling it low) at about 40pA (approximately
15k to ground) brings the voltage down to the gray area of
its threshold. In this gray area, the LT1339 is in a state
where it is uncertain of the mode in which to operate; in
this condition, the gate-drive level is diminished and
certain failure will result.

Moral: either ground the PHASE pin, float the PHASE pin
or tie it to S5VRer.

PGND (PIN 15) POWER GROUND

This is the “substrate pin” of the LT1339; the pin relative
towhichitis desirable to keep the voltages onall other pins
positive. This pin carries the return current for the bottom
gate drive current, the majority of the LT1339’s quiescent
current and the fault current generated when pins are
carelessly allowed to swing more than 1Vgg below this pin.
There should be a short trace from this pin to the IC
decoupling capacitor, and this pin should be connected to
the ground plane of the circuit.

BG (PIN 16) BOTTOM-SIDE GATE DRIVE

This pin is the output of the bottom gate driver, a hefty,
fearless drive output. Due to the enormous size of the
output drive transistors, pulling this pin negative with
respectto PGND by 1Vgg turns onthe large NPN collector-
to-substrate diode. This injects current into the substrate.
The bottom gate drive can easily push 10,000pF around,
but efficiency tests have shown that about 1% to 2% of
additional efficiency can be bought by adding a pair of
external buffer transistors (see Figure 30).

17
Vin

LT1339
IRFZ44N

*EFFICIENCY IMPROVES WHEN JP1*
JUMPER IS REMOVED AN73 F30

Figure 30. External Drivers Improve Efficiency

NULLIFYING THE PHANTOM TURN-ON

About 200ns prior to the top gate turning on, the bottom
gate turns off. During that time (the underlap time), the
main inductor current flows through the body diodes of
the bottom FETs. By the time the topside FET turns on,
significant stored charge is packed away in the body
diode(s) of the bottom MOSFET(s). Upon turning on, the
top MOSFET “sees” a short—the unrecovered body
diodes of the bottom MOSFETSs. Large currents start to
flow as the stored charge in the body diode is swept out.
Upon releasing the last of its charge, the bottom body
diode snaps off (switch opens in a few nanoseconds). At
this time the drains of the bottom MOSFETSs are pulled
positive by tens of volts in a few nanoseconds. Referring
to Figure 31, it can be seen that the bottom MOSFET has
phantom RC networks that act as little voltage dividers
(Va(sTep)s) with time constants tgs. When the dV/dT and
AV are high enough, the internal Vg reaches one thresh-
old voltage and bad things happen (efficiency drops).
Figure 32 details the removal of the phantom turn-on
mechanism by offsetting the bottom gate voltage to
-3.3V when the bottom FET is off, effectively placing the
gate-threshold point out of reach of Vg(step).
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Figure 31. The Phantoms Lurking Inside Your Bottom Side MOSFETs. At Some dV/dT on the Drain
with a Big Enough Step, This FET will Turn Itself On Even with the Gate Connected to the Source

13.5V

LT1339 m /
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BG |_‘ FET
PGND : 10k =
I «wwj'
= 1N4148
*EFFICIENCY IMPROVES WHEN

I
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Figure 32. Offsetting the Bottom Gate Drive Removes Phantom
Turn-0n Losses from Higher Input Voltage Operation

12V (PIN 17) 12V POWER SUPPLY INPUT

Although the LT1339 is designed and optimized to run on
input voltages ranging from 10V to 15V, it can run on
voltages from UV lockout to 20V (the absolute maximum
input voltage); however, operation above 18V is not
recommended. This pin should be decoupled to the PGND
pin with short traces, low ESR and capacitor values of at
least 1uF (keep in mind that this pin is providing the
positive drive current for the bottom-side MOSFET driver).

The current flowing into this pin can be divided into three
parts: Iacrive , loynamic and Istanpsy
1. Active Supply Current

Active Vgryn > 1.35V (1.25V typ) IacTive = 14mA typ,
20mA max

2. Dynamic supply current Vgyyy > 1.35V (1.25V typ)
Ipynamic = (Qg (of bottom FETS) e fgyy)
3. Standby Supply Current Vgyyn < 1.15V (1.25V typ)

IsanDBY = 190pA typ, 220pA max
IacTive includes lstanpsy

The power dissipated by the LT1339, when active, is the
sum of the power drawn by the 12V, pin and the VggosT
pin, and is calculated below:

ProtaL = P12vin + PeoosT
where:

P1avin = (Vin)(Qga © fsw + 20mA)

Qgg = the sum of all Qgs of all of the bottom FETs
Pgoost = (Vin — 0.6V)(Qgr * fsw + 2.2mA)

QgT = the sum of all Qgs of the top FETs

TS (PIN 18) BOOST OUTPUT DRIVER REFERENCE
(TOP SOURCE)

Thisisthe negative supply pin for the top driver. Externally
it is connected to the source of the top MOSFET. This pin
should be clamped to ground with a Schottky diode,
preventing it from going below the substrate (PGND pin).
The LT1339 is designed to be robust and will not latch up
if this pin goes to —3V. Excursions of this pin below
substrate will cause unwanted charge to be injected into
the substrate. Wheninjection occurs, changes can be seen
in the operation of the LT1339 in the form of a shortening
ofthe underlap time between the bottom gate drive and the
top gate drive. In many high power applications, it is
impossible to keep the source(s) of the top FET(s) from
going volts below PGND. Depending upon which MOSFETs
you use and upon your layout, this can become a real
problem as top switch currents rise above 50A to 100A.
The circuit detailed in Figure 33 uses a common mode
transformer to solve this problem, and should be consid-
ered for very high power converters.
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Figure 33. Using a Common Mode Transformer to Keep Large Negative
BUS Excursions from Injecting into the Substrate Via the TS Pin

TG (PIN 19) TOPSIDE DRIVER GATE OUTPUT Vgoost (PIN 20) TOPSIDE DRIVER
(TOP GATE) POWER SUPPLY PIN.

This pin is the gate driver for the topside MOSFET. It This pinisthe power supply pinforthe top driver. It should
acquires its current to charge the topside gate positive  be decoupled to the TS (Top Source) pin with a 1pF low
from the Vpggost pin, which is sourced by the external ~ ESR capacitor. This external capacitor is charged during
boost capacitor. The negative drive current is obtained  the time the bottom transistor is on via an external diode
from the TS (Top Source) pin. from 12Vy.
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BUCK REGULATOR DESIGN

OVERVIEW

The buck converter is a converter that has an input voltage
greater than its output voltage. The simplest buck con-
verteristhe linear-pass regulator. lts inputisa voltage that
varies over the regulator’s input range and its output is a
constant voltage. The power dissipated in a linear-pass
regulator is the product of the differential voltage
(Vin = Vout) and the output current. The efficiency of a
linear-pass regulator is simply the ratio of output voltage
divided by input voltage (multiplied by 100%). In some
low differential voltage applications, the linear-pass regu-
lator has efficiencies that rival those of switching regula-
tors. It takes a well-designed switcher to surpass the
efficiency of a linear-pass regulator in a 3.3V input/2.5V
output application.

Switching buck converters have current multiplication, in
that the output current exceeds the input current. In an
ideal buck converter, the ratio of output current to input
current is the same as the ratio of input voltage to output
voltage (100% efficiency).

Characteristics of the
Synchronous Switching Buck Converter

The synchronous buck converter has the following char-
acteristics:

1. Ithasaminimuminput voltage that it needs to provide
rated output voltage. For the power converter (the
LT1339 and its associated components), this voltage
is usually limited by the maximum duty factor and the
resistive losses in the top FET, inductor and sense
resistor. Insome designs (those with smallinductors)
the minimum input voltage will be the voltage at which
the converter experiences current mode instability (an
instability found in clocked, current mode converters
operating at duty factors approaching unity), and
design action should be taken: either increase the
inductance, add slope compensation or use the und-
ervoltage lockout capability of the RUN/SHDN pin to
lock out operation.

2. Thereisamaximuminputvoltage, above which some-
thing will break.

10.

11.

Theinput current is discontinuous, with high AC RMS
values that require large input capacitors just to
accommodate the high AC current. This also causes
high input ripple voltage; an input filter may be re-
quired to keep the switching frequency ripple from
contaminating the power source.

The output current is continuous and has a triangular/
sawtooth wave shape. This means small output
capacitors and low output ripple.

There is no forward parasitic power path; hence,
shutting down the buck converter turns off the output.

There is a parasitic reverse power path at the output:
if the output is pulled below ground, current flows
throughthe body diode of the bottom MOSFET, through
the inductor, through the sense resistor and out. Were
youto connecta car battery to the output ofa synchro-
nous buck converter backwards, current would be
limited by very small resistances. This is not recom-
mended.

There is also a parasitic reverse power path at the
input: if the input is pulled below ground, the equiva-
lent circuit simplifies to two diodes to ground. These
diodes—the body diodes of the MOSFETs—are all
that stands between your circuit and disaster. When
reverse polarity input voltage is applied, there is no
built-in mechanism to limit reverse current. The usual
result is irrepairable damage.

If the output voltage is pulled above the input voltage,
the body diode of the top MOSFET conducts to supply
power from the output back to the input. If you have a
car battery at the output, don’t short the input.

Inductor value is not extremely critical; increasing the
inductor value above the required minimum nets
small returns.

Efficiencies range from the low 80%s to the high
90%s.

The optimum switching frequency is determined by
tradeoffs in core losses in the inductor, switching
losses and gate-charge losses against smaller induc-
tors and capacitors and faster transient response. For
modern core materials, capacitors and MOSFETSs, the
frequency typically falls in the 50kHz to 125kHz
region.
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GRAPHICAL DESIGN EXAMPLE

Although the LT1339 data sheet details the procedure for
designing a buck converter, some of us like to see the
pictures to make our decisions. Here is a graphical design
guide forthe LT1339 synchronous buck converter. Every-
thing here is normalized to a 100kHz clock frequency and
1Al it Here we will designa 12Vinput, 3.3V/20A output
converter. Since our maximum output current is 20A, we
will set the current limit at 24A.

Now, we pick some value for the ratio of peak-to-peak
ripple current to current limit output current. Any value
between 10% and 80% will do; for this example we’ll use
30%. This results in a ripple current of 24A ¢ 0.3, or 7.2A

Look at Figure 34. Starting from the right, follow the 30%
isocline to the left until it intercepts the input voltage = 12V
grid line. (This is labeled “1” on Figure 34.) This yields
80uH, which is denormalized by dividing it by I it
(80uH/24 = 3.33pH). Note that this inductor value is well

above the shaded areas where things get nasty. We could
choose a higher ripple percentage and not get bitten.

Let’s look at some of the other graphs to see what effect
choosing a higher ripple ratio would have.

Referring to Figure 35, we see that the ripple current ratio
doesn’t make any significant difference in the AC RMS
input current. Further, we see that the input capacitor AC
RMS ripple current is 0.46A for the example above (“1A”
on Figure 35); multiplying this by the rated output current
of 20A yields 9.2A; hence big input caps will be required,
regardless of inductor value. Note that if the minimum
input voltage is 7V, the input AC RMS ripple current goes
up to 10A (1B on Figure 35).

What about output capacitor AC RMS current? Refer to
Figure 36 to see the interaction. Here we see that the AC
RMS currentis 0.087A (“1” on Figure 36); multiplying this
by 20A yields 1.74Arps—no problem; maybe 30% is too
low.
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Let’s look at the RMS current in our transistors. Figure 37
details the bottom MOSFET RMS current at 0.85A; multi-
plying this by 20A yields a modest 17A (“1” on Figure 37).
Referring to Figure 38, the top MOSFET RMS current is
0.525A; multiplying this by 20A yields 10.5A.

HINDSIGHT

Otherthanthe output capacitor’s RMS current from Figure
36 and the shaded areas of Figure 34, the ratio of peak-to-
peak ripple current to current limit will have little effect on
the buck converter (the actual value of the inductor is quite
noncritical).

THIS IS TOO EASY; LETS DO A HARD ONE

4V < Vinput < 24V, Voutput = 3.3V/20A, operating at
60kHz using the smallest inductance

Start with Figure 34; pick the inductor value bounded by
the darker shaded zone to the left (current mode instabil-
ity), see the point at the left of the line labeled as 2 on the
figure. Draw a line of constant inductance from 4V to 24V.

1.00

The value of inductance we have chosen is 38uH, which
denormalizes to 38/24 or 1.58pH, at 100kHz, which
denormalizes to 100k/60k  1.58uH or 2.63uH at 60kHz.
Verify that we stay airborne (hitting mountains bends
propellers). We notice from the isoclines that our peak-to-
peak ripple/l T varies from 15% at V) = 4V to 75% at
Vin=24V.Move onto Figure 35 to verify that the peak input
capacitor current will be at its maximum at Vjy = 7V which
denormalizes to 10A (see line labeled “2”). Next, refer to
Figure 36 and draw a line representing the change in P-P
ripple/l; it VS input voltage that we learned from Figure
34 (this is the line labeled “2”).

We can see that our maximum output capacitor AC RMS
current will be 0.25A multiplied by 20A, or 5A.

From Figure 37 we learn that our maximum RMS bottom
MOSFET currentwillbe 0.95A«20A, or 19Awhen the input
voltage is at 24V.

Figure 38 informs us that our maximum top MOSFET RMS
current will be 0.9A « 20A, or 18A.
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Figure 38. 3.3V Output Normalized Top Switch RMS Current

CONCLUSION The next four sections are graphical design aids for 3.3V,
9V, 12V and 24V converters. The procedure for using
these design aids is the same as described in the preced-
ing examples.

The LT1339 has plenty of internal slope compensation for
most buck converters.

Inductor ripple current has little effect on anything except
stability, average current limitand the inductor’s own core
loss.

LY LINEAR AN73-43



Application Note 73
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24V OUTPUT GRAPH SET
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HOW TO CONVERT RMS CURRENT IN A CAPACITOR
TO PEAK-TO-PEAK RIPPLE VOLTAGE

Figure 59 isa guide to assistin output capacitor selection
and/or estimating peak-to-peak output ripple voltage.
Divide the output ripple specification (expressed in
mVp.p) by the maximum output capacitor RMS current
obtained from the design graphs to determine the effec-
tive resistance needed in the output capacitor. Using the
right-hand scale of Figure 59, follow the isocline that
approximates the needed effective resistance, calculated
above. Looking at the scale to the left, determine the
maximum allowable value for total capacitor ESR. Pick a
capacitor forthe output, and plot its capacitance and ESR
on Figure 59. If the point is outside the effective-resis-
tanceisocline, you will either need to pick another capaci-
tor or parallel multiple capacitors.

Here are the rules for paralleling capacitors:

1. You must parallel capacitors of the same capacitance
and ESR to correctly use Figure 59.

2. Paralleling n capacitors into a block will move you to
higher ground on the graph:

— The RMS ripple current of the block will be n x the
RMS ripple current of one capacitor.

— The ESR of the block will be the ESR of one capacitor/n.

— The capacitance of the block will be n x the capaci-
tance of one capacitor.

3. Derate the capacitor block for end-of-life consider-
ations (ESR doubles and the capacitance drops by
50%).

4. \When using ceramic-type capacitors, the ESR is usually
so low that only the block capacitance need be consid-
ered.

5. With aluminum and tantalum capacitors, you will prob-
ably be paralleling capacitors to get low enough block
ESR to cross the isocline.
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6. If you are tempted to parallel a 15uF, 0.001Q ceramic — At100kHz, a 100pF, 0.001Q ceramic capacitor has
capacitor with a 1000uF, 0.01Q aluminum capacitor in aboutthe same effective resistance asa 1000pF
order to get a 1015uF, 0.0009Q capacitor, you will be 0.01Q aluminum electrolytic.

surprised by the result:
_ _ DENORMALIZING FIGURE 59 FOR OTHER
— Plot the 15uF, 0.001Q capacitor on Figure 59. FREQUENCIES

— Traversethe elevation isoclinetoitsterminusatthe  ag far as Figure 59 is concerned, a 100pF capacitor at
right side of the graph and read its effective resis- 1 0okHz will look like a 60WF capacitor at 60kHz. All other
tance (~0.22Q). parameters stay the same. To plot a capacitor of xuF

— Plot the 1000pF, 0.01Q capacitor and follow its ~ operating at ykHz, first calculate a new capacitance, z,

isocline to the right side terminus, read its effec- ~ where z(uF) = y(kHz)/100kHz * x(14F), then plot on Figure
tive resistance (0.04Q) 59 using its native ESR value.

— Parallel the two impedances: 0.22110.04 =0.034;
an effective resistance far more affected by the
aluminum capacitor than the ceramic.
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BOOST CONVERTERS

OVERVIEW

The boost converter is a converter that has an output
voltage greater than its input voltage. Its input is a voltage
that varies over the regulator’s input range and its output
iS a constant voltage.

Switching boost converters have current division, in that
the output current will be less than the input current. Inan
ideal boost converter, the ratio of output current to input
current is the same as the ratio of input voltage to output
voltage (100% efficiency).

Characteristics of the
Synchronous Switching Boost Converter

The synchronous boost converter has the following char-
acteristics:

1. It has a maximum input voltage that can be tolerated
while providing rated output voltage. For the power
converter (the LT1339 and its associated compo-
nents), this voltage is usually limited first by the
minimum duty factor and finally by the body diode of
the top MOSFET. Excursions of input voltage above
the output voltage result in uncontrolled rise in output
voltage.

2. There is @ minimum input voltage where boost con-
version can be performed. Here several factors come
into the picture: undervoltage lockout, current mode
instability, average input current limit (if used) and
peak current limit.

In the boost converter the undervoltage lockout is
used to prevent operation where the performance or
robustness of the design would be compromised.
Because of the negative input impedance of a boost
converter, the input current increases as the input
voltage drops. Thisincreaseininputcurrentis accom-
panied by higher RMS currents throughout the power
converter. Especially significant is the RMS output
ripple current in the output capacitor. Undervoltage
lockout is often used to prevent operation at duty
factors where current mode instability would cause
undesirable (audible) operation. Finally, undervoltage
lockout is used to prevent operation with insufficient
gate drive voltage.

3. The output current is discontinuous, with high AC
RMS values that require large output capacitors just to
accommodate the high AC current. This is also mani-
fested in high output ripple voltage; an output filter
may be required to keep the switching frequency
ripple from disrupting the load.

4. The input current is continuous and has a triangular/
sawtooth wave shape. This means small input capaci-
tors and low input ripple voltage.

5. There is a forward parasitic power path; hence,
shutting down the boost converter leaves a power
path from input through the choke and body diode of
the top MOSFET to the output. There is no provision
for current limiting in this parasitic power path.
Shorting the output of a boost converter can be
disastrous, depending upon the current capability of
the input source. This path exits both when the
converter is operating and when it is in shutdown.

6. The average current limit function in the LT1339
monitors input current rather than output current. The
maximum output current willdepend oninput voltage.
If the average current limit loop is not used (layg, Pin
5 grounded), the output current will be limited by the
peak input current limit. Under this condition the
maximum output current will depend on both the
input voltage and the inductor value, and the amount
of slope compensation used.

7. There is a parasitic reverse power path at the input. If
theinputis pulled below ground, currentflows through
the body diode of the bottom MOSFET, through the
inductor, through the sense resistor and out. Were
you to connect a car battery to the input of a synchro-
nous boost converter backwards, very small resis-
tances would limit current. This is not recommended.

8. There is a parasitic reverse power path at the output.
If the output is pulled below ground, the equivalent
circuit simplifies to two diodes to ground. These
diodes, the body diodes of the MOSFETs, are all that
stands between your circuit and disaster. When re-
verse polarity output voltage is applied, there is no
built-in mechanism to limit reverse current.

9. Ifthe output voltage is pulled below the input voltage,

the body diode of the top MOSFET conducts to supply

AN73-58
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power from the input to the output. If you have a car
battery as the input, don’t short the output.

10. Inductor value is not extremely critical; increasing the
inductor value above the required minimum nets
small returns. The main effect will be seenat minimum
input voltage, where the inductor value will affect the
stability of the current mode engine. If current mode
instability is a problem, increasing the inductor value
or adding additional slope compensation will be

required.

11. Efficiencies range from the low 80%s to the high
90%s.

Several things should be considered when selecting a
switching frequency. Higher switching frequency is
usually accompanied by a smaller inductor, lower
input, and output ripple voltages. In some cases
higher switching frequency canallowthe use of smaller
orcheaper output capacitors. However, higher switch-
ing frequency is often accompanied by higher wire
loss and core loss in the inductor, higher switching
loss, and more drive power required by the MOSFETSs.
For the modern core materials, capacitors and
MOSFETSs, the most suitable frequency typically falls
in the 50kHz to 125kHz region.

12.

GRAPHICAL DESIGN SECTION

A boost converter can be designed using Figures 60 to 66
to select the inductor value. In boost mode, current mode
stability is more of a problem, as can be seen by the
respectively larger regions in the graphs where current
mode stability is a problem. Once an inductor value and its
ripple current are selected for the boost converter, the
balance of the design is done using the graphs in the buck
design section. Using these graphs with the input and
output voltages in reversed roles will provide the correct
answers. Keep in mind that the input capacitor and output
capacitor have reversed roles also. Their ripple current
charts should be applied accordingly.

CONCLUSION

As with the buck regulator design section, the use of the
graph can simplify the design of most boost designs. If for
some reason your application cannot be handled by the
graphical method detailed here, the data sheet has equa-
tions that lead you through the design process.

As with any of our products, if these tools do not provide
enough design support, call us. We will help you design a
system that will meet your needs, or we will help you
debug a design that isn’t performing to specification.
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tation thatthe interconnection of its circuits as described herein will notinfringe on existing patent rights.
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TYPICAL APPLICATIONS

Constant-Current Solenoid Driver with 2 x Turn-On Boost
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2.5A SEPIC Converter. The Output Voltage Can Be Lower or Higher Than the Input Voltage
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