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TECHNOLOGY High Power Synchronous

DC/DC Controller
FEATURES DESCRIPTION
= High Voltage: Operation Up to 60V The LT®1339 is a high power synchronous current mode
= High Current: Dual N-Channel Synchronous Drive switching regulator controller. The IC drives dual
Handles Up to 10,000pF Gate Capacitance N-channel MOSFETs to create a single IC solution for high
= Programmable Average Load Current Limiting power DG/DC converters in applications up to 60V.

5V Reference Output 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

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%.

Sequencing and Protection The LT1339 timing oscillator operating frequency is pro-
= Adaptive Nonoverlapping Gate Drive Prevents grammable and can be synchronized up to 150kHz. Mini-
Shoot-Through mum off-time operation provides main switch protection.
TheICalsoincorporates a soft start feature that is gated by

APPLICATIONS both shutdown and undervoltage lockout conditions.

An output phase reversal pin allows flexibility in configu-

= 48V Telecom Power Supplies ration of converter types, including inverting and negative
= Personal Computers and Peripherals t000l0diES YPES, g g g
= Distributed Power Converters pologles.
» |ndustrial Control Systems
» |ead-Acid Battery Backup Systems
= Automotive and Heavy Equipment A7, LTC and LT are registered trademarks of Linear Technology Corporation.
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LT1339

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Supply Voltages
Power Supply Voltage (12Vy) .....ccevnne -0.3Vto 20V
Topside Supply Voltage (VgoosT)
V1 — 0.3V 1o Vg + 20V (Vyax = 75V)
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
All Other INPULS ..o, -0.3Vto 7V
Maximum Currents
5V Reference Output Current...........ccccvveneee. 65mA

Maximum Temperatures
Operating Ambient Temperature Range

LT1339C ... 0°C to 70°C
LT13390 .. -40°C to0 85°C
Storage Temperature Range ................. -65°C to 150°C
Lead Temperature (Soldering, 10 SeC).................. 300°C

PACKAGE/ORDER INFORMATION

- ORDER PART
NUMBER
sNG [1] 20] Vgoost
SVREer E E TG
o 3] g 75 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-
Vrer [10) [11] SENSE*
N PACKAGE SW PACKAGE
20-LEAD PDIP  20-LEAD PLASTIC SO WIDE
Tymax = 125°C, 6y = 70°C/W (N)
Tumax = 125°C, 6,p = 85°C/W (SW)

Consult factory for Military grade parts.

ELECTRICAL CHARACTERISTICS

12Vy = VgoosT = 12V, V¢ = 2V, TS = OV, Vg = Vger = 1.25V, C1g = Cpg = 3000pF, Ty = 25°C unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP  MAX | UNITS

Supply and Protection

l1ovIN DC Active Supply Current (Note 2) . 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/SHDN Shutdown Rising Threshold ° 1.15 1.25 1.35 v

Vssuyst | Shutdown Threshold Hysteresis 25 mV

Iss Soft Start Charge Current ° 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 o | 200 350 mvV

5V Reference

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

IREFS5 5V Reference Load Range - DC ° 10 mA

Pulse ° 20 mA

5V Reference Load Regulation 0 < Igrs < 20mA ° -1.25 -2 V/A

Isc 5V Reference Short-Circuit Current 45 mA
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ELECTRICAL CHARACTERISTICS

12V\n = Vgoost = 12V, Vg =2V, TS = 0V, Vg = Vper = 1.25V, Crg = 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 \
Irg Feedback Input Current Vg = VREr ° 0.1 0.5 1.0 pA
Om Error Amplifier Transconductance o | 1200 2000 3200 pmho
Ay Error Amplifier Voltage Gain o | 1500 3000 VNV
Ivg Error Amplifier Source Current o | 200 275 pA
Error Amplifier Sink Current Vig — VRer = 500mV o | 280 400 pA
Vg Absolute V¢ Clamp Voltage Measured at Vg Pin 35 \
Vsense Peak Current Limit Threshold Measured at Sense Inputs o | 170 190 mvV
Average Current Limit Threshold (Note 4) Measured at Sense Inputs o | 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 < Viomsense < 60V, ° 0.1 mV
SENSE* — SENSE™ = 5mV
Ig Input Bias Current Sink (Vomsense > 5V) . 45 75 pA
Source (Vgmsense = 0V) ° 700 1200 pA
Oscillator
fo Operating Frequency, Free Run ° 150 kHz
Frequency Programming Error (Note 3) fo < 150kHz ° -5 5 %
I Timing Capacitor Discharge Current LT1339C o | 220 2.50 2.75 mA
LT1339I o | 210 2.50 2.75 mA
Vsyne SYNC Input Threshold Rising Edge ° 0.8 2.0 Y
fsyne SYNC Frequency Range fsync < 150kHz ° fo 1.4fg
Output Drivers
V16,86 Undervoltage Output Clamp 12V <8V . 0.4 0.7 Y
Standby Mode Output Clamp VRun < 0.5V ° 0.1 v
Vg Top Gate On Voltage 11.0 11.9 12.0 v
Top Gate Off Voltage 04 0.7 v
tTgR Top Gate Rise Time ° 130 200 ns
trgr Top Gate Fall Time . 60 140 ns
Vgg Bottom Gate On Voltage 11.0 11.9 12.0 v
Bottom Gate Off Voltage 04 0.7 v
tBgR Bottom Gate Rise Time ° 70 200 ns
teaF Bottom Gate Fall Time . 60 140 ns

The o denotes specifications which apply over the full operating

temperature range.
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.

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

used. See Application Information section.
Note 3: Test condition: Rgt = 16.9k, Cgt = 1000pF.
Note 4: Test Condition: Vgmsense = 10V.
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TYPICAL PERFORMANCE CHARACTERISTICS

Boost Supply Current vs
Temperature
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5V Reference Short-Circuit
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Error Amplifier Maximum Source
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TYPICAL PERFORMANCE CHARACTERISTICS

Soft Start Charge Current

vs Temperature
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Bottom Gate Transition Times vs
Bottom Gate Capacitance

RUN/SHDN Rising Threshold
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Top Gate Transition Times vs
Top Gate Capacitance
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Average Current Limit Threshold
Sense Voltage Tolerance vs
Common Mode Voltage
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TYPICAL PERFORMANCE CHARACTERISTICS

UVLO Thresholds vs Temperature
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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
>1ps (10% to 90% DC at 100kHz). Does not contain
internal pull-up. Connect to SGND if not used.

5VRrer (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 5Vger
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 5VRgr 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 pinto 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 regulationfeed-
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 Coyr.

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 (Pin 16): 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 1uF capacitor tied to switch node (Pin 18) and
Schottky diode connected to the 12V supply.
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FUNCTIONAL BLOCK DIAGRAM
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OPGBHTIOI'I (Refer to Functional Block Diagram)

Basic Control Loop

The LT1339 uses a constant frequency, current mode
synchronous architecture. The timing ofthe 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 (Rsgnse), is sufficient to trip the current
comparator (IG1)and, inturn, reset the RS latch. When the
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.
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OPGBHTIOI'I (Refer to Functional Block Diagram)

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 Vg
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-
spondingto 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
average load currentrequirements exceed 120mV/Rggnse,
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 Vy 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 onthe 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 SVggr pin. This supply pincan 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.
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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 Rgeyse is based on the required
load current. The average current limit function has a
typical threshold of 120mV/RggnsE, or:

Rsense = 120mV/I it

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 s 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

o

LT1339 Vrg

SGND R1
8

= 13301

Figure 1. Programming LT1339 Output Voltage

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

Oscillator Components R¢t and Cer

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:
DCnax = 1 - (tpisch)(fo)

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

Reromny = [(0.8)(1073)(1 = DCyax)] ™

Values for Rgt > 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 (fg) using the relation:

(17) - (1005075
175
(2.5)54073 - (3.375/Rer )

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 Ret = 16.9k.
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Figure 2. Oscillator Frequency vs Ret, Cer

Average Current Limit

The average current limit function is implemented using
an external capacitor (Cayg) connected from lpyg 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-
quencyistypically set1to2 orders of magnitude belowthe
oscillator frequency and follows the relation:

f_348 = (3.2)(107)/Cavg

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

Soft Start Programming

The currentcontrol pin (V) limits sensed inductor current
tozeroatvoltages less thanatransistor Vgg, to fullaverage
current limit at Vg = Vgg + 1.8V. This generates a 1.8V full
regulation range for average load current. An internal
voltage clamp forces the Vg 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:

tgg = (1.5)(10°%)(Cgs)

Boost Supply

The Vigoost 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.

Thediode reverse breakdown voltage must be greaterthan
Vin+ 12V y. The bootstrap capacitor should be atleast 100
times greater than the total input capacitance of the
topside FET. A capacitor in the range of 0.1pF 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
a resistor divider from the input supply to ground. Setting
the divider outputto 1.25V whenthat supply is almost fully
enabled preventsthe LT1339 regulator fromdrawing large
currents until the input supply is able to provide the
required power.

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

Vi

48V
Vout
V

300k /S 5
// OPTION 1

390k “OPTION 2 )
A 5VREF
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 12V rail. This pin is internally
clamped to 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

Theinductor foran 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:
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(VOUT)(VIN - VOUT)

" (ool

where fg = operating frequency. Given an inductor value
(L), the peak inductor current is the sum of the average
inductor current (1ayg)and half the inductor ripple current
(Al), or:

(Vo UT)(VIN ~Vo UT)

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 limitthreshold. 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
ofabout 0.8V (vl) and 2.5V (vh) respectively. The oscillator
can be synchronized by driving a TTL level pulse into the
SYNC pin. Thisinputstoaone-shotcircuit that 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

Ver

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

1339 Fo4

Figure 4. Free Run and Synchronized Oscillator
Waveforms (at Ct 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 |1, 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 (lp) 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 s 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:

DV _
S>3, "f2oc 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 V,y and
duty cycle of:

Ly = EV')': 20C- 1)

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

0 fg O

. 4%%7
o8 SENSEE

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

(VIN)(RSENSE)(zDC_ 1)

(0.084) o)

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

Lmin =

If an inductor smaller than the minimum required for
internal slope compensation (calculated above as Lyy) 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 5Vggr 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)(f0)
S = —(
XADD (REQ)(RSENSE) Amp/s

where Rgqis the 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.
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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 = 5uH

The minimum inductor usable with no additional slope
compensation is:
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(20v)(0.010)(1.5-1)

(0.084)(1 00000) = 119K

Lvin =

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

sng% 15-1)=(2)40°C  ampss

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

RE(.) ) (2500)(to)
o)

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 « FO7a

(0.084 +0.139)(fg)
7 RsEnsE

(0.084)(fo)
Rsense

T 1339« FO7b

Figure 7b. Slope Compensation Waveforms

Rg11 = 45k and Rgj» = 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 forthe power MOSFETs include the “ON”
resistance (Rps(on)), reverse transfer capacitance (Grss),
maximum drain-source voltage (Vpss) and maximum
output current.

The power FETs selected must have a maximum operating
Vpss exceeding the maximum V. Vg 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.

InanLT1339 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)

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

PLoss = (Iswitc)?(Ros(on))

In high voltage applications (V;y >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:

Prr = (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:

Pmain = (DC)(Imax)2(1 + 8)(Ros(on)) +
2(Vin)%(Imax)(Crss)(fo)

Psync = (1 - DC)(Imax)%(1 + 8)(Rps(on))

The (1 + 6) term in the above relations is the temperature
dependency of Rps(ony, typically given in the form of a
normalized Rps(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) fromthis pinto ground will eliminate
this effect.

Cyn and Cqyt 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 Voyt/V|n. 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))”Z
Vin

which peaks at a 50% duty cycle, when Irys = Iyax/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 (Al),
typically a fraction of the load current. Cqyr is selected to
reduce output voltage ripple to a desirable value given an
expected output ripple current. Output ripple (AVgyr) is
approximated by:

AVout = AILESR + [(4)(f) « Cour]™
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 53W.

2R dissipation through the switches, sense resistor and
inductor series resistance create substantial losses under
high currents. Generally, the dominant I2R loss is evident
in the 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:

Prioss = 2(Vin)?(Imax)(Crss)(fo)

Since the conduction time in the main switch of a 48V to
5V converter is small, the 12R 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, itis often prudent to take
the increased I12R loss of a smaller FET in order to reduce
Crss and thus, the associated transition losses.

Gate Drive Buffers

The LT1339is 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 Lgr.

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 CpyLer 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 CBV 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 burstin 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

L

ZTX649 14F

LT1339

BG ZTX749 10k

D1N914
PGND 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 Cyg. 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. Withthe load switching, the transient response of the
output voltage can be observed with an oscilloscope.
Ilterating 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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5V to 28V DC/DC Synchronous Boost Converter Limits Input Current at 60A (DC)
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TYPICAL APPLICATION
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48V to 5V 50A DG/DC Converter with Input Supply Start-Up Protection
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L1 = Kool Mu®, 12T 4X12 ON 77439-A7 6.3V, x 4

Kool M IS A REGISTERED TRADEMARK OF MAGNETICS, INC.

48V to 5V Efficiency
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RELATED PARTS
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 Vn 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.xVV Up to 50A
LTC1435A High Efficiency, Low Noise Current Mode Step-Down DC/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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