” [ ’ \D LTC1629-6

TECHNOLOGY

PolyPhase, Synchronous

Step-Down Switching Regulator

FEATURES

= Reduces Required Input Capacitance and Power
Supply Induced Noise

= True Remote Sensing Differential Amplifier

= 0.6V, +1% Voltage Reference Accuracy

= PolyPhase Controller Operates from Two to Twelve

Phases

Current Mode Control Ensures Current Sharing

Phase-Lockable Fixed Frequency: 150kHz to 300kHz

1.8MHz Effective Switching Frequency Capability

OPTI-LOOP® Compensation Reduces Coyt

Power Good Output Voltage Monitor

Wide V)y Range: 4V to 36V Operation

Very Low Dropout Operation: 99% Duty Cycle

Adjustable Soft-Start Current Ramping

Internal Current Foldback Plus Shutdown Timer

Overvoltage Soft-Latch Eliminates Nuisance Trips

Micropower Shutdown

Available in 28-Lead SSOP Package

APPLICATIONS

Desktop Computers

Internet Servers

Large Memory Arrays

DC Power Distribution Systems

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
OPTI-LOOP is a registered trademark of Linear Technology Corporation.
PolyPhase is a trademark of Linear Technology Corporation.

DESCRIPTION

The LTC®1629-6is a PolyPhase™ synchronous stepdown
current mode switching regulator controller with 0.6V
reference that drives N-channel external power MOSFET
stages in a phase-lockable fixed frequency architecture.
The PolyPhase controller drives its two output stages out
of phase at frequencies up to 300kHz to minimize the RMS
ripple currents in both input and output capacitors. The
output clock signal allows expansion for up to 12 evenly
phased controllers for systems requiring 15A to 200A of
output current. The multiple phase technique effectively
multiplies the fundamental frequency by the number
of channels used, improving transient response while
operating each channel at an optimum frequency for
efficiency. Thermal design is also simplified.

An internal differential amplifier provides true remote
sensing of the regulated supply’s positive and negative
output terminals as required for high current applications.

A RUN/SS pin provides both soft-start and optional timed,
short-circuit shutdown. Current foldback limits MOSFET
dissipation during short-circuit conditions when the
overcurrent latchoff is disabled. OPTI-LOOP compensa-
tion allows the transient response to be optimized over a
wide range of output capacitance and ESR values. The
LTC1629-6 includes a power good output pin that
indicates when the output voltage is inside the £10%
tolerance window.

TYPICAL APPLICATION
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LTC1629-6

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Input Supply Voltage (ViN)...ocovevevvveverenne. 36V 1to-0.3V
Topside Driver Voltages (BO0ST1,2)......... 42V 10 -0.3V
Switch Voltage (SW1,2) .o 36Vto-5V
SENSE1*, SENSE2*, SENSE1™,

SENSE2~ Voltages.......cccccvverevnen. (1.1)INTVge to -0.3V
EAIN, Vos*, Vos™, EXTV¢c, INTVcc,

RUN/SS, PGOOD Voltages..........ccccoveveeerneee. 7V to -0.3V

Boosted Driver Voltage (BOOST-SW) .......... 7V t0-0.3V
PLLFLTR, PLLIN, CLKOUT, PHASMD,

VpirrouT VOlages ...cevvvcvcecee INTVge to-0.3V
I VORAQE ... 2.7V t0-0.3V
Peak Output Current <1us(TGL1,2, BG1,2)................ 5A
INTVge RMS Output Current.......c.ooeeeeeeieccicinne. 50mA
Operating Ambient Temperature Range

LTC1629EG-6 (NOte 6) .....oevvvvvrrercrnee -40°C to 85°C
Junction Temperature (NOt€ 2) .....coeevvvevevcrernnen. 125°C
Storage Temperature Range ................. -65°C to 150°C
Lead Temperature (Soldering, 10 S€C) ........o......... 300°C

PACKAGE/ORDER INFORMATION

O VIEW ORDER PART
NUMBER
RUN/SS [1] 28] cLkouT
SENSET* [2] 27] 161 LTC1629EG-6
SENSE1~ [3] [26] Sw1
EAIN [4] [25] BOOST
PLLFLTR [5] [24] vy
PLLIN [6] 23] BG1
PHASMD [ 7] [22] ExTvge
El [21] INTVg
SGND [9] [20] PGND
Vorrrour [10) 19] BG2
Vos~ [11] [18] BOOST2
Vos* [12] [17] sw2
SENSE2™ [13] [16] TG2
SENSE2* [14] [15] PGOOD
G PACKAGE
28-LEAD PLASTIC SSOP
Tymax = 125°C, 84 = 95°C/W

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

GLECTBICHL CHHRHCTGBISTICS The « denotes the specifications which apply over the full operating

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

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Main Control Loop

VEAIN Regulated Feedback Voltage (Note 3); Iy Voltage = 1.2V o | 0.594 0.600 0.606 V

Vsensemax | Maximum Current Sense Threshold Vgense™ =5V o 62 75 88 mV

65 75 85 mV

lINEAIN Feedback Current (Note 3) -5 -50 nA
Vioapreg | Output Voltage Load Regulation (Note 3)

Measured in Servo Loop; Ity Voltage = 0.7V ° 0.1 0.5 %

Measured in Servo Loop; Ity Voltage = 2V ° -0.1 -0.5 %

VRernpeg | Reference Voltage Line Regulation Vi = 3.6V to 30V (Note 3) 0.002 0.02 %/

VovL Output Qvervoltage Threshold Measured at Veapy o | 064 0.66 0.68 V

UVLO Undervoltage Lockout Vi Ramping Down 3 35 4 v

Om Transconductance Amplifier gm It = 1.2V; Sink/Source 5pA; (Note 3) 3 mmho

OmoL Transconductance Amplifier Gain It = 1.2V; (gmxZ(; No Ext Load); (Note 3) 1.5 V/mV
lg Input DC Supply Current (Note 4)

Normal Mode EXTV¢c Tied to Vout; Vour =5V 470 PA

Shutdown VRun/ss = OV 20 40 PA

IRUN/SS Soft-Start Charge Current VRun/ss = 1.9V -05 -1.2 PA

VRun/ss RUN/SS Pin ON Threshold VRunsss Rising 1.0 1.5 1.9 v

VRun/ssLO RUN/SS Pin Latchoff Arming Vrunyss Rising from 3V 41 4.5 v
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LTC1629-6
GLGCTBICHL CHHRHCTERISTICS The « denotes the specifications which apply over the full operating

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
IscL RUN/SS Discharge Current Soft Short Condition Veay = 0.4V; VRun/ss = 4.5V 0.5 2 4 PA
IspLpo Shutdown Latch Disable Current Vean = 0.4V 1.6 5 pA
ISENSE Total Sense Pins Source Current Each Channel; Vsense1— 2— = Vsenser+ 2+ = 0V -85 -60 PA
DFyax Maximum Duty Factor In Dropout 98 99.5 %
Top Gate Transition Time:
TG1, 2t Rise Time Croap = 3300pF 30 90 ns
TG1, 2 % Fall Time Croap = 3300pF 40 90 ns
Bottom Gate Transition Time:
BG1, 21, Rise Time Croap = 3300pF 30 90 ns
BG1, 2 t Fall Time Croap = 3300pF 20 90 ns
TG/BGtip | Top Gate Off to Bottom Gate On Delay
Synchronous Switch-On Delay Time Croap = 3300pF Each Driver 90 ns
BG/TGtop | Bottom Gate Off to Top Gate On Delay
Top Switch-On Delay Time Croap = 3300pF Each Driver 90 ns
tonviny Minimum On-Time Tested with a Square Wave (Note 5) 180 ns
Internal V¢ Regulator
VinTvee Internal Vg Voltage 6V < Vi < 30V; Vextyeg = 4V 4.8 5.0 5.2 \
Vipo INT INTV¢¢ Load Regulation Igc = 0to 20mA; Vextyeg = 4V 0.2 1.0 %
Vipo EXT EXTV¢c Voltage Drop Ic = 20mA; Vextyee = 5V 80 160 mV
Vextvee EXTVgc Switchover Voltage Igc = 20mA, EXTVgc Ramping Positive 45 4.7 Y
ViDoHys EXTVgc Switchover Hysteresis Igc = 20mA, EXTVgc Ramping Negative 0.2 v
Oscillator and Phase-Locked Loop
fnom Nominal Frequency VpLLpLtr=1.2V 190 220 250 kHz
fLow Lowest Frequency VpLLrLtr = 0V 120 140 160 kHz
THIGH Highest Frequency VpLLFLTR 2 2.4V 280 310 360 kHz
ReLuin PLLIN Input Resistance 50 kQ
IpLLFLTR Phase Detector Output Current
Sinking Capability fpLLin < fosc -15 pA
Sourcing Capability feLn > fosc 15 PA
RReLPHS Controller 2-Controller 1 Phase Vpuasvp = 0V, Open 180 Deg
VpHasmp = 5V 240 Deg
CLKOUT Phase (Relative to Controller 1) Vprasmp = 0V 60 Deg
VPHASMD = Open 90 Deg
VpHasmp = 5V 120 Deg
CLKnigH Clock High Output Voltage 4 Y
CLKow Clock Low Qutput Voltage 0.2 v
PGOOD Qutput
VpGL PGOOD Voltage Low |PGO0D =2mA 0.1 0.3 Y
IpgooD PGOOD Leakage Current Vpgoop = 5V +1 pA
Vpg PGOOD Trip Level, Either Controller VEean With Respect to Set Output Voltage
VEean Ramping Negative -8 -10 -12 %
Vean Ramping Positive 8 10 12 %

16296f

LT ER

Downloaded from Elcodis.

CHNOLOGY

com electronic components distributor

3


http://elcodis.com/parts/6112807/ltc1629-6.html

LTC 1629-6
GLGCTBICHL CHHRHCTGRISTICS The « denotes the specifications which apply over the full operating

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

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS

Differential Amplifier Gain Block (Note 5)

Apa Gain 0.995 1 1.005 VNV

CMRRpa Common Mode Rejection Ratio 0V <Vgum<5V 46 55 dB

Rin Input Resistance Measured at Vgg + Input 80 kQ

Note 1: Absolute Maximum Ratings are those values beyond which the Note 4: Dynamic supply current is higher due to the gate charge being

life of a device may be impaired. delivered at the switching frequency. See Applications Information.

Note 2: T, is calculated from the ambient temperature Tp and power Note 5: The minimum on-time condition corresponds to the on inductor

dissipation Pp according to the following formulas: peak-to-peak ripple current =40% of Iyjax (see Minimum On-Time
Ty=Ta+ (Pp* 95°C/W) Considerations in the Applications Information section).

Note 3: The I.C. is tested in a feedback loop that servos V7 to a Note 6: The LTC1629EG-6 is guaranteed to meet performance

specified voltage and measures the resultant Veay. specifications from 0°C to 70°C. Specifications over the —40°C to 85°C

operating temperature range are assured by design, characterization and
correlation with statistical process controls.

TYPICAL PERFORMANCE CHARACTERISTICS

Efficiency vs Output Current Efficiency vs Output Current Efficiency vs Input Voltage
(Figure 12) (Figure 12) (Figure 12)
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LTC 1629-6

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Input Voltage
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LTC1629-6

TYPICAL PERFORMANCE CHARACTERISTICS

Vith vs VRun/ss
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LTC 1629-6

TYPICAL PERFORMANCE CHARACTERISTICS
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vs Temperature vs Temperature vs Temperature
35 ; 10 350 T T T
= Vour =5V VpLLFLTR = 2.4V
=2 = 300
£ 33 g 3
: 2 250
3 4 b g z
= @ > 200
% 29 = 4 // = 150 VpLLFLTR = OV
= = | e
& "’8 — * 100
=
o =
% 27 & 2 50
o
25 0 0
=50 -25 0 25 50 75 100 125 =50 -25 0 50 75 100 125 -50 -25 0 25 50 75 100 125

TEMPERATURE (°C)

1629 G23

Undervoltage Lockout
vs Temperature

3.50

=345

V

w
N
o

©w
9}
a

@
w
S

N

UNDERVOLTAGE LOCKOUT

©
N
a

3.20
-50 -25 0 25 50 75 100 125
TEMPERATURE (°C)

1629 G26

TEMPERATURE (°C)

TEMPERATURE (°C)

1629 G24 1629 G25

Shutdown Latch Thresholds

vs Temperature

9 ]
S 40 <= LATGH ARMING
8 35 - —
o
§ 3.0 LATCHOFF —
= THRESHOLD
£ 25
ju
2 20
S
% 15
S 1.0
)
& 05

0
-50 -25 0 25 50 75
TEMPERATURE (°C)

100 125

1629 G27

PIN FUNCTIONS

RUN/SS (Pin 1): Combination of Soft-Start, Run Gontrol
Input and Short-Circuit Detection Timer. A capacitor to
ground atthis pin sets the ramp time to full current output.
Forcing this pin below 0.8V causes the IC to shut down all
internal circuitry. All functions are disabled in shutdown.

SENSE1*, SENSE2* (Pins 2,14): The (+) Input to the
Differential Current Comparators. The Ity pin voltage and
built-in offsets between SENSE~ and SENSE* pins in
conjunction with Rgensg set the current trip threshold.

SENSE1~, SENSE2™ (Pins 3, 13): The (-) Input to the
Differential Current Comparators.

EAIN (Pin 4): Input to the Error Amplifier that compares
the feedback voltage to the internal 0.6V reference voltage.
This pin is normally connected to a resistive divider from
the output of the differential amplifier (DIFFOUT).

PLLFLTR (Pin 5): The Phase-Locked Loop’s Low Pass
Filter is tied to this pin. Alternatively, this pin can be driven
with an AC or DC voltage source to vary the frequency of
the internal oscillator.

16296f

LY N

Downloaded from Elcodis.com electronic components distributor

7


http://elcodis.com/parts/6112807/ltc1629-6.html

LTC1629-6

PIN FUNCTIONS

PLLIN (Pin 6): External Synchronization Input to Phase
Detector. This pin is internally terminated to SGND with
50kQ. The phase-locked loop will force the rising top gate
signal of controller 1 to be synchronized with the rising
edge of the PLLIN signal.

PHASMD (Pin 7): Control Input to Phase Selector which
determines the phase relationships between controller 1,
controller 2 and the CLKOUT signal.

Ity (Pin 8): Error Amplifier Output and Switching Regula-
tor Compensation Point. Both currentcomparator’s thresh-
oldsincrease with this control voltage. The normal voltage
range of this pin is from 0V to 2.4V.

SGND (Pin 9): Signal Ground, common to both control-
lers, must be routed separately from the input switched
current ground path to the common (=) terminal(s) of the
Cour capacitor(s).

Vpirrout (Pin 10): Output of a Differential Amplifier that
provides true remote output voltage sensing. This pin
normally drives an external resistive divider that sets the
output voltage.

Vos™, Vos* (Pins 11, 12): Inputs to an Operational Ampli-
fier. Internal precision resistors capable of being elec-
tronically switched in or out can configure it as a differen-
tial amplifier or an uncommitted Op Amp.

PGOOD (Pin 15): Open-Drain Logic Output. PGOOD is
pulled to ground when the voltage on the EAIN pin is not
within £10% of its set point.

TG2, TG1 (Pins 16, 27): High Current Gate Drives for Top
N-Channel MOSFETS. These are the outputs of floating
drivers with a voltage swing equal to INTVgc superim-
posed on the switch node voltage SW.

SW2, SW1 (Pins 17, 26): Switch Node Connections to
Inductors. Voltage swing at these pins is from a Schottky
diode (external) voltage drop below ground to Vyy.

BOOST2, BOOST1 (Pins 18, 25): Bootstrapped Supplies
to the Topside Floating Drivers. Capacitors are connected
between the Boost and Switch pins and Schottky diodes
aretied between the Boostand INTV ¢ pins. Voltage swing
at the Boost pins is from INTVgc to (Vy + INTVg).

BG2, BG1 (Pins 19, 23): High Current Gate Drives for
Bottom Synchronous N-Channel MOSFETS. Voltage swing
at these pins is from ground to INTVgc.

PGND (Pin 20): Driver Power Ground. Connect to sources
of bottom N-channel MOSFETS and the (-) terminals of
C||\|.

INTV¢c (Pin 21): Output of the Internal 5V Linear Low
Dropout Regulator and the EXTV ¢ Switch. The driver and
control circuits are powered from this voltage source.
Decouple to power ground with a 1uF ceramic capacitor
placed directly adjacent to the IC and minimum of 4.7uF
additional tantalum or other low ESR capacitor.

EXTV¢c (Pin 22): External Power Input to an Internal
Switch . This switch closes and supplies INTVg bypass-
ing the internal low dropout regulator whenever EXTV g is
higher than 4.7V. See EXTV¢ Connection in the Applica-
tions Information section. Do not exceed 7V on this pin
and ensure Vextvee < Vintvee-

Vn (Pin24): Main Supply Pin. Should be closely decoupled
to the IC’s signal ground pin.

CLKOUT (Pin 28): Output Clock Signal available to
daisychain other controller ICs for additional MOSFET
driver stages/phases.
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LTC 1629-6

FUNCTIONAL DIAGRAM
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LTC1629-6

OPERATION

Main Control Loop

(Refer to Functional Diagram)

The LTC1629-6 uses a constant frequency, current mode
step-down architecture. During normal operation, the top
MOSFET is turned on each cycle when the oscillator sets
the RS latch, and turned off when the main current
comparator, |1, resets the RS latch. The peak inductor
current at which 11 resets the RS latch is controlled by the
voltage on the Ity pin, which is the output of the error
amplifier EA. The differential amplifier, A1, produces a
signal equal to the differential voltage sensed across the
output capacitor but re-references it to the internal signal
ground (SGND) reference. The EAIN pin receives a portion
of this voltage feedback signal at the DIFFOUT pin which
is compared to the internal reference voltage by the EA.
When the load current increases, it causes a slight de-
crease in the EAIN pin voltage relative to the 0.6V refer-
ence, which inturn causes the Ity voltage to increase until
the average inductor current matches the new load cur-
rent. After the top MOSFET has turned off, the bottom
MOSFET is turned on for the rest of the period.

The top MOSFET drivers are biased from floating boot-
strap capacitor Cg, which normally is recharged during
each off cycle through an external Schottky diode. When
V| decreasestoavoltage closeto Vgyt, however, the loop
may enter dropout and attempt to turn on the top MOSFET
continuously. A dropout detector detects this condition
and forces the top MOSFET to turn off for about 400ns
every 10th cycle to recharge the bootstrap capacitor.

The main control loop is shut down by pulling Pin 1 (RUN/
SS) low. Releasing RUN/SS allows an internal 1.2pA
current source to charge soft-start capacitor Cgg. When
Csgreaches 1.5V, the main control loop is enabled with the
Ity voltage clamped atapproximately 30% of its maximum
value. As Cgg continues to charge, Ity is gradually re-
leased allowing normal operation to resume. When the
RUN/SS pin is low, all LTC1629-6 functions are shut
down. If Vgyt has not reached 70% of its nominal value
when Cgg has chargedto 4.1V, an overcurrent latchoff can
be invoked as described in the Applications Information
section.

Low Current Operation

The LTC1629-6 operates in a continuous, PWM control
mode. The resulting operation at low output currents
optimizes transient response at the expense of substantial
negative inductor current during the latter part of the
period. The level of ripple current is determined by the
inductor value, input voltage, output voltage, and fre-
quency of operation.

Frequency Synchronization

The phase-locked loop allows the internal oscillator to be
synchronized to an external source via the PLLIN pin. The
output of the phase detector at the PLLFLTR pinis also the
DC frequency control input of the oscillator that operates
over a 140kHz to 310kHz range corresponding to a DC
voltage inputfrom0Vto2.4V. Whenlocked, the PLL aligns
the turn on of the top MOSFET to the rising edge of the
synchronizing signal. When PLLIN is left open, the PLLFLTR
pingoes low, forcing the oscillator to minimum frequency.

The internal master oscillator runs at a frequency twelve
times that of each controller’s frequency. The PHASMD
pin determines the relative phases between the internal
controllers as well as the CLKOUT signal as shown in
Table 1. The phases tabulated are relative to zero phase
being defined as the rising edge of the top gate (TG1)
driver output of controller 1.

Table 1.

VpHASMD GND OPEN INTVge
Controller 2 180° 180° 240°
CLKOUT 60° 90° 120°

The CLKOUT signal can be used to synchronize additional
power stages in a multiphase power supply solution
feeding a single, high current output or separate outputs.
Input capacitance ESR requirements and efficiency losses
are substantially reduced because the peak current drawn
from the input capacitor is effectively divided by the
number of phases used and power loss is proportional to
the RMS current squared. A two stage, single output
voltage implementation can reduce input path power loss
by 75% and radically reduce the required RMS current
rating of the input capacitor(s).
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OPGBHTIOI‘I (Refer to Functional Diagram)
INTV¢c/EXTV g Power

Power for the top and bottom MOSFET drivers and most
of the IC circuitry is derived from INTVgc. When the
EXTVge pin is left open, an internal 5V low dropout
regulator supplies INTVge power. If the EXTV¢e pin is
taken above 4.7V, the 5V regulator is turned off and an
internal switch is turned on connecting EXTVgg to INTV .
This allows the INTV¢e power to be derived from a high
efficiency external source such as the output of the regu-
lator itself or a secondary winding, as described in the
Applications Information section. An external Schottky
diode can be used to minimize the voltage drop from
EXTV¢c to INTVeg in applications requiring greater than
the specified INTVg current. Voltages up to 7V can be
applied to EXTV ¢ for additional gate drive capability.

Differential Amplifier

This amplifier provides true differential output voltage
sensing. Sensing both Voytt and Voyt~ benefits regula-
tion in high current applications and/or applications hav-
ing electrical interconnection losses. The amplifier hasan
output slew rate of 5V/us and is capable of driving capaci-
tive loads with an output RMS current typically up to
25mA. The amplifier is not capable of sinking current and
therefore must be resistively loaded to do so. The differen-
tial amplifier is configured as a unity-gain differencing
amplifier.

Power Good (PGOOD)

The PGOOD pin is connected to the drain of an internal
MOSFET. The MOSFET turns on when the output is not
within £10% of its nominal output level as determined by
the feedback divider. When the output is within £10% of
its nominal value, the MOSFET is turned off within 10ps
and the PGOOD pin should be pulled up by an external
resistor to a source of up to 7V.

Short-Circuit Detection

The RUN/SS capacitor is used initially to limit the inrush
current from the input power source. Once the controllers
have been given time, as determined by the capacitor on
the RUN/SS pin, to charge up the output capacitors and
provide full load current, the RUN/SS capacitor is then
usedasashort-circuittimeout circuit. Ifthe output voltage
falls to less than 70% of its nominal output voltage the
RUN/SS capacitor begins discharging assuming that the
output is in a severe overcurrent and/or short-circuit
condition. If the condition lasts for a long enough period
as determined by the size of the RUN/SS capacitor, the
controller will be shut down until the RUN/SS pin voltage
is recycled. This built-in latchoff can be overidden by
providing a >5pA pull-up current at a compliance of 5V to
the RUN/SS pin. This current shortens the soft-start
period but also prevents net discharge of the RUN/SS
capacitor during a severe overcurrentand/or short-circuit
condition. Foldback current limiting is activated when the
outputvoltage falls below 70% of its nominal level whether
or not the short-circuit latchoff circuit is enabled.

APPLICATIONS INFORMATION

The basic LTC1629-6 application circuit is shown in Fig-
ure 1 on the first page. External component selection is
driven by the load requirement, and begins with the
selection of Rgense1 2. Once Rsenses, 2 are known, L1and
L2 can be chosen. Next, the power MOSFETs and D1 and
D2 are selected. The operating frequency and the inductor
are chosen based mainly on the amount of ripple current.

Finally, Cyy is selected for its ability to handle the input
ripple current (that PolyPhase operation minimizes) and
Cout is chosen with low enough ESR to meet the output
ripple voltage and load step specifications (also minimized
with PolyPhase). The circuit shown in Figure 1 can be
configured for operation up to an input voltage of 28V
(limited by the external MOSFETS).
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APPLICATIONS INFORMATION

Rsense Selection For Output Current

Rsense1, 2 are chosen based on the required output
current. The LTC1629-6 current comparator has a maxi-
mum threshold of 75mV/Rseyse and an input common
mode range of SGND to 1.1(INTV¢g). The current com-
parator threshold sets the peak inductor current, yielding
amaximum average output current Iyax equal to the peak
value less half the peak-to-peak ripple current, Al .

Allowing a margin for variations in the LTC1629-6 and
external component values yields:

Rsense = (50mV/Iyax)N
where N = number of stages.

When using the controller in very low dropout conditions,
the maximum output current level will be reduced due to
internal slope compensation required to meet stability
criterionfor buck regulators operating at greaterthan 50%
duty factor. A curve is provided to estimate this reduction
in peak output current level depending upon the operating
duty factor.

Operating Frequency

The LTC1629-6 uses a constant frequency, phase-lock-
able architecture with the frequency determined by an
internal capacitor. This capacitor is charged by a fixed
current plus an additional current which is proportional to
the voltage applied to the PLLFLTR pin. Refer to Phase-
Locked Loop and Frequency Synchronization in the Appli-
cations Information section for additional information.

A graph for the voltage applied to the PLLFLTR pin vs
frequency is given in Figure 2. As the operating frequency
isincreased the gate charge losses will be higher, reducing
efficiency (see Efficiency Considerations). The maximum
switching frequency is approximately 310kHz.

Inductor Value Calculation and Output Ripple Current

The operating frequency and inductor selection are inter-
related in that higher operating frequencies allow the use
of smaller inductor and capacitor values. So why would
anyone ever choose to operate at lower frequencies with
larger components? The answer is efficiency. A higher
frequency generally results in lower efficiency because of

2.5

2.0

vd

PLLFLTR PIN VOLTAGE (V)

05

120 170 220 270 320
OPERATING FREQUENCY (kHz)

1629 F02

Figure 2. Operating Frequency vs Vpy 1R

MOSFET gate charge and transition losses. In addition to
this basic tradeoff, the effect of inductor value on ripple
current and low current operation must also be consid-
ered. The PolyPhase approach reduces both input and
output ripple currents while optimizing individual output
stagestorunatalowerfundamental frequency, enhancing
efficiency.

Theinductorvalue has adirect effect onripple current. The
inductor ripple current Al per individual section, N,
decreases with higher inductance or frequency and in-
creases with higher V,y or Vour:

Al = Your H_ Vourt
L H Wk

where fis the individual output stage operating frequency.

InaPolyPhase converter, the netripple current seen by the
output capacitor is much smaller than the individual
inductor ripple currents due to the ripple cancellation. The
details on how to calculate the net output ripple current
can be found in Application Note 77.

Figure 3 shows the net ripple current seen by the output
capacitors for the different phase configurations. The
outputripple currentis plotted for afixed output voltage as
the duty factor is varied between 10% and 90% on the
x-axis. The output ripple current is normalized against the
inductor ripple current at zero duty factor. The graph can
be used in place of tedious calculations. As shown in
Figure 3, the zero output ripple current is obtained when:
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APPLICATIONS INFORMATION

Vour _ Kk

Vg N wherek=1,2,...,N-1
Sothe number of phases used can be selected to minimize
the output ripple current and therefore the output ripple
voltage at the given input and output voltages. In applica-
tions having a highly varying input voltage, additional
phases will produce the best results.

Accepting larger values of Al allows the use of low
inductances, but can resultin higher output voltage ripple.
Areasonable starting point for setting ripple currentis Al
=0.4(Igy7)/N, where N is the number of channels and Iyt
is the total load current. Remember, the maximum Al
occurs at the maximum input voltage. The individual
inductor ripple currents are constant determined by the
inductor, input and output voltages.
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Figure 3. Normalized Peak Qutput Gurrent vs
Duty Factor [Igys = 0.3 (Alg(p-p))]

Inductor Core Selection

Once the values for L1 and L2 are known, the type of
inductor must be selected. High efficiency converters
generally cannot afford the core loss found in low cost
powdered iron cores, forcing the use of more expensive
ferrite, molypermalloy, or Kool Mu® cores. Actual core
loss is independent of core size for a fixed inductor value,
butitis very dependent on inductance selected. As induc-
tance increases, core losses go down. Unfortunately,
increased inductance requires more turns of wire and
therefore copper losses will increase.

Kool My is a registered trademark of Magnetics, Inc.

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

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

Power MOSFET, D1 and D2 Selection

Two external power MOSFETs must be selected for each
controller with the LTC1629-6: One N-channel MOSFET
for the top (main) switch, and one N-channel MOSFET for
the bottom (synchronous) switch.

The peak-to-peak drive levels are set by the INTV¢ volt-
age. This voltage is typically 5V during start-up (see
EXTV¢c Pin Connection). Consequently, logic-level thresh-
old MOSFETs must be used in most applications. The only
exception is if low input voltage is expected (Vy < 9V);
then, sublogic-level threshold MOSFETs (Vgs(th) < 3V)
should be used. Pay close attention to the BVpgg specifi-
cation for the MOSFETs as well; most of the logic-level
MOSFETs are limited to 30V or less.

Selection criteria forthe power MOSFETs include the “ON”
resistance Rpg(on), reverse transfer capacitance GCrss,
input voltage, and maximum output current. When the
LTC1629-6 is operating in continuous mode the duty
factors for the top and bottom MOSFETs of each output
stage are given by:

Main Switch Duty Cycle = @
IN

- My — Vour &
Synchronous Switch Duty Cycle =
y yLy WE
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The MOSFET power dissipations at maximum output
current are given by:

Pvain = OUT ng 1+5 RDs oN) +

Cvax %(CRSS

Vin — Vout Hmax 5}
1+9d])R
Vin N 5( + ) DS(ON)

Psyng =

where & is the temperature dependency of Rpg(on), kis @
constant inversely related to the gate drive currentand N
is the number of stages.

Both MOSFETs have 12R losses but the topside N-channel
equation includes an additional term for transition losses,
which peak at the highest input voltage. For Vi < 20V the
high current efficiency generally improves with larger
MOSFETs, while for Vi > 20V the transition losses rapidly
increase tothe pointthat the use ofa higher Rpg(on) device
with lower Crss actual provides higher efficiency. The
synchronous MOSFET losses are greatest at high input
voltage when the top switch duty factor is low or during a
short-circuit when the synchronous switch is on close to
100% of the period.

The term (1 + 9) is generally given for a MOSFET in the
form of a normalized Rpg(on) vs. Temperature curve, but
0 = 0.005/°C can be used as an approximation for low
voltage MOSFETSs. Crgg is usually specified in the MOS-
FET characteristics. The constant k = 1.7 can be used to
estimate the contributions of the two terms in the main
switch dissipation equation.

The Schottky diodes, D1and D2 shownin Figure 1 conduct
during the dead-time between the conduction of the two
large power MOSFETSs. This helps prevent the body diode
of the bottom MOSFET from turning on, storing charge
during the dead-time, and requiring a reverse recovery
period which would reduce efficiency. A 1A to 3A (depend-
ing on output current) Schottky diode is generally a good
compromise for both regions of operation due to the
relatively small average current. Larger diodes result in

additional transition losses due to their larger junction
capacitance.

Cyn and Cqyt Selection

In continuous mode, the source current of each top
N-channel MOSFET is a square wave of duty cycle Vgyt/
Vin- A low ESR input capacitor sized for the maximum
RMS current must be used. The details of a close form
equation can be found in Application Note 77. Figure 4
shows the input capacitor ripple current for different
phase configurations with the output voltage fixed and
inputvoltage varied. The input ripple currentis normalized
against the DC output current. The graph can be used in
place of tedious calculations. The minimum input ripple
current can be achieved when the product of phase num-
berand outputvoltage, N(Voyt), is approximately equal to
the input voltage Vy or:

Vour _k
Viv N

So the phase number can be chosen to minimize the input
capacitor size for the given input and output voltages.

wherek=1,2,...,N-1

In the graph of Figure 4, the local maximum input RMS
capacitor currents are reached when:

Vout _ 2k —1
_V _—ZN wherek=1,2,...,N
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Figure 4. Normalized Input RMS Ripple Current vs
Duty Factor for 1 to 6 Output Stages
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These worst-case conditions are commonly used for
design because even significant deviations do not offer
much relief. Note that capacitor manufacturer’s ripple
current ratings are often based on only 2000 hours of life.
This makes it advisable to further derate the capacitor, or
to choose a capacitor rated at a higher temperature than
required. Several capacitors may also be paralleled to
meet size or height requirements in the design. Always
consult the capacitor manufacturer if there is any ques-
tion.

The graph shows that the peak RMS input current is
reduced linearly, inversely proportional to the number, N
of stages used. It is important to note that the efficiency
loss is proportional to the input RMS current squared and
therefore a 2-stage implementation results in 75% less
power loss when compared to a single phase design.
Battery/input protection fuse resistance (if used), PC
board trace and connector resistance losses are also
reduced by the reduction of the input ripple current in a
PolyPhase system. The required amount of input capaci-
tance is further reduced by the factor, N, due to the
effective increase in the frequency of the current pulses.

The selection of Coyr is driven by the required effective
series resistance (ESR). Typically once the ESR require-
ment has been met, the RMS current rating generally far
exceeds the IrippLg(p-p) requirements. The steady state
output ripple (AVgyr) is determined by:

O
8NfCqu7 1

Where f = operating frequency of each stage, N is the
number of phases, Coyr = output capacitance, and
AlrippLE = combined inductor ripple currents.

AVoyt = A'RIPPLE%SR +

The output ripple varies with input voltage since Al is a
functionofinputvoltage. The output ripple will be less than
50mV at max Vyy with Al = 0.4lgyt(max)/N assuming:

Cout required ESR < 2N(Rsgysg) and

Cour > 1/(8Nf)(Rsense)

The emergence of very low ESR capacitors in small,
surface mount packages makes very physically small
implementations possible. The ability to externally com-
pensate the switching regulatorloop using the Ity pin(OPTI-

LOOP compensation) allows a much wider selection of
output capacitor types. OPTI-LOOP compensation effec-
tively removes constraints on output capacitor ESR. The
impedance characteristics of each capacitor type are sig-
nificantly different than an ideal capacitor and therefore
require accurate modeling or bench evaluation during
design.

Manufacturers such as Nichicon, United Chemicon and
Sanyo should be considered for high performance through-
hole capacitors. The 0S-CON semiconductor dielectric
capacitor available from Sanyo and