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TECHNOLOGY

| t /\D LTC3811

High Speed Dududl,

Multiphase Step-Down DC/DC

FEATURES

Fixed Frequency, Peak Current Mode Control
+0.5% Output Accuracy Over Temperature
Optimized for Low Vgyt Applications (Up to 3.3V)
Dual or Single Output, Multiphase Operation

Wide Viy Range: 4.5V to 30V Operation

High Speed Differential Remote Sense Amplifier
Inductor DCR or Sense Resistor Capable
Adjustable Peak Current Sense Voltage:

24mV to 85mV

Very Low Duty Cycle Operation: ton(min) = 65ns (Typ)
Powerful Internal Gate Drivers

Output Voltage Soft-Start, Tracking and Sequencing
Programmable Load Line for Reduced Cqyt

Clock Input and Output for Up to 12-Phase Operation
Fixed Frequency Operation from 250kHz to 750kHz
PLL Synchronization from 150kHz Up to 900kHz
Selectable CCM or DCM QOperation

Available in 5mm x 7mm QFN and G36 Packages

APPLICATIONS

Network Servers
High Current ASIC Supplies
Low Voltage Power Distribution

Controller
DESCRIPTION

The LTC®3811 is a dual, PolyPhase® synchronous step-
down switching regulator controller optimized for output
voltages up to 3.3V. The LTC3811 includes high bandwidth
error amplifiers as well as a high speed differential remote
sense amplifier. The sense voltage range is programmable
from24mVto 85mV, allowing the use of either the inductor
DCR or a discrete sense resistor. Multiphase operation is
made possible using the MODE/SYNC input, the CLKOUT
output and the PHASEMODE control pin, allowing 1-, 2-,
3-, 4-, 6- or 12-phase operation.

Large internal gate drivers minimize switching losses and
allow the use of multiple power MOSFETs connected in
parallel for high current applications.

Theoperating frequency ofthe LTC3811 can be programmed
from 250kHz to 750kHz and can also be synchronized to
an external clock using the internal PLL.

Tracking and sequencing are possible with the LTC3811,
and soft-start is programmed with an external capacitor.
Shutdown reduces supply current to 20pA.

AT, LT LTC, LTM and PolyPhase are registered trademarks of Linear Technology
Corporation. All other trademarks are the property of their respective owners.
Protected by U.S. Patents, including 5481178, 6304066, 5929620, 6177787, 6144194,
6580258, 5705919.

TYPICAL APPLICATION
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LTC3811

ABSOLUTE MAXIMUM RATINGS  (note 1)

Input Supply Voltage (Vin) .ooeereereerererenne. -0.3Vto 30V  FB1, FB2, RNG1, RNG2, SS/TRACK1, SS/TRACK2,
Topside Driver Voltages PLL/LPFE, SENSE1*, SENSE1~, SENSE2*,

(BOOST1, BOOST2) ..., -0.3Vto 37V SENSE2~ Voltages......ccccccooeveereveverennne. -0.3Vto INTV¢g
Switch Voltage (SW1, SW2) ....c.ovovvvvvcne. -5V1030V DRV LDO RMS Output Current........ccccvveneee. 100mA
BOOST1 - SW1, BOOST2 - SW2................. -0.3Vto 7V OperatingTemperature Range (Note 2).....—40°C to 85°C
DRVgc, INTVge, EXTVg, RUNT, RUN2, DIFF/IN*, Junction Temperature (Note 3) ......cccccovvveririnenne. 125°C
DIFF/IN-, PHASEMODE, PGOOD1, PGOOD2, Storage Temperature Range................... -65°C to 125°C
MODE/SYNC Voltages.........cccocevvrrrrrrrrrnnee, -0.3Vto 7V Lead Temperature (Soldering, 10 sec)

SSOP Package ........ccccvevieeeeeiceeeeeeeens 300°C
PIN CONFIGURATION
TOPVIEW TOP VIEW
. .B5882 3 pGOOD1 [1] [36] PGoOD2
S38&84d é 3 RUNT [2] [35] PLLLPF
:38113711361,35]1341,331{32| RUN2 [3] [34] MODE/SYNG
SENSET*] 1] (37] BoOST1 SENSE1* [4] [33] BOOSTH
SENSE1 ™| 2! (30} a1 SENSE1™ [5] 32] TG1
SS/TRACK1 [ 3] (29| sw1 SS/TRACK1 [6] [31] swi
COMP1] 4] i28] Ba1 cowpt [7] [50] 861
FB1 —5__4‘ El_ EXTVeg rB1 [8] [29] EXTVge
SGND [ 6! i26] PaND
== 39 Eo SGND [9] 28] PGND
lNT\Fl;;-‘;—j: ::;% \[/)IF;VCC INTVee [10] 27] DRVGe
compz [ ! 23] B2 FB2 [11] [26] Vin
SS/TRACK2 [10! 23] sw2 comp2 [i2) 25] 862
sense2”[i! i21] 162 ss/TRACK2 [13] 24] sw2
sNsE2 [i2! 126] BoosT2 sensez” [14 23] T62
[ 1131 (1417151161171 {18! {19! SENSE2* [15] [22] BOOST2
55588 DIFF/OUT [ig] [21] CLKOUT
BEEEEES DIFF/IN™ [17] [20] RNG2
5°° < DIFF/IN* [T8] [79] NG
UHFPACKAGE &
38-LEAD (5mm x 7mm) PLASTIC QFN G PACKAGE
Tymax = 125°C, 0,4 = 34°C/W 36-LEAD PLASTIC SSOP WIDE
EXPOSED PAD (PIN 39) IS PGND, MUST BE SOLDERED TO PCB Tamax = 125°C, 8,5 = 100°C/W

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC3811EUHF#PBF LTC3811EUHF#TRPBF 3811 38-Lead (5mm x 7mm) Plastic QFN -40°C to 85°C
LTC3811EG#PBF LTC3811EG#TRPBF LTC3811EG 36-Lead Plastic SSOP Wide -40°C to 85°C
Consult LTC Marketing for parts specified with wider operating temperature ranges.
Consult LTC Marketing for information on non-standard lead based finish parts.
For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
3811f
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LTC3811
GLGCTBICHL CHHRHCTGGISTICS The @ denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at T; = 25°C. V;y = 12V, MODE/SYNC = 0V, unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS | MIN  TYP  mMAX [ UNITS
Input Supply
Vin Operating Input Voltage Range 45 30 V
Iq Total Quiescent Supply Current
Continuous Mode (Note 4) Veg12=0.7V 10.5 20 mA
Shutdown Mode VRunt2 =0V 20 40 HA
RUN Pin ON/OFF Control
lrun RUN Pin Input Leakage VRunt,2 = 3.3V -1 1 HA
ViL(run) Low Level RUN Input Threshold 0.3 V
VikRuN) High Level RUN Input Threshold 1.8 V
Error Amplifier Characteristics (Both Channels)
Vrg1, Vg2 Feedback Voltage Accuracy (Note 5) 998 600 602 mvV
597 603 mV
Irg1, IFB2 Feedback Pin Input Current Veomp = 1.25V (Note 5) -100 100 nA
AVeg/AVy Line Regulation 4.5V <V <30V (Note 5) 0.002 0.02 %/
AVrs/AVeomp Load Regulation AVgomp = 1.25V 1o 1.5V (Note 5) -0.1 -0.01 %
fodB(En) Error Amplifier Unity Gain Crossover (Note 6) 8 MHz
Frequency
VoH(EA) Error Amplifier Maximum Output Vg = 0.54V, No Load 2.6 V
Voltage (Internally Clamped)
VoL(ea) Error Amplifier Minimum Output Voltage | Vrg = 0.66V, No Load 10 mV
Ves(oFF) FB Voltage Threshold to Disable Error | Vinytvce = Vis 0.3 V
Amplifier Output
Soft-Start/Tracking
Iss1, Iss2 SS/TRACK1, SS/TRACK2 Charging Vss/Track1 = Vss/tracke = 0.3V -2.5 HA
Currents
Rss1, Rss2 SS/TRACK1, SS/TRACK2 Pull-Down Vrunt = VRunz = 0V 1 kQ
Resistance in Shutdown
Differential Amplifier
Ay Differential Mode Gain, AVpiren = 1V 10 3.5V, Ipirrout = —100pA 0.995 1.000 1.005 VIV
AVpirrout/AVire/n
VOS(DIFF) Output Offset Voltage, Vet = 1.25V, Vpjpen—= 0V, -6 6 mV
Voirr/ouT — Voire/nt IpiFr/out = —100pA
Rin Input Resistance Measured at Vpre/n+ 160 kQ
PSRRprr Power Supply Rejection Ratio 7V <V <30V 100 aB
VDM(DIFF) Maximum Differential Mode Input Vet = Voirrin—, Measured at 55 V
Voltage Voirr/out IpiFr/out = —100pA
Imax+ Maximum Sink Current 2 mA
Imax— Maximum Source Current -2 mA
foaB(DIFF) Unity Gain Bandwidth (Note 6) 8 MHz
Current Comparators
VSENSE(MAX) Maximum Current Sense Threshold Vg = 0.575V, Vg = 1.25V
(Vsense+ — Vsense-) Vrng =0V 14 24 34 mV
Virng = INTVg 325 50 67.5 mV
RNG = 2V 60 85 110 mV
VSENSE(MIN) Minimum Current Sense Threshold Vg = 0.625V, Vg = 1.25V
(Vsense+ — Vsense) Veng = 0V -21 mV
VRng = INTVge 41 mV
VRrng = 2V -67 mV
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LTC381 1
ELGCTGICHL CHHRHCTEBBTKS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at T; = 25°C. V;y = 12V, MODE/SYNC = 0V, unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
ISENSE Total Sense Pin Current Vom = 1.25V -1.5 pA
(Vsense+ + Vsense-)
Vem(es) Vsense+, Vsense— Pin Common Mode 0 3.5 V
Input Voltage Range
Voltage Position Amplifier (QFN Package Only)
Om Voltage Position Transconductance, Vsenset+ — Vsense1— = Vsenseo+ 5.0 mS
Algsout/AVsense (Note 8) = Vsensez— = +50mV, Vo = 1.25V,
Vesout = 1.25V
los(vp) Output Offset Current, Measured at Vsenset+ — Vsense1— = Vsenseo+ -40 40 pA
csout = Vsenseo— = 1.25V, Vgsour = 1.25V
Multiphase Oscillator and Phase-Lock Loop (Note 9)
fnom Nominal Frequency VpLupr Pin Floating, MODE/SYNC = DC 450 500 550 kHz
Voltage
fLow Lowest Frequency VpLupr = 0V, MODE/SYNC = DC Voltage 200 250 300 kHz
fHiGH Highest Frequency VpLupr = INTVgg, MODE/SYNC = DC 650 750 850 kHz
Voltage
fsync(min Minimum Synchronizable Frequency MODE/SYNC = External Clock 125 175 kHz
fsyne(vax) Maximum Synchronizable Frequency MODE/SYNC = External Clock 900 1000 kHz
IpLL/LPE Phase Detector Output Current
Sinking fuope/syne < fosc 4.3 bA
Sourcing fmopessyne > fosc 5.1 pA
01-62 Channel 1 to Channel 2 Phase Vprasmone = 0V 180 deg
Relationship (Note 9) Vprasmone = 50% INTV¢g 180 deg
VpHasmone = INTVce 120 deg
01 - 6¢LKouT Channel 1 to CLKOUT Phase Vprasmone = 0V 90 deg
Relationship (Note 9) Vpyasmone = 50% INTVqe 60 deg
VpHasmonE = INTVcg 240 deg
VoL (cLkouT) Low Level CLKOUT Output Voltage ReLk = 50k to Ground 0.2 V
VoH(cLkouT) High Level CLKOUT Output Voltage ReLk = 50k to Ground 4.0 5.8 v
Rmope/syne MODE/SYNC Input Resistance 75 kQ
VIL(MODE/SYNC) Low Level MODE/SYNC Input Threshold 0.3 V
VIH(I\/IODE/SYNC) High Level MODE/SYNC Input Threshold 1.8 v
Power Good Indicators
VOL(PGOOD) PGOOD Voltage Low Ipgoop = 2mMA 0.12 0.30 V
IpG00D(0FF) PGOOD Leakage Current Vpgoop = 6V 1.0 pA
AVrg(oy) AVgg, PGOOD Qvervoltage Threshold Vrg(ov) — Vesnomy in Percent 7 10 13 %
AVFB(UV) AVrg, PGOOD Undervoltage Threshold VFB(UV) - VFB(NOIVI) in Percent -13 -10 -7 %
AVg(HysT) AV, PGOOD Comparator Hysteresis UV or OV Comparator 12 mV
tpa(rALLT) Delay from UV/OV Condition to PGOOD 145 us
Falling
tpg(0K) Delay from UV/QV Fault Recovery to 38 Us
PGOOQD Rising
Thermal Protection
Tusp Thermal Shutdown Junction (Note 6) 165 °C
Temperature
Tysp(HysT) Thermal Shutdown Junction (Note 6) 25 °C
Temperature Hysteresis

3811f
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LTC3811

GLGCTBKHL CHHGHCTGI“ST'CS The @ denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at T; = 25°C. V;y = 12V, MODE/SYNC = 0V, unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS
DRV Linear Regulator
VbRrvee LDO Regulator Output Voltage Vextvee = 0V ° 5.6 6.0 6.4 v
AVpRyCC(LOAD) DRV Load Regulation ILoap = OmA to 50mA -2.0 -0.5 %
AVDRVCC(LINE) DRV Line Regulation AV)y = 8.5V to 30V 0.01 0.2 %N
VbrycouvLo) LDO Regulator Undervoltage Threshold | DRV Rising 3.7 V
VpRvco(HYST) LDO Regulator Undervoltage Hysteresis 0.56 V
Vextvee EXTV¢g Switchover Voltage Iprvce = 20mA, EXTV¢g Rising 4.5 V
VEXTVCC(HYST) EXTV¢c Switchover Hysteresis Iprvce = 20mA 400 mV
VEXTVCC(DROP) EXTV¢c Voltage Drop Iprvee = 20mA, Vextvee = 5V 100 mV
Gate Drivers
t (TG1, TG2) Top Gate Rise Time G = 3300pF (Note 6) 20 ns
t (TG1, TG2) Top Gate Fall Time G = 3300pF (Note 6) 10 ns
t, (BG1, BG2) Bottom Gate Rise Time C = 3300pF (Note 6) 20 ns
t; (BG1, BG2) Bottom Gate Fall Time Cp = 3300pF (Note 6) 10 ns
RDS(ON&(TG) Top Gatg Pull-Down NMOS TG to SW 0.9 Q
TG1, TG2 On-Resistance
Rbs(ony(86) Bottom Gate Pull-Down NMOS BG to PGND 0.9 Q
BG1, BG2 On-Resistance
Ipk(te) TG1, TG2 Top Gate (TG) Peak Source Current 1.0 A
Ipk(g) BG1, BG2 | Bottom Gate (BG) Peak Source Current 1.0 A
tpEAD1 Bottom Gate Off to Top Gate On (Note 6) 30 ns
Deadtime
tDEAD2 Top Gate Off to Bottom Gate On (Note 6) 30 ns
Deadtime
tonmin Minimum On-Time Veomp = 1.25V (Note 6, 7) 65 ns

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime. Unless otherwise specified, all voltages are relative
to SGND and all currents are positive into a pin.

Note 2: The LTC3811E is guaranteed to meet performance specifications

from 0°C to 85°C temperature. Specifications over the —40°C to

85°C operating junction temperature range are assured by design,

characterization and correlation with statistical process controls.

Note 3: T, is calculated from the ambient temperature Ty and power

dissipation Pp according to the following formula:
Ty=Ta+ (Pp* TBD°C/W)

Note 4: The dynamic input supply current is higher due to power

MOSFET gate charging (Qg ® fosc). See Applications Information for more

information.

Note 5: The error amplifiers are measured in a feedback loop using an
external servo operational amplifier that drives the Vg pin and regulates
Vcomp o be equal to the external control voltage.

Note 6: Guaranteed by design, not subject to test.

Note 7: The minimum on-time condition corresponds to an inductor peak-
to-peak ripple current of 50% of Iyax. See Applications Information for
more details.

Note 8: The voltage positioning amplifier operates as a transconductance
amplifier, where the input voltages are the SENSE* to SENSE™ potentials
for both channels. The amplifier output current flows through an external
resistor in order to program the amount of voltage droop at full load.
Note 9: The PHASEMODE function is only available in the QFN package.
The 36-lead GW package has a fixed channel 1-to-channel 2 phase
relationship of 180°C and a channel 1-to-CLKOUT phase relationship of
90°C. The version in the 36-lead GW package is therefore optimized for
2- and 4-phase operation.

Note 10: Rise and fall times are measured at 10% and 90% levels.

3811f
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LTC3811

TYPICAL PERFORMANCE CHARACTERISTICS

Load Step (Pulse Skip Mode)

Vout
50mV/DIV §
AC COUPLED ¢

It
5A/DIV

Vin =12V 20ps/DIV s et
Voyt=1.5V

ILoap = 0.5ATO 8A

Low Duty Cycle Waveforms

SW
10V/DIV

IL
2A/DIV

3811 G04

Vi = 20V 250ns/DIV
Vour=1.2V

ILoap = 1.5A

Efficiency vs Load Current with
Rgense = 1.5mQ

100
Vin =12V
95 f Vour =2V
9 T~
< '7’/‘/
£ 85 7
5 )4
2 80
s |/
=7 4
’
70
65 — DISCONTINUOUS 1
=== FORCED CONTINUOUS
60 L1111 L L L L1111
1 10 100
LOAD CURRENT (A)
3811 GO7

1 AC COUPLED |

Vout
50mV/DIV

I
5A/DIV |

Viy=12V 20ps/DIV
Vout =1.5V

ILoap = 0.5A TO 8A

Light Load Waveforms
(Forced Continuous Mode)

3811 G02

38

SWE -
5V/DIV |
Vout
20mV/DIV [\
AC COUPLED |
I ;
5A/DIV
Vi =12V 1us/DIV a1 60s
Voyt =15V
ILoaD = 300mA
Efficiency vs Load Current with
DCR Sensing
100
Vin =12V
95 | Vour =2V
90 N
_ 7‘7’
s 85 /‘
g /
= 80
s |/
= 75 /II
/
70
65 ——DISCONTINUOUS
———FORCED CONTINUOUS
60 11111 L L L L1111
1 10 100
LOAD CURRENT (A)

11 GO8

Load Step (Forced Continuous
with Voltage Positioning)

Vour |
50mv/DIV
AC COUPLED |

5ADIV |

Viy=12V 50ps/DIV 3811603
Vout = 1.5V (2-PHASE)
ILoAD = 0ATO 15A

Light Load Waveforms
(Pulse Skip Mode)
SW |
Vout | j TR S
20MV/DIV fuufiivtu o frsia ot fron s fren promn
AC COUPLED [~ i : : : :
& o ot
5A/DIV WMM
Vin =12V 1us/DIV se11 600
Vout = 1.5V
ILoaD = 300mA

Short-Circut Waveforms

IL
5A/DIV
PGOOD F
BV/DIV |
Vour |
1V/DIV
Viy =12V 200ps/DIV 3811609
Voyr=1.5V

3811f

LY N



LTC3811

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3811

TYPICAL PERFORMANCE CHARACTERISTICS

DRV Line Regulation DRV Load Regulation
6.010 6.1
6.008
6.0
6.006
S 6.004 = 59 N
& 6.002 ) \\
= // = 58
8 6.000 P § \\
£ 5.998 g 57 AN
& z
S 5.99 S 56 \\
5.994
55 AN
5.992 N
5.990 5.4
0 4 8 12 16 20 24 28 32 36 0 50 100 150 200 250 300 350
SUPPLY VOLTAGE (V) DRV LOAD CURRENT (mA)
3811G19 3811 G20

DRV¢¢ Undervoltage Lockout

Thresholds vs Temperature LDO Dropout Voltage vs Current
5.0
s | 700 1 T o5G
= s 600 ,/
2 40 DRV¢g RISING _ /|
% —_— — £ 500 /
&35 E
o o /
x — w
£ 30 = e /|
3 s DRV FALLING 5 400 /,
22
8 = 300 A
& o /]
2 15 2 200 /
L a
2 10 /
& 100 /
a 05 v
=
0 0
-50 -30 10 10 30 50 70 90 110 130 0 10 20 30 40 50 60 70 80 90 100
TEMPERATURE (°C) CURRENT (mA)
3811622 3811 G23
RUN Pin Threshold vs
EXTV¢c Switch IR Drop vs Current Supply Voltage
500
Tp =25°C 25
/
450 v
Z 400 // 20
g /| =
% 350 / a
5 /| S
S 300 / 2 15 e i
« / B 25°C -40°C
T 250 / « ' K
S 200 /| = = :
% /, E 1.0 85°C
g 150 /, 5
% 100 “ 05
50
0 0
0 10 20 30 40 50 60 70 80 90 100 0 4 8 12 16 20 24 28 32 36
EXTVgg CURRENT (mA) SUPPLY VOLTAGE (V)
3811G25 3811 G26

EXTVgg THRESHOLDS (V) DRV (V)

CURRENT SENSE AMP gy, (mS)

DRV vs Temperature

6.5
6.4
6.3
6.2
6.1
6.0 —
5.9
5.8
5.7
5.6

5.5
-50 =30 -10 10 30 50 70 90 110 130
TEMPERATURE (°C)

3811 G21

EXTV¢c Thresholds vs
Temperature

5.0

EXTVcg RISING
|

45 ==

40 EXTVgg FALLING

3.5

3.0
-50 -30 -10 10 30 50 70 90 110 130
TEMPERATURE (°C)

3811 G24

Current Sense Amplifier g,
vs Temperature

7.0

6.5
6.0

5.5

45

4.0

3.5

30
-50 -30 —10 10 30 50 70 90 110 130
TEMPERATURE (°C)

3811 G27

3811f

LY N



LTC3811

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3811
TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3811

PIN FUNCTIONS

BG1, BG2: High Current Gate Driver Outputs for the
N-Channel Lower Power MOSFETs.

BOOST1, BOOST2: Bootstrapped Supply Inputs to the
Topside Floating Drivers. Alow ESR (X5R or better) ceramic
bypass capacitor should be connected betweenthe BOOST
pin and the SW pin as close as possible to the IC.

CLKOUT: A Digital Output Used for Daisy-Chaining Multiple
LTC3811 ICs in Multiphase Systems. The PHASEMODE
pin voltage controls the phase relationship between the
channel 1 TG signal and CLKOUT.

COMP1, COMP2: Error Amplifier Output Voltages. The
error amplifiers in the LTC3811 are high bandwidth, low
offset true operational amplifiers that have low output
impedance. As a result, the outputs of two active error
amplifiers cannot be directly connected together! For
multiphase operation, connecting the FB pin of a slave
error amplifier to INTVgg will disable the output of that
amplifier. Multiphase operation can then be achieved by
connecting all of the COMP pins together and using one
channel as the master and all of the others as slaves. The
FB and COMP pins are also used for compensating the
control loop of the converter.

CSOUT (QFN Only): Output of the Voltage Positioning
Om Amplifier. This pin allows the user to program the
amount of voltage droop in the output voltage at high
load current. The output of the voltage positioning g,
amplifier is a bi-directional current proportional to the
(SENSE* — SENSE™) voltages for both channels. The
Om is internally fixed to 5mS. Forcing the g, amplifier
output current through a low value external resistor will
program the amount of voltage droop seen at the output.
See Applications Information for more details regarding
voltage positioning.

DIFF/IN*: Remote Sense Differential Amplifier Positive
Input. A low offset, high bandwidth operational amplifier
is configured with four precision 80k resistors for a non-
inverting gain of one. This pinis normally connected to the
positive terminal of the decoupling capacitor at the load.

DIFF/IN™: Remote Sense Differential Amplifier Negative
Input. This pin is normally connected to the negative
terminal of the decoupling capacitor at the remote load.
The DIFF/IN* and DIFF/IN™ PCB traces should be routed
as close as possible and parallel to each other from the
IC to the output capacitor.

DIFF/OUT: Remote Sense Differential Amplifier Output
Voltage, Configured for a Noninverting Gain of One. The
voltage atthe DIFF/OUT pinis normally connected through
an external resistor divider to the FB pin of one channel.
The bottom of the divider should be connected to the
SGND pin of the IC.

DRVc: Output of the Internal 6V Low Dropout Regulator
(LDO), Supply Pinfor the Bottom Gate Drivers and Output
of the PMOS EXTV¢¢ Switch. A low ESR (X5R or better)
4.7uF ceramic bypass capacitor should be connected
between the DRV pin and the PGND pin, as close as
possible to the IC.

Exposed Pad (QFN Only): The Exposed Pad of the QFN
Leadframe is PGND.

EXTV¢c: External Power Supply Inputto an Internal PMOS
Power Switch Connected Between EXTVg¢ (Drain) and
DRV¢c (Source). This pin allows an external supply to be
used for the high current gate drivers, thereby reducing
power dissipation in the LDO and increasing efficiency.
When EXTV¢c exceeds 4.5V (rising), the high current
PMOS switch turns on and shorts EXTV¢g to DRV,
bypassing the internal LDO. See Applications Information
for more details.
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LTC3811

PIN FUNCTIONS

FB1, FB2: Error Amplifier Feedback Input Pins. The error
amplifiers in the LTC3811 are high bandwidth, low offset
true operational amplifiers. If differential remote sensing
is not used, the FB pin should be connected to a resistor
divider from the output of the power supply to SGND with
the resistors placed closetothe IC. Innormal regulation the
voltage at the FB pinis 0.6V. If remote sensing is used the
FB pin should be connected to a resistor divider from the
output ofthe differentialamplifierto SGND. For multiphase
operation, connecting the FB pin of a slave error amplifier
to INTV¢ will disable the output of that amplifier, allowing
amplifier outputs to be connected in parallel.

INTV¢e: Supply Pin for All of the Internal Low Voltage
Analog and Digital Gontrol Circuitry, Electrically Isolated
fromthe DRVg¢ Pin. The INTVg¢ supply is normally derived
by connecting a low value resistor (1) from the output
of the LDO (DRVg) to INTVg and connecting a 0.1pF low
ESR (X5R or better) ceramic bypass capacitor connected
from INTV¢c to SGND. This RC decoupling configuration
prevents gate driver switching noise from couplinginto the
analog control circuitry. The INTV¢¢ decoupling capacitor
should be connected as close as possible to the IC pins.

MODE/SYNC: Mode Control and PLL Synchronization
Input. This pin programs the operating mode and serves
as the sync input to the internal phase-lock loop (PLL).
Connecting this pinto INTV¢ forces continuous operation
(regardless of the load current) and connecting it to SGND
allows discontinuous mode operationatlightload. Applying
an external clock between 175kHz and 900kHz will cause
the operating frequency to synchronize to the clock.

PGND: Power Supply Return Path for the Bottom Side
Gate Drivers, Connected to the Sources of the Lower
Power MOSFETs. PGND should also be connected to the
negative terminal of the DRV decoupling capacitor as
close as possible to the IC. PGND is electrically isolated
from the SGND pin. The Exposed Pad on the bottom of
the QFN package is PGND.

PGOOD1, PGOOD2: An Open-Drain NMOS Power Good
Output. This output turns on, pulling down the PGOOD
pin, when the FB voltage falls out of a +10% regulation
window. The PGOOD monitor circuit contains a 130ps
nuisance filter to prevent short duration UV and OV tran-
sients from triggering the PGOOD output on, and a 30ps
filter for the recovery from a fault condition.

PHASEMODE (QFN Only): The PHASEMODE pin voltage
programsthe phase relationship betweenthe channel1and
channel 2 rising TG signals, as well as the phase relation-
ship between the channel 1 TG signal and CLKOUT.

PLL/LPF: Frequency Set and PLL Lowpass Filter Input.
When not synchronized, this pin can be used to program
the operating frequency. Connecting this pin to SGND
forces 250kHz operation and connecting it to INTVgg
forces 750kHz operation. Connecting the PLL/LPF pin to
a voltage between 0.4V and 2V forces 500kHz operation.
When synchronizing to an external clock, this pin serves
asthe lowpassfilterinput forthe PLL. A series resistor and
capacitor connected from PLL/PLF to SGND compensate
the PLL feedback loop.

RNG1, RNG2: The voltage at this pin programs the sense
voltage range for peak current mode control. Connecting
this pin to SGND programs a peak sense voltage of 24mV
and connecting it to INTVg¢ programs a peak sense volt-
age of 50mV. Alternatively, the sense voltage range can be
linearly programmed by programming the RNG pin from
0.6V to 2V with a divider from INTV¢c to SGND.

RUN1, RUN2: On/Off Input Pin for Each Controller.

SENSE1*, SENSE2*: Positive Inputs to the Current Com-
parators and Voltage Positioning g, Amplifier. The COMP
pin voltage programs the current comparator offset in
order to set the peak current trip threshold. The LTC3811
is capable of sensing current using a discrete resistor in
series with the inductor, or by indirectly sensing the volt-
age drop across the DCR of the inductor. See Applications
Information for more details.
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LTC3811

PIN FUNCTIONS

SENSE1~, SENSE2™: Negative Inputs to the Current
Comparators and Voltage Positioning g, Amplifier. The
common mode input voltage range for the current com-
parators is 0V to 3.5V.

SW1, SW2: Bootstrapped Supply Return Paths for the
Topside Gate Drivers, Connected to the Sources of the
Upper Power MOSFETs.

SGND: Signal Ground Pin for the IC. Common to both
controllers, this pin should be connected to the negative
terminals of the Vgyt and INTVg decoupling capacitors
and should be routed separately from any high current
paths on the PC board.

SS/TRACK1, SS/TRACK2: Combined Soft-Startand Track-
ing Inputs. For soft-start operation, connecting a capacitor
from this pin to ground will control the voltage ramp at

the output of the power supply. An internal 2.5pA current
source will charge the capacitor and thereby control an
extra input on the reference side of the error amplifier. For
tracking operation, this input allows the start-up of a sec-
ondary outputtotrackaprimary outputaccordingtoaratio
established by a resistor divider from the primary output
to the secondary error amplifier track pin. For coincident
tracking of both outputs at start-up, a resistor divider with
values equal to those connected to the secondary FB pin
from the secondary output should be used to connect the
secondary track input from the primary output.

TG1, TG2: High Current Gate Driver Outputs for the
N-Channel Upper Power MOSFETSs.

Vn: Main Supply Input. Alow ESR ceramic bypass capacitor
should be connected between this pin and SGND.

3811f
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LTC3811

OPERATION

Main Control Loop

The LTC3811 uses a constant frequency peak current
mode control architecture. During normal operation, the
top MOSFET is turned on each cycle when the oscillator
sets the PWM latch and turned off when the main current
comparator (ICMP) resets the latch. The peak current at
which comparator ICMP resets the latch is controlled by
the voltage on the COMP pin, which is the output of the
error amplifier. The remote sense amplifier (DIFFAMP)
produces a signal equal to the differential voltage sensed
across the output capacitor and re-references it to the
local IC ground reference (SGND). The FB pin receives
a portion of this voltage feedback signal and compares
it to the internal 0.6V reference. When the load current
increases it causes a slight decrease in the FB pin voltage
relative to the 0.6V reference, which in turn causes the
COMP pinvoltage to rise until the average inductor current
is equal to the load current.

(Refer to the Functional Diagram)

The top MOSFET drivers are biased from a floating boot-
strap capacitor, Cg, which is normally recharged during
the off-time through an external Schottky diode. When Vy
decreases to a voltage close to Vgyp, however, the loop
may enter dropout and attempt to turn on the top MOSFET
continuously. Adropout detector senses this conditionand
forces the top MOSFET to turn off every 10th cycle for one
third of a cycle to recharge the bootstrap capacitor.

Differences Between the QFN and G36 Package
Options

The LTC3811 is offered in two package options, a 38-pin
QFN and a 36-pin SSOP The full featured QFN package
option has no leads and an exposed lead frame that needs
to be soldered to the PCB, whereas the 36-pin SSOP has
leads and is therefore slightly easier to solder to a PCB
and to debug in the lab.

The primary electrical difference between the QFN and
SSOP options is the SSOP version lacks the CSOUT
and PHASEMODE pins. With no CSOUT pin, the SSOP
version has no provision for output voltage positioning.
With no PHASEMODE input (it is internally connected
to SGND), the SSOP version is limited to 2-phase and
4-phase applications.

In addition to differences in pinout, another difference
between the two package options is their thermal resis-
tance. The QFN package, by virtue of its exposed lead
frame, has a junction-to-ambient thermal resistance of
only 34°C/W, whereas the SSOP package has a thermal
resistance of 100°C/W. The power dissipation of the IC
is a function of the input voltage, the gate charge of the
external power MOSFETs and the operating frequency.
The gate charge losses can be partially mitigated by us-
ing the EXTVc input to supply power to the IC, but users
should beware that high input voltage applications using
very high gate charge power MOSFETSs, that also need to
operate at high frequency, should only be attempted using
the QFN package option. More details covering thermal
management are given later in this data sheet.

Supplying Power to the LTC3811

The LTC3811 features several power supply input pins
and multiple ways of supplying power to the gate drivers
and low voltage analog control circuitry.

The first method of supplying power to the IC uses the
internal low dropout linear regulator (LDO) that draws
power from Vy and regulates DRV to 6V, as shown in
Figure 1. The DRV input supplies power to the internal
gate drivers, which are capable of very high peak transient
charge (1A) and discharge (5A) currents. The DRV supply
should be decoupled to PGND with @ minimum of 4.7pF
low ESR ceramic (X5R or better) capacitance. If multiple
power MOSFETs are being driven in parallel for high cur-
rent applications it is recommended that this capacitance

e el _|:J
DRV A I_I

GATE DRIVER SUPPLY
ANALOG SUPPLY

?
1 Vrp
—_— BIAS SS/TRACK
| SGND 0.600V

4

@ @
3811 Fo1

INTV¢e

Figure 1. Supplying Power to the LTC3811 from V)
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LTC3811

OPERATION

be increased to 10pF Because of the high peak current
capability of the gate driver, itis essential that this capacitor
be placed as close as possible to DRVgg and PGND pins,
and on the same PCB layer as the IC.

(Refer to the Functional Diagram)

The INTV¢c pin supplies power to all of the low voltage
analog circuitryandis electrically isolated from DRV . The
INTVgc supply is normally derived from DRV through
an RC filter, in order to prevent gate driver supply noise
from coupling into sensitive analog control circuitry. Typi-
cal values for this RC filter consist of a 12 resistor from
DRV to INTVgg and a 0.1pF low ESR ceramic capacitor
from INTVgg to SGND. The INTVgg capacitor should be
placed as close as possible to the INTVgc and SGND pins
and on the same PGB layer as the IC.

A third power supply pin, EXTV¢, serves as an auxiliary
input for applications where the power dissipation in the
internal LDO is excessive, or where maximum efficiency
is essential. This configuration is shown in Figure 2. When
the EXTV¢c pin is left open or is connected to a voltage
less than 4.5V, the internal 6V LDO supplies DRV¢c power
from V). If EXTVg is tied to an external power supply
greater than 4.5V, however, the 6V LDO is turned off and
power is supplied to DRV through a 52 PMOS switch
from EXTVg. For 4.5V < EXTVg < 7V this PMOS switch
is on and DRV is approximately equal to EXTV¢¢. Using
the EXTV¢ pin allows the gate driver and control power to
be derived from a high efficiency external source, dramati-
cally reducing power dissipation on the IC.

Vi —¢ LI
% EXTVge | 48V b I :4
— AUX5V D 6V
= SuPPLY LDO _|

GATE DRIVER SUPPLY
ANALOG SUPPLY

?
. Vrg
—_— BIAS SS/TRACK
| SGND 0.600V

d

3811 F02

Figure 2. Supplying Power to the LTC3811 from EXTV¢¢

Using an External 5V Supply to Measure Dynamic
Quiescent Current

Whenavoltageabove4.5Visapplied tothe EXTV¢¢ pin, the
internal LDO in the LTC3811 is switched off and the power
is supplied by the external 5V power supply as shown in
Figure 2. Under these conditions, the quiescent current
at the Vyy pin of the IC is very low (less than 1mA), and
most of the current required to power the analog control
circuitry and the gate drivers flows into the EXTV¢c pin. As
a result, this auxiliary supply can be used as a diagnostic
tool in order to measure the total current for thermal
calculations. In order to match the actual condition when
theinternal LDO is on, the voltage applied to EXTVgg when
the measurements are taken should be 6V (the same as
the regulated LDO output voltage).

Once the total quiescent current for the application is
known, the power dissipation, Pp, on the IC will be ap-
proximately lexmyec times Vi, since the gate drive current
and control circuitry quiescent current would be required
to flow through the V,y pin. The junction temperature of
the 1C can then be estimated using the following well-
known formula:

Ty=Ta+ (Pp*Reun)

If the maximum junction temperature is close to the Abso-
lute Maximum Rating for the particular device being used,
the use of an auxiliary supply and the EXTV¢ pin may be
required. Alternatively, lower gate charge MOSFETs should
be used or the switching frequency should be reduced.

Operation at Low Supply Voltage

The LTC3811 control circuit has a minimum input volt-
age of 4.5\, making it a good choice for applications that
experience low supply conditions. However, care should
be taken to determine the minimum gate drive supply
voltage in order to choose the optimum power MOSFETSs.
Important parameters that can affect the minimum gate
drive voltage are the minimum input voltage (V)y), the
LDO dropout voltage, and the EXTV¢¢ supply voltage, if
an external gate drive supply is being used.

3811f
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OPERATION

If the internal LDO is supplying power to the gate driver
and the input voltage is low enough for the LDO to be in
dropout, then the minimum gate drive supply voltage is:

(Refer to the Functional Diagram)

Vorvee = Vingving = Voropout

The LDO dropout voltage is a function of the total gate
drive current and the quiescent current of the IC (typically
10mA). Acurve of dropoutvoltage vs output currentfor the
LDO is shown in the Typical Performance Characteristics.
The temperature coefficient of the LDO dropout voltage is
approximately +4000ppm/°C.

The total Q-current (lg(ror)) flowing in the LDO is the sum
of the controller quiescent current (typically 10mA) and
the total gate charge drive current.

lacrom) = la + Qg(rom) * f
If an external supply is being used to supply power to the

gate driver through the EXTV¢¢ pin, then the minimum
gate drive supply voltage is:

Vorvee = Vextvee — lagrom ® Rextvee

The resistance of the internal EXTVge PMOS switch is
typically 5Q at 25°C and has a temperature coefficient of
approximately 3400ppm/°C.

After the calculations have been completed, itis important
to measure the gate drive waveforms (BG-to-PGND and
TG-to-SW) and the gate driver supply voltage (DRV¢-to-
PGND) over all operating conditions (low V;y, mid V),
and high V,y, as well as from light load-to-full load) to
ensure adequate power MOSFET enhancement. Consult
the power MOSFET data sheet to determine the actual
Ros(on) for the measured Vgs, and verify your thermal
calculations by measuring the component temperatures
using an infrared camera.

On/0ff Control Using the RUN Pin

The two channels of the LTC3811 can be independently
turned on and off using the RUN1 and RUN2 pins. Pull-
ing either of these pins low shuts down the main control
loop for that channel. Pulling both pins low disables both
controllers and most of the internal circuitry, including the
DRV low dropout regulator (LDO). In shutdown mode
(both RUN pins low) the LTC3811 typically draws only
20pA of current.

The RUN pins may be externally pulled up or driven di-
rectly by logic. Be careful not to exceed the 7V absolute
maximum rating on this pin.

Soft-Start and Tracking Using the SS/TRACK Pin

The start-up of each controller's output voltage Vourt
is normally controlled by the voltage on the SS/TRACK
pin for that channel. The SS/TRACK pin represents a
2nd noninverting input to the error amplifier, as shown
in Figure 3. The error amplifier is configured so that the
lower of the two noninverting inputs (the SS/TRACK pin
or the 0.6V reference) controls the feedback loop. That
is, when the voltage on the SS/TRACK pin is less than the
0.6V internal reference, the LTC3811 regulates the FB pin
voltage to be approximately equal to the SS/TRACK pin
voltage instead of the internal 0.6V reference. This allows
the user to connect a capacitor from the SS/TRACK pin to
SGNDto programthe soft-start of the power supply output.
An internal 2.5pA current source charges this capacitor,
creating a voltage ramp on the SS/TRACK pin. As the SS/
TRACK pin voltage rises from 0V to 0.6V, the output volt-
age, Voy, rises smoothly from 0V to its final value. Once
the soft-start interval is over, the internal 2.5pA current
source will continue to charge the SS/TRACK capacitor
up to a maximum voltage equal to INTV¢c.

Alternately, the SS/TRACK pin can be used to force the
start-up of Vgyr to track the voltage of another supply.
Typically, this requires connecting the SS/TRACK pin to
an external divider from the other supply to ground (see
Applications Information).

INTV¢e

8

INTV¢e

250A @ SS/TRACK
0—' |
O.GV—I:(N Q5j—<|_b
SHDN—| ;g_lvn

= 3811F03

Figure 3. Simplified LTC3811 Error Amplifier Input Stage
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LTC3811

OPERATION

The SS/TRACK pin has an internal open-drain NMOS pull-
downtransistorthatturns onwhenthe corresponding RUN
pinis pulled lowto disable that controller, whenthe voltage
on the DRV¢g pin is below 3.7V (the rising undervoltage
lockoutthreshold), orduring an overtemperature condition.
During an undervoltage lockout, UVLO, or overtempera-
ture, OT condition, both controllers are disabled and the
external MOSFETs are held off.

In multiphase applications, one master error amplifier is
used to control all of the phase current comparators. The
FB pins for the unused error amplifiers are connected to
INTV¢gin ordertothree-state these amplifier outputs. Asa
result, the SS/TRACK pins for the unused error amplifiers
should be left open.

(Refer to the Functional Diagram)

Programming the Operating Mode

The MODE/SYNC pin serves to either program the oper-
ating mode or to synchronize the operating frequency to
an external clock using the internal PLL. Connecting the
MODE/SYNC pin to ground programs pulse-skip mode
operation and connecting the pin to INTVgg programs
forced continuous operation,as shownin Table 1. In pulse-
skip mode the inductor current is not allowed to reverse,
resulting in discontinuous mode, DCM, operation at light
load. Pulse-skip mode is ideal for applications where light
load efficiency is a higher priority than transient response.
Inforced continuous mode, the synchronous switch turns
onafterthe primary switch turns offand remains onforthe
duration of the clock cycle, regardless of the load current.
Forced continuous mode is ideal for applications need-
ing optimized transient response, or for systems where
constant frequency operation is important.

Certain applications can result in the startup of the con-
verter into a non-zero load voltage, where residual charge
is stored on the output capacitor at the onset of converter
switching. In order to prevent a reversal of current in the
inductor under these conditions, pulse-skip operation
is asserted at startup until the FB pin reaches the lower
PGOODthreshold of 0.54V. Once the FB pinvoltage exceeds
0.54V, the operating mode is determined by the voltage
on the MODE/SYNC pin.

When the operating frequency of the converter is synchro-
nized to an external clock using the MODE/SYNC pin, the

operating mode will always be forced continuous. Forcing
continuous mode operation results in constant frequency
operation and a more predictable noise spectrum from
the converter.

Table 1

MODE/SYNC | OPERATING MODE | DESCRIPTION

SGND Pulse-Skip DCM Operation at Light Load

INTV¢e Forced Continuous | CCM from No Load to Full Load

External Clock | Forced Continuous | Operating Frequency Synchronized
Using Internal PLL (CCM)

Frequency Selection and the Phase-Lock Loop

The selection of the switching frequency is a tradeoff be-
tween efficiency, transient response and component size.
Low frequency operation increases efficiency by reducing
MOSEFT switching losses, but requires a larger inductor
and output capacitor to maintain low output ripple.

The switching frequency of the LTC3811’s controllers can
be selected using the PLL/LPF pin. [fthe MODE/SYNC pinis
notbeing driven by anexternal clock, the PLL/LPF pincan be
tied to SGND, left open or tied to INTV ¢ to select 250kHz,
500kHz or 750kHz, respectively, as shown in Table 2.

Table 2

PLL/LPF MODE/SYNC FREQUENCY

SGND 0V or INTVg (DC) 250kHz

Floating 0V or INTVgc (DC) 500kHz

INTV¢e 0V or INTVgg (DC) 750kHz

RC Filter to SGND Connected to External |Phase Locked to
Clock External Clock

A phase-lock loop is available on the LTC3811 to syn-
chronize the internal oscillator to an external clock source
connected to the MODE/SYNC pin. In this case, a series
RC network connected from the PLL/LPF pin to SGND
serves as the PLLs loop filter. The PLL/LPF pinis both the
output of the phase detector and the input to the voltage
controlled oscillator, VCO. The LTC3811 phase detector
adjusts the voltage on the PLL/LPF pin to align the ris-
ing edge of TG1 to the leading edge of the external clock
signal. The turn-on of the second channel TG2 will depend
upon the voltage on the PHASEMODE pin as shown in the
Electrical Characteristics.
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The typical capture range of the LTC3811’s PLL is ap-
proximately 125kHz to 1.1MHz, with a guarantee over
all manufacturing variations to be between 175kHz and
900kHz. The amplitude of the sync pulse to the LTC3811
should be greater than 1.8V and the minimum pulse width
should be greater than 200ns.

(Refer to the Functional Diagram)

Using the CLKOUT and PHASEMODE Pins in
Multiphase Applications

The LTC3811 featurestwo pins (CLKOUT and PHASEMODE)
that allow multiple LTC3811 ICs to be daisy-chained to-
gether in multiphase applications. The clock output signal
on the CLKOUT pin can be used to synchronize additional
power stages ina multiphase power supply solution feeding
asingle high current output or even separate outputs. The
PHASEMODE pin is used to adjust the phase relationship
between channel 1 and channel 2, as well as the phase
relationship between channel 1 and CLKOUT, as summa-
rized in Table 3. The phases are calculated relative to the
zero degrees, defined as the rising edge of the top gate
driver output of channel 1, TG1.

The PHASEMODE input comparators are referenced to an
internal dividerfrom INTV ¢ thathas 33% and 67% INTV ¢
thresholds. For 6-phase operation, connect PHASEMODE
to an external divider from INTV¢g with equal value resis-
tors (e.g., 100k), so that PHASEMODE is always 50% of
INTV¢c.

Table 3
# PHASES IC# |PHASEMODE| CLKOUT CONNECTS TO

2 1 oV N/A

3 1 INTVgg MODE/SYNC of IC # 2
2 oV N/A

4 1 oV MODE/SYNC of IC #2
2 oV N/A

6 1 50% INTVgg | MODE/SYNC of IC #2
2 50% INTVge | MODE/SYNC of IC #2
3 50% INTVge N/A

12 1 50% INTVgg | MODE/SYNC of IC #2
2 50% INTVge | MODE/SYNC of IC #3
3 oV MODE/SYNG of IC # 4
4 50% INTVgg | MODE/SYNC of IC #5
5 50% INTVge | MODE/SYNC of IC #6
6 50% INTVge N/A

Remote Sensing Using the Differential Amplifier

The LTC3811 has a differential amplifier for true remote
sensing of the output voltage. The sensing connections
should be returned from the load back to the differential
amplifier's inputs through a common, tightly coupled pair
of PCB traces. The differential amplifier rejects common
mode signals capacitively or inductively radiated into the
feedback PCBtraces, as wellas ground loop disturbances.
The differential amplifier output signal is typically divided
down and compared with the internal precision 0.6V volt-
age reference by the error amplifier.

The differential amplifier utilizes four precision internal
resistors to enable instrumentation-type measurement
of the output voltage. The amplifier has a gain of 1.000,
contains a CMOS rail-to-rail output stage, and is optimized
for low input offset and high bandwidth.

The output voltage is set by an external resistive divider
according to the following formula:
Vur = 0.6° RZ]

1+ —

TR
where R2and R1 are the upperand lower divider resistors,
respectively. The differential amplifier was optimized for
divider currents in the range of 100pA to 600pA, meaning
that R1 in the equation above should be 1k to 6k.

Using the LTC3811 Operational Error Amplifiers in
Multiphase Applications

The LTC3811 error amplifiers are true operational ampli-
fiers, meaning that they have high DC gain and low output
impedance. In previous generations of multiphase control-
lers, such as the LTC1628 family, the error amplifiers were
transconductance amplifiers, meaning that they could be
connected in parallel for multiphase applications.

Multiphase applications using the LTC3811 will use one
operational error amplifier as the master and will disable
all of the slave phase error amplifiers. Typically, the chan-
nel 1 amplifier for phase = 0° will be used as the master
and phases 2 through n (up to 12 phases) will serve as
slaves. To disable the slave error amplifiers but still use
their current comparators and power stages, connect the
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(Refer to the Functional Diagram)
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(DRV(g NOT SHOWN) CHANNEL PGOOD PINS)
MASTER
LTC3811
—| |—t INTVGe PGOOD1
Vour* FB2 PGOOD2 |—
DIFF/IN*
- DIFF/IN™
Vour” | ——AA———]DIFFOUT  RUNI oL
MASTER I FB1 RUN2 |—¢
D'iAF,\E,,FF‘,EL'l\‘FTl 'E/;" - [ COMP1  SS/TRACK1
USED TO DRIVE P COMP2  SS/TRACK2 ALL
CHANNEL 1 I-'VW-o CLKouT SGND SS/TRACK
<« PINS
ERROR
AMPLIFIER |1 CONNECTED
o > 11 TOGETHER
1 stave
CH,f,\L,ﬁ\E’E I SYNC LTC3811
FBPINSALL | — INTVce PGOOD1 |—
CONNECTED t FB2 PGOOD2 [—
T0 LOCAL —f——> . = DY
INTVgg PINS D
0 SARLE COMP1 RUN2
ERROR COMP2  SS/TRACK1
AMPLIFIERS SS/TRACK2 ALL RUN
CLKouT SGND PINS
T CONNECTED
TOGETHER
1 sLave
[ SYNC LTC3811
"_l | — INTVge PGOOD1 f—
i t FB2 PGOOD2 [—
COMP FB1 RUN1 —o
PINSALL __| COMP1 RUN2 |—e
CONNECTED COMP2  SS/TRACK1
TO MASTER SS/TRACK:
CHANNEL i
COMP PlN I 3811 FO4

SGND BUS ISOLATED FROM
PGND AND INDEPENDENTLY
ROUTED TO NEGATIVE
TERMINAL OF OUTPUT CAPACITOR

Figure 4. LTC3811 Error Amplifier Configuration
for Multiphase Operation

FB pin of a slave phase to INTVg¢. As shown in the Func-
tional Diagram, a comparator detects when the FB pin is
shorted to INTVc and three-states this amplifiers output
and input. The COMP pins for all of the phases can then
be shorted together in order to provide compensation for
the feedback loop, as shown in Figure 4.

Theory and Benefits of Multiphase Operation

Why the need for multiphase operation? Up until the
multiphase family, constant frequency dual switching
regulators operated both channels in phase (i.e., single-
phase operation). This means that both switches turned
on at the same time, causing current pulses of up to twice

the amplitude of those for one regulator to be drawn from
the input capacitor. These large amplitude current pulses
increased the total RMS current flowing from the input
capacitor, requiring the use of more expensive input ca-
pacitors and increasing both EMI and losses in the input
capacitor.

With multiphase operation, the two channels of the dual-
switching regulatorare operated 180 degrees out of phase.
This effectively interleaves the current pulses drawn by the
switches, greatly reducing the overlap time where they add
together. The result is a significant reduction in total RMS
input current, which in turn allows less expensive input
capacitors to be usea, reduces shielding requirements for
EMI and improves real world operating efficiency.

Figure 5 illustrates the benefits of multiphase operation.
Current ripple at the input is reduced by a factor of 1.41
(square root of 2), reducing the size and cost of the input
capacitor. In addition, since power losses are proportional
to lpys?, significant efficiency improvements in the input
power path components (batteries, switches, protection
circuitry and PCB traces) can be achieved. Improvements
in both conducted and radiated EMI also directly accrue
as a result of the reduced RMS input current.

SR T
10v%|/\1/l H 1 “ “ .
swz’_ﬂ H : ﬂ "L
10VDIV | _
V|N;12v l1pS/D|V1 o BKWG“
Vour =15V
louT = 16A

Figure 5. 2-Phase, Single Output Current Sharing Waveforms

Of course, the improvement afforded by 2-phase opera-
tion is a function of the dual switching regulator’s relative
duty cycles which, in turn, are dependent upon the input
voltage Vy (Duty Cycle = Vout/Vin).

Figure 6 shows the net ripple current seen by the output
capacitors for the different phase configurations. The
output ripple current is plotted for a fixed output voltage

as the duty factor is varied between 10% and 90% on the
3811f
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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 6, the zero output ripple current is obtained
when:

(Refer to the Functional Diagram)

Vour _ Kk

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

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 appli-
cations having a highly varying input voltage, additional
phases will produce the best results.

Accepting larger values of Al| allows the use of low in-
ductances, but can result in higher output voltage ripple.
A reasonable starting point for setting ripple current is
Al =0.4(loyt)/N, where N is the number of channels and
lgyt 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.

1.0 I ‘s
— 1-PHASE _|
0.9 — — 2-PHASE
0.8 - - - 3-PHASE—|
\ === 4-PHASE
0.7 X NN | [ e 6-PHASE |
¢ . 06 -‘\ N\
1% 05 [
S '.‘ N
0.4 N
03 [N
02 =%
AR SN e N
01 AT A
Y AlA R e

o Ll
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DUTY FACTOR (Vout/Vin)

Figure 6. Normalized Peak Output Gurrent vs
Duty factor [Igms ~ 0.3(Alg(p-p))]

Power Good Pins (PGOOD1, PGOOD2)

Each PGOOD pin is connected to the open drain of an
internal N-channel pull-down MOSFET. The MOSEFT turns
on and pulls the PGOOD pin low when the corresponding
FB pin is outside a +10% window around the 0.6V refer-
ence voltage. The PGOOD pin is also pulled low when the
corresponding RUN pin is low, or during an undervoltage

lockout or overtemperature condition. When the FB pin
voltage is within the £10% window, the internal PGOOD
MOSFET is turned off and the pin is normally pulled up by
an external resistor. The absolute maximum voltage rating
of the PGOOD pins is 7\

The PGOOD logic contains separate filters depending on
whether the controller is entering or exiting a fault condi-
tion. When the FB pin is exiting a fault condition (such as
during normal outputvoltage start-up, priorto regulation),
the PGOOD pin will remain low for an additional 30ps. This
allows the output voltage to reach steady-state regulation
and prevents the enabling of a heavy load from re-triggering
a UVLO condition. When the FB pin is entering either an
undervoltage, UV, or overvoltage, OV, fault condition, the
PGOOD pin will remain high 130ps after the onset of the
fault. This non-integrating filter prevents noise or short
duration overload conditions from triggering the PGOOD
outputsand causing afalse systemreset. Figure 7 illustrates
the timing diagram for a hypothetical undervoltage event
on the FB pin, and the resulting PGOOD waveform.

In multiphase applications, one error amplifier is used to
control all of the phase current comparators. In addition,
since the FB pins for the unused error amplifiers are con-
nectedto INTV¢g (in orderto three-state these amplifiers),
the PGOOD outputs for these amplifiers will be asserted.
In order to prevent falsely reporting a fault condition, the
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Figure 7. PGOOD Filter Timing Diagram
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PGOOD outputs for the unused error amplifiers should be
left open. Only the PGOOD output for the master control
error amplifier should be connected to the fault monitor.

(Refer to the Functional Diagram)

Fault Conditions: Current Limit and Foldback

One of the main advantages of the LTC3811 is the fact that
the maximum inductor current is inherently limited due
to the use of peak current mode control. The maximum
sense voltage is controlled by the voltage on the RNG pins
and the maximum DC output current is:

VsensemAX) 1-AI
—h 5 Al

| =
LIMIT
RSENSE 2

The current limit value should be checked to ensure that
LimTming > louT(max). The minimum value of the current
limit generally occurs with the largest Vy at the highest
ambient temperature, conditions that cause the largest
power losses in the converter.

Tofurtherlimitcurrentinthe event ofan output short-circuit
toground, the LTC3811 includes foldback current limiting.
When the FB pin falls below 0.3V (50% of its nominally
regulated value), the foldback circuitis activated, progres-
sively lowering the peak current limit in proportion to the
severity of the overcurrent or short circuit condition. If the
FB pin reaches 0V, the peak current sense threshold will
be reduced to 30% of its maximum value. The foldback
current limit transfer function is shown in Figure 8.
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Figure 8. Current Foldback Charactistic

Under short-circuit conditions with very low duty cycles,
the LTC3811 may begin to skip pulses in order to limit the
maximum current. In this situation the bottom MOSFET
will be dissipating most of the power; however this will
be less than in normal operation at maximum load. In this
case the short circuit ripple current is determined by the
minimum on-time, ton(min), 0f the LTC3811 (about 65ns),
the input voltage, and the inductor value, according to the
following equation:
V,

oIN

Al (sc) = tongmimy L

The resulting short-circuit current is

o = 0.3 * Vsensemax) L
> Rsense 2

Al (sc)

Depending upon the ratio of the DC value of the current
limit to the maximum load current and the percentage
ripple current in the inductor, it is possible that the con-
verter will operate in discontinuous mode when Vg = 0V
(a so-called “dead short”). In this case, the short-circuit
current of the converter will be:

Alse) Vi

= tonuiny ® Dl

lsc =

In order for the converter to start up properly with a non-
linear load, the foldback current limiting circuit in the
LTC3811 is disabled during the initial soft-start interval.
When the FB pin voltage reaches 0.54V, the soft-start in-
terval is terminated and the foldback circuit is enabled.

Inthe event the converter is turned on into a shorted load,
the foldback circuit will be disabled until the SS/TRACK
pin reaches 0.54\/ This ensures that the converter will still
limit the maximum current to a safe level and reduce the
peak power dissipated with a shorted load.
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Duty Cycle Considerations
The duty cycle for a buck converter is well known:

V
D=ﬂ= ONof
Vin

Rearranging, the minimum on-time for a given application
can be calculated:

touny = _ Vour
Vingwax) * f
Foragiveninputand outputvoltage, itisimportantto know
how close the minimum on-time of the application comes
to the minimum on-time of the control IC. The LTC3811
has atypical minimum on-time of 65ns, allowing both high
input to output ratios and high frequency operation.

In an application circuit, if the IC’s minimum on-time
exceeds the value required in the duty cycle equations,
the converter will begin to skip pulses and operate at a
fraction of the intended frequency. This frequency division
will result in higher current and voltage ripple and is of
particular concern in forced continuous applications with
low ripple currents at light loads.

Setting the Output Voltage

The LTC3811 output voltages are each set by external
feedback resistor dividers, according to the following

equation:
R2
Vot =0.6Ve |1+ —
ouT + R1]

Care should be taken to place the output divider resistors
and the compensation components as close as possible
to the IC FB and SGND pins, in order to prevent switching
noise from coupling into the signal path. This configuration
is shown in Figure 9. The top of R2 is normally routed to
the top of the output capacitor, or to the output of the dif-
ferential amplifier, if remote sensing is being employed.

Because the common mode range of the current compara-
tor input stages is 0V to 3.5V, the output voltage range is
limited from 0.6V to 3.3V.

ComP

LTC3811

1=

Cout

SGND

3811 F09

DIVIDER AND COMPENSATION
COMPONENTS PLACED NEAR
FB, SGND AND COMP PINS

Figure 9. Output Divider and Compensation
Component Placement

Sensing the Output Voltage with a Differential
Amplifier

The LTC3811 includes a low offset, unity gain, high band-
width differential amplifier forapplications that require true
remote sensing. Sensing both SENSE*and SENSE™greatly
benefits regulationin high current, low voltage applications,
where board interconnection losses can be a significant
portion of the total error budget.

The LTC3811 differentialamplifier has atypical output slew
rate of 8V/ps and has rail-to-rail output drive capability.
The amplifier is configured for unit gain, meaning that the
difference between SENSE* and SENSE™ is translated to
DIFFOUT, relative to SGND.

Care should be takento route the SENSE* and SENSE~PCB
traces parallel to each other all the way to the terminals
of the output capacitor or remote sensing points on the
board. Inaddition, avoid routing these sensitive traces near
any high speed switching nodes in the circuit. Ideally, the
SENSE* and SENSE™ traces should be shielded by a low
impedance ground plane to maintain signal integrity.

Choosing the Inductor Value and Saturation Current
Rating

The operating frequency and inductor value are interrelated
inthathigher operating frequencies allow the use of smaller
inductors and capacitors. Higher frequency operation also
resultsin higher switching and gate drive losses, so abasic
tradeoff exists between size and efficiency.
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For CCM operation, the inductor value can be chosen using
the following equation:

Vout
Vinuax)

_ Vour
fo Al

Choosing a larger value of Al allows the use of a lower
value inductor, but results in higher output voltage ripple
and greater core losses. A reasonable starting point for
setting the ripple current is 40% to 50% of the maximum
output current, or:

Al = 0.4« loyrmax)

The inductor saturation current rating needs to be higher
than the peak inductor current during an overload condi-
tion. If loyr(wax) is the maximum rated load current, then
the maximum overload current, Iyax, would normally
be chosen to be some factor (e.g., 30%) greater than

lout(max):

lvax = 1.3 *loyrmax)

1
I k) = ax + 5" Al

For a 40% ripple application, the minimum saturation
current rating of the inductor would therefore be:

IL(pk) = 1.5 * lo(max)

In other words, foran application with 40% inductor ripple
current and a maximum output current 30% greater than
the full load current, the inductor’s saturation current rat-
ing needs to be at least 1.5 times the maximum output
current.

Inductor Core Selection

Once the value of L is known, the type of inductor must be
selected. High efficiency converters generally cannotafford
the core losses found in low cost powdered iron cores,
forcing the use of more expensive ferrite or molypermalloy
cores. Actual core lossisindependent of core size forafixed
inductor value, but is very dependent on the inductance
selected. As inductance increases, core losses go down.
Unfortunately, increased inductance requires more turns
of wire and therefore copper losses will increase.

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

Programming the Maximum Sense Voltage Using the
RNG Pin

The RNG pin can be used in two different ways in order to
program the maximum peak current sense voltage. The
easiest way to program the peak sense voltage is to tie
the RNG pin to either ground or INTVg. Connecting the
RNG pin to ground results in a 24mV peak sense voltage
and connecting it to INTVgg programs in a 50mV peak
sense voltage. Alternately, an external resistor divider
from INTVgc to ground can be used to set the RNG pin
between 0.6V and 2V, resulting in a nominal peak sense
voltage range of 24mV to 85mV. Figure 10 illustrates the
transfer function from the RNG pin to the peak sense
voltage, which closely follows the following equation for
0.6V < VRng < 2V:

VSENSE(MAX) =0.0436 « VRNG -0.0022
In general, the accuracy of the SENSE pin threshold will
scale with the peak sense voltage defined by the RNG
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Figure 10. Maximum Current Sense Threshold
vs RNG Pin Voltage
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pin. For applications requiring maximum current limit ac-
curacy, a higher peak sense voltage (e.g., 85mV) should
be chosen. An additional benefit of a higher peak SENSE
pin threshold is a slight reduction in the minimum on-
time of the controller. That is, for a given ripple current
in the inductor, a higher peak sense voltage results in
higher SENSE pin dV/dt, speeding up the input stage of
the current comparator slightly. For applications where
high efficiency and tight current limit accuracy are both
important, the peak current sense voltage can be reduced
to as low as 24mV.

Inmultiphase applications, only one erroramplifieris used
tocontrolall of the phase current comparators. Asaresult,
in multiphase applications all of the RNG pins should all be
tied to the same potential, in order to program the same
power stage g, for each phase.

SENSE* and SENSE~ Pins

The common mode input voltage range of the current
comparators is OV to 3.5\, Continuous linear operation is
provided throughout this range, allowing output voltages
between 0.6V (the reference input to the error amplifiers)
and 3.3V. The SENSE* and SENSE™ pins are also the inputs
to the voltage positioning current sense g,, amplifier.
Under normal operation, a small current of about 1.5uA
flows out of the SENSE inputs and represents the total
base current of the two vertical PNP input stages (one in
the current comparator and one in the voltage positioning
currentsense amplifier). When the common mode voltage
is lower than about 0.4V, the current flowing out of the
SENSE pins increases, up to about 2.2pA at Vggysge = OV
Figure 11 illustrates the change in the SENSE pin current
as a function of common mode voltage.

Sensing Techniques Using Low Value Resistors

For previous generation current mode controllers, the
maximum sense voltage was high enough (e.g., 75mV
for the LTC1628 family) that the voltage drop across the
parasitic inductance of the sense resistor represented a
relatively small error. For today’s highest current density
solutions, however, the value of the sense resistor can be
less than TmQ and the peak sense voltage can be as low as
24m\/Inaddition, inductorripple currents greaterthan 50%

with operation up to 1MHz are becoming more common.
Under these conditions the voltage drop across the sense
resistor’s parasitic inductance is no longer negligible.

Atypical sensing circuit using a discrete resistor is shown
inFigure12. In previous generations of controllers,asmall
RC filter placed near the IC was commonly used to reduce
the effects of capacitive and inductive noise coupled in
the sense traces on the PCB. A typical filter consists of
two series 10Q resistors connected to a parallel 1000pF
capacitor, resulting in a time constant of 20ns.
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Figure 11. SENSE Pin Input Bias Current vs
Common Mode (Output) Voltage
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Figure 12. Using a Resistor to Sense Current with the LTC3811
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