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TECHNOLOGY

FEATURES

® Single Inductor Allows V,y Above, Below, or Equal

to Regulated Vgyr

Viy Range 2.8V (Need EXTV¢c > 6.4V) to 80V

Vour Range: 1.3V to 80V

Quad N-Channel MOSFET Gate Drivers

Synchronous Rectification: Up to 98% Efficiency

Input and Qutput Current Monitor Pins

Synchronizable Fixed Frequency: 100kHz to 400kHz

Integrated Input Current, Input Voltage, Output Cur-

rent and Output Voltage Feedback Loops

® (Clock Output Usable To Monitor Die Temperature

® Available in 38-Lead (5mm x 7mm) QFN and TSSOP
Packages with the TSSOP Modified for Improved
High Voltage Operation

APPLICATIONS

® High Voltage Buck-Boost Converters
® [nput or OQutput Current Limited Converters

| t /\D L8705

80V V,ny und Vout

Synchronous 4-Switch Buck-

Boost DC/DC Conftroller

DESCRIPTION

The LT®8705 is a high performance buck-boost switch-
ing regulator controller that operates from input voltages
above, below or equal to the output voltage. The part has
integrated input current, input voltage, output current
and output voltage feedback loops. With a wide 2.8V to
80V input and 1.3V to 80V output range, the LT8705 is
compatible with most solar, automotive, telecom and
battery-powered systems.

The LT8705includes servo pinstoindicate which feedback
loopsareactive. The MODE pin selectsamong Burst Mode®
operation, discontinuous or continuous conduction mode
at light loads. Additional features include a 3.3V/12mA
LDO, asynchronizable fixed operating frequency, onboard
gate drivers, adjustable UVLO, along with inputand output
current monitoring with programmable maximum levels.

A7, LT, LTC, LTM, Linear Technology, Burst Mode, pModule and the Linear logo are registered
trademarks of Linear Technology Corporation. All other trademarks are the property of their
respective owners.
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LT8705

ABSOLUTE MAXIMUM RATINGS (note 1)

Vesp-Vesn, Vespin-Vesnin

CSNIN, CSPIN, CSPOUT, CSNOUT Voltage ..—0.3V to 80V

VeSPOUT-VOSGNQUT-reeeererererererererermrerereranas —-0.3V10 0.3V Vi, EXTVge Voltage ..o, -0.3V to 80V
SS, CLKOUT, CSP, CSN Voltage.................... -0.3Vto 3V  SW1, SW2 Voltage........ccovverveerriireirirennn. 81V (Note 7)
Vi Voltage (Note 2).......ccvevevereiereicrcrnee, -0.3Vto 2.2V  BOOST1, BOOST2 Voltage ........ccccevnneee. -0.3Vto 87V
RT, LDO33, FBOUT Voltage...........c.ccuveee.. —-0.3Vto 5V BG1,BG2, TGT, TG2....cocveveeeeeeeceeeeeeeeeeeeeeeerereas (Note 6)
IMON_IN, IMON_OUT Voltage...................... -0.3Vto 5V  Operating Junction Temperature Range
SYNC Voltage.......cccoeveeeeeciiecccnne, -0.3Vt0 5.5V LT8705E (Notes 3, 8)......ccceevvvevernee. -40°C to 125°C
INTVge, GATEVge Voltage.......cocvvvecvcvcvnnnee. -0.3Vto 7V LT87051 (Notes 3, 8)....ccovvvevvvrvinnn -40°C to 125°C
VB00osT1-Vsw1, VBoosT2-VSW2 cvveveverereinee -0.3Vto 7V LT8705H (Notes 3, 8)........cceveveunene. -40°C to 150°C
SWEN, MODE Voltage........ccccoervrvrrevrvrvrnenes -0.3Vto 7V LT8705MP (Notes 3, 8).......ccccevvvenee. -55°C t0 150°C
SRVO_FBIN, SRVO_FBOUT Voltage........... -0.3Vto 30V  Storage Temperature Range .................. —-65°C to 150°C
SRVO_IIN, SRVO_IOUT Voltage................. —-0.3Vto 30V  Lead Temperature (Soldering, 10 sec)
FBIN, SHDN Voltage...........cccoeveveveverennee, —0.3V to 30V FE PaCKaQe .....c.ceveveeeeceeeeeeceeee e 300°C
PIN CONFIGURATION
TOP VIEW
TOP VIEW INTVge [1] 38] Vi
SL=-8 == MODE [2] 37] CSPIN
282c:53 IMON_IN 3] 36] CsNIN
:381,371,361,351,341;331;32] SHON [4]
SADN [ 11 i31] cspout esvn[B) [34] CsPOUT
csN | 2] i30] csnout csp [6] | l
csp|3! i29] EXTVGe tooss [7] | | [32 csnour
LD033 [ 4! i28| sRvo_reouT Fain 8] | I
FBIN| 5! i27] srvo_lout FsouT [9] | : 30] EXTVgo
FBOUT 6! 39 26] SRvO_IIN mon_out [ig] | 39 |
moN_out |71 GND i25] sRvo_FBIN v [ | GND ' [ soosti
Vo f8] 24f e ss [i2 i :
ssfo 123 BOOST! cLkout [i3] | | 28] o1
cLKouT 10! 122] TG1 |
10, = syne [14] | |
syne [l i21] sw L
RT E‘ f20] ne RT [15) [24] Sw1
131141151761 {171 g7 G [16
R BG1 [17] [22] sw2
g = E = 8" % GATEVGG [18] 21] TG2
UIfIDF PACKAGE o6z 19 20] BoosT2
38-LEAD (5mm x 7mm) PLASTIC QFN FE PACKAGE
Tymax = 125°C, 0,4 = 34°C/W VARIATION: FE38(31)
EXPOSED PAD (PIN 39) IS GND, MUST BE SOLDERED TO PCB 38-LEAD PLASTIC TSSOP
Tumax = 125°C, 6y = 25°C/W
EXPOSED PAD (PIN 39) IS GND, MUST BE SOLDERED TO PCB
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LT8705

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LT8705EUHF#PBF LT8705EUHF#TRPBF 8705 38-Lead (5mm x 7mm) Plastic QFN -40°C to 125°C
LT87051UHF#PBF LT8705IUHF#TRPBF 8705 38-Lead (5mm x 7mm) Plastic QFN -40°C to 125°C
LT8705EFE#PBF LT8705EFE#TRPBF LT8705FE 38-Lead Plastic TSSOP -40°C to 125°C
LT8705IFE#PBF LT8705IFE#TRPBF LT8705FE 38-Lead Plastic TSSOP -40°C to 125°C
LT8705HFE#PBF LT8705HFE#TRPBF LT8705FE 38-Lead Plastic TSSOP -40°C to 150°C
LT8705MPFE#PBF LT8705MPFE#TRPBF LT8705FE 38-Lead Plastic TSSOP -55°C to 150°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

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/

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

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 12V, SHDN = 3V unless otherwise noted. (Note 3)

PARAMETER | CONDITIONS | MmN TYP  mAX | UNITS
Voltage Supplies and Regulators
Vn Operating Voltage Range EXTVge = 0V ®| 55 80 v

EXTVgg = 7.5V o 28 80 v
Vn Quiescent Current Not Switching, Vextveg = 0 265 42 mA
Vy Quiescent Current in Shutdown Vsmpn = 0V 0 1 HA
EXTV¢g Switchover Voltage IinTvee = 20mA, Vexryee Rising ® | 615 64 6.6 v
EXTV¢o Switchover Hysteresis 0.18 v
INTV¢g Current Limit Maximum Current Draw from INTV¢g and LDO33

Pins Combined. Regulated from Vy or EXTVgg (12V)

INTVe = 5.25V e 9 127 165 mA
INTVge = 4.5V e 28 42 55 mA

INTV¢g Voltage Regulated from Vy, Iintvee = 20mA ® | 615 635 6.9 v

Regulated from EXTV¢g (12V), Iintvee = 20mA ® | 615 635 6.55 v
INTV¢c Load Regulation IinTvee = OmA to 50mA -05 -15 %
INTV¢c, GATEVe Undervoltage Lockout INTV Falling, GATEVgc Connected to INTVqe ® | 445 465 4.85 v
INTV¢g, GATEVg Undervoltage Lockout Hysteresis GATEV¢c Connected to INTV¢g 160 mV
INTV¢e Regulator Dropout Voltage Vin-Vinmvees intvee = 20mA 245 mV
D033 Pin Voltage 5mA from LDO33 Pin ®| 323 3295 3.35 v
LDO33 Pin Load Regulation lL.po33 = 0.1mA to 5mA -025 - %
LDO33 Pin Current Limit ®| 12 1725 22 mA
D033 Pin Undervoltage Lockout D033 Falling 296 3.04 3.12 v
D033 Pin Undervoltage Lockout Hysteresis 35 mV
Switching Regulator Control
Maximum Current Sense Threshold (Vgsp — Vosn) Boost Mode, Minimum M3 Switch Duty Cycle

(LT8705E, LT8705I) e 102 117 132 mV

(LT8705H, LT8705MP) e 100 117 134 mV
Maximum Current Sense Threshold (Vgsy — Vesp) Buck Mode, Minimum M2 Switch Duty Cycle

(LT8705E, LT8705I) ®| 69 86 102 mV

(LT8705H, LT8705MP) ® | 67 86 104 mV

8705ff
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LT8705

ELGCTBICHL CHHBHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 12V, SHDN = 3V unless otherwise noted. (Note 3)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Gain from Vg to Maximum Current Sense Voltage Boost Mode 150 mVA/
(Vosp-Vesn) (A5 in the Block Diagram) Buck Mode -150 mV/A
SHDN Input Voltage High SHDN Rising to Enable the Device ® | 1184 1234 1.284 v
SHDN Input Voltage High Hysteresis 50 mV
SHDN Input Voltage Low Device Disabled, Low Quiescent Gurrent
(LT8705E, LT8705I) ° 0.35 v
(LT8705H, LT8705MP) o 0.3 v
HDN Pin Bias Current Vsaoy = 3V 0 1 HA
Vsmon = 12V 11 22 HA
SWEN Rising Threshold Voltage (Note 5) ® | 1156 1.206 1.256 Y
SWEN Threshold Voltage Hysteresis (Note 5) 22 mV
MODE Pin Forced Continuous Mode Threshold ®| 04 V
MODE Pin Burst Mode Range e 1.0 1.7 v
MODE Pin Discontinuous Mode Threshold ) 2.3 v
Soft-Start Charging Current Vgg = 0.5V 13 19 25 HA
Soft-Start Discharge Current Vgg = 0.5V 9.5 HA
Voltage Regulator Loops (Refer to Block Diagram to Locate Amplifiers)
Regulation Voltage for FBOUT Vg =1.2V (LT8705E, LT8705I) ® | 1.193 1.207 1.222 v
Vg =1.2V (LT8705H, LT8705MP) ® | 1.191 1207 1.222 v
Regulation Voltage for FBIN Vg =1.2V (LT8705E, LT8705I) ® | 1.184 1205 1.226 v
Vg =1.2V (LT8705H, LT8705MP) ® | 1.182 1.205 1.226 v
Line Regulation for FBOUT and FBIN Error Amp Reference | Viy = 12V to 80V; Not Switching 0.002 0.005 %N
Voltage
FBOUT Pin Bias Current Current Qut of Pin 15 nA
FBOUT Error Amp EA4 gy, 315 umho
FBOUT Error Amp EA4 Voltage Gain 220 VIV
FBIN Pin Bias Current Current Qut of Pin 10 nA
FBIN Error Amp EA3 g 130 umho
FBIN Error Amp EA3 Voltage Gain 90 VIV
SRVO_FBIN Activation Threshold (Note 5) (Vrgiy Falling) — (Regulation Voltage for FBIN), 56 72 89 mV
Vesour = Vimon_in = Vimon_out = 0V
SRVO_FBIN Activation Threshold Hysteresis (Note 5) VEgouT = VIMONJN = VIMON?OUT =0V 33 mV
SRVO_FBOUT Activation Threshold (Note 5) (Vesout Rising) — (Regulation Voltage for FBOUT), =37 29 -2 mV
Vegin =3V, Vimon_in = Vimon_out = OV
SRVO_FBOUT Activation Threshold Hysteresis (Note 5) Vegin = 3V, Vimon_n = 0V, Vimon_out =0V 15 mV
SRVO_FBIN, SRVO_FBOUT Low Voltage (Note 5) I =100pA ° 110 330 mV
SRVO_FBIN, SRVO_FBOUT Leakage Current (Note 5) VSRVO?FBIN = VSRVO?FBOUT =25V [ ] 0 1 HA
Current Regulation Loops (Refer to Block Diagram to Locate Amplifiers)
Regulation Voltages for IMON_IN and IMON_OUT Vg=1.2V e 1187 1208 1.229 v
Line Regulation for IMON_IN and IMON_QUT Error Amp Vin = 12V to 80V; Not Switching 0.002 0.005 %N
Reference Voltage
CSPIN, CSNIN Bias Current BOOST Capacitor Charge Control Block Not Active
lospin + losnin, Vospin = Vosnin = 12V 31 uA
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LT8/05
GLGCTBKHL CHHBHCTGI“STKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 12V, SHDN = 3V unless otherwise noted. (Note 2)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
CSPIN, GSNIN Common Mode Operating Voltage Range ®| 15 80 v
CSPIN, GSNIN Differential Operating Voltage Range ® | 100 100 mV
Vespin-csnin to IMON_IN Amplifier A7 g, Vespin = Vesnin = 50mV, Vegpiy = 5.025V

(All Grades) 0.95 1 1.05 | mmho

(LT8705E, LT8705I) e 094 1 1.06 | mmho

(LT8705H, LT8705MP) ® | 093 1 1.07 | mmho
IMON_IN Maximum Qutput Current e | 100 HA
IMON_IN Overvoltage Threshold ® | 155 161 167 v
IMON_IN Error Amp EA2 g, 185 pmho
IMON_IN Error Amp EA2 Voltage Gain 130 VNV
CSPOUT, CSNOUT Bias Current BOOST Capacitor Charge Control Block Not Active

lcspour + lesnout, Vespour = Vesnout = 12V 45 WA
lcspour + lesnout, Vespout = Vesnour = 1.5V 4 pA

CSPOUT, CSNOUT Common Mode Operating Voltage Range | 0 80 v
CSPOUT, CSNOUT Differential Mode Operating Voltage ® | 100 100 mV
Range
Vespour-csnout to IMON_OUT Amplifier A6 g Vespour — Vesnout = 90mV, Vespoyr = 5.025V

(All Grades) 0.95 1 1.05 | mmho

(LT8705E, LT87051) ® | 094 1 1.085 | mmho

(LT8705H, LT8705MP) ® | 093 1 1.095 | mmho

Vespout — Vesnourt = SmV, Vespoyr = 5.0025V

(All Grades) 0.65 1 1.35 | mmho

(LT8705E, LT8705I) ® | 055 1 1.6 | mmho

(LT8705H, LT8705MP) ®| 05 1 1.65 | mmho
IMON_OUT Maximum Qutput Current e | 100 HA
IMON_OUT Overvoltage Threshold ® | 15 161 1.67 v
IMON_OUT Error Amp EA1 g 185 umho
IMON_OUT Error Amp EA1 Voltage Gain 130 VNV
SRVO_IIN Activation Threshold (Note 5) (Vimon_ v Rising) — (Regulation Voltage for -60 -49 37 mV

IMON_IN), Vg = 3V, Vegout = 0V, Vimon_out = OV
SRVO_IIN Activation Threshold Hysteresis (Note 5) Vegin = 3V, Vegout = 0V, Vimon_out = 0V 22 mV
SRVO_IOUT Activation Threshold (Note 5) (Vimon_our Rising) — (Regulation Voltage for IMON_ -62 51 -39 mV

OUT), Vegin = 3V, Vegour = 0V, Vimon_in = 0V
SRVO_IOUT Activation Threshold Hysteresis (Note 5) Vegin = 3V, Vegout = 0V, Vimon_in = 0V 22 mV
SRVO_IIN, SRVO_IOUT Low Voltage (Note 5) [ =100pA ° 110 330 mV
SRVO_IIN, SRVO_IOUT Leakage Current (Note 5) Vsrvo_iin = Vsrvo_jouT = 2.5V [} 0 1 HA
NMOS Gate Drivers
TG1, TG2 Rise Time Croap = 3300pF (Note 4) 20 ns
TG1, TG2 Fall Time Croap = 3300pF (Note 4) 20 ns
BG1, BG2 Rise Time Croap = 3300pF (Note 4) 20 ns
BG1, BG2 Fall Time Croap = 3300pF (Note 4) 20 ns
TG1 Off to BG1 On Delay Croap = 3300pF Each Driver 100 ns
BG1 Off to TG1 On Delay Croap = 3300pF Each Driver 80 ns
TG2 Off to BG2 On Delay Croap = 3300pF Each Driver 100 ns

8705ff
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LT8705

GLGCT“'C“L CHHRHCTGRBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vi = 12V, SHDN = 3V unless otherwise noted. (Note 3)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
BG2 Off to TG2 On Delay Croap = 3300pF Each Driver 80 ns
Minimum On-Time for Main Switch in Boost Operation Switch M3, Cgap = 3300pF 265 ns
(tongms,miny)
Minimum On-Time for Synchronous Switch in Buck Switch M2, Cgap = 3300pF 260 ns
Operation (ton(m2,miN))
Minimum Off-Time for Main Switch in Steady-State Boost Switch M3, Cgap = 3300pF 245 ns
Operation
Minimum Off-Time for Synchronous Switch in Switch M2, Cgap = 3300pF 245 ns
Steady-State Buck Operation
Oscillator
Switch Frequency Range SYNCing or Free Running 100 400 kHz
Switching Frequency, fosg Rt = 365k e | 102 120 142 kHz
Rt =215k e 170 202 235 kHz
Rt = 124K ® | 310 350 400 kHz
SYNC High Level for Synchronization ®| 13 v
SYNG Low Level for Synchronization [ 05 v
SYNC Clock Pulse Duty Cycle Vgyng = 0Vio 2V 20 80 %
Recommended Minimum SYNC Ratio fsync/fosg 3/4
CLKOUT Output Voltage High 1mA Out of CLKOUT Pin 23 245 255 V
CLKOUT Output Voltage Low 1mA Into CLKOUT Pin 25 100 mV
CLKOUT Duty Cycle Ty =-40°C 22.7 %
Ty=25°C 441 %
Ty=125°C 77 %
CLKOUT Rise Time Croap = 200pF 30 ns
CLKOUT Fall Time Croap = 200pF 25 ns
CLKOUT Phase Delay SYNC Rising to CLKOUT Rising, fosg = 100kHz ® | 160 180 200 Deg

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.

Note 2: Do not force voltage on the V¢ pin.

Note 3: The LT8705E is guaranteed to meet performance specifications
from 0°C to 125°C junction temperature. Specifications over the —40°C

to 125°C operating junction temperature range are assured by design,
characterization and correlation with statistical process controls. The
LT8705I is guaranteed over the full -40°C to 125°C junction temperature
range. The LT8705H is guaranteed over the full -40°C to 150°C operating
junction temperature range. The LT8705MP is guaranteed over the full
-55°C to 150°C operating junction temperature range. Operating lifetime is
derated at junction temperatures greater than 125°C.

Note 4: Rise and fall times are measured using 10% and 90% levels. Delay
times are measured using 50% levels.

Note 5: This specification not applicable in the FE38 package.

Note 6: Do not apply a voltage or current source to these pins. They must
be connected to capacitive loads only, otherwise permanent damage may
occur.

Note 7: Negative voltages on the SW1 and SW2 pins are limited, in an
application, by the body diodes of the external NMOS devices, M2 and
M3, or parallel Schottky diodes when present. The SW1 and SW2 pins
are tolerant of these negative voltages in excess of one diode drop below
ground, guaranteed by design.

Note 8: This IC includes overtemperature protection that is intended

to protect the device during momentary overload conditions. Junction
temperature will exceed the maximum operating junction temperature
when overtemperature protection is active. Continuous operation above
the specified maximum operating junction temperature may impair device
reliability.
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LT8705

T\'PICHL PEBFOﬂmﬂﬂCG CHHRHCTGI‘“STICS Ta = 25°C unless otherwise specified.

Efficiency vs Output Current
(Buck-Boost Region-Figure 14)

Efficiency vs Output Current
(Boost Region-Figure 14)
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LT8705

T'I'PICHL PEBFOﬂmm'ICE CHHRHCTGRISTICS Ta = 25°C unless otherwise specified.

Minimum Inductor Current Sense
Voltage in Forced Continuous Mode
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Burst Mode Operation (Figure 14)

Burst Mode Operation (Figure 14)
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PIN FUNCTIONS (arnssop)

SHDN (Pin 1/Pin 4): Shutdown Pin. Tie high to enable
device. Groundto shutdownand reduce quiescent current
to a minimum. Do not float this pin.

CSN (Pin 2/Pin 5): The (=) Input to the Inductor Current
Sense and Reverse-Current Detect Amplifier.

CSP (Pin 3/Pin 6): The (+) Input to the Inductor Current
Sense and Reverse-Current Detect Amplifier. The V¢ pin
voltage and built-in offsets between CSP and CSN pins, in
conjunction with the RggysE resistor value, set the current
trip threshold.

LD033 (Pin 4/Pin 7): 3.3V Regulator Output. Bypass this
pin to ground with @ minimum 0.1pF ceramic capacitor.

FBIN (Pin 5/Pin 8): Input Feedback Pin. This pin is con-
nected to the input error amplifier input.

FBOUT (Pin 6/Pin 9): Output Feedback Pin. This pin
connects the error amplifier input to an external resistor
divider from the output.

IMON_OUT (Pin7/Pin10): Output Current Monitor Pin. The
current out of this pinis proportional to the output current.
See the Operation and Applications Information sections.

V¢ (Pin 8/Pin 11): Error Amplifier Output Pin. Tie external
compensation network to this pin.

SS (Pin 9/Pin 12): Soft-Start Pin. Place at least 100nF of
capacitance here. Upon start-up, this pin will be charged
by an internal resistor to 2.5V.

CLKOUT (Pin 10/Pin 13): Clock Output Pin. Use this
pin to synchronize one or more compatible switching
regulator ICs to the LT8705. CLKOUT toggles at the same
frequency as the internal oscillator or as the SYNC pin,
butis approximately 180° out of phase. CLKOUT may also
be used as a temperature monitor since the CLKOUT duty
cycle varies linearly with the part’s junction temperature.
The CLKOUT pin can drive capacitive loads up to 200pF.

SYNC (Pin 11/Pin 14): To synchronize the switching fre-
quency to an outside clock, simply drive this pin with a
clock. The high voltage level of the clock needs to exceed
1.3V, and the low level should be less than 0.5V. Drive this
pin to less than 0.5V to revert to the internal free-running
clock. See the Applications Information section for more
information.

RT (Pin12/Pin15): Timing Resistor Pin. Adjusts the switch-
ing frequency. Place a resistor from this pin to ground to
set the free-running frequency. Do not float this pin.

BG1, BG2 (Pins 14, 16/Pins 17, 19): Bottom Gate Drive.
Drivesthe gates of the bottom N-channel MOSFETs between
ground and GATEVg.

GATEV¢c (Pin 15/Pin 18): Power Supply for Gate Drivers.
Must be connected to the INTV¢g pin. Do not power from
any other supply. Locally bypass to GND.

BOOST1, BOOST2 (Pins 23, 17/Pins 28, 20): Boosted
Floating Driver Supply. The (+) terminal of the bootstrap
capacitor connects here. The BOOST1 pin swings from a
diode voltage below GATEVgc up to Viy + GATEVgc. The
BOOST2 pin swings from a diode voltage below GATEV
up to Vour + GATEV¢g

TG1,TG2 (Pins22,18/Pins 26, 21): Top Gate Drive. Drives
the top N-channel MOSFETs with voltage swings equal
to GATEVc superimposed on the switch node voltages.

SW1, SW2 (Pins 21, 19/Pins 24, 22): Switch Nodes. The
(-) terminals of the bootstrap capacitors connect here.

SRVO_FBIN (Pin 25 QFN Only): Open-Drain Logic Out-
put. This pin is pulled to ground when the input voltage
feedback loop is active.

SRVO_IIN (Pin 26 QFN Only): Open-Drain Logic Output.
The pin is pulled to ground when the input current loop
is active.

SRVO_IOUT (Pin 27 QFN Only): Open-Drain Logic Out-
put. The pin is pulled to ground when the output current
feedback loop is active.

SRVO_FBOUT (Pin 28 QFN Only): Open-Drain Logic Out-
put. This pin is pulled to ground when the output voltage
feedback loop is active.

EXTV¢c (Pin29/Pin 30): External Vg Input. When EXTV e
exceeds 6.4V (typical), INTVgc will be powered from this
pin. When EXTVg is lower than 6.22V (typical), INTV¢g
will be powered from V.

CSNOUT (Pin 30/Pin 32): The () Input to the Output Cur-
rent Monitor Amplifier. Connect this pin to Vgt when not
in use. See Applications Information section for proper

use of this pin.
8705ff
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LT8705

PIN FUNCTIONS (arnsssop)

CSPOUT (Pin 31/Pin 34): The (+) Input to the Output
Current Monitor Amplifier. This pin and the CSNOUT pin
measure the voltage across the sense resistor, Rsenseo,
to provide the output current signals. Connect this pin
to Voyt when not in use. See Applications Information
section for proper use of this pin.

CSNIN (Pin 32/Pin 36): The (-) Input to the Input Current
Monitor Amplifier. This pin and the CSPIN pin measure
the voltage across the sense resistor, Rggynse1, to provide
the input current signals. Connect this pin to Vi when not
in use. See Applications Information section for proper
use of this pin.

CSPIN (Pin 33/Pin 37): The (+) Input to the Input Cur-
rent Monitor Amplifier. Connect this pin to Vi when not
in use. See Applications Information section for proper
use of this pin.

Vin (Pin 34/Pin 38): Main Input Supply Pin. It must be
locally bypassed to ground.

INTV¢c (Pin 35/Pin 1): Internal 6.35V Regulator Output.
Must be connected tothe GATEV ¢ pin. INTV¢g is powered
from EXTV¢c whenthe EXTV¢c voltage is higherthan 6.4V,
otherwise INTV¢c is powered from V) . Bypass this pinto
ground with @ minimum 4.7pF ceramic capacitor.

SWEN (Pin 36 QFN Only): Switch Enable Pin. Tie high
to enable switching. Ground to disable switching. Don’t
float this pin. This pin is internally tied to INTVgc in the
TSSOP package.

IMON_IN (Pin 38/Pin 3): Input Current Monitor Pin. The
current out of this pin is proportional to the input current.
See the Operation and Applications Information sections.

MODE (Pin 37/Pin 2): Mode Pin. The voltage applied to
this pin sets the operating mode of the controller. When
the applied voltage is less than 0.4V, the forced continu-
ous current mode is active. When this pin is allowed to
float, Burst Mode operation is active. When the MODE pin
voltage is higher than 2.3V, discontinuous mode is active.

GND (Pin 13, Exposed Pad Pin 39/Pin 16, Exposed Pad
Pin 39): Ground. Tie directly to local ground plane.

8705ff

12

For more information www.linear.com/LT8705

LY AR



LT8705
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Figure 1. Block Diagram
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LT8705

OPERATION

Refer to the Block Diagram (Figure 1) when reading the
following sections about the operation of the LT8705.

Main Control Loop

The LT8705 is a current mode controller that provides an
output voltage above, equal to or below the input voltage.
The LTC proprietary topology and control architecture
employs a current-sensing resistor (Rggnse) in buck or
boost modes. The inductor current is controlled by the
voltage on the V¢ pin, which is the diode-AND of error
amplifiers EA1-EA4. Inthe simplest form, where the output
is regulated to a constant voltage, the FBOUT pin receives
the output voltage feedback signal, which is compared to
the internal reference voltage by EA4. Low output voltages
would create a higher V¢ voltage, and thus more current
would flow into the output. Conversely, higher output volt-
ages would cause V¢ to drop, thus reducing the current
fed into the output.

The LT8705 contains four error amplifiers (EA1-EA4)
allowing it to regulate or limit the output current (EA1),
input current (EA2), input voltage (EA3) and/or output
voltage (EA4). In a typical application, the output voltage
might be regulated using EA4, while the remaining error
amplifiers are monitoring for excessive input or output
current or an input undervoltage condition. In other ap-
plications, such as a battery charger, the output current
regulator (EA1) can facilitate constant current charging
until a predetermined voltage is reached where the output
voltage (EA4) control would take over.

INTV ge/EXTV cc/GATEV cc/LDO33 Power

Power for the top and bottom MOSFET drivers, the LD0O33
pin and most internal circuitry is derived from the INTV¢g
pin. INTVc is regulated to 6.35V (typical) from either the
Vi or EXTV¢g pin. When the EXTV¢ pin is left open or
tied to a voltage less than 6.22V (typical), an internal low
dropout regulator regulates INTVgg from V. If EXTVgg
is taken above 6.4V (typical), another low dropout regula-
tor will instead regulate INTV¢g from EXTV¢g. Regulating
INTV¢g from EXTVg allows the power to be derived from
the lowest supply voltage (highest efficiency) such as the
LT8705 switching regulator output (see INTV¢c Regulators
and EXTVge Connection in the Applications Information
section for more details).

The GATEV¢c pin directly powers the bottom MOSFET
drivers for switches M2 and M3. GATEV ¢ should always
be connected to INTV¢e and should not be powered or
connected to any other source. Undervoltage lock outs
(UVLOs) monitoring INTVge and GATEVqg disable the
switching regulator whenthe pinsare below4.65V (typical).

The LDO33 pin is available to provide power to external
components such as a microcontroller and/or to provide an
accurate bias voltage. Load current is limited to 17.25mA
(typical). As long as SHDN is high the LDO33 output is
linearly regulated from the INTVgc pin and is not affected
by the INTV ¢ or GATEV ¢ UVLOs or the SWEN pin voltage.
LDO33 will remain regulated as long as SHDN is high and
sufficient voltage is available on INTV¢g (typically > 4.0V).
Anundervoltage lockout, monitoring LDO33, will disable the
switching regulator when LDO33 is below 3.04V (typical).

Start-Up

Figure 2 illustrates the start-up sequence for the LT8705.
The master shutdown pin for the chip is SHDN. When
driven below 0.35V (LT8705E, LT8705l) or 0.3V (LT8705H,
LT8705MP) the chip is disabled (chip off state) and qui-
escent current is minimal. Increasing the SHDN voltage
can increase quiescent current but will not enable the chip
until SHDN is driven above 1.234V (typical) after which
the INTVgc and LDO33 regulators are enabled (switcher
off state). External devices powered by the LDO33 pin can
become active at this time if enough voltage is available
on Vy or EXTV to raise INTV¢g, and thus LDO33, to an
adequate voltage.

Starting up the switching regulator happens after SWEN
(switcher enable) is also driven above 1.206V (typical),
INTV¢c and GATEV ¢ have risen above 4.81V (typical) and
the LDO33 pin has risen above 3.08V (typical) (initialize
state). The SWEN pin is not available in the TSSOP pack-
age. In this package the SWEN pin is internally connected
to INTVg.

Start-Up: Soft-Start of Switch Current

In the initialize state, the SS (soft-start) pin is pulled low
to prepare for soft starting the regulator. If forced continu-
ous mode is selected (MODE pin low), the part is put into
discontinuous mode during soft-start to prevent current

8705ff
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OPERATION
Tyuncrion < 160°C
o AND
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l
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AND SWEN* > 1.206V AND TYPICAL VALUES
(INTVc AND GATEV(G > 4.81V) AND
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SS > 1.6V AND
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v
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WHEN S5 > 16V FAULT EAULT POST FAULT DELAY
« CLKOUT ENABLED >l + S SLOWLY DISCHARGES
« ENABLE FORCED
CONTINUOUS MODE
IF SELECTED SS <50mv

*SWEN IS CONNECTED TO INTV¢g IN THE TSSOP PACKAGE

FAULT = OVERVOLTAGE (IMON_IN OR IMON_OUT > 1.61V TYP)

8705 F02

Figure 2. Start-Up and Fault Sequence

from being drawn out of the output and forced into the
input. After SS has been discharged to less than 50mV,
a soft-start of the switching regulator begins (soft-start
state). The soft-start circuitry provides for a gradual
ramp-up of the inductor current by gradually allowing the
V¢ voltage to rise (refer to Vg vs SS Voltage in the Typical
Performance Characteristics). This prevents abrupt surges
of currentfrom being drawn out of the input power supply.
An integrated 100k resistor pulls the SS pinto =2.5V. The
ramp rate of the SS pin voltage is set by this 100k resis-
tor and the external capacitor connected to this pin. Once
SS gets to 1.6V, the CLKOUT pin is enabled, the part is

allowed to enter forced continuous mode (if MODE is low)
and an internal regulator pulls SS up quickly to =2.5V.
Typical values for the external soft-start capacitor range
from100nFto 1yF. Aminimum of 100nFis recommended.

Fault Conditions

The LT8705 activates a fault sequence under certain op-
erating conditions. If any of these conditions occur (see
Figure 2) the CLKOUT pin and internal switching activity
are disabled. At the same time, a timeout sequence com-
mences where the SS pin is charged up to a minimum
of 1.6V (fault detected state). The SS pin will continue

8705ff
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LT8705

OPERATION

charging up to 2.5V and be held there in the case of a fault
eventthat persists. After the fault condition had ended and
SS is greater than 1.6V, SS will then slowly discharge to
50mV (post fault delay state). This timeout period relieves
the part and other downstream power components from
electrical and thermal stress for a minimum amount of
time as set by the voltage ramp rate on the SS pin. After
SS has discharged to < 50mV, the LT8705 will enter the
soft-start state and restart switching activity.

Power Switch Control

Figure 3 shows a simplified diagram of how the four
power switches are connected to the inductor, Vi, Vout
and ground. Figure 4 shows the regions of operation for
the LT8705 as a function of Voy1-V)y or switch duty cycle
DC. The power switches are properly controlled so the
transfer between modes is continuous.

Vi Vout

TG1—|!JM1 ] M4I_!|—TGZ

SW1 SW2

861 HMQ - MsFi |- 862

Rsense

= 870503

Figure 3. Simplified Diagram of the Qutput Switches

SWITCH
M3 DCpax
M1 ON, M2 OFF
BOOSTREGION byt 3, M4 SWITCHES
_ SWITCH
= | ] M3 DCwin
5 0- BUCK/BOOST REGION  4-SWITCH PWIM SWITeH
< M2 DCpin
M4 ON, M3 OFF
BUCKREGION  pyyni i1, M2 SWITCHES
SWITCH

8705 F04 [\]2 DCMAX

Figure 4. Operating Regions vs Voyr-ViN

Power Switch Control: Buck Region (Viy >> Vour)

When V,y is significantly higher than Voyr, the part will
run in the buck region. In this region switch M3 is always
off. Also, switch M4 is always on unless reverse current is
detected while in Burst Mode operation or discontinuous
mode. At the start of every cycle, synchronous switch M2

is turned on first. Inductor current is sensed by amplifier
A5 while switch M2 is on. A slope compensation ramp is
added to the sensed voltage which is then compared by A8
to a reference that is proportional to V. After the sensed
inductor current falls below the reference, switch M2 is
turned off and switch M1 is turned on for the remainder
of the cycle. Switches M1 and M2 will alternate, behaving
like a typical synchronous buck regulator.

cock __[] 0 [ M_
SWITCH M1 L | | L
swrohmz [T | [ ] [ 1 [ 1
SWITCH M3 oFF
SWITCH M4 ol

N TN

8705 F05

Figure 5. Buck Region (Viy >> Vour)

The part will continue operating in the buck region over a
range of switch M2 duty cycles. The duty cycle of switch M2
in the buck region is given by:

v 0
DG w2 puck) =(1—%]~1 00%

As Vi and Voyt get closer to each other, the duty cycle
decreases until the minimum duty cycle of the converter
in buck mode reaches DGagsmin,m2,8uck). If the duty
cycle becomes lower than DCagsmin,m2,Buck) the part
will move to the buck-boost region.

DCapsmin,m2,8uck) = tongmz min ® f+ 100%
where:

ton(vz2,min) is the minimum on-time for the synchronous
switch in buck operation (260ns typical, see Electrical
Characteristics).

fis the switching frequency

When V,y is much higher than Vgyt the duty cycle of
switch M2 will increase, causing the M2 switch off-time
to decrease. The M2 switch off-time should be kept above
245ns (typical, see Electrical Characteristics) to maintain
steady-state operation, avoid duty cycle jitter, increased

output ripple and reduction in maximum output current.
8705ff
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OPERATION

Power Switch Control: Buck-Boost (Viy = Vour)

When V,y is close to Vgyr, the controller enters the buck-
boost region. Figure 6 shows typical waveforms in this
region. Every cycle, ifthe controller starts with switches M2
and M4 turned on, the controller first operates as if in the
buck region. When A8 trips, switch M2 is turned off and
M1 is turned on until the middle of the clock cycle. Next,
switch M4 turns off and M3 turns on. The LT8705 then
operates as if in boost mode until A9 trips. Finally switch
M3 turns off and M4 turns on until the end of the cycle.

If the controller starts with switches M1 and M3 turned
on, the controller first operates as if in the boost region.
When A9 trips, switch M3 is turned off and M4 is turned
on until the middle of the clock cycle. Next, switch M1
turns off and M2 turns on. The LT8705 then operates as
if in buck mode until A8 trips. Finally switch M2 turns off
and M1 turns on until the end of the cycle.

cLock __[| I I [
swicHmt || L] L] L]
swircimz [ 1 1 [
SWITCH M3 [ [ [1 [
SWITCH M4 L L |
TN N N

8705 F06a

(6a) Buck-Boost Region (Vy > Vour)

ook __[] 1 1 1
SWITCH M1 L] L L
SWITCH M2 [ [ [ M1
swichms 7] [ M1 [
swircHma || L] L] L]
S NP2 NI G S\

8705 FO6b

(6b) Buck-Boost Region (Vyy < Vour)
Figure 6. Buck-Boost Region

Power Switch Control: Boost Region (Viy << Vour)

When Vqyt is significantly higher than Vyy, the part will
run in the boost region. In this region switch M1 is always
on and switch M2 is always off. At the start of every cycle,
switch M3 is turned on first. Inductor current is sensed
by amplifier A5 while switch M3 is on. A slope compensa-
tion ramp is added to the sensed voltage which is then
compared (A9) to a reference that is proportional to V.
Afterthe sensed inductorcurrentrises above the reference
voltage, switch M3 is turned off and switch M4 is turned
on for the remainder of the cycle. Switches M3 and M4
will alternate, behaving like a typical synchronous boost
regulator.

The part will continue operating in the boost region over a
range of switch M3 duty cycles. The duty cycle of switch M3
in the boost region is given by:

V
DC w3 goosT) =(1‘ y .

]-100%

ouT

As Vi and Voyt get closer to each other, the duty cycle
decreases until the minimum duty cycle of the converter
in boost mode reaches DG(agsmin,m3,800sT)- If the duty
cycle becomes lower than DC(agsmin,m3,800sT) the part
will move to the buck-boost region:

DC(aBsmin,m3,800sT) = ton(ms,miny * f* 100%
where:

ton(ma,miny is the minimum on-time for the main
switch in boost operation (265ns typical, see Electrical
Characteristics)

fis the switching frequency

ctock __[] [ [ [M_
SWITCH M1 o
SWITCH M2 o
swirehms [T | [ 1 [] [
SWITCH M4 L1 L I

|
L \/M

Figure 7. Boost Region (Viy << Vgyur)
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When Vgyt is much higher than Vy the duty cycle of
switch M3 will increase, causing the M3 switch off-time
to decrease. The M3 switch off-time should be kept above
245ns (typical, see Electrical Characteristics) to maintain
steady-state operation, avoid duty cycle jitter, increased
output ripple and reduction in maximum output current.

Light Load Current Operation (MODE Pin)

Under light current load conditions, the LT8705 can be set
to operateindiscontinuous mode, forced continuous mode,
orBurstMode operation. To select forced continuous mode,
tie the MODE pin to a voltage below 0.4V (i.e., ground). To
select discontinuous mode, tie MODE to a voltage above
2.3V (i.e., LDO33). To select Burst Mode operation, float
the MODE pin or tie it between 1.0V and 1.7V.

Discontinuous Mode: When the LT8705 is in discontinu-
ous mode, synchronous switch M4 is held off whenever
reverse currentintheinductoris detected. Thisisto prevent
current draw from the output and/or feeding current to the
input supply. Under very light loads, the current compara-
tor may also remain tripped for several cycles and force
switches M1 and M3 to stay off for the same number of
cycles (i.e., skipping pulses). Synchronous switch M2 will
remain on during the skipped cycles, but since switch M4
is off, the inductor current will not reverse.

Burst Mode Operation: Burst Mode operation sets a Vg
level, with about 25mV of hysteresis, below which switch-
ing activity is inhibited and above which switching activity
is re-enabled. A typical example is when, at light output
currents, Voyrisesandforcesthe Vg pinbelowthe thresh-
old that temporarily inhibits switching. After Voyt drops
slightly and V¢ rises ~25mV the switching is resumed,
initially in the buck-boost region. Burst Mode operation
canincrease efficiency at light load currents by eliminating
unnecessary switching activity and related power losses.
Burst Mode operation handles reverse-current detection
similar to discontinuous mode. The M4 switch is turned
off when reverse current is detected.

Forced Continuous Mode: The forced continuous mode
allows the inductor current to reverse directions without
any switches being forced “off” to prevent this from hap-
pening. Atvery lightload currents the inductor current will
swing positive and negative as the appropriate average

current is delivered to the output. During soft-start,
when the SS pin is below 1.6V, the part will be forced
into discontinuous mode to prevent pulling current from
the output to the input. After SS rises above 1.6V, forced
continuous mode will be enabled.

Voltage Regulation Loops

The LT8705 provides two constant-voltage regulation
loops, one for output voltage and one for input voltage.
A resistor divider between Vqyt, FBOUT and GND senses
the output voltage. As with traditional voltage regulators,
when FBOUT rises near or above the reference voltage of
EA4 (1.207V typical, see Block Diagram), the V¢ voltage
is reduced to command the amount of current that keeps
Vour regulated to the desired voltage.

The input voltage can also be sensed by connecting a
resistor divider between Vy, FBIN and GND. When the
FBIN voltage falls near or below the reference voltage of
EA3 (1.205V typical, see Block Diagram), the Vg voltage is
reduced to also reduce the input current. For applications
withahighinputsource impedance (i.e.,asolar panel), the
input voltage regulation loop can prevent the input voltage
from becoming too low under high output load conditions.
Forapplications with alower input source impedance (i.e.,
batteries and voltage supplies), the FBIN pin can be used
to stop switching activity when the input power supply
voltage gets too low for proper system operation. See
the Applications Information section for more information
about setting up the voltage regulation loops.

Current Monitoring and Regulation

The LT8705 provides two constant-current regulation
loops, one for input current and one for output current.
A sensing resistor close to the input capacitor, sensed by
CSPIN and CSNIN, monitors the input current. A current,
linearly proportional to the sense voltage (Vespin-Vesnin),
is forced out of the IMON_IN pin and into an external
resistor. The resulting voltage Vimon_inis therefore linearly
proportional to the input current. Similarly, a sensing
resistor close to the output capacitor, and sensed by
CSPOUT and CSNOUT will monitor the output currentand
generate a voltage Viyon_our that is linearly proportional
to the output current.
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When the input or output current causes the respective
IMON_IN or IMON_OUT voltage to rise near or above
1.208V (typical), the V¢ pin voltage will be pulled down to
maintainthe desired maximuminputand/or output current
(see EA1and EA2 onthe Block Diagram). The input current
limit function prevents overloading the DC input source,
while the output current limit provides a building block
for battery charger or LED driver applications. It can also
serve as short-circuit protection for a constant-voltage
regulator. See the Applications Information sectionfor more
information about setting up the current regulation loops.

SRVO Pins

The QFN package has four open-drain SRVO pins:
SRVO_FBIN, SRVO_FBOUT, SRVO_IIN, SRVO_IOUT.
Place pull-up resistors from the desired SRVO pin(s) to a
power supply less than 30V (i.e., the LDO33 pin) to enable
reading of theirlogic states. The SRVO_FBOUT, SRVO_IIN
and SRVO_IOUT pins are pulled low when their associated
error amp (EA4, EA2, EAT) input voltages are near or
greater than their regulation voltages (=1.2V typical).
SRVO_FBIN is pulled low when FBIN is near or lower than

its regulation voltage (=1.2V typical). The SRVO pins can
therefore be used as indicators of when their respective
feedback loops are active. For example, the SRVO_FBOUT
pinpullslowwhen FBOUT rises to within 29mV (typical, see
Electrical Characteristics) of its regulation voltage (1.207V
typical). The pull-down turns off after FBOUT falls to more
than 44mV (typical) lower than its regulation voltage.
As another example, the SRVO_IOUT pin can be read to
determine when the output current has nearly reached its
predetermined limit. A logic “1” on SRVO_IOUT indicates
that the output current has not reached the current limit
and a logic “0” indicates that it has.

CLKOUT and Temperature Sensing

The CLKOUT pin toggles at the LT8705’s internal clock
frequency whether the internal clock is synchronized to an
external source oris free-running based on the external Rt
resistor. The CLKOUT pin can be used to synchronize other
devicestothe LT8705’s switching frequency. Also, the duty
cycle of CLKOUT is proportional to the die temperature
and can be used to monitor the die for thermal issues.
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The first page shows a typical LT8705 application circuit.
Afterthe switching frequency is selected, external compo-
nent selection continues with the selection of Rggygg and
theinductor value. Next, the power MOSFETs are selected.
Finally, G,y and Cqyt are selected. The following examples
and equations assume continuous conduction mode un-
less otherwise specified. The circuit can be configured
for operation up to an input and/or output voltage of 80V.

Operating Frequency Selection

The LT8705 usesaconstantfrequency architecture between
100kHz and 400kHz. The frequency can be set using the
internal oscillator or can be synchronized to an external
clock source. Selection of the switching frequency is a
trade-off between efficiency and component size. Low
frequency operation increases efficiency by reducing
MOSFET switching losses, but requires more inductance
and/or capacitance to maintain low output ripple voltage.
For high power applications, consider operating at lower
frequencies to minimize MOSFET heating from switching
losses. The switching frequency can be set by placing an
appropriate resistor from the RT pin to ground and tying
the SYNC pin low. The frequency can also be synchronized
to an external clock source driven into the SYNC pin. The
following sections provide more details.

Internal Oscillator

The operating frequency of the LT8705 can be set using
the internal free-running oscillator. When the SYNC pin
is driven low (<0.5V), the frequency of operation is set
by the value of a resistor from the RT pin to ground. An
internally trimmed timing capacitor resides inside the IC.
The oscillator frequency is calculated using the following
formula:

43,750
faep = d kHz
0S¢ {RTH J

where fggg is in kHz and Ry is in kQ. Conversely, Rt (in
kQ2) can be calculated from the desired frequency (in
kHz) using:

e =[43,750_1}kg
0SC

SYNC Pin and Clock Synchronization

The operating frequency ofthe LT8705 can be synchronized
to an external clock source. To synchronize to the external
source, simply provide a digital clock signal into the SYNC
pin. The LT8705 will operate at the SYNC clock frequency.

The duty cycle of the SYNC signal must be between 20%
and 80% for proper operation. Also, the frequency of the
SYNC signal must meet the following two criteria:

1. SYNC may not toggle outside the frequency range of
100kHz to 400kHz unless it is stopped low to enable
the free-running oscillator.

2. The SYNC pin frequency can always be higher than the
free-running oscillator set frequency, fogc, but should
not be less than 25% below fggg.

After SYNC begins toggling, it is recommended that
switching activity is stopped before the SYNC pin stops
toggling. Excess inductor current can result when SYNC
stopstoggling as the LT8705 transitions from the external
SYNC clock source to the internal free-running oscillator
clock. Switching activity can be stopped by driving either
the SWEN or SHDN pin low.

CLKOUT Pin and Clock Synchronization

The CLKOUT pin can drive up to 200pF and toggles at the
LT8705’sinternal clock frequency whetherthe internal clock
is synchronized to the SYNC pin or is free-running based
on the external Ry resistor. The rising edge of CLKOUT is
approximately 180° out of phase from the internal clock’s
rising edge or the SYNC pin’s rising edge if it is toggling.
CLKOUT toggles only in normal mode (see Figure 2).

The GLKOUT pin can be used to synchronize other de-
vices to the LT8705’s switching frequency. For example,
the CLKOUT pin can be tied to the SYNC pin of another
LT8705 regulator which will operate approximately 180°
out of phase of the master LT8705 due to the CLKOUT
phase shift. The frequency of the master LT8705 can be
set by the external Ry resistor or by toggling the SYNC
pin. CLKOUT will begin oscillating after the master LT8705
enters normal mode (see Figure 2). Note that the RT pin
of the slave LT8705 must have a resistor tied to ground.
In general, use the same value Ry resistor for all of the
synchronized LT8705s.

8705ff

20

For more information www.linear.com/LT8705

LY AR



LT8705

APPLICATIONS INFORMATION

The duty cycle of CLKOUT is proportional to the die tem-
perature and can be used to monitor the die for thermal
issues. See the Junction Temperature Measurement section
for more information.

Inductor Current Sensing and Slope Compensation

The LT8705 operates usinginductor current mode control.
As described previously in the Power Switch Control sec-
tion,the LT8705 measures the peak of the inductor current
waveforminthe boost region and the valley of the inductor
current waveformin the buck region. The inductor current
is sensed across the Rgense resistor with pins CSP and
CSN. During any given cycle, the peak (boost region) or
valley (buck region) of the inductor current is controlled
by the V¢ pin voltage.

Slope compensation provides stability in constant-
frequency current mode control architectures by prevent-
ing subharmonic oscillations at high duty cycles. This
is accomplished internally by adding a compensating
ramp to the inductor current signal in the boost region,
or subtracting a ramp from the inductor current signal
in the buck region. At higher duty cycles, this results in
a reduction of maximum inductor current in the boost
region, and an increase of the maximum inductor current
in the buck region. For example, refer to the Maximum
Inductor Current Sense Voltage vs Duty Cycle graphinthe
Typical Performance Characteristics section. The graph
shows that, with V¢ atits maximum voltage, the maximum
inductor sense voltage Vgrsense is between 78mV and
117mV depending on the duty cycle. It also shows that
the maximum inductor valley current in the buck region
is 86mV increasing to ~130mV at higher duty cycles.

Rsense Selection and Maximum Current

The Rgense resistance must be chosen properly toachieve
the desired amount of output current. Too much resistance
can limit the output current below the application require-
ments. Start by determining the maximumallowed Rggnse
resistance in the boost region, Rgense(max,soosr)- Follow
this by finding the maximum allowed RggngE resistance in
the buck region, Rsense(vax suck). The selected Rsense
resistance must be smaller than both.

Boost Region: In the boost region, the maximum output
current capability is the least when Vjy is at its minimum
and Voyr is at its maximum. Therefore Rggnge must be
chosen to meet the output current requirements under
these conditions.

Start by finding the boost region duty cycle when Vi is
minimum and Vgyr is maximum using:

Vg }100%

DCmax M3 800sT) :(1— v
OUT(MAX)

For example, an application with a V) range of 12V to
48V and Vg set to 36V will have:

12V

DC(MAX,M3,BOOST) 5(1_36—V].1 00%=67%

Referring to the Maximum Inductor Current Sense Volt-
age graph in the Typical Performance Characteristics
section, the maximum Rggyse Voltage at 67% duty cycle
is =93mV, or:

VRSENSE(MAX B0OST, MAX) =93mV
for Viy =12V, Voyt = 36V.

Next, the inductor ripple current in the boost region must
be determined. If the main inductor L is not known, the
maximum ripple current Al ax soosr) can be estimated
by choosing Al (axgoost) to be 30% to 50% of the
maximum inductor current in the boost region as follows:

Voutmax) *loutmaxgoosT)

100%
VIN(|\/|IN) .(%Ripple B 'SJ

Al (maxBoosT) =

where:

lout(max,BoosT) is the maximum output load current
required in the boost region

%Ripple is 30% to 50%

For example, using VOUT(I\/IAX) = 36V, V||\|(|\/|||\|) =12V,
lout(max,8o0sT)=2Aand %Ripple =40% we can estimate:

36V *2A

Al (maxBoosT) = 5 =3A
12v-[10° /"—o.sJ

40%
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Otherwise, if the inductor value is already known then
Al (max,8oosT) can be more accurately calculated as
follows:

100%
fel

[DC(MAX,MS,BOOST) J.VlN(MIN)
A

Al maxgoosT) =

where:

DCmax,m3,800sT) is the maximum duty cycle percentage
in the boost region as calculated previously.

fis the switching frequency
L is the inductance of the main inductor

After the maximum ripple currentis known, the maximum
allowed Rggyse in the boost region can be calculated as
follows:

RSENSE(MAX,BOOST) =

22 VRSENSE(MAX BOOSTMAX) * Vin(MiN) o
(2*loutmaxgoosT) * Vot )+ (Al maxsoosT) * Vinguiny)

where VRsenSE(MAX,B00ST,MAX) IS the maximum inductor
currentsense voltage as discussed in the previous section.

Using values from the previous examples:

2¢93mVe12

Rsense(MaxB00ST) = (2+2A~36V) (3A+12V) =12.4mQ

Buck Region: Inthe buck region, the maximum output cur-
rent capability is the least when operating at the minimum
duty cycle. This is because the slope compensation ramp
increases the maximum Rggnse voltage with increasing
duty cycle. The minimum duty cycle for buck operation
can be calculated using:

DCmin,m2,Buck) = tongmz miny © f * 100%

where tonowmez,miny is 260ns (typical value, see Electrical
Characteristics)

Before calculating the maximum Rggyse resistance,
however, the inductor ripple current must be determined.
If the main inductor L is not known, the ripple current
Al min,Buck) can be estimated by choosing Al in suck)
to be 10% of the maximum inductor current in the buck
region as follows:

lout(max BUCK
Al v guck) = 10(0%' LA
-05

10%

where:

lout(max,suck) is the maximum output load current
required in the buck region.

If the inductor value is already known then Al N Buck)
can be calculated as follows:

DCminm28ucK) RY
T a00% | Voutum)

AIL(MIN,BUCK) = fol A

where:

DCwin,m2,8uck) is the minimum duty cycle percentage
in the buck region as calculated previously.

fis the switching frequency
L is the inductance of the main inductor

After the inductor ripple current is known, the maximum
allowed Rgeyse in the buck region can be calculated as
follows:

286mV
2¢loyruaxguck) )~ AlLminsuck)

Rsensemaxguck) = (
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Final Rggyse Value: The final Rggyse value should be  Inductor Selection
lower than both Rsense(vax 8oosT) and Rsense(vax 8uck): oy high efficiency, choose an inductor with low core

: . \
A margin of 30% or more is recommended. loss, such as ferrite. Also, the inductor should have low
Figure 8 shows approximately how the maximum output  DC resistance to reduce the 12R losses, and must be able
current and maximum inductor current would vary with  to handle the peak inductor current without saturating. To
VinVour Wwhile all other operating parameters remain  minimize radiated noise, use a toroid, pot core or shielded
constant (frequency =350kHz, inductance=10pH, Rsense= — bobbin inductor.

10mQ). This graphis normalized and accounts forchanges _ . :

inmaximum current due tothe slope compensationramps 1€ OPerating frequency and inductor selection are
and the effects of changing ripple current. The curve is interrelated in that hlgher operating fr(_equenmes allow
theoretical, but can be used as a guide to predict relative (e use of smaller inductor and capacitor values. The
changes in maximum output and inductor current over a following sections discuss several criteria to consider

range of Viy/Voyr voltages. when choosing an inductor value. For optimal perfor-
mance, choose an inductor that meets all of the following
Reverse Current Limit criteria.

When the forced continuous mode is selected (MODE pin
low), inductor currentis allowed to reverse directions and
flow from the Vgyr side to the V,y side. This can lead to
current sinking from the output and being forced into the ~ Small value inductors result in increased ripple cur-
input. The reverse current is at a maximum magnitude  rents and thus, due to the limited peak inductor current,
when V¢ is lowest. The graph of Minimum Inductor  decrease the maximum average current that can be
Current Sense Voltage in FCM in the Typical Performance  provided to the load (Igyr) While operating in the boost
Characteristics section can helpto determinethe maximum  region.

reverse current capability.

Inductor Selection: Adequate Load Current in the
Boost Region

1.0 prs

9N L1 L]
P LT
A 4
08 AN T
MAXIMUM
06 INDUCTOR
: CURRENT MAXIMUM

OUTPUT

04 CURRENT

0.2 /

NORMALIZED CURRENT

0.1 1 10
VinVout (VV)
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Figure 8. Currents vs Vy/Vgyr Ratio
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In order to provide adequate load current at low Vy volt-
ages in the boost region, L should be at least:

Lvint goosT) =

DCmaxm3poosT
VIN(MIN)'[ (MAX M3.5005T)

100%

Defe VRSENSE(MAXBOOSTMAX) _ louTmax) * Voutmax)
Rsense Vinminy

where:

DCmax,m3,800sT) is the maximum duty cycle percentage
of the M3 switch (see Rsense Selection and Maximum
Current section).

fis the switching frequency

VRSENSE(MAX,BOOST,MAX) isthe maximum current sense
voltage in the boost region at maximum duty cycle (see
Rsense Selection and Maximum Current section)

Negative values of Limin1,goost) indicate that the output
load current lgyt can’t be delivered in the boost region
because theinductor currentlimitistoo low. If L mint goosT)
is too large or is negative, consider reducing the Rggnse
resistor value to increase the inductor current limit.

Inductor Selection: Subharmonic Oscillations

The LT8705’s internal slope compensation circuits will
prevent subharmonic oscillations that can otherwise oc-
cur when Viy/Vgyt is less than 0.5 or greater than 2. The
slope compensation circuits will prevent these oscillations
provided that the inductance exceeds a minimum value
(seetheearlier section Inductor Current Sensing and Slope
Compensation for more information). Choose an induc-
tance greater thanall of the relevant L) limits discussed
below. Negative results can be interpreted as zero.

In the boost region, if Voyt can be greater than twice Vyy,
calculate Lwin2,800sT) as follows:

Lminz goosT) =

[V _[VIN(MIN) *Voutmax) ]-R
OUT(MAX) SENSE
H

Vourmax) = Vingwiny
0.08f

In the buck region, if Vy can be greater than twice Voyr,
calculate L(IVIIN1,BUCK) as follows:

Lvini guck) =
Vour(max)

Vingwaxy = Vourminy
0.08ef

Vingwax) '[1— }RSENSE

H

Inductor Selection: Maximum Current Rating

The inductor must have a rating greater than its peak
operating current to prevent inductor saturation resulting
in efficiency loss. The peak inductor current in the boost
region is:
.VOUT(MAX)

Vinminy

v .{DC(MAX,MS,BOOST J
IN(MIN)
A

L maxBoosT) =loutmax)

100%
20l of

+

where DCwax m3,800sT) is the maximum duty cycle
percentage of the M3 switch (see Rggyse Selection and
Maximum Current section).
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The peak inductor current when operating in the buck
region is:

I max guck) =loutmax)

v {DC(MAX,MZ,BUCK J
OUT(MIN)
A

100%
20l of

+

where DCmax m2,8uck) is the maximum duty cycle percent-
age of the M2 switch in the buck region given by:

Voutmin .
DC(MAX,MZ,BUCK)E£1_\/() ~100%
IN(MAX)

Note that the inductor current can be higher during load
transients and if the load current exceeds the expected
maximum Ioyr(max)- It can also be higher during start-
up if inadequate soft-start capacitance is used or during
output shorts. Consider using the output current limiting
to preventtheinductorcurrentfrom becoming excessive.
Output current limiting is discussed later in the Input/
Output Current Monitoring and Limiting section. Care-
ful board evaluation of the maximum inductor current
is recommended.

Power MOSFET Selection and Efficiency
Considerations

The LT8705 requires four external N-channel power MOS-
FETs, twoforthe top switches (switches M1and M4, shown
in Figure 3) and two for the bottom switches (switches
M2 and M3, shown in Figure 3). Important parameters for
the power MOSFETSs are the breakdown voltage, VgR pss,
threshold voltage, Vgs . on-resistance, Rpg(on), reverse-
transfer capacitance, Crgg (gate-to-drain capacitance), and
maximum current, Ipg(vax). The gate drive voltage is set
by the 6.35V GATEVc supply. Consequently, logic-level
threshold MOSFETs must be used in LT8705 applications.

It is very important to consider power dissipation when
selecting power MOSFETs. The most efficient circuit will
use MOSFETs that dissipate the least amount of power.
Power dissipation must be limited to avoid overheating

that might damage the devices. For most buck-boost ap-
plications the M1 and M3 switches will have the highest
power dissipation where M2 will have the lowest unless
the output becomes shorted. In some cases it can be
helpful to use two or more MOSFETs in parallel to reduce
power dissipationineach device. Thisis most helpful when
power is dominated by I2R losses while the MOSFET is
“on”. The additional capacitance of connecting MOSFETs
in parallel can sometimes slow down switching edge rates
and consequently increase total switching power losses.

The following sections provide guidelines for calculating
power consumption of the individual MOSFETs. From a
known power dissipation, the MOSFET junction tempera-
ture can be obtained using the following formula:

Ty=Ta+P*Rryun
where:
T, is the junction temperature of the MOSFET
Tp is the ambient air temperature
P is the power dissipated in the MOSFET

RrH(a) is the MOSFET's thermal resistance from the
junction to the ambient air. Refer to the manufacturer’s
data sheet.

RtH(sa) normally includes the Rry(yc) for the device plus
the thermal resistance from the case to the ambient tem-
perature Ryy(yc). Compare the calculated value of T, to
the manufacturer’s data sheets to help choose MOSFETs
that will not overheat.

Switch M1: The power dissipation in switch M1 comes
from two primary components: (1) 2R power when the
switch is fully turned “on” and inductor current is flowing
through the drain to source connections and (2) power
dissipated while the switch is turning “on” or “off”. As the
switch turns “on” and “off” a combination of high current
and high voltage causes high power dissipation in the
MOSFET. Although the switching times are short, the aver-
age power dissipation can still be significant and is often
the dominant source of power in the MOSFET. Depending
on the application, the maximum power dissipation in
the M1 switch can happen in the buck region when Vy
is highest, Vyt is highest, and switching power losses
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are greatest or in the boost region when Vyy is smallest,
Vour is highest and M1 is always on. Switch M1 power
consumption can be approximated as:

Pv1=Pi2r +Pswitcing

V 2
E( \(}UT *lout .RDS(ON)°pt]
I

+(Vy *lout * F*tae1)W (BUCK REGION)

Vour 2
=|| . “lour | *Roson) *Pe
N

+0W (BOOST REGION)

where:
the PswitcHing term is 0 in the boost region

trrq i the average of the SW1 pin rise and fall times.
Typical values are 20ns to 40ns depending on the
MOSFET capacitance and V,y voltage.

Pz IS @ normalization factor (unity at 25°C) accounting
for the significant variation in MOSFET on-resistance
with temperature, typically about 0.4%/°C, as shown
in Figure 9. For a maximum junction temperature of
125°C, using a value p = 1.5 is reasonable.

2.0

15 /
-

/

0.5

pr NORMALIZED ON-RESISTANCE ()
=

0
=50 0 50 100 150
JUNCTION TEMPERATURE (°C)

8705 FO9

Figure 9. Normalized MOSFET Rpson) vs Temperature

Since the switching power (PswiTcHing) often dominates,
look for MOSFETSs with lower Crgg or consider operating
at a lower frequency to minimize power loss and increase
efficiency.

Switch M2: In most cases the switching power dissipa-
tion in the M2 switch is quite small and I2R power losses
dominate. I2R power is greatest in the buck region where
the switch operates as the synchronous rectifier. Higher
Viy and lower Vgyt causes the M2 switch to be “on” for
the most amount of time, leading to the highest power
consumption. The M2 switch power consumption in the
buck region can be approximated as:

Vin —Vour

P(MZ,BUCK)E[ Vi °|OUT(MAX)2'RDS(ON)'pr]W

Switch M3: Switch M3 operatesinthe boostand buck-boost
regions as a control switch. Similar to the M1 switch, the
power dissipation comes from 2R power and switching
power. The maximum power dissipation is when Vyy is
the lowest and Vg is the highest. The following expres-
sion approximates the power dissipation in the M3 switch
under those conditions:

Pwis =Pi2r +Pswitcring =

(Vout —Vin) * Vour
Vin2

*lout? *Roson) 'Pr]

+[VOUT2 *loyr e fe fare JVV
Vin

where the total power is 0 in the buck region.
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trro is the average of the SW2 pin rise and fall times and,
similar to tgr, is typically 20ns to 40ns.

As with the M1 switch, the switching power (PswitcHing)
often dominates. Look for MOSFETs with lower Crsg or
consideroperating atalower frequency to minimize power
loss and increase efficiency.

Switch M4: In most cases the switching power dissipa-
tion in the M4 switch is quite small and 12R power losses
dominate. 12R power is greatest in the boost region where
the switch operates as the synchronous rectifier. Lower
Viy and higher Vgt increases the inductor current for a
given lpyt, leading to the highest power consumption.
The M4 switch power consumption in the boost region
can be approximated as:

P :LVOUT
(M4,800ST) =| ~/
N

*lout? *p, 'RDS(ON)jW

Gate Resistors: In some cases it can be beneficial to add
1Qto 10Q of resistance between some of the NMOS gate
pins and their respective gate driver pins on the LT8705
(i.e., TG1, BG1, TG2, BG2). Due to parasitic inductance
and capacitance, ringing can occur on SW1 or SW2 when
low capacitance MOSFETSs are turned on/off too quickly.
The ringing can be of greatest concern when operating
the MOSFETSs or the LT8705 near the rated voltage limits.
Additional gate resistance slows the switching speed,
minimizing the ringing.

Excessive gate resistance can have two negative side ef-
fects on performance:

1. Slowing the switch transition times can also increase
power dissipationinthe switch. Thisis described above
in the Switch M1 and Switch M3 sections.

2. Gapacitive coupling from the SW1 or SW2 pin to the
switch gate node canturnitonwhenit’s supposed to be
off, thus increasing power dissipation. With too much
gate resistance, this would most commonly happen to
the M2 switch when SW1 is rising.

Careful board evaluation should be performed when
optimizing the gate resistance values. SW1 and SW2 pin
ringing can be affected by the inductor current levels,

therefore board evaluation should include measurements
at a wide range of load currents. When performing PCB
measurements of the SW1 and SW2 pins, be sureto use a
very short ground post from the PCB ground to the scope
probe ground sleeve in order to minimize false inductive
voltages readings.

Cin and Cqyr Selection

Input and output capacitance is necessary to suppress
voltage ripple caused by discontinuous current moving in
and out of the regulator. A parallel combination of capaci-
tors is typically used to achieve high capacitance and low
ESR (equivalent series resistance). Dry tantalum, special
polymer,aluminum electrolyticand ceramic capacitorsare
all available in surface mount packages. Capacitors with
low ESR and high ripple current ratings, such as 0S-CON
and POSCAP are also available.

Ceramic capacitors should be placed near the regulator
input and output to suppress high frequency switching
spikes. A ceramic capacitor, of at least 1pF, should also
be placed from Vy to GND as close to the LT8705 pins
as possible. Due to their excellent low ESR characteristics
ceramic capacitors can significantly reduce input ripple
voltage and help reduce power loss in the higher ESR bulk
capacitors. X5R or X7R dielectrics are preferred, as these
materials retain their capacitance over wide voltage and
temperature ranges. Many ceramic capacitors, particularly
0805 0r0603 case sizes, have greatly reduced capacitance
at the desired operating voltage.

Input Capacitance: Discontinuousinputcurrentis highest
inthe buck region due to the M1 switchtoggling on and off.
Make sure that the G,y capacitor network has low enough
ESR and is sized to handle the maximum RMS current.
For buck operation, the input RMS current is given by:

IRI\/IS:|OUT(MAX)'VOUT' a ~1
- VvV Vour

This formula has a maximum at Viy = 2Vgyt, where
Irms = lout(max)/2. This simple worst-case condition
is commonly used for design because even significant
deviations do not offer much relief.

8705ff

LY AR

For more information www.linear.com/LT8705

2/



LT8705

APPLICATIONS INFORMATION

The maximum input ripple due to the voltage drop across
the ESR is approximately:

Vinmax) *loutmax) “ESR

AViguck £sR) = v
OUT(MIN)

Output Capacitance: The output capacitance (Coyr) is
necessary to reduce the output voltage ripple caused by
discontinuities and ripple in the output and load currents.
The effects of ESR and the bulk capacitance must be
considered when choosing the right capacitor for a given
output ripple voltage. The steady-state output ripple due
to charging and discharging the bulk output capacitance
is given by the following equations:

lout *(Vour —Vin)
Cout * Vi *f

AVigoosr car) = VforVour > Vi

V
Y/ o[- out
ouT ( V

8'L‘f2 oG = jv forVOUT<V|N
ouT

AViguck cap) =

The maximum output ripple due to the voltage drop across
the ESR is approximately:

VOUT(IVIAX) °|OUT(I\/IAX) *ESR

AVigoosTESR) = y
IN(MIN)

As with Cyy, multiple capacitors placed in parallel may
be needed to meet the ESR and RMS current handling
requirements.

Schottky Diode (D1, D2) Selection

The Schottky diodes, D1 and D2, shown in Figure 1, con-
duct during the dead time between the conduction of the
power MOSFET switches. They are intended to prevent
the body diodes of synchronous switches M2 and M4
from turning on and storing charge. For example, D2
significantly reduces reverse-recovery current between
switch M4 turn-off and switch M3 turn-on, whichimproves
converter efficiency, reduces switch M3 power dissipation
and reduces noise in the inductor current sense resistor
(Rsense) when M3 turns on. In order for the diode to be
effective, the inductance between it and the synchronous

switch must be as small as possible, mandating that these
components be placed adjacently.

For applications with high input or output voltages (typi-
cally >40V) avoid Schottky diodes with excessive reverse-
leakage currents particularly at high temperatures. Some
ultralow Ve diodes will trade offincreased high temperature
leakage current for reduced forward voltage. Diode D1
can have a reverse voltage up to V,y and D2 can have
a reverse voltage up to Vgyt. The combination of high
reverse voltage and current can lead to self heating of the
diode. Besides reducing efficiency, this can increase leak-
age current which increases temperatures even further.
Choose packages with lower thermal resistance (6,5) to
minimize self heating of the diodes.

Topside MOSFET Driver Supply (Cgy, Dg1, Cg2, Dg2)

Thetop MOSFET drivers (TG1and TG2) are driven digitally
between their respective SW and BOOST pin voltages.
The BOOST voltages are biased from floating bootstrap
capacitors Cgq and Cgp, which are normally recharged
through external silicon diodes Dgqy and Dgo when the
respective top MOSFET is turned off. The capacitors are
chargedtoabout6.3V (aboutequalto GATEVc) forcing the
VBoosT1-swi and VeoosTo-swe voltages to be about 6.3V.
The boost capacitors Cg1 and Cgo need to store about 100
times the gate charge required by the top switches M1 and
M4. In most applications, a 0.1pF to 0.47pF, X5R or X7R
dielectric capacitor is adequate. The bypass capacitance
from GATEV¢c to GND should be at least ten times the
Cpy or Cpo capacitance.

Boost Capacitor Charge Control Block: When the LT8705
operates exclusively in the buck or boost region, one of
the top MOSFETs, M1 or M4, can be constantly on. This
prevents the respective bootstrap capacitor, Cg1 or Cpo,
from being recharged through the silicon diode, Dgq or
Dgo. The Boost Capacitor Charge Control block (see Fig-
ure 1) keeps the appropriate BOOST pin charged in these
cases. When the M1 switch is always on (boost region),
current is automatically drawn from the CSPOUT and/or
BOOST2 pins to charge the BOOSTT capacitor as needed.
When the M4 switch is always on (buck region) current
is drawn from the CSNIN and/or BOOST1 pins to charge
the BOOST?2 capacitor. Because of this function, CSPIN
and CSNIN should be connected to a potential close
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to Vyy. Tie both pins to V) if they are not being used.
Also, CSPOUT and CSNOUT should always be tied to a
potential close to Vgyr, or be tied directly to Vgyr if not
being used.

Boost Diodes Dgy and Dgo: Although Schottky diodes
have the benefit of low forward voltage drops, they can
exhibit high reverse current leakage and have the potential
for thermal runaway under high voltage and temperature
conditions. Silicon diodes are thus recommended for
diodes Dg1 and Dgo. Make sure that Dgq and Dgp have
reverse breakdown voltage ratings higher than Viywax)
and Voyr(max) and have less than TmA of reverse leakage
current at the maximum operating junction temperature.
Make sure that the reverse leakage current at high op-
erating temperatures and voltages won’t cause thermal
runaway of the diode.

In some cases it is recommended that up to 5Q of resis-
tance is placed in series with Dg1 and Dgp. The resistors
reduce surge currents in the diodes and can reduce ring-
ing at the SW and BOOST pins of the IC. Since SW pin
ringing is highly dependent on PCB layout, SW pin edge
rates and the type of diodes used, careful measurements
directly at the SW pins of the IC are recommended. If
required, a single resistor can be placed between GAT-
EV¢c and the common anodes of Dgy and Dgo (as in the
front page application) or by placing separate resistors
between the cathodes of each diode and the respective
BOOST pins. Excessive resistance in series with Dgq
and Dgo can reduce the BOOST-SW capacitor voltage
when the M2 or M3 on-times are very short and should
be avoided.

Output Voltage

The LT8705 output voltage is set by an external feedback
resistive divider carefully placed across the output capaci-
tor. The resultant feedback signal (FBOUT) is compared
with the internal precision voltage reference (typically
1.207V) by the error amplifier EA4. The output voltage is
given by the equation:

Vour =1.207V{1+M)
RFBOUT2

where Rrgoyt1 and Rrgoyte are shown in Figure 1.

Input Voltage Regulation or Undervoltage Lockout

By connecting a resistor divider between Vyy, FBIN and
GND, the FBIN pin provides a means to regulate the input
voltage or to create an undervoltage lockout function.
Referring to error amplifier EA3 in the Block Diagram,
when FBIN is lower than the 1.205V reference V¢ is pulled
low. For example, if V) is provided by a relatively high
impedance source (i.e.,asolar panel)and the current draw
pulls Viy below a preset limit, V¢ will be reduced, thus
reducing current draw from the input supply and limiting
the voltage drop. Note that using this function in forced
continuous mode (MODE pin low) can result in current
being drawn from the output and forced into the input.
If this behavior is not desired then use discontinuous or
Burst Mode operation.

To set the minimum or regulated input voltage use:

R
Vininy =1.205V-[1+ﬁ}

where Regiy1 and Regyyo are shown in Figure 1. Make
sure to select Rpgy1 and Rpgyno such that FBIN doesn’t
exceed 30V (absolute maximum rating) under maximum
V) conditions.

This same technique can be used to create an undervolt-
age lockout if the LT8705 is NOT in forced continuous
mode. When in Burst Mode operation or discontinuous
mode, forcing V¢ low will stop all switching activity. Note
that this does not reset the soft-start function, therefore
resumption of switching activity will not be accompanied
by a soft-start.
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Input/Output Current Monitoring and Limiting

The LT8705 has independent input and output current
monitor circuits that can be used to monitor and/or limit
the respective currents. The current monitor circuits work
as shown in Figures 10 and 11.

As described in the Topside MOSFET Driver Supply sec-
tion, the CSNIN and CSPOUT pins are also connected

to the Boost Capacitor Charge Control block (also see
Figure 1) and can draw current in certain conditions. In
addition, all four of the current sense pins can draw bias
current under normal operating conditions. As such, do
not place resistors in series with any of the CSxIN or
CSxOUT pins.

R
FROM DC SENSE! TO REMAINDER
POWER SUPPLY OF SYSTEM
T w1 | T
= CURRENT =
LT8705 CSPIN | GSNIN 14 poosT CAPACITOR
: L CHARGE CONTROL BLOCK
Om =1m0O
A7
1.61v | 1.208v é
FAULT
CONTROL D¢
IMON_ Vo
iij_ ]
RimMoN_IN —_L_ Cimon_IN
- = -
8705 F10 "= -
Figure 10. Input Current Monitor and Limit
FROM Rsense2
CONTROLLER W TO SYSTEM Vgyr
Vour
OUTPUT T
= CURRENT =
T0 BOOST GAPACITOR (0l Blels LT8705
CHARGE CONTROL BLOCK
+ —
gm=1moO
A8
1.61v | 1.208v é
FAULT
CONTROL (D4
IMON_OUT Vo
)
RII\/IDN ouT EI CIMON?OUT
== T

8705 F11 "=

Figure 11. OQutput Current Monitor and Limit
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Also, because of their use with the Boost Capacitor
Charge Control block, tie the CSPIN and CSNIN pins
to Vy and tie the IMON_IN pin to ground when the input
current sensing is not in use. Similarly, the CSPOUT and
CSNOUT pins should be tied to Voyr and IMON_OUT
should be grounded when not in use.

The remaining discussion refers to the input current moni-
tor circuit. All discussion and equations are applicable to
the output current monitor circuit, substituting pin and
device names as appropriate.

Current Monitoring: For input current monitoring, current
flowing through Rsensgy develops a voltage across
CSPIN and CSNIN which is multiplied by TmA/V (typical),
convertingitto a currentthat is forced out of the IMON_IN
pin and into resistor Rymon_ v (Note: Negative CSPIN to
CSNIN voltages are not multiplied and no current flows
out of IMON_IN in that case). The resulting IMON_IN volt-
age is then proportional to the input current according to:

A
Vimon_in =lrsense '(RSENSH *1 mV'RIMON_INj

For accurate current monitoring, the CSPIN and CSNIN
voltages should be keptabove 1.5V (CSPOUT and CSNOUT
pins should be kept above 0V). Also, the differential
voltage Vgspin-csnin should be kept below 100mV due
to the limited amount of current that can be driven out of
IMON_IN. Finally, the IMON_IN voltage must be filtered
with capacitor Cyyon_ v because the input current often
has ripple and discontinuities depending on the LT8705’s
region of operation. Cyyon v Should be chosen by the
equation:

Cimon_in > ﬂ
= | f*Rimon_in

where f is the switching frequency, to achieve adequate
filtering. Additional capacitance, bringing the Cimon In
total to 0.1pF to 1pF, may be necessary to maintain loop
stability if the IMON_IN pin is used in a constant-current
regulation loop.

CurrentLimiting: AsshowninFigure 10, IMON_IN voltages
exceeding 1.208V (typical) cause the V¢ voltage to reduce,
thus limiting the inductorandinput currents. Ryyon_ycan
be selected for a desired input current limit using:

1.208V

Rimon_in =
lRSENSE(LIMIT) *1 mv’ Rsenseq

For example, if Rgenseq is chosen to be 12.5mQ and the
desired input current limit is 4A then:

1.208V

i =24.2kQ
4A°1mv°12.5m£2

I:{II\/ION_IN =

Review the Electrical Characteristics and the IMON Output
Currents graph inthe Typical Performance Characteristics
section to understand the operational limits of the IMON_
OUT and IMON_IN currents.

Overcurrent Fault: If IMON_IN exceeds 1.61V (typical), a
fault will occur and switching activity will stop (see Fault
Conditions earlier in the data sheet). The fault current is
determined by:

1.61V
lRsENSE1 (FAULT) = 1208V'|RSENSE1(LIMIT) A

For example, an input current limit set to 4A would have
a fault current limit of 5.3A.

Output Overvoltage

If the output voltage is higher than the value set by the
FBOUT resistor divider, the LT8705 will respond according
to the mode and region of operation. In forced continuous
mode, the LT8705 will sink current into the input (see
the Reverse Current Limit discussion in the Applications
Information section for more information). In discontinu-
ous mode and Burst Mode operation, switching will stop
and the output will be allowed to remain high.
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INTV¢c Regulators and EXTV¢c Connection

The LT8705 features two PNP LDOs (low dropout regu-
lators) that regulate the 6.35V (typical) INTV¢g pin from
either the V) or EXTVgc supply pin. INTVgc powers the
MOSFET gate drivers via the required GATEV¢¢ connec-
tion and also powers the LDO33 pin regulator and much
of the LT8705’s internal control circuitry. The INTV¢g
LDO selection is determined automatically by the EXTV¢g
pin voltage. When EXTVg is lower than 6.22V (typical),
INTVc is regulated from the Vi LDO. After EXTV g rises
above 6.4V (typical), INTVqg is regulated by the EXTV¢g
LDO instead.

Overcurrent protection circuitry typically limits the
maximum current draw from either LDO to 127mA. When
GATEVg and INTVgg are below 4.65V, during start-up or
during an overload condition, the typical current limit is
reduced to 42mA. The INTVgc pin must be bypassed to
ground with @ minimum 4.7uF ceramic capacitor placed
as close as possible to the INTVgc and GND pins. An ad-
ditional ceramic capacitor should be placed as close as
possible to the GATEV¢ and GND pins to provide good
bypassing to supply the high transient current required by
the MOSFET gate drivers. 1pF to 4.7pF is recommended.

Power dissipated in the INTVgg LDOs must be minimized
to improve efficiency and prevent overheating of the
LT8705. Since LDO power dissipation is proportional to
the input voltage and Vjy can be as high as 80V in some
applications, the EXTV g pinisavailable to regulate INTVge
from a lower input voltage. The EXTV¢g pin is connected
to Vgy in many applications since Vqyr is often regu-
lated to a much lower voltage than the maximum V.
During start-up, power for the MOSFET drivers, control
circuits and the LDO33 pin is derived from Vy until Voyt/
EXTV rises above 6.4V, after which the power is derived
from Vout/EXTVgc. This works well, for example, ina case
where Vour is regulated to 12V and the maximum Vy
voltage is 40V. EXTV¢c can be floated or grounded when
not in use or can also be connected to an external power
supply if available.

The maximum current drawn through the INTVgg LDO
occurs under the following conditions:

1. Large (capacitive) MOSFETs are being driven at high
frequencies.

2. V\y and/or Vgt is high, thus requiring more charge to
turn the MOSFET gates on and off.

3. The LDO33 pin output current is high.

4. In some applications, LDO current draw is maximum
when the part is operating in the buck-boost region
where V) is close to Voyr since all four MOSFETSs are
switching.

To check for overheating find the operating conditions that
consume the most power in the LT8705 (P ts705). This
will often be under the same conditions just listed that
maximize LDO current. Under these conditions monitor
the CLKOUT pin duty cycle to measure the approximate die
temperature. See the Junction Temperature Measurement
section for more information.

Powering INTVgg from Vout/EXTVge can also provide
enough gate drive when Vy drops as low as 2.8V. This
allows the part to operate with a reduced input voltage
after the output gets into regulation.

The following list summarizes the three possible connec-
tions for EXTVg:

1. EXTV¢ left open (or grounded). This will cause INTV¢g
to be powered from V,y through the internal 6.35V
regulator at the cost of a small efficiency penalty.

2. EXTVc connected directly to Voyt (Voyt > 6.4V). This
is the normal connection for the regulator and usually
provides the highest efficiency.

3. EXTV¢c connected to an external supply. If an external
supply is available greater than 6.4V (typical) it may be
used to power EXTV¢g.
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Loop Compensation

The loop stability is affected by a number of factors includ-
ing the inductor value, output capacitance, load current,
Vin, Vout and the Vg resistor and capacitors. The LT8705
usesinternaltransconductance erroramplifiers driving Vg
to help compensate the controlloop. For mostapplications
a 3.3nF series capacitor at Vg is a good value. The parallel
capacitor (from V¢ to GND) is typically 1/10th the value
of the series capacitor to filter high frequency noise. A
larger V¢ series capacitor value may be necessary if the
output capacitance is reduced. A good starting value for
the Vo series resistoris 20k. Lower resistance willimprove
stability but will slow the loop response. Use a trim pot
instead of a fixed resistor for initial bench evaluation to
determine the optimum value.

LD033 Pin Regulator

The LT8705 includes a low dropout regulator (LDO) to
regulate the LDO33 pin to 3.3V. This pin can be used to
power external circuitry such asa microcontroller or other
desired peripherals. The input supply for the LDO33 pin
regulatoris INTV¢c. Therefore INTV g must have sufficient
voltage, typically >4.0V, to properly regulate LDO33. The
LD0O33and INTV g regulators are enabled by the SHDN pin
and are not affected by SWEN. The LDO33 pin regulator
has overcurrent protection circuitry that typically limits
the output current to 17.25mA. An undervoltage lockout
monitoring LDO disables switching activity when LD0O33
falls below 3.04V (typical). LDO33 should be bypassed
locally with 0.1pF or more.

Voltage Lockouts

The LT8705 contains several voltage detectors to make
surethe chip is under proper operating conditions. Table 1
summarizes the pins that are monitored and also indicates
the state that the LT8705 will enter if an under or overvolt-
age condition is detected.

The conditions are listed in order of priority from top
to bottom. If multiple over/undervoltage conditions are
detected, the chip will enter the state listed highest on
the table.

Table 1. Voltage Lockout Conditions

APPROXIMATE
VOLTAGE | CHIP STATE
PIN CONDITION | (FIGURE 2) READ SECTION
Vin <2.5V Chip Off Operation: Start-Up
SHDN <1.18v Chip Off
INTVgg and <4.65V Switcher
GATEVqg Off
SWEN <1.18V Switcher
Off
LD033 <3.04 Switcher
Off
IMON_IN >1.61V Fault Operation: Fault Conditions
IMON_OUT >1.61V Fault
FBIN <1.205V — Applications Information:
Input Voltage Regulation or
Undervoltage Lockout

Due to their accurate thresholds, configurable undervolt-
age lockouts (UVLOs) can be implemented using the
SHDN, SWEN and in some cases, FBIN pin. The UVLO
function sets the turn on/off of the LT8705 at a desired
minimum input voltage. For example, a resistor divider
can be connected between V,y, SHDN and GND as shown
in Figures 1 and 14. From the Electrical Characteristics,
SHDN has typical rising and falling thresholds of 1.234V
and 1.184V respectively. The falling threshold for turning
off switching activity can be chosen using:

Rsnonz * (Vi chip_orrraLLing) —1-184V) o

Rston1= 1.184V

For example, choosing Rsypne = 20k and a falling Vi
threshold of 5.42V results in:

20kQ+(5.42V~1.184V)
1.184V

The rising threshold for enabling switching activity would
be:

RSHDN1= =715kg

1.234V
Viin cHip_oFF RISING) = V(IN.CHIP_OFFFALLING) 'm

or 5.65V in this example.
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Similar calculations can be used to selecta resistor divider
connected to SWEN that would stop switching activity dur-
ing an undervoltage condition. Make sure that the divider
doesn’t cause SWEN to exceed 7V (absolute maximum
rating) under maximum Vy conditions. Using the FBIN
pin as an undervoltage lockout is discussed in the Input
Voltage Regulation or Undervoltage Lockout section.

Inductor Current Sense Filtering

Certain applications may require filtering of the inductor
current sense signals due to excessive switching noise
that can appear across Rggnse. Higher operating voltages,
higher values of Rggysg, and more capacitive MOSFETs
will all contribute additional noise across Rgeysg when
the SW pins transition. The CGSP/CSN sense signals can
be filtered by adding one of the RC networks shown in
Figures 12aand 12b. Most PC board layouts can be drawn
to accommodate either network on the same board. The
network should be placed as close as possible to the IC.
The network in Figure 12b can reduce common mode
noise seen by the CSP and CSN pins of the LT8705 at the
expense of some increased ground trace noise as current
passesthroughthe capacitors. Ashortdirect path fromthe
capacitor grounds to the IC ground should be used on the
PC board. Resistors greater than 10Q2 should be avoided
as this can increase offset voltages at the CSP/CSN pins.
The RC product should be kept to less than 30ns.

10Q
CSP

LT8705
CSN

Rsense nF
10Q

8705 F12a

(12a)

10Q
CSP
RSENSE —1nF LT8705

* CSN

I b * 8705 F12b

(12h)

Figure 12. Inductor Current Sense Filter

Junction Temperature Measurement

The duty cycle ofthe CLKOUT signalis linearly proportional
tothe die junctiontemperature, T;. Measure the duty cycle
of the CLKOUT signal and use the following equation to
approximate the junction temperature:

T ~ DCCLKOUT —35.90/0 OC
B 0.329%

where DC¢kout is the CLKOUT duty cycle in % and T,
is the die junction temperature in °C. The actual die tem-
perature can deviate from the above equation by +10°C

Thermal Shutdown

If the die junction temperature reaches approximately
165°C, the part will go into thermal shutdown. The power
switch will be turned off and the INTVge and LDO33
regulators will be turned off (see Figure 2). The part will
be re-enabled when the die temperature has dropped by
~5°C (nominal). After re-enabling, the part will start in
the switcher off state as shown in Figure 2. The part will
then initialize, perform a soft-start, then enter normal
operation as long as the die temperature remains below
approximately 165°C.

Efficiency Considerations

Theefficiency of aswitching regulatoris equal to the output
power divided by the input power times 100%. It is often
useful to analyze individual losses to determine what is
limiting the efficiency and which change would produce
the most improvement. Although all dissipative elements
in the circuit produce losses, four main sources account
for most of the losses in LT8705 circuits:

1. Switching losses. These losses arises from the brief
amount of time switch M1 or switch M3 spends in the
saturated region during switch node transitions. Power
loss depends upontheinputvoltage, load current, driver
strength and MOSFET capacitance, among other fac-
tors. See the Power MOSFET Selection and Efficiency
Considerations section for more details.

2. DC I2R losses. These arise from the resistances of the
MOSFETSs, sensing resistors, inductor and PC board
traces and cause the efficiency to drop at high output

currents.
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3. INTVgg current. This is the sum of the MOSFET driver
current, LDO33 pin current and control currents. The
INTVge regulator’s input voltage times the current
represents lost power. This loss can be reduced by
supplying INTVg¢ current through the EXTV¢¢ pin from
a high efficiency source, such as the output or alternate
supply if available. Also, lower capacitance MOSFETs
can reduce INTVgc current and power loss.

4. Gy and Coyr loss. The input capacitor has the difficult
job offiltering the large RMS input current to the regula-
tor in buck mode. The output capacitor has the more
difficult job of filtering the large RMS output current in
boost mode. Both Cjy and Coyr are required to have
low ESR to minimize the AC IR loss and sufficient
capacitance to prevent the RMS current from causing
additional upstream losses in fuses or batteries.

5. Other losses. Schottky diodes D1 and D2 are respon-
sible for conduction losses during dead time and light
load conduction periods. Inductor core loss occurs
predominately at light loads.

When making adjustments to improve efficiency, the input
current is the best indicator of changes in efficiency. If
one makes a change and the input current decreases, then
the efficiency has increased. If there is no change in input
current, then there is no change in efficiency.

Circuit Board Layout Checklist

The basic circuit board layout requires a dedicated ground
plane layer. Also, for high current, a multilayer board
provides heat sinking for power components.

* The ground plane layer should not have any traces and
should be as close as possible to the layer with the
power MOSFETs.

* The high di/dt path formed by switch M1, switch M2,
D1, Rsense and the Cyy capacitor should be compact
with short leads and PC trace lengths. The high di/dt
path formed by switch M3, switch M4, D2 and the Gqyt
capacitor also should be compact with short leads and
PC trace lengths. Two layout examples are shown in
Figures 13a and 13b.

Vin SWi1 Sw2 Vout
L
Tk Twk IuB oF
g E gwEg gWhE gMWMpg
d B d._hb = = ]
;ﬁ E

RsEnsE

LT8705
CKT

GND

8705 F13a

(13a)
Vin Swi SW2 Vout

T B T
gm H d w4 R
= N = O al

Dl ponn  ooon

b M2 b M3

[N ) [N )

Cin Cour
@ Rsense @
LT8705

CKT GND

(13b)
Figure 13. Switches Layout

Avoid running signal traces parallel to the traces that
carry high di/dt current because they can receive
inductively coupled voltage noise. This includes the
SW1, SW2, TG1 and TG2 traces to the controller.

Useimmediate vias to connectthe components (includ-
ing the LT8705’s GND pins) to the ground plane. Use
several vias for each power component.

Minimize parasitic SW pin capacitance by removing
GND and V)y copper from underneath the SW1 and
SW2 regions.
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Except under the SW pin regions, flood all unused
areas on all layers with copper. Flooding with copper
will reduce the temperature rise of power components.
Connect the copper areas to a DC net (e.g., quiet GND).

Partition the power ground from the signal ground. The
small-signal component grounds should not return to
the IC GND through the power ground path.

Place switch M2 and switch M3 as close to the controller
as possible, keeping the GND, BG and SW traces short.

Minimize inductance from the sources of M2 and M3
to Rsense by making the trace short and wide.

Keepthe highdV/dT nodes SW1,SW2,B00ST1,B00ST2,
TG1 and TG2 away from sensitive small-signal nodes.

The output capacitor (=) terminals should be connected
as closely as possible to the (=) terminals of the input
capacitor.

Connect the top driver boost capacitor, Cg4, closely to
the BOOST1 and SW1 pins. Connectthe top driver boost
capacitor, Cgo, closely to the BOOST2 and SW2 pins.

Connecttheinputcapacitors, Cyy, and output capacitors,
Cour, closely to the power MOSFETs. These capacitors
carry the MOSFET AC current in the boost and buck
regions.

Connectthe FBOUT and FBIN pinresistor dividersto the
(+) terminals of Coytand Cyy respectively. Small FBOUT/
FBIN bypass capacitors may be connected closely tothe
LT8705’s GND pin if needed. The resistor connections
should not be along the high current or noise paths.

Route current sense traces (CSP/CSN, CSPIN/CSNIN,
CSPOUT/CSNOUT) together with minimum PC trace
spacing. Avoid having sense lines pass through noisy
areas, such as switch nodes. The optional filter network
capacitor between GSP and CSN should be as close as
possibletothe IC. Ensure accurate current sensing with
Kelvin connections at the RggysE resistors.

Connect the V¢ pin compensation network closely to the
IC, between V¢ and the signal ground pins. The capaci-
tor helps to filter the effects of PCB noise and output
voltage ripple voltage from the compensation loop.

Connect the INTVgc and GATEVq bypass capacitors
close to the IC. The capacitors carry the MOSFET driv-
ers’ current peaks.

Design Example

Viy =8V to 25V

Vour= 12V

louT(max) = 9A

f = 350kHz

Maximum ambient temperature = 60°C

Ry Selection: Choose the Ry resistor for the free-running
oscillator frequency using:

Rr=| 33790 1 ko[ 43750 4 L 104k0

Rsense Selection: Start by calculating the maximum duty
cycle in the boost region:

Vinminy

*100%
OUT(MAX)

DC(MAX,I\/I3,BOOST) 5[1‘
_[1-8Y ).4an0/ _aao
_[1 —12\/) 100%=33%

Next, from the Maximum Inductor Current Sense Voltage
vs Duty Cycle graph in the Typical Performance Charac-
teristics section:

VRSENSE(MAX,B0OST, MAX) = 107mV

Next, estimate the maximum and minimum inductor cur-
rent ripple in the boost and buck regions respectively:

Voutvax) *lout(maxgoosT) A

100%
VIN(NIIN) .[%Ripple _O'SJ

_ 12V «5A _3.75A

0,
8V 100% ~05
40%

Al (maxBoosT) =

lout(maxBuck
Al vminguck) = 10(0%' LA
-0.5

10%
5A

“(100% _q . =0.53A
10%

Now calculate the maximum Rggnse values in the boost
and buck regions to be:
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RSENSE(MAX,BOOST) =

2 VRsENSE(MAX,B00STMAX) * VIN(MIN)
(2*lourmaxoos) * Voutmmy )+ (Al wax soosT) * Vinun) )

- 2¢107mVe8V -11.4mQ

(2°5A*12V)+(3.75A=8V)

Q

2¢86mV
Rsense(waxsuck) = oo A Q
( OUT(NIAX,BUCK))_ L(MIN,BUCK)

__2°86mV _isoma

(2°5A)-0.53A

Adding an additional 30% margin, choose Rggyse to be
11.4mQ/1.3 = 8.7mQ.

Inductor Selection: With Rggysg known, we can now
determine the minimum inductor value that will provide
adequate load current in the boost region using:

Lovini goosT) =
v . DCmaxm3800sT)
IN(MIND 100% H
0ofo| VRSENSEMAXBOOSTMAX) _ louT(aax) * VouTmax)
Rsense Vinguiny
sv-( 33% )
_ 100% _
" asona 107MV_BAsT2V | O
8.7mQ 8V

To avoid subharmonic oscillations in the inductor current,
choose the minimum inductance according to:

Vourmax) ~ Vi *Vourquag jl'RsENSE
(A% Vourmaxy ~Vinminy

0.08f

12v-(8v'12V ﬂ-smg

LNz goosT) == H

12V -8V
0.08+350kHz

=-3.7uH

Vout(vax)
Vinuaxy —Vourin
0.08ef

Vinmax) '[1— ]’RSENSE

Lovini puck) =

osyel1— 12V
_ 25V 12V
0.08350kHz

j-8.7m£2
=0.6pH

The inductance must be higher than all of the minimum
values calculated above. We will choose a 10pH standard
value inductor for improved margin.

MOSFET Selection: The MOSFETs are selected based on
voltage rating, Grss and Rps(gn value. It is important to
ensure that the part is specified for operation with the
available gate voltage amplitude. Inthis case, the amplitude
is 6.35V and MOSFETs with an Rpg(on) value specified at
Vs = 4.5V can be used.

Select M1 and M2: With 25V maximum input voltage,
MOSFETs with a rating of at least 30V are used. As we do
not yet know the actual thermal resistance (circuit board
design and airflow have a major impact) we assume that
the MOSFET thermal resistance from junction to ambient
is 50°C/W.

Ifwe design fora maximum junction temperature, T (wax)
=125°C, the maximum allowable power dissipation can be
calculated. First, calculate the maximum power dissipation:

Tymax) ~ Taguax)
RTHwa)

125°C-60°C
50°C/W

Pomax) =

Since maximum I2R power dissipation in the boost region

happens when Vy is minimum, we can determine the
maximum allowable Rpg(gn) for the boost region using:

V
Pw1=R2g E[[ \(}I:T 'IOUTT *Ros(on) *P+ JW

1 'SWE[(182\>/ .5AJ2 *Rps(on) * 1 _5]Wand therefore

RDS(ON) <15.4mQ

The Fairchild FDMS7672 meets the specifications with a
maximum Rpgon) of ~6.9mQ at Vgg = 4.5V (~10mQ at
125°C). Checking the power dissipation in the buck region
with Vyy maximum and Voyt minimum yields:
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Pv1=R2g +Pswitching

V. 2
E[%%UT °RDS(0N)°pf]+(VIN *lour *f* te1) W

Pur z[;g «5A2+6.9mQ +1 .5]+(25V-5A°350k «20ns)

=0.12W +0.88W =1.0W

The maximum switching power of 0.88W can be reduced
by choosing a slower switching frequency. Since this
calculation is approximate, measure the actual rise and
fall times on the PCB to obtain a better power estimate.

The maximum dissipationin M2 occurs at maximum input
voltage when the circuit is operating in the buck region.
Using the 6.9mQ Fairchild FDMS7672 the dissipation is:

Vin—Vout

Piv2,8uck) 5[ Vin '|OUT(|\/|AX)2 *Rbs(on) *P+ JW

. _(25v-12v
(M2,BUCK) = 257\/

Select M3 and M4: With 12V output voltage we need
MOSFETs with 20V or higher rating.

The highest dissipation occurs in the boost region when
input voltage is minimum and output current is highest.
For switch M3 the dissipation is:

«(5A)? -6.9m9-1.5]=0.1sw

Pvs =R2r +Pswitching =

((VOUT_VIN)'VOUT

W °|OUT2'RDS(ON)'prJ

+[VOUT2 *loyr *fe fare ]W
Vin

asdescribed inthe Power MOSFET Selection and Efficiency
Considerations section.

The maximum dissipation in switch M4 is:

Vourmax
P(M4,BOOST)E[ v ( ).|0UT2'pr'RDS(ON) W
INMIN)

The Fairchild FDMS7672 can also be used for M3 and M4.
Assuming 20ns rise and fall times, the calculated power
loss at the minimum 8V input voltage is then 0.82W for
M3 and 0.39W for M4

Output Voltage: Output voltage is 12V. Select Rrggyto as
20k. RegouT1 iS:

V
RegouTi =[1 20(l)J7TV _1]°RFBOUT2

Select RpgoyTy as 178k. Both Rrggyt1 and Regoyte Should
have a tolerance of no more than 1%.

Capacitors: A low ESR (5mQ) capacitor network for Cyy
is selected. In this mode, the maximum ripple is:

Vinmax) *loutvax) “ESR
Voutuiny

25V «5A
AViguckEesr) = 19V

AViguckesr) =

*5mQ=52mV

assuming ESR dominates the ripple.

Having 5mQ of ESR for the Cqyt network sets the maxi-
mum output voltage ripple at:

Vout(max) *loutmax) *ESR
Vinguiny

12V «5A

AVigoosTEsr) =

AVigoosTesr) = *5mQ=37.5mV

assuming ESR dominates the ripple.
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M1
Vin . _ X2 224 ma ~ Jour
36V T0 80V n Ty 1 Cne_ 143 ' - R - CANR Cour +] Coura 5
I Ty Ty I
’-Exz L 0 0 L6 ’-Exz
DIODE Dg4 DIODE Dgo
0.22yF 0.22yF
! 10mQ f
2Q* |—0 0—| P g
g 39
TG1BOOST1 SW1 BG1 CSP CSN GND BG2SW2 BOOST2 TG2
l_ CSNIN CSPOUT
o—| CSPIN CSNOUT q
Vi EXTVee @
SHDN FBOUT
100k >
SWEN INTVg <§10k
LD033 LT8705 GATEVgg » 47yF
_r—| MoDE SRVO_FBIN |— 1 p
—_ 4.7uF
¢ FBIN SRVO_FBOUT f— - ¢
RT SRVO_IIN |— 4Q
S8 SRVO_IOUT |— R 0
_ IMON_IN o1 B2
TR 0 0
Ve CLKOUT SYNG IMON_OUT =9 5oosT1 B0OST2
215k ook
— 1WF = —220pF sanp 20
4 pl .3n
1 )\ ®
__T_ 8705 Fida
Cint, Couz: 220pF 100V = *20 FROM TG1 TO EACH SEPERATE M1 GATE
Cing, CouTs: 4.7pF 100V, TDK C453X7S2A475M **20 FROM BG2 TO EACH SEPERATE M3 GATE
Dg+, Dgo: CENTRAL SEMI CMMR1U-02-LTE
L1: 22uH, WORTH 74435572200 OR COILCRAFT SER2918H-223
N1, M3: FAIRCHILD FDMS86104
M2, M4: FAIRCHILD FDMS86101
Efficiency vs Qutput Current Efficiency vs Output Current
(Boost Region) (Buck Region)
100 — 100 —
Vi =36V //’ Vi =72V ”’
90 [ Voyr =48V — 75 90 [ Vour = 48V 7
CCM v CCM /
80 / 80
// /
70 7 10 7/
s 60 // 2 60 / /
s [ /7 5 / /
E 50 / /‘ E 50 / /
Z a0 L £ 40 /
] / i / /
30 74 0 V—
20 20 //
10 . ——— COILCRAFT SER2918H-223 | 10 [ —— COILCRAFT SER2918H-223 |
. — — WURTH 74435572200 . — — WURTH 74435572200
10 100 1000 10000 10 100 1000 10000
LOAD CURRENT (MA)  srosrrao LOAD CURRENT (MA)  srosuac

Note: See the front page and the Typical Performance Characteristics section for more curves from this application
circuit using the Coilcraft inductor. The smaller Wiirth inductor is also suitable in place of the Coilcraft inductor with
some loss in efficiency.

Figure 14. Telecom Voltage Stabilizer
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TYPICAL APPLICATIONS

Supercapacitor Backup Supply

T0
re = LOADS L1
Vi P Vinp 25mQ Wi 2.2uH ~ M4 25mQ. ~ ~ Vour
12V "‘k. r_'_. T‘Jr W%{I_ﬁ" Y WW'\ T 15V
L= Cint Cinz M2 M3L| 1y Couty —LCOUT2
= xR I3 10 0 I3 I
- h DIODE Dgy DIODE Dgy h -
Csc 1.2k
0.224F ama 0.224F 3 5
2Q |—0 2Q ID—I >
§115k
_— <
TG1 BOOST1 SW1 BG1 GSP CSN  GND BG2 SW2 BOOST2 TG2
CSNIN CSPOUT
CSPIN CSNOUT
Vin EXTVce
SHDN FBOUT
SWEN INTV, S0k
100K ee L S
LDO33 LT8705 GATEVgg * |
_—{ MOoDE SRVO_FBIN |— 40 __E4'7uF
Tk — FBIN SRVO_FBOUT f— =
RT SRVO_IIN f— _I_DB1 ¥ De
15V ] 113k & 1WF—— S71.5k SS SRVO_IOUT f—  TO T0
BOOST! BOOST2
2N3904* IMON_IN
1k 20k 20k i CLKOUT sme_ MONOTT 24k
124k 14.3k |
350kHz 475k 100nF 100nF
4T == 1§F = 220pF 15nF | |
. : 1 I\ S >—o
* 8705 TAD2a
Cint, Coura: 100F 20V SANYO 0S-CON 205A100M  Dyy: APPROPRIATE 2A SCHOTTKY DIODE OR IDEAL *INPUT SIDE OVERVOLTAGE PROTECTION WHEN CONVERTER
Cing, CouTs: 220F 25V, TDK C4532X741E226M DIODE SUCH AS LTC4358, LTC4412, LTC4352, ETC. IS DRAWING CURRENT FROM THE SUPER CAPACITORS
Csc: 60F 2.5V COOPER BUSSMAN HB1840-2R5606-R Dy, Dgo: CENTRAL SEMI CMMR1U-02-LTE
L1: 2.2iH, VISHAY IHLP-5050CE-01-2R2-M-01
M1-M4: FAIRCHILD FDMS7698
—12V LOADS LOADS
POWER FLOW |
Din
12v 233 25mQ 25mQ oV
INPUT Ll _’_l_.lT W“T INPUT
1.2k 1.2k
INPUT CURRENT & CA';%EOR
IN EXCESS OF 2A
WILL DRAW FROM Cc"'lj*ggémg 12k ?S%H,LATE LOADS 1.2k
SUPER CAPS 20k JRE 20K
- 115k 1.2k 1.2k
REGULATE CAPACITORS
T0 15V
10k 1.2k 1.2k
1.2k Csc 1.2k
1.2k Csc 1.2k
H = s705TAO: = s705 Thoz
Charging Vgyr to 15V Remove V)y. Loads (4A Draw)
with 1A Current Regulated to 8V from Supercaps
Vout .
Vin > SVIDIV [l
5V/DIV Vinp L8V .
Vour T T . S I N P SV/DIV g, )
5V/DIV ] ; \\""
I || I -
SA/DIV et gl 5A/DIV |
20SEC/DIV 8705 TAO2d 33E¢/D|V 8705 TAO2e
87051
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

UHF Package

38-Lead Plastic QFN (5mm x 7mm)
(Reference LTC DWG # 05-08-1701 Rev C)

—luoutoonooo

0.70 £0.05

|
Lt
T |_:_|
550:0.05 — 5.15 £0.05 —
4.10 £0.05 — ‘ :'I:I
— — —
3.00REF C— | 3.15:0.05 —
I

AT

PACKAGE
OUTLINE

|
L
A

0.25 +O|.;|5_ﬂ e
0.50 BSC—>  '=—

-« 610006 ————>

5.5 REF |

7.50 +0.05

RECOMMENDED SOLDER PAD LAYOUT
APPLY SOLDER MASK TO AREAS THAT ARE NOT SOLDERED

PIN 1 NOTCH
R=0.30 TYP OR
004010 ‘ 0752005 - 3.00 REF— > 0.35 x 45° CHAMFER
‘ | —mil<—000-005 .37 |38 '
I |
U U U U U U U 0.400.10
PIN 1 | ?
TOP MARK 1
(SEE NOTE 6) — / —]
> 1?2
> ([
‘ > ‘ ([
> ([
— | 5.15:0.10 —
7.00:010 —— — -4 -} 550REF —|—— R B e
] ]
D) (e
] 315010 —> ]
> ]
] ]
]
‘ naannn
‘ ‘ (UH) QFN REF C 1107
! —»| <0200 REF 0.25+0.05 %WF " Lr-012s R=0.10
0.50BSC—> l<— TYp TYp
BOTTOM VIEW—EXPOSED PAD
e e e —

NOTE:

1. DRAWING CONFORMS TO JEDEC PACKAGE
OUTLINE M0-220 VARIATION WHKD

2. DRAWING NOT TO SCALE

3. ALL DIMENSIONS ARE IN MILLIMETERS

4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE

MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.20mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION

ON THE TOP AND BOTTOM OF PACKAGE
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

FE Package
Package Variation: FE38 (31)
38-Lead Plastic TSSOP (4.4mm)
(Reference LTC DWG # 05-08-1865 Rev B)
Exposed Pad Variation AB

<~ 475REF—> 9.60 - 9.80*
T 00000000 Q oo 475 rer
- 475 pee
%8 -~ eyt 2
‘ T ilililh il
6.60 20.10
+ o74REF |\ ____ 1 [
4.50 REF | | = T
SEE NOTE 4 | | 6.40
0.315 £0.05 ' + I 2.74_per (259
ST I | (-108) ™ “pgc
+ " O000000000000000000 o O b R )
—| |- ¢
0.50 BSC
RECOMMENDED SOLDER PAD LAYQUT lﬁl HHHHHEY HJ HHHEHEHY HH —_—
PIN NUMBERS 23, 25, 27, 29, 31, 33 AND 35 ARE REMOVED
1.20
430450 (047)
TR 0.25
‘ (169-177) 0.29 MAX
¥ II ¥J0_80 L T O O O O O O O T O O g
AB/AN N wlilililiLlihLliLnLnLnLLLL A
A 0.50
0.09 - 0.20 050-075 i f (0196) - - 0.05-0.15
(10035 -.0079) (.020-.030) B 017027 (.002—.006)
m —>| |- FE38 (AB) TSSOP REV B 0910
NOTE: e
1. CONTROLLING DIMENSION: MILLIMETERS 4. RECOMMENDED MINIMUM PCB METAL SIZE
2. DIMENSIONS ARE IN i LIMETERS FOR EXPOSED PAD ATTACHMENT
(INCHES) *DIMENSIONS DO NOT INCLUDE MOLD FLASH. MOLD FLASH

3 DRAWING NOT TO SCALE SHALL NOT EXCEED 0.150mm (.006") PER SIDE
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 12/13 | Changed 0.4V to 0.35V under Start-Up paragraph 14
Changed 9mQ resistor value to 10mQ 39
Added 1kQ resistor in series with 15V Zener 40
B 02/14 | Added “Not Switching” to Line Regulation conditions, two places 4
Changed COUT2 and COUT3 44

C 07/14 | Added H- and MP-grades 2,3,4,5,6,14
D 02/15 | Corrected MP-grade part number 3
E 06/15 | Modified Py1 equation 38
F 09/15 | Added Py;1 Boost Region Equation 26
Modified P(m4,800sT) Equation 27
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TYPICAL APPLICATION

12V Qutput Converter Accepts 4V to 80V Input (5.5V Minimum to Start)

M1
v 2 154H M4 7mQ VOUT
IN N -AAA-
4V 70 80V +] [ ¢, 1¥1 1y | o | o o (Vi 2 5.5V)
(INCREASED ¢ SJuTiB QU8 4.5A (Vi > 5.0V
1= R o mp 70 DIODE T0 DIODE Couria (Vin > 5.00)
Vour RIPPLE = = b b - x2 = 4.0A (Vin 2 4.5V)
FOR Vjy > 60V) B1 B2 = + COUTZ 3.5A (Vi > 4.0V)
0.220F 0.224F I
20* |—< »—l s -
S0
— ‘)
TG1 BOOST! SW1BGI CSP  CSN GND BG2 SW2 BOOST2 TG2
CSNIN CSPOUT
l_ 14.7uF
CSPIN CSNOUT -
Vin EXTVeo -
SHDN FBOUT
100k L
VWA SWEN INTVgg I 3113
LD033 L8705 GATEVGG ’ 4.75F
| MoDE SRVO_FBIN [— __:I;uF—-
—] FBIN SRVO_FBOUT f— — 4
RT SRVO_IIN f— 4Q
Cini: 2204F 100V
ss SRVO_IOUT |— Gi: 4.7iF 100V, TDK C4532X7S52A475M
IMON_IN f—=_ .l_DB1 - Dez Couria. Coutia: 224F 25V, TDK C4532X7R1E226M
1WF = T0 10 Couro: 100uF 16V, SANYO 0S-CON 16SA100M
IMON_OUT ¢ Couta: 4704F 16V
Sorsi Ve Sy SYNG BOOST! BOOST2 Dg1, Dgy: GENTRAL SEMI CMMR1U-02-LTE
S 16.5k | L1 15H, WURTH 7443631500
202kHz 22nF S26.1k M1, M2: FAIRCHILD FOMS86101
f— 220pF 10nF T M3, Md4: FAIRCHILD FDMS7692
1 I I 1 *20) FROM TG1 TO EACH SEPARATE M1 GATE
- 8705 TA3a
Efficiency vs Output Current Input Transient (4V to 80V)
100 ’ :
"..,J:‘_HT_--M-T.-H. - Vout [
P s 200mV/DIV dt"“w
£ /,/ ..... :
g il 7 _—T T~ :
> 4 :
o M
Z %0 -
=] [ Viy . :
& | 20V/DIV .
| —— V=60V : N\
85 i — — Vjy = 40V - \
==== V=20V / .
_____ Vi = 12V p—— . ]
........ Vi =5V :
80 ; y 8705 TAO3«
0 1 2 3 4 5 lLoap =2A 10ms/DIV ¢

LOAD CURRENT (A) 8705 TAO3C

RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LT3791-1 60V High Efficiency (Up to 98%) Synchronous 4-Switch 4.7V <V <60V, 1.2V < 60V, Regulates Voyr, loyt or Iy, TSSOP-38
Buck-Boost DC/DC Controller

LTC3789 High Efficiency (Up to 98%) Synchronous 4-Switch 4V < V) <38V, 0.8V < Vgyr < 38V, SSOP-28, 4mm x 5mm QFN-28
Buck-Boost DC/DC Controller

LT3758 High Input Voltage, Boost, Flyback, SEPIC and Inverting 5.5V <V <100V, Positive or Negative Voyt, 3mm x 3mm DFN-10
Controller or MSOP-10E

LTC3115-1 40V, 2A Synchronous Buck-Boost DC/DC Converter 2.7V <V €40V, 2.7V < Voyt < 40V, 4mm x S5mm DFN-16, TSSOP-20

LTM4609 High Efficiency Buck-Boost DC/DC pModule Regulator 4.5V <V <36V, 0.8V < Vgyt <34V, 15mm x 15mm x 2.8mm
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