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ECHNOLOGY Isolated Secondary
Synchronous Rectifier Controller

FEATURES DESCRIPTION
= High Efficiency Over Wide Load Current Range The LTC®1698 is a precision secondary-side forward
» +(0.8% Output Voltage Accuracy converter controller that synchronously drives external
= Dual N-Channel MOSFET Synchronous Drivers N-channel MOSFETs. It is designed for use with the
= Pulse Transformer Synchronization LT®3781 primary-side synchronous forward converter
= Optocoupler Feedback Driver controller to create a completely isolated power supply.
= Programmable Current Limit Protection The LT3781 synchronizes the LTC1698 through a small
» +5% Margin Output Voltage Adjustment pulse transformer and the LTC1698 drives a feedback
» Adjustable Overvoltage Fault Protection optocoupler to close the feedback loop. Output accuracy
= Power Good Flag of £0.8% and high efficiency over a wide range of load

= Auxiliary 3.3V Logic Supply currents are obtained.

APPLICATIONS

Available in 16-Lead SSOP and SO Packages

48V Input Isolated DG/DC Converters
Isolated Telecommunication Power Systems
Distributed Power Step-Down Converters
Industrial Gontrol Systems
Automotive and Heavy Equipment

The LTC1698 provides accurate secondary-side current
limit using an external current sense resistor. The input
voltage at the MARGIN pin provides +5% output voltage
adjustment. A power good flag and overvoltage input are
provided to ensure proper power supply conditions. An
auxiliary 3.3V logic supply is included that supplies up to
10mA of output current.

ALY, L TC and LT are registered trademarks of Linear Technology Corporation.

TYPICAL APPLICATION
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PLEASE REFER TO FIGURE 12 IN THE TYPICAL APPLICATIONS
SECTION FOR THE COMPLETE 3.3V/15A APPLICATION SCHEMATIC

Figure 1. Simplified 2-Transistor Isolated Forward Converter
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ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

TOP VIEW

16] FG

[15] SYNC
[14] Vaux
13] Icomp
12] Isns
[11] Isnsano
[10] PWRGD

[9] ovPIN

(Note 1)

VDD, PWRGD ... 13.2V

Input Voltage Voo [1]
MARGIN, Vg, OVPIN, Isnsgns Isns ... —0.3V t0 5.3V o6 [2]
SYNC .., —-14V to 14V PGND [3]

Output Voltage GND [4]
Veomps lcomp (NOtE 2) .. -0.3V 10 5.3V OPTODRV [5]

Power DisSipation ..........ccccoeveveeeviveveeircrceeeere, 500mW Veomp [6

Operating Temperature Range MARGIN [7]
LTC1698E (Note 3) ......cccceveverrnnnene, —40°C to 85°C Vee (8]
LTC1698I ..., —-40°C to 85°C GN PACKAGE

Storage Temperature Range ................. -65°C to 150°C

Lead Temperature (Soldering, 10 S€C).................. 300°C

S PACKAGE

16-LEAD PLASTIC SSOP 16-LEAD PLASTIC SO

Tymax = 125°C, Ba = 130°C/W (GN)
Tymax = 125°C, 6y = 110°C/W (SO)

ORDER PART
NUMBER

LTC1698EGN
LTC1698ES
LTC1698IGN
LTC1698IS

GN PART MARKING

1698
1698l

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

GLGCTRICHL CHHBHCTERISTICS The « indicates specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 8V, unless otherwise noted. (Note 4)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vop Supply Voltage ° 6 8 12.6 v
VuviLo Undervoltage Lockout 4 \
|VDD VDD Supply Current VFB| OVPIN, VISNS: VISNSGND =0V,
Crg = Gog = 1000pF, Cyaux = 0.14F,
Vsyng = 0V . 1.8 4 mA
fsyng = 100kHz (Note 5) 5.0 mA
MARGIN and Error Amplifier
Vig Feedback Voltage MARGIN = Open, Vgomp = 1V (Note 7) 1223 1233 1243 v
o | 1215 1233  1.251 v
lvrg Feedback Input Current Vg =1.233V ° 0.05 1 PA
Vmarain | MARGIN Voltage MARGIN = Open 1.65 v
Ruwargin | MARGIN Input Resistance 16.5 kQ
AV Feedback Voltage Adjustment Vmargin = 3.3V 4 5 6 %
VIVIARGIN =0V -6 -5 -4 %
GeRr Error Amplifier Open-Loop DC Gain Veomp = 0.8V 10 1.2V, Load = 2kQ, 100pF . 65 90 aB
BWerr Error Amplifier Unity-Gain Bandwidth No Load (Note 6) 2 MHz
VeLamp Error Amplifier Output Clamp Voltage Vg =0V 2 v
lvcomp Error Amplifier Source Current Vg =0V -25 -10 mA
Error Amplifier Sink Current Vg =5V, Vgomp = 1.233V 3 7 mA
OPTODRV
GopTo Opto Driver DC Gain OVPIN, Visns, Visnsanp = OV ° 4.75 5 5.25 VNV
BWopto Opto Driver Unity-Gain Bandwidth No Load (Note 6) 1 MHz
Voptomigh | Opto Driver Output High Voltage Ve, OVPIN, Visnsenp = 0V, Vigyg = —50mV,
lopToDRY = —10MA . 4 5 Y
lopTOSC Opto Driver Output Short-Gircuit Current | OVPIN, Visnsgno, Visns = 0V, Veg = 1.233V ° -50 -25 -10 mA
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LTC 1698
GLGCTRICHL CHHBHCTGBISTICS The « indicates specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 8V, unless otherwise noted. (Note 4)

SYMBOL| PARAMETER | CONDITIONS | MIN TYP  WMAX | UNITS
Vaux
Vaux | Auxiliary Supply Voltage | Cyaux = 0.1pF, I gap = OMA to 10mA, Vpp =7V 10 12.6V | o | 3135 3.320 3.465 | %
Current Limit Amplifier
lisnsanD | Isnsanp Input Current Visnsanp = 0V . 0.05 1 pA
lisns Isns Input Current Vigng = 0V o 0.05 1 PA
ViumTe | Current Limit Threshold Vicomp = 2.5V, Vignsenp = 0V =270 -25 -23.0 mV
(Visns — VisnsGND) o | -2715  -25  -225 mV
licomp | Icomp Source Current Visnsenp = 0V, Visns = —0.3V, Vigomp = 2.5V (Note 8) -280 -200 -120 PA
o | =370 -200 -80 PA
Icomp Sink Current Visnsanp = 0V, Visns = 0.3V, Vigomp = 2.5V (Note 8) 120 200 280 pA
. 80 200 370 PA
Omium | Current Limit Amplifier Visnsanp = 0V, Vigomp = 2.5V, licomp = £10pA ° 2.2 3.5 5 millimho
Transconductance
Gigomp | Current Limit Amplifier Vicomp = 2.5V, No Load o 48 60 dB
Open-Loop DC Gain
PWRGD and OVP Comparators
Vpwrap | Percent Below Veg Vig ¢, MARGIN = Open (Note 9) o -9 -6 -3 %
Ipwrgp | Power Good Sink Current Vig=2V o 10 PA
Vig = 0V . 10 mA
VoL Power Good Output Low Voltage IpwraD = 3MA, Vrg = 0V ° 04 \
Voverer | OVPIN Threshold Veg = Visns = Visnsgnp = 0V, OVPIN + (Note 9) o | 118 1233 1.28 v
lovpin OVPIN Input Bias Current Vovpiy = 1.233V ° 0.1 1 pA
tpwrap | Power Good Response Time Vg t o 1 2 5 ms
Power Bad Response Time Vg | o 05 1 2.5 ms
tovp Overvoltage Response Time Vovpin 1, CopTopry = 0.14F o 5 20 ]
SYNC and Drivers
Vpr SYNC Input Positive Threshold o 1 1.6 2.2 \
VNt SYNC Input Negative Threshold o | -22 -1.6 -1 Y
Isyn SYNC Input Current Vgyng =10V ° 1 50 PA
fsyne SYNG Frequency Range Crg = Cgg = 1000pF, Vgyng = £5V o 50 400 kHz
tg SYNG Input to Driver Output Delay Crg = Cgg = 1000pF, fsyng = 100kHz, Vsyng = £5V o 40 90 ns
tsyne Minimum SYNC Pulse Width fsyng = 100kHz, Vgyng = £10V (Note 6) . 75 ns
ty, Driver Rise and Fall Time Crg = Cgg = 1000pF, fsyng = 100kHz, Vgyng = 25V, [ 10 40 ns
10% to 90%
topis Driver Disable Time-Out Crg = Cgg = 1000pF, fsyng = 100kHz, Vsyng = £5V
Measured from CG + (Note 10) o 10 15 20 s
Note 1: Absolute Maximum Ratings are those values beyond which the life Note 5: Supply current in active operation is dominated by the current
of a device may be impaired. All voltages refer to GND. needed to charge and discharge the external FET gates. This will vary with
Note 2: The LTC1698 incorporates a 5V linear regulator to power internal the LTG1698 operating frequency, supply voltage and the external FETs
circuitry. Driving these pins above 5.3V may cause excessive current flow. used.
Guaranteed by design and not subject to test. Note 6: This parameter is guaranteed by correlation and is not tested.
Note 3: The LTC1698E is guaranteed to meet performance specifications Note 7: Vg is tested in an op amp feedback loop which servos Vgg to the
from 0°C to 70°C. Specifications over the —40°C to 85°C operating internal bandgap voltage.
temperature range are assured by design, characterization and correlation Note 8: The current comparator output current varies linearly with
with statistical process controls. For guaranteed performanpe to temperature.
specifications over the —40°Q to §5°C rangez Fhe LTC1698l is available. Note 9: The PWRGD and OVP comparators incorporate 10mV of
Note 4: All currents into device pins are positive; all currents out of the hysteresis.

device pins are negative. All voltages are referenced to ground unles:s Note 10: The driver disable time-out is proportional to the SYNC period
otherwise specified. For applications with Vpp < 7V, refer to the Typical within the frequency synchronization range.

Performance Characteristics. 1698f




LTC 1698

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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LTC 1698

PIN FUNCTIONS

Vpp (Pin 1): Power Supply Input. For isolated applica-
tions, a simple rectifier from the power transformer is
used to power the chip. This pin powers the opto driver,
the Vayyx supply and the FG and CG drivers. Aninternal 5V
regulator powers the remaining circuitry. Vpp requires an
external 4.7uF bypass capacitor.

CG (Pin 2): Catch Gate Driver. If SYNC slews positive, CG
pulls high to drive an external N-channel MOSFET. CG
draws power from the Vpp pin and swings between Vpp
and PGND.

PGND (Pin 3): Power Ground. Connect PGND to a low
impedance ground plane in close proximity to the ground
terminal of the external current sensing resistor.

GND (Pin4): Logic and Signal Ground. GND is referenced
to the internal low power circuitry. Careful board layout
techniques must be used to prevent corruption of signal
ground reference. Connect GND and PGND together di-
rectly at the LTC1698.

OPTODRYV (Pin 5): Optocoupler Driver Output. This pin
drives a ground referenced optocoupler through an exter-
nal resistor. If Vg is low, OPTODRV pulls low. If Vgg is
high, OPTODRV pulls high. This optocoupler driver has a
DC gain of 5. During overvoltage or overcurrent condi-
tions, OPTODRV pulls high. The output is capable of
sourcing 10mA of current and will drive an external 0.1pF
capacitive load and is short-circuit protected.

Vcomp (Pin 6): Error Amplifier Qutput. This error amplifier
is able to drive more than 2kQ and 100pF of load. The
internal diode connected from Vg to Vgomp reduces
OPTODRYV recovery time under start-up conditions.

MARGIN (Pin 7): Current Input to Adjust the Output
Voltage Linearly. The MARGIN pin connects to an internal
16.5k resistor. The other end of this resistor is regulated
to 1.65V. Connecting MARGIN to a 3.3V logic supply
sources 100pA of current into the chip and moves the
output voltage 5% higher. Connecting MARGIN to 0V
sinks 100pA out of the pin and moves the regulated output
voltage 5% lower. The MARGIN pin voltage does not affect
the PWRGD and OVPIN trip points.

Veg (Pin 8): Feedback Voltage. Vrg senses the regulated
output voltage through an external resistor divider. The
Vg pinis servoed to the reference voltage of 1.233V under
closed-loop conditions. An RC network from Vegto Vgomp

compensates the feedback loop. If Veg goes low, Veomp
pulls high and OPTODRYV goes low.

OVPIN (Pin 9): Overvoltage Input. OVPIN is a high imped-
ance inputto aninternal comparator. The threshold of this
comparator is set to 1.233V. If the OVPIN potential is
higher than the threshold voltage, OPTODRV pulls high
immediately. Use an external RC lowpass filter to prevent
noisy signals from triggering this comparator.

PWRGD (Pin 10): Power Good Output. This is an open-
drain output. PWRGD floats if Vgg is above 94% of the
nominal value for more than 2ms. PWRGD pulls low if Vg
is below 94% of the nominal value for more than 1ms. The
PWRGD threshold is independent of the MARGIN pin
potential.

Isnsgnp (Pin 11): Current Sense Ground. Connect to the
positive side of the sense resistor, normally grounded.

Isns (Pin 12): Current Sense Input. Connect to the nega-
tive side of the sense resistor through an external RC
lowpass filter. This pin normally sees a negative voltage,
which is proportional to the average load current. If
current limit is exceeded, OPTODRYV pulls high.

Icomp (Pin 13): Current Amplifier Output. An RC network
at this pin compensates the current limit feedback loop.
Referencing the RC to Vqyt controls output voltage over-
shoot on start-up. This pin can float if current limit loop
compensation is not required.

Vaux (Pin 14): Auxiliary 3.3V Logic Supply. This pin
requiresa0.1uF or greater bypass capacitor. This auxiliary
power supply can power external devices and sources
10mA of current. Internal current limiting is provided.

SYNC (Pin 15): Drivers Synchronization Input. A negative
voltage slew at SYNC forces FG to pull high and GG to pull
low. A positive voltage slew at SYNC resets the FG pinand
CG pulls high. If SYNC loses its synchronization signal for
more than the driver disable time-out interval, both the
forward and catch drivers outputare forced low. The SYNC
circuit accepts pulse and square wave signals. The mini-
mum pulse width is 75ns. The synchronization frequency
range is between 50kHz to 400kHz.

FG (Pin 16): Forward Gate Driver. If SYNC slews negative,
FG goes high. FG draws power from Vpp and swings
between Vpp and PGND.
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OPGBHTIOI’I (Refer to Block Diagram)

The LTG1698 is a secondary-side synchronous rectifier
controller designed to work with the LT3781 primary-side
synchronous controller chip to form an isolated synchro-
nous forward converter. This chip set uses a dual transis-
torforward topology that is predominantly used in distrib-
uted power supply systems where isolated low voltages
are needed to power complex electronic equipment. The
primary stage is a current mode, fixed frequency forward
converter and provides the typical PWM operation. A
power transformer is used to provide the functions of
input/output isolation and voltage step-down to achieve
the required low output voltage. Instead of using typical

Schottky diodes, synchronous rectification on the sec-
ondary offers isolation with high efficiency. It supplies
high power without the need of bulky heat sinks, which is
often a problem in any space constrained application.

The LTC1698 not only provides synchronous drivers for
the external MOSFETS, it comes with other housekeeping
functions performed on the secondary side of the power
supply, all within a single integrated controller. Figure 1
shows the typical chip-setapplication. Upon power up, the
LTC1698’s Vppinputis low, the gate drivers TGand BG are
both at the ground potential. The secondary forward and

1698f
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OPGBHTIOI’I (Refer to Block Diagram)

catch MOSFETs Q3 and Q4 are off. As soon as transistors
Q1 and Q2 turn on, the flux in the power transformer T1
forces the body diodes of Q3 and Q4 to conduct, and the
whole circuit starts like a conventional forward converter.
At the same time, the LTC1698 Vpp potential ramps up
quickly through the Vpp bias circuitry. Once the Vpp
voltage exceeds 4.0V, the LTC1698 enables its drivers and
enters synchronous operation.

The pulse transformer T2 synchronizes the primary and
secondary MOSFET drivers. In a typical conversion cycle,
the primary MOSFETs Q1 and Q2 turn on simultaneously.
SGgoeslowand generatesanegative spike atthe LTC1698
SYNC input through the pulse transformer. The LTC1698
forces FG to turn onand CG to turn off. Power is delivered
totheloadthroughthetransformer T1andtheinductorL1.
Atthe beginning of the next phase in which Q1 and Q2 turn
off, SG goes high, SYNC sees a positive spike, the MOSFET
Q3 shuts off, Q4 conducts and allows continuous current
to flow through the inductor L1. The capacitor Cqyr filters
the switching waveform to provide a steady DC output
voltage for the load.

The LTG1698 error amplifier ERR senses the output volt-
age through an external resistor divider and regulates the
Vg pin potential to the 1.233V internal bandgap voltage.
An external RC network across the Veg and Veomp pins
frequency compensates the error amplifier feedback. The
opto driver amplifies the voltage difference between the
Vcomp pin and the bandgap potential, driving the external
optocoupler diode with an inverting gain of 5. The
optocoupler feeds the amplified output error signal to the
primary controller and closes the forward converter volt-
age feedback loop. Under start-up conditions, the internal
diode across the LTC1698 error amplifier clamps the
Vcomp pin. This speeds up the opto driver recovery time by
reducing the negative slew rate excursion atthe COMP pin.

The forward converter output voltage can be easily ad-
justed. The potential at the MARGIN pin is capable of

forcing the error amplifier reference voltage to move
linearly by +5%. The internal Ryargiy resistor converts
the MARGIN voltage to a current and linearly controls the
offset of the error amplifier. Connecting the MARGIN pin
to 3.3V increases the Vg voltage by 5%, and connecting
the MARGIN pin to OV reduces Vrg by 5%. With the
MARGIN pin floating, the VFB voltage is regulated to the
internal bandgap voltage.

The currentlimittransconductance amplifier I provides
the secondary side average current limit function. The
average voltage drops across the Rgpggpy resistor is
sensed and compared to the —25mV threshold set by the
internal Iy amplifier. Once Iy detects high output
current, the current amplifier output pulls high, overrides
the error amplifier, injects more current into the photo
diode and forces a lower duty cycle. An RC network
connected to the Igomp pinis used to stabilize the second-
ary current limit loop. Alternatively, if only overcurrent
fault protection is required, lgonp can float.

If under abnormal conditions the feedback path is broken,
OVPIN provides another route for overvoltage fault pro-
tection. If the voltage at OVPIN is higher than the bandgap
voltage, the OVP comparator forces OPTODRV high im-
mediately. A simple external RC filter prevents a momen-
tary overshoot at OVPIN from triggering the OVP
comparator. Short OVPIN to ground if this pin is not used.

The LTC1698 provides an open-drain PWRGD output. If
Vig is less than 94% of its nominal value for more than
1ms, the PWRGD comparator pulls the PWRGD pin low.
If Vpgis higherthan 94% of its nominal value for more than
2ms, the transistor Mpwgrgp shuts off, and an external
resistor pulls the PWRGD pin high.

The LTC1698 provides an auxiliary 3.3V logic power
supply. This auxiliary power supply is externally compen-
sated with a minimum 0.1F bypass capacitor. It supplies
up to 10mA of current to any external devices.
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Undervoltage Lockout

In UVLO (low Vpp voltage) the drivers FG and CG are shut
off and the pins OPTODRV, Vpyx, PWRGD and Igoup are
forced low. The LTC1698 allows the bandgap and the
internal bias currents to reach their steady-state values
before releasing UVLO. Typically, this happens when Vpp
reaches approximately 4.0V. Beyond this threshold, the
drivers start switching. The OPTODRV, Vayx, PWRGD and
lcomp pins return to their normal values and the chip is
fully functional. However, ifthe Vpp voltageis less than 7V,
the OPTODRV and Vpyy current sourcing capabilities are
limited. See the OPTO driver graphs in the Typical Perfor-
mance Characteristics section.

Vpp Regulator

The bias supply for the LTC1698 is generated by peak
rectifying the isolated transformer secondary winding. As
shown in Figure 2, the zener diode Z1 is connected from
base of Q5 to ground such that the emitter of Q5 is
regulated to one diode drop below the zener voltage. Ry is
selected to bring Z1 into conduction and also provide base
current to Q5. A resistor (on the order of a few hundred
ohms), in series with the base of Q5, may be required to
surpress high frequency oscillations depending on Q5’s
selection. Apower MOSFET canalso be used by increasing
the zener diode value to offset the drop of the gate-to-
source voltage. Vpp supply current varies linearly with the
supply voltage, driver load and clock frequency. A 4.7uF
bypass capacitor for the Vpp supply is sufficient for most
applications. This capacitor must be large enough to
provide a stable DC voltage to meet the LTC1698 Vpp

VSECONDARY

*Rp IS OPTIONAL, SEE TEXT %

1698 F02

Figure 2. Vpp Regulator

supply requirement. Under start-up conditions, it must be
small enough to power up instantaneously, enabling the
LTC1698 to regulate the feedback loop. Using a larger
capacitor requires evaluation of the start-up performance.

SYNC Input

Figure 3 shows the synchronous forward converter appli-
cation. The primary controller LT3781 runs at a fixed
frequency and controls MOSFETs Q1 and Q2. The second-
ary controller LTC1698 controls MOSFETs Q3 and Q4. An
inexpensive, small-size pulse transformer T2 synchro-
nizes the primary and the secondary controllers. Figure 4
shows the pulse transformertiming waveforms. When the
LT3781 synchronization output SG goes low, MOSFET

L1

16 i Q4 i |— cG
|
b [ ] I [ ]
PRIMARY | A D1 I SECONDARY
Vin | CONTROLLER 1 | T CONTROLLER | —— Cour
LT3781 A2 LTC1698
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s6 BG —2 I;q ! mlm F6 SYNC
I
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_M_ll - I =1 1698 F03 v

|
|
|
|
|
|
|

PRIMARY SECONDARY

ISOLATION BARRIER

Figure 3. Synchronization Using Pulse Transformer

o 1T 1
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Figure 4. Primary Side and Secondary Side

Synchronization Waveforms
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drivers TG and BG go high. The pulse transformer T2
generates a negative slew at the SYNC pin and forces the
secondary MOSFET driver FG to go highand CG to go low.
When TG and BG go low, SG goes high and the secondary
controller forces CG high and FG low.

For a given pulse transformer, a bigger capacitor Cgg
generates a higher and wider SYNC pulse. The peak of this
pulse should be much higher than the SYNC threshold.
Amplitudes greater than +5V help to speed up the SYNC
comparator and reduce the SYNC to FG and CG drivers
propagation delay. The minimum pulse width is 75ns.
Overshoot during the pulse transformer reset interval
must be minimized and kept below the minimum com-
parator thresholds of +1V. The amount of overshoot can
be reduced by having a smaller reset resistor Rgync. For
nonisolated applications, the SYNC input can be driven
directly by a square pulse. To reduce the propagation
delay, make the positive and negative magnitude of the
square wave much greater than the +2.2V maximum
threshold.

In addition to the simple driver synchronization, the sec-
ondary controller requires a driver disable signal. Loss of
synchronization while CG is high will cause Q4 to dis-
charge the output capacitor. This produces a negative
output voltage transient and possible damage to the load
circuitry connected to Vgyt. To overcome this problem,
the LTC1698 comes with a unique adaptive time-out
circuit. It works well within the 50kHz to 400kHz frequency
range. At every positive SYNC pulse, the internal timer
resets. If the SYNC signal is missing, the internal timer
loses its reset command, and eventually exceeds the
internal time-out limit. This forces both the FG and CG
drivers to go low immediately.

The time-out duration varies linearly with the LT3781
primary controller clocking frequency. Upon power up,
the time-out circuitry takes a few clock cycles to adapt to
the input clock frequency. During this time interval, the
drivers pulse width might be prematurely terminated, and
the inductor current flows through the MOSFETs body
diode. Once the LTC1698 timer locks to the clocking
frequency, the LTC1698 drivers follow the SYNC signal
without fail. Figure 5 shows the SYNC time-out wave-

o ML~
SYNC_l,_’\_l,_’\_l,_’\_L_’\_lk
e L LI
« LTI L
= I e e I
(INTSF!}%RFL{)I_l [ ] [
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Figure 5. SYNC Time-Out Waveforms

forms. The time-out circuit guarantees that if the SYNC
pulse is missing for more than one period, both the
drivers will be shut down preventing the output voltage
from going below ground. The wide synchronization
frequency range adds flexibility to the forward converter
and allows this converter chip set to meet different
application requirements.

Under normal operating conditions, the time-out circuitry
adapts to the switching frequency within a few cycles.
Once synchronized, internal circuitry ensures the maxi-
mum time that the Catch FET (Q4) could be left turned on
is typically just over one switching period. This is particu-
larly important with high output voltages that can generate
significant negative output inductor currents if the Catch
FET Q4 is left on. Poor feedback loop performance includ-
ing output voltage overshoot can cause the primary con-
troller to interrupt the synchronization pulse train. While
this generally is not a problem, it is possible that low
frequency interruptions could lead to a time-out period
longer than a switching period, limited only by the internal
timer clamp (50us typical).

Output Voltage Programming

The switching regulator output voltage is programmed
through a resistor feedback network (R1 and R2 in
Figure 1) connected to Vgg. If the output is at its nominal
value, the divider outputis regulated to the erroramplifier
threshold of 1.233V.

The output voltage is thus set according to the relation:
Vout =1.233 ¢ (1 + R2/R1)
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MARGIN Adjustment

The MARGIN input is used for adjusting the programmed
output voltage linearly by varying the current flowing into
and out of the pin. Forcing 100pA into the pin moves the
output voltage 5% higher. Forcing 100pA out of the pin
moves the output voltage 5% lower. With the MARGIN pin
floating, the Vg pin is regulated to the bandgap voltage of
1.233V. The MARGIN pin is a high impedance input. It is
important to keep this pin away from any noise source like
the inductor switching node. Any stray signal coupled to
the MARGIN pin can affect the switching regulator output
voltage.

This pin is internally connected to a 16.5k resistor that
feeds the I-V converter. The |-V converter output linearly
controls the error amplifier offset voltage. The input of the
|-V converter is biased at 1.65V. This allows the £100pA
current to be obtained by connecting the MARGIN pin to
the Vayyx 3.3V supply (+5%) or GND (-5%). For output
voltage adjustment smaller than £5%, an external resistor
Rext as shown in Figure 6 is added in series with the
internal resistor to lower the current flowing into or out of
the MARGIN pin. The value of Rgxt is calculated as follow:

0 5% U

Rey = —1516.5k
EXT = LREQUIRED % 1

Rext
(OPTIONAL)
7 |-V CONVERTER

REDUCE INCREASE
Vrs VrB

V
BANDGAP REF

+5% VRer

Vbp +
— ERR

v
Yo 14 AUX GEN - Bry
- Vaux
? 0.1uF f Vcomp 5

1698 FO6.

Figure 6. Output Voltage Adjustment

Overvoltage Function

The OVPIN is used for overvoltage protection and is
designed to protect againstan open Vgg loop. Opening the

Vig loop causes the error amplifier to drive the OPTODRVY
pin low, forcing the primary controller to increase the duty
cycle. This causes the output voltage to increase to a
dangerously high level. To eliminate this fault condition,
the OVP comparator monitors the output voltage with a
resistive divider at OVPIN. A voltage at OVPIN higher than
the Vger potential forces the OPTODRV pin high and
reduces the duty cycle, thus preventing the output voltage
from increasing further.

The OVPIN senses the output voltage through a resistor
divider network (R4 and R5 in Figure 1). The divider is
ratioed such thatthe voltage at OVPIN equals 1.233V when
the output voltage rises to the overvoltage level. The
overvoltage level is set following the relation:

VOVERVOLTAGE =1.233¢ (1 + R5/R4)

The OVP comparator is designed to respond quickly to an
overvoltage condition. A small capacitor from OVPIN to
ground keeps any noise spikes from coupling to the OVP
pin. This simple RC filter prevents amomentary overshoot
from triggering the OVP comparator.

The OVP comparator threshold is independent of the
potential at the MARGIN pin. If the OVP function is not
used, connect OVPIN to ground.

Power Good

The PWRGD pin is an open-drain output for power good
indication. PWRGD floats if Vgg is above 94% of the
nominal value for more than 2ms. An external pull-up
resistor is required for PWRGD to swing high. PWRGD
pulls low if Vgg drops below 94% of the nominal value for
morethan 1ms. The PWRGD threshold is referenced to the
1.233V bandgap voltage, which remains unchanged if the
MARGIN pin is exercised.

Opto Feedback and Frequency Compensation

For a forward converter to obtain good load and line
regulation, the output voltage must be sensed and com-
pared to an accurate reference potential. Any error voltage
must be amplified and fed back to the supply’s control
circuitry where the sensed error can be corrected. In an
isolated supply, the control circuitry is frequently located
on the primary. The output error signal in this type of
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supply must cross the isolation boundary. Coupling this
signal requires an element that will withstand the isolation
potentials and still transfer the loop error signal.
Optocouplers are widely used for this function due to their
ability to couple DC signals. To properly apply them, a
number of factors must be considered. The gain, or
current transfer ratio (CTR) through an optocoupler is
loosely specified and is a strong function of the input
current through the diode. It changes considerably as a
function of time (aging) and temperature. The amount of
aging accelerates with higher operating current. This
variation directly affects the overall loop gain of the sys-
tem. To be an effective optical detector, the output transis-
tor of the optocoupler must have a large base area to
collect the light energy. This gives it a large collector to
base capacitance which can introduce a pole into the
feedback loop. This pole varies considerably with the
current and interacts with the overall loop frequency
compensation network.

The common collector optocoupler configuration removes
the miller effect due to the parasitic capacitance and

increases the frequency response. Figure 7 shows the
optocoupler feedback circuitry using the common collec-
torapproach. Note that the terms Rp, CTR, Cpg and rypvary
from part to part. They also change with bias current. The
dominant pole of the opto feedback is due to Rrand Cg. The
feedforward capacitor Ck at the optocoupler creates a low
frequency zero. This zero should be chosen to provide a
phase boost at the loop crossover frequency. The parallel
combination of Rxand Rp form a high frequency pole with
Ck. Formost optocouplers, Rpis 50Qata DC bias of 1mA,
and 25Q at a DC bias of 2mA. The CTR term is the small
signal AC current transfer ratio. For the QT Optoelectron-
ics MOC207 optocoupler used here, the AC CTR is around
1, even though the DC CTR is much lower when biased at
1mA or 2mA. The first denominator term in the Vg/Voyt
equation has been simplified and assumes that Cpg<<Ce.
The actual term is:

Cc+Crg U

O
seR2e¢(Cc +Crp)e1+S*Rc
(Cc +Crs) H c Ce +Crs

\ __ (1+s*Cg *Rg) (1+s*Rk *Ck) .ERF°CTRD. 1 . ]
Vout (s*R2¢Cg)e(1+s*Rg *Crp) D1+S.C .mm D+RKE (1+ser;*Cpe) (1+S°Rr*Cp)
E X Rk +Rp

where:

Rp = Optocouplerdiode equivalent small - signal resistance

CTR = Optocoupler current transfer ratio

Cpe = Optocoupler nonlinear capacitor across base to emitter
r = Optocoupler small - signal resistance across the base emitter
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Figure 7. Error Signal Feedback
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A series RC network can be added in parallel with R2
(Figure 7) to provide a zero for the feedback loop fre-
quency compensation.

The opto driver will drive a capacitive load up to 0.1pF. For
optocouplers with a base pin, switching signal noise can
get into this high impedance node. Connect a large resis-
tor, 1M or 2M between the base and the emitter. This
increases the diode current and the overall feedback
bandwidth slightly, and decreases the optocoupler gain.

When designing the resistor in series with the optocoupler
diode, itisimportant to consider the part to part variations
in the current transfer ratio and its reduction over tem-
perature and aging. The bigger the biasing current, the
faster the aging. The LTC1698 opto driver is designed to
source up to 10mA of current and swing between 0.4V to
(Vpp—2.5V). This should meet the design consideration
of most optocouplers.

Besides the voltage feedback function, the LTC1698 opto
driver couples fault signals to the primary controller and
prevents catastrophic damage to the circuit. Upon current
limit or an overvoltage fault, the I,y or OVP comparator
overrides the error amplifier output and forces the
OPTODRYV pin high. This sources maximum current into
the external optodiode and reduces the forward converter
duty cycle.

Average Current Limit

The secondary current limit function is implemented by
measuring the negative voltage across the current sense
resistor Rggcsey. The current limit transconductance

amplifier Iy has a —25mV threshold. As shown in
Figure 8, if the secondary current is small, the Igomp pin
goes low and the transistor M, shuts off. The potential
at Vgomp determines the OPTODRV output. If the second-
ary current is large, Icomp pulls high and forces the tran-
sistor M jw to turn on hard. Thus the current limit circuit
overrides the voltage feedback and forces OPTODRYV high
andinjects maximum currentinto the external optocoupler.
The Ry resistor provides a linear relationship between
the current sensed and the OPTODRV output.

The Igys and Isysgnp pins allow a true Kelvin current
sense measurement and offer true differential measure-
ment across the sense resistor. A differential lowpass
filter formed by R6 and C2 removes the pulse-to-pulse
inductor current ripple and generates the average sec-
ondary current which is equal to the load current. The
lowpass corner frequency is typically setto 1to 2 orders
of magnitude below the switching frequency and follows
the relationship:

_25mV
RsECSEN =
ILmAx
R6 = 1 .
DerreC2e-SW
10
where:

Rsecsen = Secondary current sense resistor
I_max = Maximum allowed secondary current
fsyy = Forward converter switching frequency
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Figure 8. Secondary Average Current Limit
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Ifthe application generates a bigger current sense voltage,
a potential divider can be easily obtained by adding a
resistor across C2. With this additional resistor, the volt-
age sensed by the current comparator becomes:

Rpiv
Rpiv + (2*R6)

An RC network formed by Ry and Cgy v between Igomp
and Vqy can be used to stabilize the current limit loop.
Connecting the compensation network to Voyt minimizes
output overshoot during start-up or short-circuit recov-
ery. The Rgjw and Cep zero should be chosen to be well
within the closed-loop crossover frequency. This pin can
be left floating if current loop compensation is not re-
quired. The forward convertersecondary currentlimitfunc-
tion can be disabled by shorting Igys and Isysgnp to ground.

*VRSENSE

Auxiliary 3.3V Logic Power Supply

An internal P-channel LDO (low dropout regulator) pro-
duces the 3.3V auxiliary supply that can power external
devices or drive the MARGIN pin. This supply can source
up to 10mA of current and the current limit is provided
internally. The pin requires at least a 0.1uF bypass
capacitor.

MOSFET Selection

Two logic-level N-channel power MOSFETs (Q3 and Q4 in
Figure 1) are required for most LTG1698 circuits. They are
selected based primarily on the on-resistance and body
diode considerations. The required MOSFET Rpg o) should
be determined based on input and output voltage, allow-
able power dissipation and maximum required output
current.

The average inductor (L1) current is equal to the output
load current. This current is always flowing through either
Q3 or Q4 with the power dissipation split up according to
the duty cycle:

DC(Qg):M.N_P
Viv. Ns

_ Moyt , Np J
Hvy  Ng
where Np/Ng is the turns ratio of the transformer T1.

DC(Q4) =1

The Rps(on) required for a given conduction loss can now
be calculated by rearranging the relation P = I2R.

2
Puax(a3) =Imax *Rbsoon)as *DC(Q3)

IMAX 'DC(Q3)
2

Puax(a4) =Imax *Rbsoonyas *DC(Q4)
IMAX °DC(Q4)

where Iyax is the maximum load current and Pyayx is the
allowable conduction loss.

Inatypical 2-transistor forward converter circuit, the duty
cycle is less than 50% to prevent the transformer core
from saturating. This results in the duty cycle of Q4 being
greater than that of Q3. Q4 will dissipate more power due
to the higher duty cycle. A lower Rpg(on) MOSFET can be
used for Q4. This will slow down the turn-on time of Q4
since a lower Rpgony MOSFET will have a larger gate
capacitance.

The next consideration for the MOSFET is the characteris-
tic of the body diode. The body diodes conduct during the
power-up phase, when the LTC1698 Vpp supply is ramp-
ing up and the time-out circuit is adapting to the SYNC
input frequency. The CG and FG signals terminate prema-
turely and the inductor current flows through the body
diodes. The body diodes must be able to take the compa-
rable amount of current as the MOSFETs. Most power
MOSFETs have the same current rating for the body diode
and the MOSFET itself.

The LTG1698 CG and FG MOSFET drivers will dissipate
power. This willincrease with higher switching frequency,
higher Vpp or larger MOSFETSs. To calculate the driver
dissipation, the total gate charge Qg is used. This param-
eter is found on the MOSFET manufacturers data sheet.
The power dissipated in each LTC1698 MOSFET driver is:

Poriver = Qg ¢ Vpp * fsw
where fgyy is the switching frequency of the converter.
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Power Transformer Selection

The forward transformer provides DC isolation and deliv-
ers energy from the primary to the secondary. Unlike the
flyback topology, the transformer in the forward converter
is notan energy storage device. As such, ungapped ferrite
material is typically used. Select a power material rated
with low loss at the switching frequency. Many core
manufacturers have selection guides and application notes
for transformer design. A brief overview of the more
important design considerations is presented here.

For operating frequencies greater than 100kHz, the flux
inthe core is usually limited by core loss, not saturation.
It is important to review both criteria when selecting the
transformer. The AC operating flux density for core loss is
given by:

Viy *DC 108
2¢Np *Ag *fsw

Bac =

where:

Bac is the AC operating flux density (gauss)

DC is the operating duty cycle

Ae is the effective cross sectional core area (cm?)
fsyy is the switching frequency

To prevent core saturation during a transient condition,
the peak flux density is:

_ Vingwax) *DC (MAX)+108

Brk
Np *Ag *fsw

The minimum secondary turns count is:

Vout +Vp
Vingviny® D C(MAX)

Nsviny = Np ©

where:

Vour is the secondary output voltage
Vpis the voltage drop across the rectifier in the secondary
Vin(miny is the minimum input voltage
DC(MAX) is the maximum duty cycle

The core must be sized to provide sufficient window area
for the amount of wire and insulation needed. The best
performance is achieved by making each winding a single
layer evenly distributed across the width of the bobbin.
Multiple layers may be used to increase the copper area.
Interleaving the primary and secondary windings will
decrease the leakage inductance.

In a single-ended forward converter, much of the energy
stored in the leakage inductance is dissipated in the
primary-side MOSFET during turn-off. It is good design
practice to sandwich the secondary winding between two
primary windings.

For the 2-transistor forward converter shown in Figure 1,
energy stored in the leakage inductance is returned to the
input by diodes D1 and D2. With this topology, additional
insulation for higher isolation can be used without signifi-
cant penalty.

For a more detailed discussion on transformer core and
winding losses, see Application Note AN19.

Inductor Selection

The output inductor in a typical LTC1698 circuit is chosen
for inductance value and saturation current rating. The
output inductor in a forward converter operates the same
as in a buck regulator. The inductance sets the ripple
current, which is commonly chosen to be 40% of the full
load current. Ripple current is set by:

Vourt * torr(vax)

IRiIPPLE =

L
where:
(1 -DC (MIN))
toFF(VAX) = T ew

and DC(MIN) is calculated based on the maximum input
voltage.

DC(MIN) = Ne , Vour
Ns  Vingvax)
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Once the value of the inductor has been determined, an
inductor with sufficient DC current rating is selected. Core
saturation mustbe avoided underall operating conditions.
Under start-up conditions, the converter sees a short
circuit while charging the output capacitor. If the inductor
saturates, the peak current will dramatically increase. The
current will be limited only by the primary controller
minimum on time and the circuit impedances.

High efficiency converters generally cannot afford the core
loss found in low cost iron powder cores, forcing the use
of more expensive ferrite, molypermalloy, or Kool Mp®
cores. As inductance increases, core loss goes down.
Increased inductance requires more turns of wire so
copper losses will increase. The optimum inductor will
have equal core and copper loss.

Ferrite designs have very low core lossesand are preferred
at higher switching frequencies. Therefore, design goals
concentrate on minimizing copper loss and preventing
saturation. Kool Mu is a very good, low-loss powder
material with a “soft” saturation characteristic.
Molypermalloy is more efficient at higher switching fre-
quencies, but is also more expensive. Surface mount
designs are available from many manufacturers using all
of these materials.

Output Capacitor Selection

The output capacitor selection is primarily determined by
the effective series resistance (ESR) to minimize voltage
ripple. In a forward converter application, the inductor
current is constantly flowing to the output capacitor,
therefore, the ripple current at the output capacitor is
small. The output ripple voltage is approximately given by:

1 O

]
VRIPPLE = IRIPPLE ® gSR + WE
*fsw *Cout

The output ripple is highest at maximum input voltage
since IgippLE increases with input voltage. Typically, once
the ESR requirement for Coyt has been satisfied the
capacitance is adequate for filtering and has the required
RMS current rating.

Fast load current transitions at the output will appear as a
voltage across the ESR of the output capacitor until the
feedback loop can change the inductor current to match
the new load current value. As an example: at 3.3V out, a
10A load step with a 0.01Q ESR output capacitor would
experience a 100mV step at the output, a 3% output
change. In surface mount applications, multiple capaci-
tors may have to be placed in parallel to meet the ESR
requirement.

PC Board Layout Checklist

When laying out the printed circuit board, the following
checklist should be used to ensure proper operation of the
LTC1698. These items are also illustrated graphically in
Figure 9. Check the following for your layout:

1. Keep the power circuit and the signal circuit segre-
gated. Place the power circuit, shown in bold, so that
the two MOSFET drain connections are made directly at
thetransformer. The two MOSFET sources should be as
close together as possible.

2. Connect PGND directly to the sense resistor with as
short a path as possible. The MOSFET gate drive return
currents flow through this connection.

3. Connect the 4.7uF ceramic capacitor directly between
Vppand PGND. This supplies the FG and CG drivers and
must supply the gate drive current.

4. Bypass the Vayx supply with a 0.1uF ceramic capacitor
returned to GND.

5. Place all signal components in close proximity to their
associated LTC1698 pins. Return all signal component
grounds directly to the GND pin. One common connec-
tion can be made to Vgyt* from R2, R5 and Cgjm-

6. Make the connection between GND and PGND right at
the LTC1698 pins.

7. UseaKelvin-sense connection fromthe Isysand Ignsgnp
pins to the secondary-side current-limit resistor

RSECSEN-

Kool Mpis a registered trademark of Magnetics, Inc.
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Figure 9. LTC1698 Layout Diagram
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Figure 10. Simplified Single Secondary Winding 3.3V and 1.8V Output Isolated DG/DC Converter
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TYPICAL APPLICATIONS
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LTC 1698

PACKAGE DESCRIPTION

GN Package
16-Lead Plastic SSOP (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1641)

045 +.005 (4-;3?— 41338)
Houoouol [ B |
v (0.229)
- EI 15 14 13 12 11 10 9 REF
254 MIN 150 - 165
229— 244 150 - 157+
|:| |:| |:| |:| |:| |:| v (5.817-6.198) (3.810-3.988)
0165 +.0015 —>| |<— jﬂ q]«.ozso TYP
RECOMMENDED SOLDER PAD LAYOUT l;] l;] l;] l;] l;] l;] l;] lj
B 1 23 456 7 8
| % x 45° 053 068 004 - 0098
(0.38+0.10) (1.351-1.727) (0.102—0.249)
007 - .0098 -
T —— G i |
« - @D—D@Mﬁ
‘ ‘ .016 - .050 .008 - .012 ‘ ‘ ‘ ‘ 0250
VNl (0.406 - 1.270) (0.203-0305) . '~ 1 ™ (0635
BSC

NOTE:
1. CONTROLLING DIMENSION: INCHES

INCHES
2. DIMENSIONS ARE IN (MILLIMETERS)

3. DRAWING NOT TO SCALE GN16 (SSOP) 0502
*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE

**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
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LTC 1698

PACKAGE DESCRIPTION

S Package
16-Lead Plastic Small Outline (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1610)

B 386 — .394
045 + 005 (9.804 -10.008)
.050 BSC —> NOTE 3
R Iﬂ D D * 16 E' ﬁ ﬁ 12 |E| |1:()| 9
N
,\m 160 +.005
228 — 244 150157
(5.791-6.197) (3.810 - 3.988)
' ' NOTE 3
/2 N/2 l

.030 +.005 »\ - I:I
TYP RECOMMENDED SOLDER PAD LAYOUT I A
1

Nam
w[T]
=[]
[T
o[
~[]
o [T

.010-.020
(0.254 - 0.508)

.008 -.010 —\\

(0.203 - 0.254) 0°-8°TYP

LJ v RN = s s e R
1 . 016-.050 ! G35 0488 ™ ‘ ‘“ ‘4 G20 !

— >
(0.406 - 1.270) TYP BSC $160502

NOTE:
INCHES
1. DIMENSIONS IN (MILLIMETERS)

2. DRAWING NOT TO SCALE
3. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED .006" (0.15mm)

x 45"»‘ -~ _.053-.069_
(1.346 - 1.752) .004 -.010
(0.101 - 0.254)
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LTC 1698

TYPICAL APPLICATIONS

LT3781/LTC1698 Isolated 3.3V/15A Converter
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LT3781/LTC1698 Isolated 3.3V/15A Converter

EFFICIENCY (%)

LT3781/LTC1698 Isolated 5V/30A Converter
Efficiency vs Load Current
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RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LT1339 High Power Synchronous DG/DC Controller Operation Up to 60V Maximum

LT1425 Isolated Flyback Switching Regulator General Purpose with External Application Resistor

LT1431 Programmable Reference 0.4% Initial Voltage Tolerance

LT1680 High Power DG/DC Step-Up Controller Operation Up to 60V Maximum

LT1681 Dual Transistor Synchronous Forward Controller Operation Up to 72V Maximum

LT1725 General Purpose Isolated Flyback Controller Drives External Power MOSFET with External Isensg Resistor

LT1737 High Power Isolated Flyback Controller Sense Output Voltage Directly from Primary-Side Winding

LT3710 Secondary Side Synchronous Post Regulator Generates a Regulated Auxiliary Outputin Isolated DG/DC Converters, Dual
N-Channel MOSFET Synchronous Drivers

LT3781 Dual Transistor Synchronous Forward Controller Operation up to 72V Maximum
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