FEATURES

Small SO-8 Package

APPLICATIONS

| t ’\D LTC3900

TECHNOLOGY synchronous Rectifier Driver

48V Input Isolated DG/DC Converters
Isolated Telecom Power Supplies
High Voltage Distributed Power

Step-Down Converters

Industrial Control System Power Supplies
Automotive and Heavy Equipment

N-Channel Synchronous Rectifier MOSFET Driver
Programmable Timeout Protection

Reverse Inductor Current Protection
Pulse Transformer Synchronization

Wide Vg Supply Range: 4.5V to 11V
15ns Rise/Fall Times at Vg = 5V, C = 4700pF
Undervoltage Lockout

for Forward Converters

DESCRIPTION

The LTC®3900 is a secondary-side synchronous recti-
fier driver designed to be used in isolated forward con-
verter power supplies. The chip drives N-channel rectifier
MOSFETs and accepts pulse sychronization from the
primary-side controller via a pulse transformer.

The LTG3900 incorporates a full range of protection for the
external MOSFETs. A programmable timeout function is
included that disables both drivers when the synchroniza-
tion signal is missing or incorrect. Additionally, the chip
sensesthe outputinductorcurrentthroughthe drain-source
resistance of the catch MOSFET, shutting off the MOSFET
if the inductor current reverses. The LTC3900 also shuts
off the drivers if the supply voltage is too low.

L7, LT LTC, LTM, Linear Technology, Burst Mode 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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LTC3200

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage
VGG vttt 12V
Input Voltage
CST,TIMER ... -0.3Vto (Vgp +0.3V)
SYNC oo -12Vto 12V
Input Current
G e 15mA
Operating Junction Temperature Range (Note 2)
LTC3900E..........ccooeeererereeeeeeeeeeereran, -40°C to 125°C
LTC3900I........c.cooveeeeeeeeeeeeeeeeeeeeeeens -40°C to 125°C
LTC3900H ..o -40°C to 150°C
LTC3900MP ........cooveeeveeeeeeerereeerererans -55°C to 150°C
Storage Temperature Range................... -65°C to 150°C
Lead Temperature (Soldering, 10 SEC) .......ccev...... 300°C

PIN CONFIGURATION

TOP VIEW

cs* [1]
cs™[2]
CG [3]
Ve [4]

8] SYNC
[ 7] TIMER
6] GND

5] FG

S8 PACKAGE
8-LEAD PLASTIC SO
Tamax = 150°C, 6y = 130°C/W

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC3900ES8#PBF LTC3900ES8#TRPBF 3900 8-Lead Plastic Small Outline -40°C to 125°C
LTC39001S8#PBF LTC39001S8#TRPBF 3900 8-Lead Plastic Small Outline -40°C to 125°C
LTC3900HS8#PBF LTC3900HS8#TRPBF 3900 8-Lead Plastic Small Outline -40°C to 150°C
LTC3900MPS8#PBF LTC3900MPS8#TRPBF | 3900 8-Lead Plastic Small Outline -55°C to 150°C
LEAD BASED FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC3900ES8 LTC3900ES8#TR 3900 8-Lead Plastic Small Outline -40°C to 125°C
LTC39001S8 LTC3900IS8#TR 3900 8-Lead Plastic Small Outline -40°C to 125°C
LTC3900HS8 LTC3900HS8#TR 3900 8-Lead Plastic Small Outline -40°C to 150°C
LTC3900MPS8 LTC3900MPS8#TR 3900 8-Lead Plastic Small Qutline -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/

GLGCT“'C“L CHHRHCTGBBTKS The e denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V unless otherwise specified. (Notes 2, 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Voo Supply Voltage Range ) 45 5 11 v
VuvLo Ve Undervoltage Lockout Threshold | Rising Edge ° 41 4.5 v
Vgc Undervoltage Lockout Hysteresis | Rising Edge to Falling Edge 0.5 V
lve Ve Supply Current Vgyng = 0V [ 0.5 1 mA
fsyng = 100kHz, Crg = Cgg = 4700pF (Note 4) | ® 7 15 mA

Timer
VMR Timer Threshold Voltage ® | -10%  Vgo/d 10% v
ITvR Timer Input Current Vivgr =0V [ -6 -10 HA
3900fb
2 LT LNERR



LTC 3200

GLGCTRKHL CHHBHCT€3|STKS The @ denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V unless otherwise specified. (Notes 2, 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
tTMRDIS Timer Discharge Time Ctmr = 1000pF, RTpmr = 4.7k 40 120 ns
VTMRMAX Timer Pin Clamp Voltage Ctmr = 1000pF, Rryr = 4.7k 2.5 V
Current Sense
los+ CS* Input Current Ves+ =0V +1 HA
los— CS~ Input Current Ves—=0V +1 HA
Vesmax CS* Pin Clamp Voltage Iy =5mA, Vgyng = -5V 1 v
Ves Current Sense Threshold Voltage Ves—=0V 75 10.5 13.5 mV
LTC3900E/LTC3900I (Note 5) 3 18 mV
LTC3900H/LTC3900MP (Note 5) 1 20 mV
SYNC Input
Isyng SYNC Input Current Vgyne = £10V +1 +10 HA
Vsyncp SYNC Input Positive Threshold 1.0 1.4 1.8 v
SYNC Positive Input Hysteresis (Note 6) 0.2 v
Vsynen SYNC Input Negative Threshold -1.8 -14 -1.0 v
SYNC Negative Input Hysteresis (Note 6) 0.2 V
Driver Qutput
RonH Driver Pull-Up Resistance loyt =-100mA 0.9 1.2 Q
LTC3900E/LTC3900I 1.6 Q
LTC3900H/LTC3900MP 2.0 Q
Ront Driver Pull-Down Resistance lout = 100mA 0.9 1.2 Q
LTC3900E/LTC3900I 1.6 Q
LTC3900H/LTC3900MP 2.0 Q
Ipk Driver Peak Output Current (Note 6) 2 A
Switching Characteristics (Note 7)
tq SYNC Input to Driver Output Delay Crg = Cog = 4700pF, Vgyng = x5V
LTC3900E/LTC3900I 60 120 ns
LTC3900H/LTC3900MP 150 ns
tsyne Minimum SYNC Pulse Width Vsyng = £5V 75 ns
tr, t Driver Rise/Fall Time Crg = Cog = 4700pF, Vgyng = x5V 15 ns

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device

reliability and lifetime.

Note 2: The LTC3900 is tested under pulsed load conditions such that
Ty = Ta. The LTC3900E is guaranteed to meet performance specifications
from 0°C to 85°C operating 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 LTC39001 is guaranteed over the —40°C to 125°C operating
junction temperature range. The LTC3900H is guaranteed over the full
-40°C to 150°C operating junction temperature range. The LTC3900MP
is guaranteed and tested over the full -55°C to 150°C operating junction
temperature range. High junction temperatures degrade operating
lifetimes; operating lifetime is derated for junction temperatures greater
than 125°C. Note that the maximum ambient temperature consistent
with these specifications is determined by specific operating conditions
in conjunction with board layout, the rated package thermal impedance
and other environmental factors. The junction temperature (Ty, in °C) is

impedance.

specified.

MOSFETSs used.

Ros(on)-

driver output.

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

Note 7: Rise and fall times are measured using 10% and 90% levels. Delay
times are measured from +1.4V at SYNC input to 20%/80% levels at the

Note 5: The current sense comparator threshold has a 0.33%/°C
temperature coefficient (TC) to match the TC of the external MOSFET

calculated from the ambient temperature (Ta, in °C) and power dissipation
(Pp, in watts) according to the formula:

Ty=Ta+ (Ppe6yp), where 6ya (in °C/W) is the package thermal

Note 3: All currents into device pins are positive; all currents out of device
pins are negative. All voltages are referenced to ground unless otherwise

Note 4: Supply current in normal operation is dominated by the current
needed to charge and discharge the external MOSFET gates. This current
will vary with supply voltage, switching frequency and the external

3900fb
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LTC3200

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC 3200

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3200

PIN FUNCTIONS

CS*, CS™ (Pin 1, 2): Current Sense Differential Input.
Connect CS* through a series resistor to the drain of the
external catch MOSFET, Q4. Connect CS™ to the source.
The LTG3900 monitors the CS inputs 250ns after CG goes
high. If the inductor current reverses and flows into the
MOSFET causing CS* to rise above CS™ by more than
10.5mV, the LTC3900 pulls CG low. See the Current Sense
section for more details on choosing the resistance value
for Rgs1 to Ress.

CG (Pin 3): Catch MOSFET Gate Driver. This pin drives the
gate of the external N-channel catch MOSFET, Q4.

Vec (Pin 4): Main Supply Input. This pin powers the driv-
ers and the rest of the internal circuitry. Bypass this pin
to GND using a4.7pF ceramic capacitor in close proximity
to the LTC3900.

FG (Pin 5): Forward MOSFET Gate Driver. This pin drives
the gate of the external N-channel forward MOSFET, Q3.

GND (Pin 6): The V¢ bypass capacitor should be con-
nected directly to this GND pin.

TIMER (Pin 7): Timer Input. Connect this pinto an external
R-C network to program the timeout period. The LTC3900
resets the timer at every negative transition of the SYNC
input. If the SYNC signal is missing or incorrect, the
LTC3900 pulls both CG and FG low once the TIMER pin
goes above the timeout threshold. See the Timer section
for more details on programming the timeout period.

SYNC (Pin 8): Driver Synchronization Input. This input
is signal edge sensitive. A negative voltage slew at SYNC
forces FG to pull high and CG to pull low. A positive volt-
age slew at SYNC forces FG to pull low and CG to pull
high. The SYNC input can accept both pulse or square
wave signals.

4& SYNC* | .4 v
+1.4V—0 4] e
AV SNC
sYNG [8}—e—— SYNC
st [T AND e
i DRIVER V
cs E—@— LOGIC
DISABLE T
10.5mv - DRIVER TIVER > cG
RESET V
UVLO
TIMER [7 — R
180k
R2
) :—‘ ZTMR 45k
$ 05+ Vgg
]|
Mrmr I

3900 BD gm GND




LTC 3200

APPLICATIONS INFORMATION

Overview

In a typical forward converter topology, a power trans-
former is used to provide the functions of input/output
isolation and voltage step-down to achieve the required
low output voltage. Schottky diodes are often used on
the secondary-side to provide rectification. Schottky
diodes, though easy to use, result in a loss of efficiency
due to relatively high voltage drops. Toimprove efficiency,
synchronous output rectifiers utilizing N-channel MOSFETs
can be used instead of Schottky diodes. The LTC3900
provides all of the necessary functions required to drive
the synchronous rectifier MOSFETS.

Figure 1 shows a simplified forward converter application.
T1isthe powertransformer; Q1 is the primary-side power
transistor driven by the primary controller, LT1952 output
(OUT). The pulsetransformer T2 provides synchronization
andisdriven by LT1952 synchronization signal, Sgytor SG
fromthe primary controller. Q3 and Q4 are secondary-side
synchronous switches driven by the LTC3900’s FG and CG
output. Inductor L and capacitor Coyt form the output
filter to provide a steady DC output voltage for the load.
Also shown in Figure 1 is the feedback path from Vgyrt
throughthe optocouplerdriver LT4430and an optocoupler,
back to the primary controller to regulate Voyrt.

Each full cycle of the forward converter operation con-
sists of two periods. In the first period, Q1 turns on and
the primary-side delivers power to the load through T1.
SG goes high and T2 generates a negative pulse at the
LTC3900 SYNC input. The LTC3900 forces FG to turn on
and CG to turn off, Q3 conducts. Current flows to the

load through Q3, T1 and L. In the next period, Q1 turns
off, SG goes low and T2 generates a positive pulse at the
LTC3900 SYNG input. The LTC3900 forces FG to turn off
and CG to turn on, Q4 conducts. Current continues to
flow to the load through Q4 and Lg. Figure 2 shows the
LTC3900 synchronization waveforms.

External MOSFET Protection

Aprogrammabletimerand a differentialinput currentsense
comparator are included in the LTGC3900 for protection
of the external MOSFET during power down and Burst
Mode® operation. The chip also shuts off the MOSFETs
if Vgo<4.1V.

Whenthe primary controlleris powering down, the primary
controller shuts down first and the LTC3900 continues to
operate for a while by drawing power from the Vg bypass
cap, Cycc. The SG signal stops switching and there is no
SYNC pulse to the LTC3900. The LTC3900 keeps one of
the drivers turned on depending on the polarity of the
last SYNC pulse. If the last SYNC pulse is positive, CG
will remain high and the catch MOSFET, Q4 will stay on.
The inductor current will start falling down to zero and
continue going in the negative direction due to the voltage
thatis still presentacross the output capacitor (the current
now flows from Cqyt back to Lg). If Q4 is turned off while
the inductor current is negative, the inductor current will
produce high voltage across Q4, resulting in a MOSFET
avalanche. Depending on the amount of energy stored in
the inductor, this avalanche energy may damage Q4.

(ouT)
I I B
(Sour)

-

SYNC V\

V

e [ LT

CG

I

3900 FO2

Figure 2. Synchronization Waveforms
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LTC3200

APPLICATIONS INFORMATION

Thetimercircuitand current sense comparatorin LTC3900
are used to prevent reverse current buildup in the output
inductor.

Timer

Figure 3 shows the LTC3900 timer internal and external
circuits. The timer operates by using an external R-C
charging network to program the time-out period. On
gvery negative transition at the SYNC input, the chip
generates a 200ns pulse to reset the timer cap. If the
SYNC signal is missing or incorrect, allowing the timer
cap voltage to go high, it shuts off both drivers once the
voltage reaches the time-out threshold. Figure 4 shows
the timer waveforms.

A typical forward converter cycle always turns on Q3
and Q4 alternately and the SYNC input should alternate
between positive and negative pulses. The LTC3900 timer
also includes sequential logic to monitor the SYNC input
sequence. If after one negative pulse, the SYNC compara-
tor receives another negative pulse, the LTC3900 will not
reset the timer cap. If no positive SYNC pulse appears,
both drivers are shut off once the timer times out. Once
positive pulses reappear the timer resets and the drivers
start switching again. This is to protect the external com-
ponents in situations where only negative SYNGC pulse is
present and FG output remains high. Figure 5 shows the
timer waveforms with incorrect SYNC pulses.

The LTC3900 has two separate SYNC comparators (S*and
S~inthe Block Diagram) to detect the positive and negative
pulses. The threshold voltages of both comparators are

TIMEOUT

TIMER
RESET_| ;% $ 2R

Figure 3. Timer Circuit

y Ctmr

3900 FO3

designed to be of the same magnitude (1.4V typical) but
opposite in polarity. In some situations, for example dur-
ing power up or power down, the SYNC pulse magnitude
may be low, slightly higher or lower than the threshold of
the comparators. This can cause only one of the SYNC
comparators to trip. This also appears as incorrect SYNC
pulse and the timer will not reset.

The timeout period is determined by the external Rryr
and Cyyr values and is independent of the Vg voltage.
This is achieved by making the timeout threshold a ratio
of Vgc. The ratio is 0.2x, set internally by R1 and R2 (see
Figure 3). The timeout period should be programmed to
be around one period of the primary switching frequency
using the following formula:

TIMEOQUT =0.2 RTMR ° CTIVIR +0.27E-6

To reduce error in the timeout setting due to the discharge
time, select Cyr between 100pF and 1000pF. Start with a
Crvraround 470pF and then calculate the required Rryr.
Ctmrshould be placed as close as possible to the LTC3900
with minimum PCB trace between Cyyg, the TIMER pin
and GND. This is to reduce any ringing caused by the PCB
trace inductance when Ctyr discharges. This ringing may
introduce error to the timeout setting.

The timer input also includes a current sinking clamp
circuit (Ztyr in Figure 3) that clamps this pin to about
0.5 ¢ Vg if there is missing SYNC/timer reset pulse. This
clamp circuit prevents the timer cap from getting fully
charged up to the rail, which results in a longer discharge

=S 0 o I T N e

SYNG _l/_'\_l/_'\_l/_’\_‘/_’\_‘/_
LAST

.~ PULSE
o LT LT LT LT L

e A N I

TIMER TIMEOUT

THRESHOLD

Figure 4. Timer Waveforms




LTC 3200

APPLICATIONS INFORMATION

time. The current sinking capability of the circuit is around
1mA. The timeout function can be disabled by connecting
the timer pin to GND.

Current Sense

The differential input current sense comparator is used
for sensing the voltage across the drain-to-source termi-
nals of Q4 through the CS* and CS™ pins. If the inductor
current reverses into the Q4 causing CS* to rise above
CS™ by more than 10.5mV, the LTC3900 pulls CG low. This
comparator is used to prevent inductor reverse current
buildup during power down or Burst Mode operation, which
may cause damage to the MOSFET. The 10.5mV input
threshold has a positive temperature coefficient, which
closely matches the TC of the external MOSFET Rpg(on)-
The current sense comparator is only active 250ns after
CG goes high; this is to avoid any ringing immediately
after Q4 is switched on.

Under light load conditions, if the inductor average cur-
rent is less than half of its peak-to-peak ripple current,
the inductor current will reverse into Q4 during a portion
of the switching cycle, forcing CS* to rise above CS™.
The current sense comparator input threshold is set at

TIMER DO NOT RESET
MISSING/LOW AT SECOND NEGATIVE  TIMER RESET AFTER

POSITIVE SYNC PULSE RECEIVING POSITIVE
SYNC PULSE \ / SYNC PULSE

SYNC _‘/—’M‘/—’\_l/—r\_l/—r\_l/—

TIMER RESET
(INTERNAL)

TIMEOUT

TIMEOUT
THRESHOLD

TIMER

Figure 5. Timer Waveforms with Incorrect SYNC Pulses

10.5mV to prevent tripping under light load conditions.
If the product of the inductor negative peak current and
MOSFET Rpsowy is higher than 10.5mV, the LTC3900 will
operate in discontinuous current mode. Figure 6 shows
the LTC3900 operating in discontinuous current mode;
the CG output goes low before the next negative SYNC
pulse, as soon as the inductor current becomes negative.
Discontinuous current mode is sometimes undesirable.
To disable discontinuous current mode operation, add a
resistor divider, Rgsy and Rggo at the CS* pin to increase
the 10.5mV threshold so that the LTC3900 operates in
continuous mode at no load.

The LTC3900 CS* pin has an internal current sinking
clamp circuit (Zgg in the Block Diagram) that clamps the
pin to 11\, The clamp circuit is to be used together with
the external series resistor, Rggy to protect the CS* pin
from high Q4 drain voltage in the power transfer cycle.
During the power transfer cycle, Q4 is off, the drain volt-
age of Q4 is determined by the primary input voltage and
the transformer turns ratio. This voltage can be high and
may damage the LTC3900 if CS* is connected directly to
the drain of Q4. The current sinking capability of the clamp
circuit is 5mA minimum.

SG

—
SN J,

S

CG

—

_
VJL
-

INDUCTOR
CURRENT

CURRENT SENSE
COMPARATOR TRIP 3900 FOGa

Figure 6a. Discontinuous Current Mode Operation at No Load
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LTC3200

APPLICATIONS INFORMATION

The value of the resistors, Res1, Rgso and Ress, should
be calculated using the following formulas to meet both
the threshold and clamp voltage requirements:

k=48 IrippLE * Rps(on) —1

Rcs2 = {200 « Vingwax) ¢ (Ns/Np) =2200 ¢ (1 + k)} /k
Rest =k Res2

Ress ={Res1 * Res2l / {Rest + Resal

If k = 0 or less than zero, Rgso is not needed and Rgs1
=Ress = Vinmax) © (Ns/Np) = 11V} /5mA

where:
IrippLE = Inductor peak-to-peak ripple current
Ros(on) = On-resistance of Q4 at IgjppLg/2

Vin(max) = Primary side main supply maximum input
voltage

Ng/Np = Power transformer T1, turn ratio

If the LTC3900 still operates in discontinuous mode with
the calculated resistance value, increase the value of Rgs1
toraise the threshold. The resistors Rgs1 and Rggp and the
CS* pinsinput capacitance plus the PCB trace capacitance
form an R-C delay; this slows down the response time
of the comparator. The resistors and CS* input leakage
currents also create an input offset error.

e B
[ ] [ 1]
o L

—

FG

INDUCTOR
CURRENT

ADJUSTED CURRENT/
SENSE THRESHOLD 3900 roes

Figure 6b. Continuous Current Mode Operation
with Adjusted Current Sense Threshold

To minimize this delay and error, do not use resistance
value higher than required and make the PCB trace from
the resistors to the LTC3900 CS*/CS™ pins as short as
possible. Add a series resistor, Rggg with value equal to
parallel sum of Rgg1 and Rgsp to the CS™ pin and connect
the other end of Rggs directly to the source of Q4.

SYNC Input

Figure 7 shows the external circuit for the LTC3900 SYNC
input. With a selected type of pulse transformers, the
values of the Cgg and Rgyyg should be adjusted to obtain
an optimum SYNC pulse amplitude and width. A bigger
capacitor, Cgg, generates a higher and wider SYNC pulse.
The peak of this pulse should be much higherthan the typi-
cal LTC3900 SYNC threshold of +1.4\. Amplitudes greater
than 5V will help to speed up the SYNC comparator and
reduce the SYNC to drivers propagation delay. The pulse
width should be wider than 75ns. Overshoot during the
pulse transformer reset interval must be minimized and
kept below the minimum SYNC threshold of +1V. The
amount of overshoot can be reduced by having a smaller

Rsyne-

Cse
PRIMARY
CONTROLLER —|

SOUT

LTC3900
SYNC

Rsyne
470Q

T2: COILCRAFT Q44708
OR PULSE P0926 = 3900 FO7

Figure 7. SYNC Input Circuit
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LTC 3200

APPLICATIONS INFORMATION

An alternative method of generating the SYNC pulse is
shown in Figure 8. This circuit produces square SYNC
pulses with amplitude dependent on the logic supply
voltage. The SYNC pulse width can be adjusted with R1
and C1 without affecting the pulse amplitude.

Fornonisolated applications, the SYNC input can be driven
directly by a bipolar square pulse. To reduce the propa-
gation delay, make the positive and negative magnitude
of the square wave much greater than the +1.4V SYNC
threshold.

V¢c Regulator

The Ve supply for the LTC3900 can be generated by peak
rectifying the transformer secondary winding as shown
in Figure 9. The Zener diode D7 sets the output voltage to
(Vz-0.7V). Aresistor, Rg (on the order of a few hundred
ohms), in series with the base of Qrgg may be required
to surpress high frequency oscillations depending on
QRreg’s selection.

The LTC3900 has an UVLO detector that pulls the drivers
output low if Vg < 4.1V. The UVLO detector has 0.5V of
hysteresis to prevent chattering.

In a typical forward converter, the secondary-side circuits
have no power until the primary-side controller starts
operating. Since the power for biasing the LTC3900 is

PRIMARY ~ 74HC14

CONTROLLE(F; —4 74HC132
R1 T2
4700 D

74HC14

LTC3900
SYNC

Rsyne
470Q

Figure 8. Symmetrical SYNC Drive

derived from the power transformer T1, the LTC3900 will
initially remain off. During that period (Vg < 4.1V), the
output rectifier MOSFETs Q3 and Q4 will remain off and
the MOSFETs body diodes will conduct. The MOSFETs
may experience very high power dissipation due to a high
voltage drop inthe body diodes. To prevent MOSFET dam-
age, Vg voltage greater than 4.1V should be provided
quickly. The Vg supply circuit shown in Figure 9 will pro-
vide power for the LTC3900 within the first few switching
pulses of the primary controller, preventing overheating
of the MOSFETs.

MOSFET Selection

The required MOSFET Rpg(on) should be determined based
on allowable power dissipation and maximum required
output current.

The body diodes conduct during the power-up phase, when
the LTC3900 Vg supply is ramping up. The CG and FG
signals stay low and the inductor current flows through
the body diodes. The body diodes must be able to handle
the load current during start-up until Vg reaches 4.1V.

The LTC3900 drivers dissipate power when switching
MOSFETs. The power dissipation increases with switch-
ing frequency, Ve and size of the MOSFETSs. To calculate

D3
11  MBR0540

SECONDARY —’r ¢
WINDING

Figure 9. V¢ Regulator

3900fb
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LTC3200

APPLICATIONS INFORMATION

the driver dissipation, the total gate charge Qg is used.
This parameter is found on the MOSFET manufacturers
data sheet.

The power dissipated in each LTC3900 MOSFET driver
is:

Ppriver = Qg * Voc * fsw
where fgyy is the switching frequency of the converter.

PC Board Layout Checklist

When laying out the printed circuit board, the following
checklist should be used to ensure proper operation of
the LTC3900 for your layout:

1.Connectthe 4.7pF bypass capacitor as close as possible
to the Vg and GND pins.

2. Connect the two MOSFET drain terminals directly to
the transformer. The two MOSFET sources should be as
close together as possible.

3. Keep the timer, SYNC and Vg regulator circuit away
from the high current path of Q3, Q4 and T1.

4. Place the timer capacitor, Ctyg, as close as possible
to the LTC3900.

5. Keep the PCB trace from the resistors Rgsy, Rgsp and
Rcss to the LTC3900 CS*/CS™ pins as short as possible.
Connectthe otherends of the resistors directly to the drain
and source of the MOSFET, Q4.

TYPICAL APPLICATIONS

36V to 72V, 3.3V at 40A Synchronous Forward Converter

47k PA0912.002 L1
+ViN M < Sie Yo Vour
36V 70 72V BAS16 c 3.3V, 40A
82k BCX55 :
W
,J./ 0-1uF Cour
Ty 1oV Q2 a3 L4 100pF
f T & PH3230 PH3230 |— S0k 3x
T & ¢ =9 2 2X S
= 2.2)F .
I ° LTC3900 6
5
F
370k ol oé 10k
13.2k GND  CS* W
7 14 v -
SD_Vseg ouT 81| si7ade 1uF 4 10k

115k 3 1

Rosc Vin
27k 9 s BAT760

5 |
+——VWA——BLANK oo 2 0 in
5 13
022 F0-| SS_MAXDC PGND
V 59k | 10k - ” 39 |EL_
‘ LT1952  DELAY =
8 11
04 Fo-I Vg = 25V ¢
' 3k | oers 4700 |
—\V\— COMP ISENSE 220pF
16

3
1
F o
8 7
v SYNG TIMER
BIAS
15k 1nF
8v
BIAS

560R

2 FB =1.23V SouT I I

L1: PA0713, PULSE ENGINEERING
ALL CAPACITORS X7R, CERAMIC, TDK

8VBIAS
1 6 c15 | > R24
C13_EV|N 0PTO R23 o | S 27.4k
10F ol “Lra430 |5 3.3k 1%
WGND coMP
3anF 3] ¢ B
R25
6.04k
1%
3900 TAO1
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LTC 3200

TYPICAL APPLICATIONS

36V to 72V Input to 12V and 24V (or = 12V), 2A Output Converter in 1/8th Brick Footprint

- LA
36V T0 72V L1:DRQ127-220 e~y v
ouT2
82k | BCX56 You
2A
e
220F PDZ10B O-1uF
I CG—l +
L 3 10k BAS516 10k Bassi6| = 190F
= Vi 3 T 16V
<
<
43 LB
i |_| o2 T Voutt
LT1952-1 Si7462 . e
16 | < [ 2A
CoMP Sout T Sout 10 = 04 ::47k 05
FB=1.23V Vin Vui
14 _L n F c
Rosc out Ju— 111 PA1577 G 6 o,
13 e
SYNC PGND
19 —— 100pF T
MAXDC DELAY b 0.030R !
11 145k ¢
VR =25V 0c
5D | 10 6800 — - LTC3900
SENSE = 1
W —\\ CS*  SYNG
GND BLANK AN Tok )
L 82k —V——{CS™  TIMER
= 0.47yF = v 3
3 | - AUX ND
340k% | | c6 GG 6
v v, FG
Yy p— outt cC
ViN 22k 56k L « BCX55 38,3k 1
- R PE-68386 =
v
PDZ7.58
02, 03, 04, Q5 = Si7850 v
P$2801-1 AT0R | : 174430 J
Vy1 = Vaux —— V 0PTO
| \‘&\f . 2| 5 3.92k
Vg — P} ’ GND  COMP —AAM——157F
BAS516 3 4 = Ak
|— 0c B M Vourt
1F 5.23k
33pF 3900 TAO2

The LTC3900 can drive multiple synchronous output
rectifiers. The 12V and 24V or +12V output converter
has good cross regulation due to low voltage drops in

the output MOSFETs. Other combinations like 3.3V and
-5V or 1.5V and 5V can be easily achieved by changing
the transformer turns ratio.

3900fb
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LTC3200

TYPICAL APPLICATIONS

18V to 40V Input to 14V at 14A Output Converter in 1/4 Brick Footprint

Vin PZTA42
18V 70 40V 4
s PA1494.362 Vourt
° ol rYYY\ o 14V
S0 —— PDZ108 - }_ *qsopr A
[ 63||¢4.5 334 PXE
L 7
= Vin 3| re ﬁ c6 ﬁ [
40R2-4421.003 : !
LTC4441 J 113 ¢
1 10
PGND  OUT opr— _|: HAT2266 v
£ 2 9 352K omF — 2 AUX
20 —— | —{BL DRV WA
3 8 3450 —
BAS516 o L] I__| $13459 )¢ e San
— | — SGND  FB 25583 [BAssto 3 0004R CS"  SYNC
5 6 2.2uF 2| 7
- N penp BN == Ss7.6k W ; CS™  TIMER = 220pF
WA | Ve ] sour = L a i . |—GATE
';' Vee FGf—FG| 560R<S
GATE )
Vrs - 10F
22 Bk LT1952-1 © H PE-68386 —
compP Sout Vut
BC857BF 2leg-o123v vy 2 It PDZ7.58
15k 5 1 |
A Rosc ouT p— 1
4 13 BAS516
SYNC PGND S
== 1p 158 3 220R 15nF
0.1pF = MAXDC DELAY VWA PS2801-1 970R LT4430
6 11 1 6
I Vg=25V 0 o Vax—Jvee opro
A 7 10 2K :l Ao 2 5 196k
A" SD ISENSE Veg GND COMP 82 5k
- 8 9 3 4 .
GND BLANK M i EE 0c B AMN—9—
] W 14F 312k 2 nF F I V outt
165k 22k 158K | 1 - 365
1 WV WV 11 WA
I b % 33pF 3900 TAO3a
Vin =
VR

By Using Active Reset and 60V MOSFETs Converter is Achieving 94% to 95%
Efficiency with Only Four MOSFETs.

EFFICIENCY (%)
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LTC 3200

TYPICAL APPLICATIONS

36V to 72V Input to 12V, 14A Output Converter in 1/8th Brick Footprint

V, T
PZTA42 | o PRoas 3L”1H Vour
le of YY"\ . 19V
AA €L 14A
PDZ10B BAS516 ] VAN —33uF
_ 10 | HAT2244 — | 10k
? —h% F;I W
2.2uFT
36VT07V2|\’\/l * —e — o
560R : LTC3900 , \v4
5 FB CG [—
8 o
Si7430 SYNC  CS
LT1952-1 _|_|ﬁ — Fs GND 65 F—AM—o
14 p
SDNsec out ——n* rmer  veoP
11
R oc
0se P— PE-58386 38.3k | 1WF | PDZ7.5
BLANK  Isense [——MA—— v »
88 Vi T15 Vur $0.010 1 : BCX55 |
8 <
GND _l 47yF
Va PGND 13 : T 1 3900 TAO4a
12 75k -
—_—"W\— COMP DELAY
12.4k 47nF 9 16 220pF
[ FB Sout I I
= 97 6k
Vui
L1: PULSE PA1393.302
L2: COILCRAFT DO1607B-155
ALL CERAMIC CAPS ARE X5R OR X7R
The Efficiency of 12V Output Converter is Over 95% at 8A Output.
9%
e —
_—
94 //
92
S
> 90
[}
i
S 88
[,
Il
86 I
84
I Vi = 48V
Vour =12V
8o ouT
0 2 4 6 8 10 12 14
lout (A)
3900 TAO4b
3900fb
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TYPICAL APPLICATIONS

18V to 72V Input to 12V at 13A Active Reset Converter Fits in 1/8th Brick Size

PZTA42

ViN
18V7T0 72V Vut
33k g
™ 40R2-4444.004 atsasmn Vour
Te of 12V
2.20F 2= }— 13A
20 10V
s I 6 HAT2169 HAT2173 330uF
1 ) | l 33yF
— Vin 3
= p o] |
3 !
< —]—
Vut 5 0.224F BAS521 €7
BAS516 16 J 33"F 680pH
—|< GI\I\5 | e HAT2173 A
57, LTC4440 ¢ <2 Swzszs
570 0.0060
AA 1k
\AJ
220pF = 0.1uF BCX55 >
2 GATE 237 S
i LT1952-1 Vg
22k 33 . 1 BAS516 T0c . LTC3900 .
COomP Sout G VW CS*  SYNC
10k
BC8S7 2rp-tov vy 2 Vur WA—2cs Timer|- s60RS L o
A 174k 14 | WF—— 6 1
A Rosc out LT — T cG—CG GND .
41 sve panp 12 Mo ralFP—re ,_| |_ PE-68386
1HF 5 19 137k
O10F AV —— MAXDC ~ DELAY WA TV
.. 6 11 VAVAV
>—| I Vg =25V 0C m PS2801-1 470R LT4430 47k
AA R 7 SD | 10 1 6
\'s ENSE — V OPTO
4 13.3k 8 SENS 9 \\’\’\i 2 e 5 7.87k
= g BLANK VWA Vep | GND  COMP °—AAA— 10nF
189k 332k = 2k L BASS1G 3 4 348k
= = < 0c FB Vour
S1.2k
Ve Ve b ” 1L
= 2.2nF \v/ 18.2 10pF

The High Efficiency of Converter is Achieved by Precise MOSFET Timing Provided
by LT1952 and LTC3900 Controllers.
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TYPICAL APPLICATIONS

Synchronous Forward Converter With Pulse Skip Mode

Vi PZTA42
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*CONVERTERS THAT USE THE LTC3900 CAN BE FORCED TO OPERATE IN DISCONTINUOUS CURRENT MODE
AT LIGHT LOADS BY OFFSETTING THE CURRENT SENSE INPUT WITH R_DCM RESISTOR.

The Discontinuous Current Mode (DCM) Operation of Circuit is About 10% More Efficient
with 1A-2A Loads. The No Load Input Current is 15mA in DCM Versus 90mA in CCM.
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LTC3200

PACKAGE DESCRIPTION

S8 Package
8-Lead Plastic Small Outline (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1610)

045 +005 189-.197
050856 > |~ (4.801 - 5.004)
— |:| |:| —' NOTE 3
245 f
vy 160 f.oos
150~ .157
(E%) (3.810-3.988)
1916 NOTE 3
0505 e |
" Hd HH
RECOMMENDED SOLDER PAD LAYOUT S+t 0 ok
m'géfi%ﬁ 45°—>| |- 053 - .069
208 =0 (1346 - 1.752) 004 - 010
NOTE: 008 -.010 _.004-.010
1. DIMENSIONS IN (WL'LI\II(IZ\H%RS) (0.203-0.254) 0°-8°TYP (0-101-0.254)
2. DRAWING NOT TO SCALE v v L —
3. THESE DIMENSIONS DO NOT INCLUDE T _
MOLD FLASH OR PROTRUSIONS. ] . (O%gffggo) f 014- 019 9‘ ‘e oo |
MOLD FLASH OR PROTRUSIONS A0 -1, (0.355 - 0.483) (1.270)
SHALL NOT EXCEED 006" (0.15mm) TYP BSC  sosoms

18 L7



LTC 3200

RGVISIOI'I HISTOIW (Revision history begins at Rev B)

REV | DATE |DESCRIPTION PAGE NUMBER
B 5/11 | Added H- and MP-grade parts. Reflected throughout the data sheet. 11020
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TYPICAL APPLICATION

36V to 72V Input to 12V at 20A “No Optocoupler” Synchronous “Bus Converter”

L1

v
a0 PA0815.002 2.44H Vour
Vin —e—MA— < 3¢ A 12V, +10%,
36V T0 72V BASS1 - 20A MAX
82k BCXS5 C )
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1 5600
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LTC3900-Based Synchronous “Bus Converter” Efficiency vs Load Current

3900 TA07a

96.0 16
955 /
EFFICIENCY //
< 95.0 7 ~ 12 3
5 ay4ds
Z 945 / L/ \\ =
& 94.0 8 =
POWER LOSS
935 |
Vi =48V
Vour =12V
93.0
4 6 8 10 12 14 16 18 20
LOAD CURRENT (A)
PART NUMBER | DESCRIPTION COMMENTS
LT1952/LT1952-1 | Synchronous Forward Converter Controllers Ideal for Medium Power 24V or 48V Input Isolated Applications
LTC3901 Secondary Side Synchronous Driver for Push-Pull and Full | Similar to the LTC3900, Used in Full Bridge and Push-Pull
Bridge Converters Converters
LT4430 Secondary Side Optocoupler Driver Optocoupler Driver with Precise Reference Voltage
LT1431 Programmable Reference Adjustable Shunt Voltage Regulator with 100mA Sink Capability
LTC3726/LTC3725 | Synchronous No Opto Forward Converter Controller Chip Set | Ideal for Medium Power 24V or 48V Input Isolated Applications
LTC3723-1/ Synchronous Push-Pull Controllers High Efficiency with On-Chip MOSFET Drivers
LTC3723-2
LTC3721-1/ Nonsynchronous Push-Pull Controllers Minimizes External Components, On-Chip MOSFET Drivers
LTC3721-2
LTC3722/ Synchronous Phase Modulated Full Bridge Gontrollers Ideal for High Power 24V or 48V Input Applications
LTC3722-2
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