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Typical application

Viy=3. 3V
10uF Fﬂ
- LDO
4 ——1X6505 3 Lo MBRO520L , i}
Lo & Vour 1 |IN 5 Vour RE(‘,*5V‘
Nt - ouT >
= 2 [6ND
ENABLE —— gy [
¢ _ | 3 |Ex nE L
6 Z10wFZD.1uF NC — —_—10uF
CLOCK —— CLK
MBRO520L

Terminal assignments
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1. Pin information

PIN NO. PIN name Description

Open drain output of the first power MOSFETSs. Typically connected to the outer terminals of the
1 D1 center tap transformer. Because large currents flow through these pins, their external traces should
be kept short.

This is the device supply pin. It should be bypassed with a 4.7uF or greater, low ESR capacitor. When
VCC <2.25V, an internal undervoltage lockout circuit trips and turns both outputs off.

Open drain output of the second power MOSFETSs. Typically connected to the outer terminals of the
3 D2 center tap transformer. Because large currents flow through these pins, their external traces should
be kept short.

GND is connected to the source of the power MOSFET switches via an internal sense circuit. Because
4 GND large currents flow through it, the GND terminals must be connected to a low-inductance quality
ground plane.

The EN pin turns the device on or off. Grounding this pin disables all internal circuitry. If unused this
pin should be tied directly to VCC or leaving this pin floating.

This pin is used to run the device with external clock. Internally it is pulled down to GND. If valid
clock is not detected on this pin, the device shifts automatically to internal clock.

2 VCC

5 EN

6 CLK

Function Block diagram

vCe EN D2 D1
O

SSC i

’ MOSFET
Driver
t Ext CLK <—i [-LIM

Detect
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Electrical characteristics

Over full range of recommended operating conditions, unless otherwise noted. All typical values are at Ta = 25<C, VCC =5 V.

PARAMETER TEST CONDITIONS ‘ MIN ‘ TYP MAX  UNIT
VOLTAGE SUPPLY
Supply Current (VCC =3.3V) 0.2 1.0 1.4 mA
- Supply Current (VCC = 5V) 05 |15 |23 |mA
Iin Leakage Current on EN and CLK pin EN/CLK=Vcc 10 20 pA
Ipis VCC current for EN=0 0 04 |1 LA
Iika Leakage Current on D1,D2 for EN=0 Voltage of D1, D2 = Vcc 0.1 pA
Veerwuvro) | Positive-going UVLO threshold 2.01 | 2.25 v
Veewveoy Negative-going UVLO threshold 1.7 | 1.83 Y,
Vuyswveon | UVLO threshold hysteresis 0.3 v
Vinon) EN, CLK pin logic high threshold 04 |07 Vee
Vinorr) EN, CLK pin logic low threshold 0.2 Vee
Vinarys) EN, CLK pin threshold hysteresis 0.2 Vee
CLK
Fexr) External clock frequency on CLK pin 100 2000 kHZ
OUTPUT STAGE
DMM é\zlerage ON time mismatch between D1 and RL= 500 0%
Ry Output switch on resistance VCC =33V, R =500 01 930100 °
VCC =5V, RL = 50Q 0.1 1035 |07 Q
VisLew) Voltage slew rates on D1 and D2 RL = 50Q to Ve 82.5 V/ps
I(sLEW) Current slew rates at D1 and D2 RL = 5Q through transformer 41 Alus
- Current clamp limit (2.8V < VCC < 5.5V) 142 | 1.75 | 2.15 A
Current clamp limit (2.25V < VCC < 2.8V) 0.65 1.85 A
Tsp+ TSD turn on temperature 154 | 168 | 181 °C
Tsp. TSD turn off temperature 135 | 150 | 166 °C
Tsp. TSD hysteresis 13 17 °oC
{CLKTIMER Durati.on after w'hich 'device switches to internal 350 s
clock in case of invalid external clock
Tr D D1, D2 output rise time with internal CLK VEC =33V, R 7 300 ol 1
VCC =5V, RL=50Q 48 ns
Trp D1, D2 output fall time VEC =33V, R = 500 b 1
VCC =5V, RL=50Q 10 ns
VCC = 3.3V, RL=50Q 119 ns
tBM Break-before-make time
VCC =5V, RL=50Q 88 ns
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Characteristic plots
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Output short circuit protection

Output short circuit protection with external CLK
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Parameter Measurement Information
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Operation description

The MX6505 is a transformer driver designed for low-cost,
small form-factor, isolated DC/DC converters utilizing the
push-pull topology. The device includes an oscillator that
feeds a gate-drive circuit. The gate-drive, comprising a
frequency divider and a break-before-make (BBM) logic,
provides two complementary output signals which alternately
turn the two output transistors on and off.

The output frequency of the oscillator is divided down by two.
A subsequent break-before-make logic inserts a dead-time
between the high-pulses of the two signals. Before either one
of the gates can assume logic high, the BBM logic ensures a
short period during which both signals are low, and both
transistors are high impedance. This short period is required to
avoid shorting out both ends of the primary. The resulting
output signals, present the gate-drive signals for the output
transistors.

Push-pull converter

Push-pull converters require transformers with center-taps to
transfer power from the primary to the secondary as the
following figures.

QZE Eol

When Q1 conducts, Vin drives a current through the lower half
of the primary to ground, thus creating a negative voltage
potential at the lower primary end with regards to the Vin
potential at the center-tap.

At the same time the voltage across the upper half of the
primary is such that the upper primary end is positive with
regards to the center-tap to maintain the previously established
current flow through Q2, which now has turned high-
impedance. The two voltage sources, each of which equaling
VN, appear in series and cause a voltage potential at the open
end of the primary of 2>V \ with regards to ground.

Per dot convention the same voltage polarities that occur at the
primary also occur at the secondary. The positive potential of
the upper secondary end therefore forward biases diode CRu.
The secondary current starting from the upper secondary end
flows through CR1, charges capacitor C, and returns through

the load impedance Rv back to the center-tap.

When Q2 conducts, Q1 goes high-impedance and the voltage
polarities at the primary and secondary reverse. Now the lower
end of the primary presents the open end with a 2xVin
potential against ground. In this case CR2 is forward biased
while CR1 is reverse biased and current flows from the lower
secondary end through CR2, charging the capacitor and
returning through the load to the center-tap.

Core magnetization

The following figure shows the ideal magnetizing curve for a
push-pull converter with B as the magnetic flux density and H
as the magnetic field strength. When Q1 conducts the magnetic
flux is pushed from A to A’, and when Q2 conducts the flux is
pulled back from A’ to A. The difference in flux and thus in
flux density is proportional to the product of the primary
voltage, Vp, and the time, ton, it is applied to the primary:B ~

Vp X ton

A

Vin=Vp+Vps

This volt-seconds (V-t) product is important as it determines
the core magnetization during each switching cycle. If the V-t
products of both phases are not identical, an imbalance in flux
density swing results with an offset from the origin of the B-H
curve. If balance is not restored, the offset increases with each
following cycle and the transformer slowly creeps toward the

saturation region.

Device Functional Modes

The functional modes of the device are divided into start-up,
operating, and off-mode.

Start-Up Mode

When the supply voltage at Vcc ramps up to 2.25V, the
internal oscillator starts operating. The output stage begins
switching but the amplitude of the drain signals at D1 and D2
has not reached its full maximum yet.

Operating Mode

When the device supply has reached its nominal value #10%
the oscillator is fully operating. However, variations over
supply voltage and operating temperature can vary the
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switching frequencies at D1 and D2.

Shutdown Mode

The device has a dedicated enable pin to put the device in very
low power mode to save power when not in use. Enable pin
has an internal pull-down resistor which keeps device disabled
when not driven. When disabled or when Vcc is < 1.7V, both
drain outputs, D1 and D2, are tri-stated.

Spread Spectrum Clocking

Radiated emissions is an important concern in high current
switching power supplies. MX6505T addresses this by
modulating its internal clock in such a way that the emitting
energy is spread over multiple frequency bins. This Spread
Spectrum clocking feature greatly improves the emissions
performance of the entire power supply block and hence
relieves the system designer from one major concern in
isolated power supply design.

External Clock Mode

The MX6505T has a CLK pin which can be used to
synchronize the device with system clock and in turn with
other MX6505T devices so that the system can control the
exact switching frequency of the device. The Rising edge of
the CLK is used to divide a clock by two and used to drive the
gates. The Application Information part gives the same
sequence diagram. The device also has external clock fail safe
feature which automatically switches the device to the internal
clock if a valid input clock is not present for long (tcLkTimeR).
The in-built emissions reduction scheme of Spread Spectrum
clocking is disabled when external clock is present.

Application and Implementation

Application Information

The MX6505T is a transformer driver designed for low-cost,
small form-factor, isolated DC/DC converters using the push-
pull topology. The device includes an oscillator that feeds a
gate-drive circuit. The gate-drive, comprising a frequency
divider and a break-before-make (BBM) logic, provides two
complementary output signals which alternately turn the two
output transistors on and off.

Vee
MX6505
D2
Fose | Frea. = BB = | e D1
0SC pivid [ | PP
or S ogic | &1 I Q
GND  GND

¢ Q1 of f—

4~ Q1 on Q2 on—¥
BBM

The output frequency of the oscillator is divided down by an
asynchronous divider that provides two complementary output
signals, Sand S, with a 50% duty cycle. A subsequent break-
before-make logic inserts a dead-time between the high-pulses
of the two signals. The resulting output signals, G: and Gg,
present the gate-drive signals for the output transistors Q1 and
Q2. Refer to the following figure, before either one of the gates
can assume logic high, there must be a short period during
which both signals are low, and both transistors are high
impedance. This short period, known as break-before-make
time, is required to avoid shorting out both ends of the primary.
ak/foc T [ LT

S _] |

57 [

G ] |

e |
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Design Requirements

For this design example, the parameters listed in the following
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table are used as design parameters.

DESIGN PARAMETER | EXAMPLE VALUE
Input voltage range 3.3V+3%
Output voltage 5V
Maximum load current 100mA

Detailed Design Procedure

The following recommendations on components selection
focus on the design of an efficient push-pull converter with
high current drive capability. Contrary to popular belief, the
output voltage of the unregulated converter output drops
significantly over a wide range in load current. Taking the
table of the characteristic curve as an example, shows that the
difference between Vour at minimum load and Vour at
maximum load exceeds a transceiver’s supply range.
Therefore, to provide a stable, load independent supply while
maintaining maximum possible efficiency the implementation
of a low dropout regulator (LDO) is strongly advised.

The measured Vout and efficiency characteristics for the
regulated and unregulated outputs are shown in the
characteristic curve.

Drive Capability

The transformer driver is designed for low-power push-pull
converters with input and output voltages in the range of 2.25
V to 5.5 V. While converter designs with higher output
voltages are possible, care must be taken that higher turns
ratios don’t lead to primary currents that exceed the specified
current limits of the device.

LDO Selection

The minimum requirements for a suitable low dropout
regulator are:

o Its current drive capability should slightly exceed the
specified load current of the application to prevent the LDO
from dropping out of regulation. Therefore, for a load current
of 600mA, choose a 600mA to 750mA LDO. While regulators
with higher drive capabilities are acceptable, they also usually
possess higher dropout voltages that will reduce overall
converter efficiency.

» The internal dropout voltage, Voo, at the specified load
current should be as low as possible to maintain efficiency. For
a low-cost 750mA LDO, a Vpo of 600mV at 750mA is
common. Be aware; however, that this lower value is usually
specified at room temperature and can increase by a factor of
2 over temperature, which in turn will raise the required
minimum input voltage.

* The required minimum input voltage preventing the regulator

from dropping out of line regulation is given with:

Vi—min = Vpo-max * Vo-max
This means to determine V) for worst-case condition, the user
must take the maximum values for Vo and Vo specified in the
LDO data sheet for rated output current (that is, 600mA) and
add them together. Also specify that the output voltage of the
push-pull rectifier at the specified load current is equal or
higher than Vimin. If it is not, the LDO will lose line-regulation
and any variations at the input passes straight through to the
output. Hence, below Vi-min the output voltage follows the
input, and the regulator behaves like a simple conductor.
* The maximum regulator input voltage must be higher than
the rectifier output under no-load. Under this condition there
is no secondary current reflected to the primary, thus making
the voltage drop across Rps-on negligible and allowing the
entire converter input voltage to drop across the primary. At
this point, the secondary reaches its maximum voltage of

Vs-max = VIN-max X I

with Vin-max as the maximum converter input voltage and n as
the transformer turns ratio. Thus, to prevent the LDO from
damage the maximum regulator input voltage must be higher
than Vs max.
Diode Selection
A rectifier diode should always possess low-forward voltage
to provide as much voltage to the converter output as possible.
When used in high frequency switching applications, such as
the MX6505T however, the diode must also possess a short
recovery time. Schottky diodes meet both requirements and
are therefore strongly recommended in push-pull converter
designs. A good choice for low-volt applications and ambient
temperatures of up to 85<C is the low-cost Schottky rectifier
MBRO0520L with a typical forward voltage of 275 mV at 100-
mA forward current. For higher output voltages such as 10V
and above use the MBR0530 which provides a higher DC
blocking voltage of 30V.
Lab measurements have shown that at temperatures higher
than 100 <C the leakage currents of the above Schottky diodes
increase significantly. This can cause thermal runaway leading
to the collapse of the rectifier output voltage. Therefore, for
ambient temperatures higher than 85<C use low-leakage
Schottky diodes.
Capacitor Selection

It is recommended that the capacitor in the converter circuit in
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the transformer part is a multi-layer ceramic chip (MLCC)
capacitor.

As with all high-speed CMOS ICs, the device requires a
bypass capacitor in the range of 10nF to 100nF.

The input bulk capacitor at the center-tap of the primary
supports large currents into the primary during the fast-
switching transients. For minimum ripple make this capacitor
1uF to 10uF. In a 2-layer PCB design with a dedicated ground
plane, place this capacitor close to the primary center-tap to
minimize trace inductance. In a 4-layer board design with low-
inductance reference planes for ground and Vn, the capacitor
can be placed at the supply entrance of the board. To ensure
low-inductance paths use two vias in parallel for each
connection to a reference plane or to the primary center-tap.
The bulk capacitor at the rectifier output smooths the output
voltage. Make this capacitor 1uF to 10uF.

The small capacitor at the regulator input is not necessarily
required. However, good analog design practice suggests,
using a small value of 47nF to 100nF improves the regulator’s
transient response and noise rejection.

The LDO output capacitor buffers the regulated output for the
subsequent isolator and transceiver circuitry. The choice of
output capacitor depends on the LDO stability requirements
specified in the data sheet. However, in most cases, a low-ESR
ceramic capacitor in the range of 4.7uF to 10uF will satisfy
these requirements.

Transformer Selection

V-t Product Calculation

To prevent a transformer from saturation its V-t product must

be greater than the maximum V-t product applied by the device.

The maximum voltage delivered by the device is the nominal
converter input plus 10%. The maximum time this voltage is
applied to the primary is half the period of the lowest
frequency at the specified input voltage. Therefore, the
transformer’s minimum V-t product is determined through:

Tmax - VIN—max
2 2% fnin

Vtmin 2 VIN—maX X

Taking an example of fmin as 363kHZ for MX6505T with a 5V
supply, the minimum value of V-t product is given by the
above formula:

5.5V

o> T
Vtmin = 2 X 363kHZ

= 7.6Vus

Common V-t values for low-power center-tapped transformers
range from 22Vyps to 150Vus with typical footprints of 10 mm
x 12 mm. However, transformers specifically designed for
PCMCIA applications provide as little as 11Vpus and come
with a significantly reduced footprint of 6mm x 6mm only.
While Vt-wise all these transformers can be driven by the
device, other important factors such as isolation voltage,
transformer wattage, and turns ratio must be considered before
making the final decision.
Turns Ratio Estimate
Assume the rectifier diodes and linear regulator has been
selected. Also, it has been determined that the transformer
chosen must have a V-t product of at least 11Vpus. However,
before searching the manufacturer web sites for a suitable
transformer, the user still needs to know its minimum turns
ratio that allows the push-pull converter to operate flawlessly
over the specified current and temperature range. This
minimum transformation ratio is expressed through the ratio
of minimum secondary to minimum primary voltage
multiplied by a correction factor that takes the transformer’s
typical efficiency of 97% into account:

Vp—min = VIN-min — VDS-max
Vs-min must be large enough to allow for a maximum voltage
drop, VFmax, across the rectifier diode and still provide
sufficient input voltage for the regulator to remain in
regulation. From the LDO selection section, this minimum
input voltage is known and by adding Vrmax gives the

minimum secondary voltage with:

Vs—min = VF-max * VDo-max * Vo-max

Then calculating the available minimum primary voltage, Ve-
min, iINVolves subtracting the maximum possible drain-source
voltage of the device, Vbs-max, from the minimum converter
input voltage ViN-min:

Vp—min = ViN-min — VDs-max
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VDS-max however, is the product of the maximum Rps(n) and
Io values for a given supply specified in the data sheet:

Vbs-max = Rps-max X Ipmax
Then the equation of Vbs-max is inserted into the equation of
Ve-min, and the following equation is obtained.

Vp—min = ViN-min — Rps—max X Ipmax

and inserting the above equation and the equation about Vs.min
in the upper most equation about Vp-min provides the minimum

turns ration with:

VF—max + VDO—max + Vo—max

Npin = 1.031 X
i VlN—min - RDS—ma\x X ID—max

Example:
For a 3.3 Vin to 5 Vour converter using the rectifier diode
MBRO0520L and the 5V LDO, the data sheet values taken for
a load current of 600 and a maximum temperature of 85<C are
VEmax = 0.2V,
Vpo-max = 0.5V, and Vo-max = 5.1V.
Then assuming that the converter input voltage is taken from
a 3.3V controller supply with a maximum 2% accuracy
makes VIN-min = 3.234V. Finally, the maximum values for
drain-source resistance and drain current at 3.3V are taken
from the data sheet with Rps-max = 0.31Q and Ip-max = 1A.
Inserting the values above into the formula of nmin yields a
minimum turns ratio of:

0.2V + 0.5V + 5.1V

Nmin = 1.031 X =2.05
3.234V - 0310 x 1A

Most commercially available transformers for 3V-to-5V push-
pull converters offer turns ratios between 2.0 and 2.3 with a
common tolerance of #3%.

Recommended Transformers

Depending on the application, use the minimum or standard
configuration in the figure below.

ul 1 T1 6
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CLK bt |L
| 3l

MX6505 T 10uF ﬂ
D2

o Lo |~

‘ e 1Y
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Application Curves

See the Characteristic plots for application curves with
transformers optimized for the device, providing high
efficiency and small form factor at low-cost.

System Examples

Higher Output Voltage Designs

The device can drive push-pull converters that provide high
output voltages of up to 30V, or bipolar outputs of up to +5V.
Using commercially available center-tapped transformers,
with their rather low turns ratios of 0.8 to 5, requires different
rectifier topologies to achieve high output voltages. Some of
these topologies and their respective open-circuit output
voltages are shown in the figure below.

"
Vi Vot e v
= e Vg
Vour=2n = Viy ‘ ‘ *
= T

T I

Vorr=tn « Viy
+
Viy D g I

Application Circuits

The following application circuits are shown for a 3.3V input
supply commonly taken from the local, regulated
microcontroller supply.

Power Supply Recommendations

The device is designed to operate from an input voltage supply
range between 2.5V and 5V nominal. This input supply must
be regulated within +10%. If the input supply is located more
than a few inches from the device, a 0.1uF by-pass capacitor
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should be connected as close as possible to the device Vce pin
and a 10pF capacitor should be connected close to the

transformer center-tap pin.

Layout Guidelines

» The Vin pin must be buffered to ground with a low-ESR
ceramic bypass-capacitor. The recommended capacitor value
can range from 1pF to 10puF. The capacitor must have a voltage
rating of 10V minimum and a X5R or X7R dielectric.

* The optimum placement is closest to the Vin and GND pins
at the board entrance to minimize the loop area formed by the
bypass-capacitor connection, the Vin terminal, and the GND
pin.

* The connections between the device D1 and D2 pins and the
transformer primary endings, and the connection of the device
Vce pin and the transformer center-tap must be as close as
possible for minimum trace inductance.

 The connection of the device Vcc pin and the transformer
center-tap must be buffered to ground with a low-ESR ceramic
bypass-capacitor. The recommended capacitor value can range
from 1pF to 10uF. The capacitor must have a voltage rating of
16V minimum and a X5R or X7R dielectric.

* The device GND pins must be tied to the PCB ground plane
using two vias for minimum inductance.

» The ground connections of the capacitors and the ground
plane should use two vias for minimum inductance.

» The rectifier diodes should be Schottky diodes with low
forward voltage in the 10mA to 100mA current range to
maximize efficiency.

* The Vout pin must be buffered to 1ISO-Ground with a low-
ESR ceramic bypass-capacitor. The recommended capacitor
value can range from 1pF to 10puF. The capacitor must have a

voltage rating of 16V minimum and a X5R or X7R dielectric.
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Package information
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H 1.45 0.057
H1 0.04 0.15 0.0016 0.0059
H2 1.00 1.10 1.20 0.039 0.043 0.047
H3 0.55 0.65 0.75 0.022 0.026 0.029
D 2.72 2.92 3.12 0.107 0.115 0.123
E 2.60 2.80 3.00 0.102 0.110 0.118
E1l 1.40 1.60 1.80 0.055 0.063 0.071
e 0.95BSC 0.037BSC
el 1.90BSC 0.074BSC
L 0.30 0.60 0.012 0.024
0 0 8° 0 8°

SOT23-6 for MX6505T
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Restrictions on Product Use

€  MAXIN micro is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices
in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing MAXIN products, to comply with the standards of safety in making a safe design for the entire system,
and to avoid situations in which a malfunction or failure of such MAXIN products could cause loss of human life, bodily injury or

damage to property.

€ In developing your designs, please ensure that MAXIN products are used within specified operating ranges as set forth in the

most recent MAXIN products specifications.

@  The information contained herein is subject to change without notice.
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