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Abstract

This application note presents a low cost and low power DC/DC push-pull converter based on the
GreenPAK SLG46108 device.

This application note comes complete with design files which can be found in the References
section.
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1 Terms and Definitions

ADC Analogue-digital convertor

DC Direct current

MCU Micro controller unit

MOSFET Metal-oxide-semiconductor field-effect transistor
PWM Pulse width modulation

2 References
For related documents and software, please visit:
GreenPAK™ Programmable Mixed-Signal Products | Renesas

Download our free GreenPAK™ Designer software [1] to open the .gp files [2] and view the proposed
circuit design. Use the GreenPAK development tools [3] to freeze the design into your own
customized IC in a matter of minutes. Renesas Electronics provides a complete library of application
notes [4] featuring design examples as well as explanations of features and blocks within the IC.

[1] GreenPAK Designer Software, Software Download and User Guide, Renesas Electronics

[2] AN-CM-232 Low Power DC-to-DC Converter.gp, GreenPAK Design File, Renesas Electronics
[3] GreenPAK Development Tools, GreenPAK Development Tools Webpage, Renesas Electronics
[4] GreenPAK Application Notes, GreenPAK Application Notes Webpage, Renesas Electronics

[5] Power MOSFET Basics: Understanding the Turn ON Process, AN-850, Vishay

[6] Power MOSFET Basics: Understanding Gate Charge and Using it to Assess Switching
Performance, AN-608A, Vishay
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3 Introduction

Galvanically isolated interfaces are a common requirement within industrial devices for safety
reasons. In this type of application, a digital isolator is used to galvanically isolate an MCU from a
communication transceiver or an ADC.

Digital isolators work at two power domains, using an isolated DC power supply in one domain. The
low DC voltage for isolated power domain could be achieved with a small and simple push-pull
converter. The push-pull converter is a transformer-isolated topology using two transistors switching
in complementary mode.

This application note will present a low cost and low power DC/DC push-pull converter based on the
GreenPAK SLG46108 device. The following sections will show how to:

e Generate a complementary PWM with dead time using the programmable delay block.

Generate a start-up sequence using a pipe-delay block.

e Obtain multiple clock frequencies via an internal oscillator.

4 Operation Principle of Push-Pull Topology

A push-pull converter schematic topology is shown in Figure 1. This converter uses a transformer
with center-tap in the primary and secondary windings. Two transistors (Q1 and Q2) work to switch
the DC input voltage Vin in alternate half-cycles.

1 6 D1
;NP JUNTBNEE,:
4

Q1 Q2

— L~
{_PULL -——IH—} E-H'— PUSH )
Nl el at Sehbnay. N7

GND GND
Figure 1: Push-pull Topology Schematic

On the primary side, when the PUSH command signal (Figure 1) is HI, Q2 transistor is turned on and
transformer current flows from Vin to Q2 transistor. Simultaneously in the second winding a
transformer current flows from diode D: to the output capacitor, returning through the center-tap.

The PUSH command is HI during one half cycle. The PULL command is high during the other half
cycle. When the PULL command is high, Qu transistor is turned on and the current flows from Vin to
Q: in the primary, and from D2 to the output capacitor in the secondary.

The current flows in the same direction in the output capacitor during both current cycles, keeping a
positive output voltage Vout. The converter output voltage could be given by equation (1)
VOUT = 2 %D * VP *n — VDIODE (1)

Where Vour is the output voltage, D is the duty cycle, Vp is the voltage in the transformer primary
winding, n is the transformer turn-ratio and Voiooe is the voltage drop in outputs at diodes (D1 and
D2). Vp is given by equation (2):

VP = VIN — VDS )
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where Vps is the voltage drop from the internal resistance of transistors Q1 and Q.

An issue with this topology is the variation on output voltage with load current change. To ensure a
stable output voltage a linear regulator should be added to the output, and the converter output
voltage must be higher than the minimum specified for the regulator. The PUSH and PULL command
signals are shown in Figure 2. Command signals are complementary and should have the same duty
cycle to avoid transformer core saturation.

PUSH

PULL

Time —
Figure 2: Push Pull Control Waveform

An important aspect for push pull converters is the need for a short time interval where both
commands are low, as can be seen in Figure 2. This time interval is required to avoid the short circuit
of both primary ends of the transformer.

The transistors Q1 and Q2 require a small amount of time to effectively turn-on and turn-off. The
MOSFET turn-on and turn-off involves a process of charging and discharging a MOSFET gate. A
common approach is to model MOSFET gate charge influence as capacitors between MOSFET
source and drain. This is shown in Figure 3.

L o G
St \p—= l-t-} ==

Figure 3: Circuit Model for MOSFET Gate Charge Influence. Source: [5]
In datasheets the turn-on and turn-off transitions are presented as shown in Figure 4. However, the

switching times are highly affected by circuit conditions, such as gate drive resistance, drain-source
voltage, etc.
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Figure 4: MOSFET Turn On and Turn Off Time Graph. Source: modified from [6]

The time interval is short and should be generated by the driver, which generates a dead time
interval between the switches command. The push pull duty cycle is lower than 50 % because of
dead time interval. That usually reduces duty-cycle by 3-5 %. This reduction in duty cycle lowers the
output voltage and increases dissipation losses.

5 Board Schematic and Layout

Figure 5 depicts the board schematic of a low power converter module using the SLG46108. The
module has an input DC voltage of 5 Volts (J1 connector) and an isolated output with more than
5 Volts. Output voltage (J2 connector) is higher than 5 V to enable the operation of a linear regulator.

In this circuit the SLG46108 generates the control signals PWMPOS and PWMNEG to switch the two
transistors Q1 and Q2. The PWM signal is active when SHUTDOWN input is low or is left open. When

SHUTDOWN is high the PWM signal is inactive and both transistors are turned off.
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Figure 5: Push-Pull Circuit Schematic
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The switching dead time interval is defined to generate a duty cycle of 45 %, considering a switching
frequency of 250 kHz. This approach enables the use of different transistors with the developed
controller. The drawback is the reduction in the output voltage and the reduction in efficiency.

The selected transformer is the Wurth Electronic part-number 760390014 that has a turns-ratio of
1:1.3. The output diodes are the part-number BAS32, from Nexperia. For this project we have
considered the maximum diode drop-out voltage as 0.7 V. Both transistors are the well-known

2N7002 NMOS.
For this circuit we calculate the expected minimum output voltage, when the diode drop-out voltage is
maximum, using equation 1. Then:
Vour=2*045*5*13-0.7=5.856-0.7=515V
The drop-out voltage in transistors is neglected for simplicity, as the load current is low and the
MOSFET equivalent resistance is low too. The output voltage must be higher than the calculated
minimum voltage, especially at light loads.
Figure 6 shows a picture of the mounted module board:
2 ele e ¢ o o . .
2YR 13495 T Jg 2017/:,

7250390014
. SDIS31 u[’“"_’ ‘f

-'02 Slleqo LPDC Ul 3

»
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- |
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Figure 6: Board Picture

6 SLG46108 schematic

The project design developed in GreenPAK Designer is shown in Figure 7.
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Figure 7: SLG46108 GreenPAK Design
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6.1 Clock Configuration

The implemented solution uses a 250 kHz clock signal (CLK/8) from the OSC block as the base
PWM signal. The OSC block is configured to a main clock frequency of 2 MHz (CLK) and two of its
outputs are used: the clock divided by four (CLK/4) and by eight (CLK/8). The main oscillator clock is
sourced to block CNT1/DLY1 to generate a clock divided by two (CLK/2).

6.2 PWM Configuration

To generate the complementary PWM signal with a dead time between the transitions, we used the
structure of block P DLY, 2-L2 and 2-L3. Base PWM signal of 250 kHz frequency is delayed in
Programmable Delay block by nearly 222ns (2 cells delay at 5 V). These two signals are inputs to
blocks 2-L2 and 2-L3. Block 2-L2 is an AND logic port and the output will be high only when the
CLKI/8 and his delayed version are high. Block 2-L3 is an NOR logic port and the output will be high
only when CLK/8 and his delayed version are both logic low.

This structure generates the complementary PWM signal with the same duty cycle in both outputs
and a dead time interval between transitions. Before output signals OUT P and OUT N can drive
output pins, the signals should pass through blocks 3bit-LUTO and 3bit-LUT1.

6.3 Design Start-up

Blocks 3bit-LUTO and 3bit-LUT1 are part of the design start-up logic. Start- up sequence logic is
required in the converter to avoid high inrush current during initialization. The start-up process has
two phases that are controlled by the signals T1 and T2, generated via a Pipe Delay block. The Pipe
Delay block starts counting pulses of the CNTO/DLYO block after block reset. The CNTO/DLYO block
generates a pulse every 128 ps. This keeps the T1 and T2 signals LO during the first 128 ps of
operation.

6.4 Tiand T2 Signals

T signal is an input for 3bit-LUT2 block. The LUTZ2 block sends a PWM signal with a small duty cycle
generated by the AND operation of signals CLK/4 and CLK/2 when T1 is high and a continuous LO
signal when T1 is low.

The T2 signal is an input for 3bit-LUTO and 3bit-LUT1 blocks. The T2 signal is used in these blocks to
select the duty cycle of the output PWM drive signals. When T2 is LO the signals OUT P and OUT N
are ANDed with the signal PWM that comes from block 3bit-LUT2. In this situation the output signals
P, from 3-bit LUTO, and N, from 3-bit LUT1, have the same duty cycle of PWM signal. When T2 is HI
the output signals P and N are the same as OUT P and OUT N. If T2 and T: signal are both low,
PWM signal is always low and the outputs P and N will be always low too.

This group of blocks enables the control of PWM output signals using T1 and T2. After the initial

128 ps LO signal both PWM outputs will have a small duty cycle, until T2 signal rises to high level. A
T2 signal rise to high logic level will happen after 640 ps of the start operation, or after 512 ps after
the rising edge of T1 signal.

6.5 PWM Output Signals

The PWM output signals P and N drive the output pins. They pass through two enable blocks, the
2bit-LUTO and 2bit-LUT1. These blocks enable output signals when SHUTDOWN signal is low.
When SHUTDOWN signal is high the output will be always low. SHUTDOWN signal is an input signal
from PIN2.This pin is configured with a pull-down of 1 MQ and is used to put all the circuit into a low
power mode. When SHUTDOWN is high the oscillator is put in low power mode and Pipe Delay
block is reset. This procedure guarantees the application of start-up logic after SHUTDOWN signal
falling, turning on the circuit again. The block 3bit-LUT3 is used to enable Pipe Delay counting only
after the rising of POR signal and when SHUTDOWN signal is low.

Application Note Revision 1.0 13-Mar-2018
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PIN 8 and PIN 7 are outputs that receive the PWM signals from 2-bit LUT1 and 2-bit-LUTO
respectively, driving the two transistors Q1 and Qz. PINs 6, 4 and 3 are configured as outputs and
receive signals Ti, T2 and POR respectively. These signals are used for the measurement of startup
signals only.

7 Measurements

The board module was tested for an input voltage of 5V and the control signals were measured with
an oscilloscope.

Figure 8 shows the complementary output PWM when the circuit is in steady state operation. The
measured PWM frequency is 252.5 kHz, near to the expected 250 kHz frequency.

3.960 us
252.5kHz

Figure 8: Steady State Control Signals

Figure 9 shows the measurement of the circuit dead time interval. The difference between cursor 1
and 2 is about 200 ns, nearly the expected value of 222 ns.

The voltage on the drain of Q1 and Q2 MOSFET is shown in Figure 10. The voltage is low when the
MOSFET is conducting. The voltage in the drain MOSFET is double of Vin when it is off, because of
the voltage reflection on the primary.

During start-up the control generates a PWM that has a reduced duty cycle. It can be seen in
Figure 11. Figure 12 shows the duty cycle change after the rising edge of T2 signal. The transistor On
time is measured as 320 ns during the first PWM cycle.
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Figure 9: Dead Time Interval Measurement
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Figure 10: Steady State Drain Voltage
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Figure 11: Start-up PWM After the Rising of T1 Signal

Figure 12: Start-up PWM After the Rising of T2 Signal

Converter output voltage and input current were measured with a 10 KQ resistor in parallel with a
1 KQ resistor. The measured voltage is 5.89 Volts and input current was 15.7 mA, as shown in
Figure 13.
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-

Figure 13: Measurement of Input Current and Output Voltage with a Light Load

The output voltage and input current were measured with a heavy load of 120 Q resistor too. The
measured voltage is 5.18 Volts (almost 44 mA output current) and input current was 64.4 mA, as
shown in Figure 14.

Figure 14: Measurement of Input Current and Output Voltage with Heavy Load

The circuit input current during shutdown was measured too, achieving 5.7 YA of current, as can be
seen in Figure 15. The most significant part of shutdown current is from the presence of 1 MQ pull-
down resistor.

Figure 15: Measurement of Input Current During Shutdown
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8 Conclusion

This application note presented how to implement a low power and small-factor DC/DC push-pull
converter with a GreenPAK IC. The main advantage of GreenPAK over other solutions is the
presence of a programmable delay block. This block makes the design of dead time insertion logic
really simple. It is interesting to see how it was possible to add a personalized start-up sequence
using pipe delay block and the addiction of a shutdown mode control. Although this circuit was
designed to operate on supply voltage of 5 Volts, it can also work at a supply voltage of 3 Volts. The
only limitation on the supply voltage is the threshold voltage of MOSFETs and maximum IC supply
voltage.
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RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
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