SILICON LABS

UG475: Si823Hx Gate Driver Board

The Si823Hx Gate Driver Board (GDB) is ideal for driving power modules and
discrete transistors. This two-channel isolated gate driver solution features a
differential digital interface, optimized on-board isolated power supply, and
user-configurable turn-on and turn-off gate resistors. Status indicator LEDs and
test points make evaluation and prototyping easy.

Ordering Information:
» Si823H-AAWA-KIT - 1 Q gate resistors
» Si823H-ABWA-KIT - 4 Q gate resistors

Additional System Components:

The Si823Hx GDB is highly versatile but must be combined with other compo-
nents to form a complete system. You can choose various vendors' elements

to complete your evaluation or prototyping system and tailor it to your specific

needs.

For example: Because the Si823Hx Gate Driver Board requires differential sig-
nal inputs, and most lab equipment only provides single-ended signals, it may

prove helpful to use the Differential Transceiver Companion Tool, listed below,
to provide that translation.

Tested Components Include:

+ Half-Bridge Clamped Inductive Load (CIL) Test Fixture
* Wolfspeed WolfPACK™ Power Module

+ Six-Pack Clamped Inductive Load (CIL) Test Fixture

+ Differential Transceiver Companion Tool
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TECHNICAL FEATURES

Two input, high-side/low-side gate driver
User programmable dead-time

Overlap protection

4 A symmetric peak output current
Available with 1 Q or 4 Q gate resistors

Independent control of turn on/turn off timing through
gate resistor selection

Flexible isolated power supplies

5 kVRwms safety rated isolation

125 kV/us common mode transient immunity (CMTI)
DC bus voltage up to 800 V

Reverse polarity protection for 12 V input supply
Differential inputs for increased noise immunity

Module temperature (NTC) output as frequency
modulated digital signal

Reference design available




UG475: Si823Hx Gate Driver Board
Electrical Specifications

1. Electrical Specifications

Symbol Parameter Min Nominal Max Unit
Vpe Supply Voltage 10.2 12 13.2 Vv
ViH High Level Logic Input Voltage 20 5.5
ViL Low Level Logic Input Voltage 0 0.8

fs Maximum Switching Frequency 100 kHz

(Module & MOSFET Dependent, see Power

Estimate Section)

Top Ambient Operating Temperature -50 85 °C

Tste Storage Temperature -50 125
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UG475: Si823Hx Gate Driver Board
Pin Descriptions

2. Pin Descriptions

Table 2.1. Input Connectors

Pin Number Parameter Description

1 VvDC Power supply input pin (+12 V Nominal Input)

2 Common Common

3 HS-P 1 Positive line of 5 V differential high-side PWM signal pair. Terminated Into 360 Q.

4 HS-N 1 Negative line of 5 V differential high-side PWM signal pair. Terminated into 360 Q.

5 LS-p 1 Positive line of 5 V differential low-side PWM signal pair. Terminated into 360 Q.

6 LS-N1 Negative line of 5 V differential low-side PWM signal pair. Terminated into 360 Q.

7 NC Not Connected

8 NC Not Connected

9 RTD-P 1 Positive line of 5 V temperature dependent resistor output signal pair. Drive
strength 20 mA. Temperature measurement is encoded via frequency.

10 RTD-N 1 Negative line of 5 V temperature dependent resistor output signal pair. Drive
strength 20mA. Temperature measurement is encoded via frequency.

11 NC Not Connected

12 Common Common

13 PWM EN Pull down or leave floating to disable PWM input logic. Pull up to enable. Gate driv-
er output will be held low through turn-off gate resistor if power supplies are ena-
bled.

14 Common Common

15 NC Not Connected

16 Common Common

Note:
1.Inputs 3 — 6, 9, and 10 are differential pairs.
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UG475: Si823Hx Gate Driver Board
Signal Descriptions

3. Signal Descriptions

* PWM Signals: High-side and low-side PWM are RS-422 compatible differential inputs. The termination impedance of the differential
receiver is 360 Q. Overlap protection is provided to prevent both the high-side and low-side gates from turning on simultaneously.
The overlap protection should not be used as a dead time generator. Programmable dead time is provided by resistor selection. See
section XXX.

* RTD (NTC): RTD output is a differential signal that returns the resistance of the temperature sensor (NTC) integrated into some
modules. The signal is a frequency modulated signal that encodes the resistance of the temperature sensor. The approximate tem-
perature of the module can be determined from this resistance. See the section Temperature Feedback for further details.

+ PWM EN: This is a single-ended input that enables the PWM inputs for both channels. When this signal is pulled down, or left float-
ing, the isolated drivers for both channels are disabled and the gates will both be pulled low through Rg_opg. All protection circuitry
and power supplies will continue to operate including the RTD output.

» Over-Voltage and Reverse Polarity Protection: Power input on pin 1 of the gate driver board input connector features a power
management circuit to protect the gate driver from damage by connecting a power source that exceeds the voltage rating of the gate
driver. There is a diode and MOSFET in-line with the power input to protect against connecting a power source with positive and
negative polarity reversed.
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UG475: Si823Hx Gate Driver Board

Truth Table
4. Truth Table
PWM-HS PWM-LS PWM EN uvLO HS Gate LS Gate

H L H No H L

L H H No L H

L L H No L L

H H X No L L

X X Lorz No L L

X X X Yes L L
H = High | L = Low | X = Irrelevant | Z = High Impedance
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UG475: Si823Hx Gate Driver Board
Gate Driver Interface

5. Gate Driver Interface
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Function Block Diagram

6. Function Block Diagram
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Temperature Feedback

7. Temperature Feedback

Many power modules use a thermistor to provide temperature feedback of the power switching devices. If a thermistor is provided on
the module, it can be connected to the driver board. The resistance of that sensor is converted to a 50% duty cycle square wave with a
frequency that varies inversely with the resistance. The resistance to frequency relationship is displayed in the table below. The resist-
ance measurement circuit is located on the low-side gate drive channel, and a digital isolator is used to transmit the frequency-encoded
signal back to the primary side of the driver. For this reason, the temperature signal does not need any additional isolation, and can be
included in the same cable as the rest of the gate driver's signals. The temperature reported by the sensor may differ from the junction
temperature of the transistors used in the module.

Frequnecy (kHz)

0 2000 4000 6000 8000 10000 12000 14000

Thermistor Resistance ( Q)

Figure 7.1. Thermistor Resistance vs. Output Frequency

Thermistor Resistance (Q) Frequency Output (kHz)

13,491 4.6
4,700 10.3
1,928 171
898 22.8
464 26.4
260 28.3
156 29.5
99 30.1
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Connector Information

8. Connector Information

8.1 Input Connector Information

» 16 Positions Header, 0.100” (2.54 mm) Pitch, Through Hole, Gold (SBH11-PBPC-D08-ST-BK)

8.2 Suggested Mating Parts

+ 16 Position Rectangular Header, IDC, Gold, 28 AWG (SFH210-PPPC-D08-ID-BK)
+ 16 Position Header, 0.100” (2.54 mm) Pitch, Through Hole, Gold (SFH11-PBPC-D08-RA-BK)
» 16 Position Header, 0.100” (2.54 mm) Pitch, Through Hole, Right Angle, Gold (SFH11-PBPC-D08-RA-BK)

8.3 Output Connector Information

* 4 Positions Header, 0.100” (2.54 mm) Pitch, Through Hole, Gold (Samtec® ESQ-102-33-L-D)
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User Configurable Options

9. User Configurable Options

9.1 Dead Time

Dead Time is a user selectable delay between the falling edge of the gate drive signal on one channel and the rising edge of the gate
drive signal on the other channel. The value of this delay is programmable through the selection of a dead time resistor (RpT) on the
Si823H2 driver. In this application, resistor R29 is that dead time resistor. The allowed range of the value of the dead time resistor is 6
kQ to 100 kQ. This provides a range of dead time between 20 nsec and 200 nsec. The relationship between dead time and the value of
the dead time resistor is described by the equation:

Dead Time = 1.8 x (RDT)+12

Where Dead Time is in nsec and Rpt is in kQ.

To change the dead time value, the user would remove R29 and replace it with the calculated value based on the desired dead time.
For additional information about dead time, refer to the Si823Hx data sheet.

9.2 Series Gate Resistors

The Si823Hx GDB is available in two orderable configurations: one with 1 Q series gate resistors (Si823H-AAWA-KIT) and another with
4 Q gate resistors (Si823H-ABWA-KIT). These configurations have the same value of resistor in-series with the gate drive signal for
both the high side and the low side channels. In addition, these resistor values are the same for both turn on (Rg.on) and turn off (Rg.

OFF)-

However, the user can select any value for turn on and turn off timing control independently. Resistors R37 and R38 control the turn on
timing for the high side and low side channels respectively. Resistors R40 and R39 affect the turn off time for the high side and low side
respectively. Resistors R40 and R39 are connected in the gate drive path through diodes D15 and D16 such that they will effectively be
in parallel with the turn on time resistors (see the schematic for reference). This configuration provides the user with complete flexibility
in tuning the turn on and turn off times for each channel.

9.3 Negative Gate Bias

The default configuration of this driver board provides a gate drive signal that swings from +15 V to -3.5 V with respect to the source pin
connection. The user can change this configuration using the solder bump jumpers J8 and J9 for the high side and J10 and J11 for the
low side (OFF GATE BIAS). By removing the solder on J9 for the high side, or J10 for the low side, and adding solder to short the pads
on J8 for the high side, or J11 for the low side, the output of the driver board will swing from +18.5 V to 0 V with respect to the source
pin. To reduce the “on” state voltage in this configuration, the user will need to adjust the output of the isolated power supply converter
as described in the next section.

9.4 Isolated Driver Power Supply Voltage

The Si823Hx GDB uses a dc-dc converter integrated into the Si88421 digital isolator. This converter regulates the output of one secon-
dary of the transformer used in the application. The design of the transformer provides regulation of the other secondary winding to
provide separate, isolated power supplies for both the high side and low side driver. The default configuration provides a driver power
supply that is regulated to roughly 19 V. Since the source pin of each channel is biased about 3.5 V above the converter’s reference,
the gate will see a voltage swing from +15 V to -3.5 V when measured with respect to the source pin. As mentioned in the previous
section, the board can be configured to eliminate the negative bias for the gate voltage by connecting the source pins directly to the
converter’s reference. However, this will cause the gate voltage to swing to +18.5 V with respect to the source pin. To adjust this, the
user can modify the voltage feedback resistor network (ISO SUPPLY ADJ). Resistors R12 and R13 provide a feedback path for the
integrated dc-dc converter controller. By adjusting the ratio of these resistors, the output voltage of the converter can be adjusted.

The converter expects the feedback divider to provide a sense voltage of 1.05 V on pin 13 of the Si88421 (VSNS). The output voltage
can thus be described by the following equation:

_ (R12 + R13)
Vour = R13 Vsns

This equation demonstrates that replacing R13 with a 10.9 kQ resistor will provide a Vq; of close to 15 V.
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10. Supporting Links & Tools

+ Silicon Labs Si823Hx data sheet
+ Silicon Labs Si88x2x data sheet
» Si823Hx Gate Driver Board Reference Designs:
+ Si823Hx-AAWA-KIT
+ Si823Hx-ABWA-KIT
» AN892: Design Guide for Isolated DC-DC Using the Si882xx/883xx
» AN901: Design Guide for Isolated DC-DC Using the Si884xx/886xx
» AN1131: Design Guide for Reducing Radiated and Conducted Emissions in Isolated Systems Using Silicon Labs' Isolators
» AN1167: Safety Considerations for Silicon Labs Series Capacitor Isolators
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Dimensions

11. Dimensions
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Disclaimer

Silicon Labs intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software implementers using or
intending to use the Silicon Labs products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each specific device, and "Typical"
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