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SA6880-S — Isolated 3.5 A/ 1200 V IGBT Driver Evaluation Board

1. Introduction

The SA6880-S is a high performance isolated IGBT/MOSFET driver IC with 3.5 A peak output current
capability. The SA6880-S evaluation board is designed to allow testing of two SA6880-S drivers in
either a half bridge or a DC/DC synchronous buck configuration. For synchronous buck testing 1200
V /380 V, a 15 mH inductor and 4.6 yF capacitor should be populated. The design was tested as
described in this document. It has not been qualified to operate over a wide temperature range. The
evaluation board is provided for functional testing and evaluation purposes only.

Evaluation board specifications for a synchronous buck configuration:

* Input voltage: 1200 V

*  Output voltage: 380 V

e OQutput current: 0.4 A

* Operation frequency; 20 kHz
* Duty cycle: 0.34

2. SA6880-S — Features and Specifications

* Single-channel 1200 V isolated driver optimized for industrial and automotive
applications.

* 3.5 A peak output current

* 3.75 kVRus input to output isolation voltage

* High common-mode transient immunity (CMTI): greater than 50 kV/us
* Less than 115 ns propagation delay

* Less than 20 ns pulse width distortion

* Integrated IGBT protection functions: Soft turn-off, Desaturation detection; Active Miller-
Current clamp; High Side Under voltage lockout protection with feedback; Fault
sensing/reporting to system controller (DESAT & UVLO)

e TTL compatible inputs

* Automotive temperature range: - 40° C to +125° C

* Bipolar or unipolar supply operation

*  Wide 30 V output supply range

* UL1577 certified to Viso = 3750 Vrus for 60 seconds.
 |EC60747-17 and VDE 0884-10 compliant
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Figure 1 - Simplified block diagram of SA6880-S and pin descriptions

PIN Name Description

1 GNDL Low side (LS) ground return

2 NC No connect — (note: Connect to GND to prevent damage to the IC.)

3 VCCL Low side (LS) power supply

4 NC or GNDL This pin should either be left No connect or tied to Low Side (LS) ground return

5 UVLO Under voltage lock-out. Open drain active LOW output

6 FAULTB Desaturation (Over-current protection) Fault. Open Drain active LOW output

7 Ip Non-inverting driver input. The IP input controls signal for the driver output while IN is set to low. The
IGBT/MOSFET is turned on when IP is set to high and IN is set to low, otherwise it is turned off.
A minimum pulse width is required to suppress glitches while controlling the IGBT/MOSFET. An
internal pull-down resistor ensures that the IGBT/MOSFET is kept in off-state if terminal IP is left
unconnected.

8 IN Inverting driver input. IN- control signals for the driver output while IP is set to high. The
IGBT/MOSFET is turned on when IN- is set to low, and is turned off when IN- is set to high, while IN is
kept high.

9 VNEG High side (HS) negative supply voltage (Ref. VNEG)

10 GATE Gate connection for Miller current clamp and SSD (soft-shutdown) pull down

11 ouT Driver output

12 VDDH High side (HS) positive supply

13 VE Connected to IGBT emitter /MOSFET source

14 DESAT Desaturation over-current sensing input

15 NC No connect. For factory test only

© 2019 Solantro® The mark “Solantro” is a registered trademark of Solantro Semiconductor Corp.
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16 ‘ VNEG ‘ High side negative supply voltage (Ref. VNEG)

Warnings

There are exposed, high voltages on the SA6880-S evaluation board. It should only be operated by experienced
power supply professionals. The SA6880-S evaluation board surfaces may be hot during operation. Do not
touch. To evaluate this board as safely as possible, the following test configuration must be used:

*  Follow the power-up and test procedure below.
*  Only use isolated oscilloscope probes.

*  Use isolated test equipment for the high side, with appropriate overcurrent and overvoltage protection.

3. Setting up the SA6880-S evaluation board

Before using the SA6880-S evaluation board, make a visual inspection to ensure that the board is in good
condition, with no visible damage. See

Figure 2 for a picture of the SA6880-S evaluation board and major blocks.
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1 | Driver control signals 6 | HSIGBT! or SiC MOSFET”
2 | Power supply connectors 7 | LSIGBT!' or SiC MOSFET"
3 | Isolated power supplies 8 | High voltage DC(+) power supply connector
4 | HS driver 9 | High voltage DC(-) power supply connector
5 | LS driver 10 | Jumper for an inductor
© 2019 Solantro® The mark “Solantro” is a registered trademark of Solantro Semiconductor Corp. DPD1182 - v3.0

Page 3 of 10



®
SWUIAl ILUV
A SEMICONDUCTOR CORP. . .
SA6880-S Isolated 3.5A / 1200V IGBT Driver EVB — User’s Guide

Figure 2 - SA6880-S evaluation board

Note:

1. IGBT switch: IGBT 1200V 80A 483W T0O247-3
https://www.infineon.com/dgdl/IKW40N120H3_Rev1_2G.pdf?folderld=db3a30431c69a49d011c6f86019

b00a1&fileld=db3a304325305e6d012591d4832f7032

2. SiC MOSFET N-CH 1700V 4.9A TO247
https://www.wolfspeed.com/downloads/dl/file/id/173/product/13/c2m1000170d.pdf

3.1 Power connection

To power the SA6880-S evaluation board, connect a 12 V DC power supply with 0.20 mA current limit to
connector P3. Short pins 1 and 2 of jumper P4 (be careful with the polarity of the power supply).

Figure 3 - 12 V power supply connection

The 12 V supply is connected to the low side of the two drivers (pins VCCL). It also provides power for the
following power rails:

- 3.3V for powering the LED showing the drivers FAOLT and UVLO signals;
- two -8 V for supplying isolated voltages to drivers’ high side VNEG (negative supply voltage).

- two 17 V for supplying isolated voltages to drivers’ high side VDDH (positive supply voltage).

3.2 Drivers’ IP and IN inputs and UNLOB and FAULTB outputs

The inputs, IN and IP, and the outputs, UVLOB and FAULTB, for the LS drivers are connected to the dual pin
header connector P9. The connector P9 is shown in Figure 4.

© 2019 Solantro® The mark “Solantro” is a registered trademark of Solantro Semiconductor Corp. DPD1182 - v3.0
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Figure 4 - Connector P9: a) picture b) schematic
The drivers’ input signals are TTL signals and can be from a signal generator, microcontroller, or FPGA.
3.3 Power for the half bridge
Figure 5 shows the half bridge of the SA6880-S evaluation board. The half bridge can be supplied up to 1200

V. The power supply DC(+) must be connected to J1(8 in the picture) and the supply DC(-) to J3(9 in the
picture). The switching node is J23(10 in the picture).

sozx- | ®,  commect ToO DC-

a) b)
Figure 5 - Half bridge: a) picture b) circuit
4. External Components - Design Considerations

Figure 6 shows a SA6880-S recommended application circuit. Capacitors C1 and C2 are decoupling
capacitors (recommended value = 1 yF). Capacitors C3 and C4 are decoupling capacitors (recommended

© 2019 Solantro® The mark “Solantro” is a registered trademark of Solantro Semiconductor Corp. DPD1182 - v3.0
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value = 10 pF). Pull-up resistors, R3 and R4 (recommended value = 3.3 kQ) ensure the low side outputs are
high when no faults are detected.

Gate resistor Rg limits the gate charge current and indirectly controls the IGBT collector voltage rise and fall

times. The DESAT circuit (overcurrent protection) includes a high voltage diode D1, resistor R1, capacitor C5
and diode D2.
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Figure 6 - SA6880-S recommended application circuit
4.1 Gate resistor design

The gate resistor Rg is located between the driver output and the gate of the power device (IGBT or SiC
MOSFET). It plays a critical role in limiting the noise, ringing and oscillations in the gate drive loop due to
parasitic inductance and capacitance. Figure 7 shows a simplified circuit of the gate drive loop. The resistance
R’c combines the internal turn ON (OFF) resistance Rps_on (Ros_orr), the external gate resistance Rg, and the
switch internal gate resistance Ric.

Rie

Ls
My
’Vw\j_= g

Figure 7- Simplified circuit of the gate drive loop.

The gate resistor has two major roles. Firstly, to limit the peak source/sink driver output currents turning the
switching device (IGBT / SiC MOSFET) ON/OFF. Secondly, to limit the slew rate (rise/fall times) of the IGBT /
SiC MOSFET output current and voltage. This is done by limiting the currents charging and discharging the
power device’s input capacitance which influence the power device’s switching speed. Too small gate
resistance Rg results in an overshoot in the gate drive voltage waveform, while a higher resistor value
overdamps the oscillation and slows down the power device turn ON and OFF. The smaller the Rg, the faster
rise and fall times are. Selecting the right value for R depends on the device being driven (IGBT or SiC
MOSFET). A recommended value for the external gate resistance Rgis between 5 and 10 Q depending on the
switching device.

© 2019 Solantro® The mark “Solantro” is a registered trademark of Solantro Semiconductor Corp. DPD1182 - v3.0
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4.2 Desaturation circuit design

The DESAT fault detection circuit aims to indirectly detect overcurrent in the power switch by sensing the
voltage across the device (Vce for IGBT or Vps for SiC MOSFET). In the case of IGBT, the voltage across the
device (Vce) when fully ON is approximately Vce sar (typically 2 V). In a fault condition (over-current, short-
circuit), Vce increases and desaturation occurs. A preset limit can be set as a trip point to shut down the IGBT
prior to damage occurring due to DESAT. The default internal reference voltage for DESAT in the SA6880 is
6.5 V. This means, if the voltage at the DESAT pin exceeds 6.5 V, the driver output turns OFF instantaneously
with a soft shutdown. A FAULT feedback is triggered with a short delay to alert the microcontroller to take
further actions.

In the DESAT circuit, resistor R1 (recommended value = 1 kQ) and diode D1 limit the current flowing in and out
of the DESAT pin. The breakdown voltage of diode D1 should be the same as the IGBT or MOSFET. When
the IGBT is turned ON, a current source inside the driver starts charging the blanking capacitor C5. During
normal operation, the IGBT’s forward voltage is smaller than the DESAT threshold voltage and the capacitor is
clamped at the forward voltage. When a short circuit occurs, the capacitor voltage starts to increase to the
DESAT threshold voltage which triggers a shutdown of the IGBT. The time for charging the capacitor to the
DESAT threshold voltage, Vpesar, is called the blanking time, ts ank. The blanking time is set by the value of

blanking capacitor C5, the charging current Iy arcr @and the DESAT threshold voltage Vpesar tr
VDESAT_TR

tprank = C5
IchARGE

The blanking time can be controlled by C5 capacitance. A recommended value for the blanking capacitor for
IGBTs is 220 pF, but can be adjusted according to the switching device being used.

When using a SiC MOSFET the designer should design the DESAT circuit with a shorter blanking time in order
to protect the MOSFET due to the fast fall time during turn ON. In addition, the designer should find out the
acceptable MOSFET DESAT voltage, Vpgsar mosrer, Which indicates the overcurrent in the MOSFET. Ifitis
smaller than Vpesar tr, additional diodes in in series with D1 can be added for compensation:

VDESAT_TR = VDESAT_MOSFET + nVF + RDESATXICHARGE
where n is the diode number and V; is the forward diode voltage drop.

VDESAT_MOSFET = RDS ONXID overcurrent

Diode D2 prevents the voltage on the DESAT pin from falling 0.4 V below the voltage on VE pin.

© 2019 Solantro® The mark “Solantro” is a registered trademark of Solantro Semiconductor Corp. DPD1182 - v3.0
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5. Schematics, Assembly Drawing and Bill of Materials

The schematics, Assembly Drawing and Bill of Materials are included in the sections below.

5.1 SA6880-S evaluation board - schematic
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5.2 SA6880-S evaluation board - assembly drawing
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5.3 SA6880-S evaluation board - bill of materials

N Reference designator Itam name Manufacturer m:::::: re

1 |C1,C3,C4,C7,C8,C9,C12,C14,C1|CAP CER 10uF 50V 20% X7S 1210 Taiyo Yuden UMK325C7106MM-T

2 (C2,C6,C20,C38 CAP CER 1uF 50V 10% X7R 1206 TDK Corporation C3216X7R1H105K1
60AB

3 [C5,C13 CAP CER 4.7uF 50V 10% X6S 0805 TDK Corporation C2012X6S1H475K1
25AC

4 |C10,C11 CAP CER 100pF 100V 5% NP0 0603 Murata Electronics North GRM1885C2A101JA

5 [C16 CAP CER 22uF 16V 20% X5R 0805 Taiyo Yuden EMK212BBJ226MG-
ir

6 |C17,C18 CAP CER 10nF 25V 5% NP0 0603 TDK Corporation C1608C0G1E103J

7 |C19,C22,C37,C40 CAP CER 1uF 25V 10% X7R 0603 TDK Corporation C1608X7R1E105K0
80AB

8 |C21,C39 CAP CER 220pF 50V 10% X7R 0603 Kemet CO0603C221K5RACT
U

9 |C41 CAP FILM 1.5uF 1.3kVdc 10% TH EPCOS (TDK) B32774D1155K000

10 |D1,02,D3,04,D5,06,07,D10,021|DIODE SCHOTTKY 100V 2A SOD123FL ON Semiconductor MBR2H100SFT3G

11 (D8,D19 DIODE GEN PURP 1.5kV 1A SOD123H Bourns CD1408-FF11500

12 |FLT1,FLT2,UVL1,UVL2 LED AlGaAs RED THIN 0805 SMD 20mA 1.8Vfwd Lite-On Inc LTST-C171CKT

25mcd 130degrees
13 [J1,J2J3 CONN PCB TERM SNAP-IN VERT M3 THREAD Keystone Electronics 7788
14 |P3,P5 CONN TERM BLOCK F 1x2 SIDE ENTRY Phoenix Contact 1935161
SCREWDOWN 0.197" (5.00mm) spacing TH 18A

15 (P4 CONN HEADER M .100 1x3 3POS VERT TIN WHITE  |TE Connectivity 3-644456-3

16 [P9 CONN HEADER M .100 2x14 28P0OS VERT TIN Wurth Electronics Inc. 61302821121

17 [Q1,Q2 MOSFET N-CH 60V 2.3A SOT23-3 Vishay Siliconix S12308BDS-T1-GE3

18 |Q3.Q4 MOSFET N-CH 1700V 4.9A 1.1R SiC TO247 Cree/Wolfspeed C2M1000170D

19 |IR1,R3,R4 RES 10R 1% 1/8W 0805 100ppm/C Panasonic Electronic Comp. |ERJ-6ENF10R0V

20 |R2 RES 68k 1% 1/2W 0805 200ppmiC Pulse- Panasonic Electronic Comp. |ERJ-PEWFE802V

21 |R5 RES 2.2k 1% 1/8W 0805 100ppmIC Panasonic Electronic Comp. |ERJ-6ENF2201V

22 |R6 RES 150mR 1% 1/3W 0805 200ppm/C Current-sense|Susumu RL1220S-R15-F

23 |R7 RES 59k 1% 1/8W 0805 100ppm/C Panasonic Electronic Comp. |ERJ-6ENF5902V

24 [R8 RES 24.9k 1% 1/8W 0805 100ppmIC Panasonic Electronic Comp. |ERJ-6ENF2492V

25 |R9,R26 RES 10R 0.4W 5% 0805 Rohm Semiconductor ESR10EZPJ100

26 |R10,R11,R12,R13,R16,R17,R27,|RES 3.3k 1% 1/4W 0603 100ppm/C Pulse- Panasonic Electronic Comp. |ERJ-PA3F3301V

R28,R29 R30,R33 R34 withstanding

27 |IR14R15,R31,R32 RES 10R 1% 1/4W 1206 100ppmI/C Panasonic Electronic Comp. |ERJ-8ENF10R0V

28 [R35R36 RES 10k 1/10W 1% 0603 Yageo RCOB603FR-0710KL

29 |T1 XFRMR Pulse GateDrive IGBT 1:1.2:1.2 80uVs 1200V |Vacuumschmelze T60403-F5046-X100

30 (U1 IC DVR HALF-BRDG SELF OSC 8S0IC Infineon Technologies AUIR2085STR

31 |U2 DC DC CONVERTER 2.5-15Vout 500mA 4-36Vin Texas Instruments LMZM23600SILT

32 [U3,U5 SOL IC SPIDRG8SEP1 SOIC16 Solantro Semiconductor Corp. |SA6880-S
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