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Figure 1: Simplified Representation of Quad Inverter
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Figure 2: InstaSPIN Block Diagram 
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Figure 3: InstaSPIN Processor Matrix  
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Figure 4: FS200R07PE4 Infineon sixpack IGBT module 

 

https://www.infineon.com/dgdl/Infineon-FS200R07PE4-DS-v02_01-en_de.pdf?fileId=db3a304333227b5e01335963ee7908dd
https://www.infineon.com/dgdl/Infineon-FS200R07PE4-DS-v02_01-en_de.pdf?fileId=db3a304333227b5e01335963ee7908dd


 

 

 

Figure 5: Power losses (Watts) vs. Phase Current ( ) at 20kHz switching frequency

 

https://www.infineon.com/dgdl/Infineon-FS200R07PE4-DS-v02_01-en_de.pdf?fileId=db3a304333227b5e01335963ee7908dd
https://www.infineon.com/dgdl/Infineon-FS200R07PE4-DS-v02_01-en_de.pdf?fileId=db3a304333227b5e01335963ee7908dd


 

 

 

 

Figure 6: Simulation schematic used for sizing DC link capacitor bank 



 

 

 

Figure 7: Capacitor current over several duty cycles 



 

 

http://www.szapl.com/manage/images/2014325104335251.pdf
http://www.farnell.com/datasheets/2149998.pdf?_ga=2.134448945.1521475879.1536446022-979866518.1533078036


 

 

 

Figure 8: LEM HO 150-S/SP33-1106 Open Loop Hall Effect Current Sensor 

 

Figure 9: Quad Inverter Layout  



 

 

 

Figure 10: PCB assembly for a single inverter 

http://www.analog.com/media/en/technical-documentation/data-sheets/4365fa.pdf


 

 

 

Figure 11: GLV OV/UV/RV Protection Circuitry 

https://www.xppower.com/Portals/0/pdfs/SF_IHL02.pdf


 

 

 

 

Figure 12: LTSPICE simulation for GLV Input protection 

http://www.analog.com/media/en/technical-documentation/data-sheets/4365fa.pdf
http://www.analog.com/media/en/technical-documentation/data-sheets/4365fa.pdf


 

 

 

Figure 13: Power supply circuitry 

 

 

 

Figure 14: Voltage Sense Circuitry 



 

 

 

Figure 15: Voltage Sense Schematic for TINA Simulation

http://www.ti.com/lit/ds/symlink/amc1301.pdf
http://www.ti.com/lit/ds/symlink/amc1301.pdf
http://www.ti.com/lit/ds/symlink/amc1301.pdf


 

 

 

Figure 16: TINA Simulation result for voltage sense circuitry

 

 

Figure 17: Isolated IGBT NTC Temperature Sensing Circuitry 

https://www.infineon.com/dgdl/Infineon-FS200R07PE4-DS-v02_01-en_de.pdf?fileId=db3a304333227b5e01335963ee7908dd
https://www.infineon.com/dgdl/Infineon-FS200R07PE4-DS-v02_01-en_de.pdf?fileId=db3a304333227b5e01335963ee7908dd


 

 

 

Figure 18: NTC thermistor temperature vs. resistance [4]

 

Figure 19: Voltage divider with NTC thermistor



 

 

 

Figure 20: NTC thermistor conditioning schematic in TINA

 

Figure 21: NTC thermsitor conditioning TINA simulation result



 

 

 

 

Figure 22: Powerstage circuitry 



 

 

 

Figure 23: Motor and Capacitor NTC thermistor conditioning circuitry



 

 

 

Figure 24: Connectors on parent board

 



 

 

 

 

Figure 25: Simplified gate driver circuit for 3phase, 2-level VSI [13] 

 

Figure 26: Schematic showing capacitances associated with IGBT gate
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𝑄𝑔𝑎𝑡𝑒 = 2.15µ𝐶  |  𝑓𝑠𝑤 = 20𝑘𝐻𝑧   |  ΔV𝑔𝑎𝑡𝑒 = 24𝑉  |  𝐶𝐺𝐸 =  12.0𝑛𝐹  | 𝑃𝑑𝑟𝑖𝑣𝑒𝑟 = 1𝑊

𝑃𝑔𝑎𝑡𝑒 = 2.17 𝑤𝑎𝑡𝑡𝑠

 

Figure 27: Gate Driver Isolated power supply for generating +15V and -9V 

𝐼𝑝𝑒𝑎𝑘_𝑜𝑛_𝐼𝐶 = 2.5𝐴   |   𝐼𝑝𝑒𝑎𝑘_𝑜𝑓𝑓_𝐼𝐶 = 5𝐴 ∆𝑣𝑔𝑎𝑡𝑒 = 24𝑉

𝑅𝑖𝑛𝑡,𝐼𝐺𝐵𝑇 = 2 Ω 𝑅𝐺𝐷,𝑜𝑛 = 4 Ω 𝑅𝐺𝐷,𝑜𝑓𝑓 = 2.5 Ω

𝑃𝐷 = 𝑃𝐼𝐷 + 𝑃𝑂𝐷 + 𝑃𝑂𝐿

𝑃𝐷 = 251𝑚𝑊

𝑃𝐼𝐷 = 𝑉𝐶𝐶1 ∗ 𝐼𝐶𝐶1 = 5.5𝑉 ∗ 4.5𝑚𝐴 = 24.75𝑚𝑊

http://www.xppower.com/Portals/0/pdfs/SF_IHL02.pdf?ver=2016-08-23-154429-073


 

 

𝑃𝑂𝐷 = (𝑉𝐶𝐶2 − 𝑉𝐸𝐸2) ∗ 𝐼𝐶𝐶2 = 15𝑉 − (−9𝑉) ∗ 6𝑚𝐴 = 144𝑚𝑊

  𝑃𝑂𝐿 = 𝑃𝐷 − (𝑃𝐼𝐷 + 𝑃𝑂𝐷) = 251𝑚𝑊 − 204.75𝑚𝑊 = 82.25𝑚𝑊

𝑃𝑂𝐿 = 82.25𝑚𝑊   |  𝑄𝐺 = 2.15µ𝐶   |   𝑉𝐶𝐶2 − 𝑉𝐸𝐸2 = 24𝑉   

𝑅𝑂𝑁 = 4Ω  |   𝑅𝑂𝐹𝐹 = 2.5Ω   | 𝑅𝐺𝐴𝑇𝐸𝑂𝑁 = 3.5Ω   |   𝑅𝐺𝐴𝑇𝐸𝑂𝐹𝐹 = 0.3Ω

𝐹𝑆𝑊𝑀𝐴𝑋 = 4.9𝑘𝐻𝑧 

 

Figure 28: Bipolar, non-inverting totem-pole BJT current amplifier 

 



 

 

 

Figure 29: Simplified Desaturation Detection Circuit 

𝑡𝑏𝑙𝑎𝑛𝑘 =  
𝐶𝑏𝑙𝑎𝑛𝑘 ∗ 𝑉𝐷𝑆𝑇𝐻𝑅

𝐼𝑐ℎ𝑎𝑟𝑔𝑒
=  

200𝑝𝑓 ∗ 9𝑉

0.5𝑚𝐴
= 3.6µ𝑠 

http://www.ti.com/lit/ds/symlink/iso5452.pdf


 

 

 

Figure 30: Additional RC network to implement soft turn off of IGBT

 

Figure 31: Complete desaturation detection circuit

https://www.diodes.com/assets/Datasheets/ds30371.pdf


 

 

 

 

Figure 32: GLV Side of Gate Driver 



 

 

 

Figure 33: Complete gate driver schematic 
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http://www.ti.com/lit/ds/symlink/tms320f28069f.pdf
http://www.ti.com/lit/ds/symlink/tms320f28069f.pdf


 

 

 

Figure 34: TMS320F28069 processor and accommodating circuitry 

 

 

Figure 35: CAN Transceiver circuitry 

http://www.ti.com/lit/ds/symlink/tms320f28069f.pdf


 

 

 

Figure 36: DC Bus Overload Detection Circuitry 



 

 

 

Figure 37: Hardware overcurrent detection circuitry 

 

 

 

 

 

  



 

 

 

Figure 38: Parent board - top layer 

 

 

Figure 39: Parent board - mid layer 1 

 

 

 

 



 

 

 

 

 

Figure 40: Parent board - mid layer 2 

 

 

Figure 41: Parent board - bottom layer 

 



 

 

 

Figure 42: Gate Driver - top layer 

 

Figure 43: Gate Driver - Mid layer 1 

 

Figure 44: Gate Driver - mid layer 2 

 

Figure 45: Gate Driver - bottom layer 



 

 

 

 

Figure 46: Control Card PCB Layers  



 

 

 

Figure 47: Schematic showing net classes used for implementing isolation 



 

 

 

Figure 48: Altium PCB Clearance rules for Isolation Requirements 

 

Figure 49: Gate Drive Circuit Model
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𝑑𝑉

𝑑𝑡



 

 

 

Figure 50: Illustration showing capacitive coupling effects between two PCB traces

 

Figure 51: AD8029 PSSR Graph showing PSSR vs Frequency 

http://www.analog.com/media/en/technical-documentation/data-sheets/AD8029_8030_8040.pdf


 

 

 

Figure 52: Decoupling capacitor placement next to IC pins 



 

 

 

Figure 53: 3D model of control card 

 

Figure 54" 3d model of parent board

3Dcontentcentral.com
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• 𝐾𝑡 = Ψ + (𝐿𝑑 − 𝐿𝑞)𝐼𝑑

• 𝐼𝑞,𝑟𝑒𝑓 =
τreq

𝐾𝑡



 

 

𝑉𝑑,𝑆𝐹𝐵 = 𝑟𝑠𝑖𝑑 + 𝐿𝑞𝑖𝑞𝜔𝑒

𝑉𝑞,𝑆𝐹𝐵 = 𝑟𝑠𝑖𝑞 − (𝐿𝑑𝑖𝑑+ 𝐾𝑒)𝜔𝑒

 

Figure 56: State feedback testing on-vehicle with only back EMF decoupling enabled. 

 



 

 

 

Figure 57. Flux weakening testing on vehicle – id begins to increment at 90% of base speed. 
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Figure 58: Quad-Inverter assemble: Two inverters share a cold plate. Each plate uses a dual pass channel to return the fluid and 

keep coolant routing simple 
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Figure 59: Single inverter loss model (left) and steady state current limit for a 150C junction temperature 
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https://www.infineon.com/dgdl/Infineon-FS200R07PE4-DS-v02_01-en_de.pdf?fileId=db3a304333227b5e01335963ee7908dd
https://www.infineon.com/cms/en/product/power/igbt/igbt-modules/igbt-modules-up-to-600v-650v/fs200r07pe4/


 

 

 
Figure 60: Pin fin design with coolant fluid volume colored by velocity and featuring velocity vectors 

 
Figure 61: Waved fin design with coolant fluid volume colored by velocity and featuring velocity vectors 



 

 

 

Figure 62: Isometric view showing mechanical packaging 

 

Figure 63: Alternate views of mechanical packaging 



 

 

                

 

Figure 64: Lapp SKINTOP Cable Glands

 

Figure 65: Derating curve for shielded silicon cable 25mm^2 - 95 mm^2



 

 

 

Figure 66: Samtec AccliMate connectors used for all low voltage connections

 

https://www.samtec.com/cables/panel/sealed/bayonet


 

 

       

Figure 67: Manufactured v1 Control Card and Gate Driver 

 

 

Figure 68: Inverter case with cold plates (left). Inverter cover (right) 
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Figure 69: CNC machined fin channels (left) and exploded view of cold plate assembly (right) 
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Figure 70: Final Quad Inverter Assembly (current sensors not shown)

 

Figure 71: Final Quad Inverter Assembly view 2 



 

 

 

Figure 72: Weight stackup of quad inverter

 



 

 

 

Figure 73: Parent Board DVP&R 

 



 

 

 

Figure 74: Dyne control interface

 

   

Figure 75. Dynamometer testing at WEMPEC 



 

 

 

Figure 76: Vehicle testing 

 

 



 

 

 

Figure 77: Ringing on gate 

  



 

 

 

Figure 78: Zener clamp diodes and pulldown resistors 
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Figure 79: Phase current from the 217e inverter (MST 140-200) with phase current from the 218e quad inverter overlaid 
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Figure 80: Wisconsin Racing 2018 squad 
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