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Part 1: Structure of a Fast EV Charger & Key Electrical Specifications
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DC fast charging (DCFQnarket is thriving. Along with A fundamental question might arise here, especially if it
the acceleration in the adoption of electric vehicles (EVS), is the first time you have faced such a challenge. How and
the demand for fast charging infrastructure is increasing.where should | begin? What are the critical design
Growth projections range from 20% to 30% CAGR for the considerations, and how should | address them?
nextfive years. If you are an application, product, or design onsemihelps designers address such a challenge, as we’'ll
engineer working in the power electronics field, sooner or demonstrate by developirg25 kW DC fast chargdrased
later, you could be involved in the design of one of such on SiC power integrated modules (PIM)
novel charging systems.

Figure 1. 25 kW DC Fast Charger Reference Design (Left i PFC Stage, Right 1 Dwt867 Active Bridge
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Table 1. REQUIREMENTS OF THE 25 TKW DC FAST CHARGER

Complete System PFC + DC iDC Converter
AC Input Voltage Input Rating Three iphase 400 Vac (EU), 480 Vac (US)
Max. Input Current 40 A
Frequency 50/60 Hz
Power Factor >0.99
Efficiency >96%
DC Output Output Voltage 200 V to 1000 V
Max. Output Power 25 kw
Max. Output Current 50 A
Protections Output OVP, OCP, SC
Input UVP, OVP, inrush current
Internal DESAT (gate driver), thermal (NTC on power device)
User Interface Push Buttons Yes
GUI Yes. STRATA ibased GUI for system evaluation
Communication Buses Internal SPI, 12C
External Isolated CAN, USB, UART
Environmental Operating Temperature 0€Ctod0 ¢
Max. Mechanical Dimensions PCB 450 x 300 x 280 mm (PFC and DC iDC stacked)
Standards Regulation Following guidelines described in EN55011 Class A. Will not be tested.
EV Systems Following guidelines described in IEC 61851. Will not be tested
THE DEVELOPMENT PROCESS layout, and prototype manufacturing. (Once the board was

Our team follows the logic of hardware development developedye carried out hardware briiigp, functionality
processes of power conversion. The work starts with thetesting,and system characterization. Please refeetsons
definition ofthe actual DC charger power stage based on theLearned: Developing a 25 kW DC Fast EV_Charging
requirements for the application. Summarized in the table inModule In this reference note, we present a simplified
our case, these are per the market's needs and follow theummary othe design process that we will describe in detail
guidelines of IEQ68515. These requirements help the team below.) Developing a 25 kW EV DC charger from scratch
understand their target. entails more than that; the most valuable takeaways will

The first feasibility studies help validate the initial come as we solve the challenges and issues along the way.
requirements and assumptions, integrated as part of the (*Pleasewatch four webinar series dDésigning Silicon
system design that encompasses (in this project's scopeLarbide (SiC) based DC Fast Charging SyStEmnmore
hardware, software, thermal management and mechanicatietails.)
design prototyping, and validation. All the essential system

variables and mostitical compromises and traieffs for ~ WHAT IS COMING? _ _ _ _

Multiple iterations carry out these tasks and lésigns, be taking a closer look at some of the design and validation
where outputs and assumptions from one part feed back t&tages. The following topics will be addressed:
another. Two of the main design activities that provide XPart2: Solution Overview

significant outputs to move forward are: XPart 3: The thregphase PFC rectification stage
X Power simulations wit&PICE models X Part 4: The dual active fulbridge DCiDC stage
X Control simulation usin/ATLAB _ andSimulink XPart 5: Control algorithms, modulation schemes and

Powersimulations are crucial to confirm the assumptions  feedback

on working voltage and currents, losses, cooling xpart 6: Gate driver system for SiC power modules
requirements, selection of powand passive components, XPart 7: Auxiliary power units for 800 V bus
among others. Once an implementation plan is ready, .

XPart 8: Thermal management

control simulations, including the power parameters, are - -
If you have a question abouf& kW SiCiBased Fast DC

carried out to confirm that the control loops are effectively ; ) ;
executed with the power design. Chargeror this reference design series, please contact

Proving the design with the power and the control fechnical Support
simulations greenlights the schematics drawing, PCB

WWW. onsemi.com
3



http://www.onsemi.com/
https://www.onsemi.com/pub/Collateral/TND6260-D.PDF
https://www.mathworks.com/discovery/model-based-testing.html
https://www.mathworks.com/discovery/model-based-testing.html
https://www.mathworks.com/discovery/model-based-testing.html
https://www.mathworks.com/discovery/model-based-testing.html
https://www.onsemi.com/download/white-papers/pdf/tnd6397-d.pdf
https://www.onsemi.com/download/white-papers/pdf/tnd6397-d.pdf
https://www.onsemi.com/download/white-papers/pdf/tnd6397-d.pdf
https://www.onsemi.com/design/resources/video-library/search/designing%20silicon%20carbide
https://www.onsemi.com/design/resources/video-library/search/designing%20silicon%20carbide
https://www.onsemi.com/pub/collateral/tnd6402-d.pdf
https://www.onsemi.com/pub/collateral/tnd6403-d.pdf
https://www.onsemi.com/pub/collateral/tnd6404-d.pdf
https://www.onsemi.com/pub/collateral/tnd6405-d.pdf
https://www.onsemi.com/pub/collateral/tnd6405-d.pdf
https://www.onsemi.com/pub/collateral/tnd6406-d.pdf
https://www.onsemi.com/pub/collateral/tnd6407-d.pdf
https://www.onsemi.com/pub/collateral/tnd6408-d.pdf



http://www.onsemi.com/
https://www.onsemi.com/design/resources/video-library/25kw-sic-module-fast-dc-ev-charger-power-stage
https://www.onsemi.com/design/resources/video-library/designing-silicon-carbide-sic-based-dc-fast-charging-system-session-1-6-pack-boost-active-front-end-afe-design
https://www.onsemi.com/design/resources/video-library/designing-silicon-carbide-sic-based-dc-fast-charging-system-session-2-dual-active-bridge-dc-dc-design
https://www.onsemi.com/design/resources/video-library/designing-silicon-carbide-sic-based-dc-fast-charging-system-session-3-gate-drivers-auxiliary-supply-and-thermal-management
https://www.onsemi.com/design/resources/video-library/designing-silicon-carbide-sic-based-dc-fast-charging-system-session-4-measurement-results
https://www.onsemi.com/pub/collateral/and90142-d.pdf
https://www.onsemi.com/site/pdf/Patent-Marking.pdf

