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1 Introduction

The multimode bidirectional AC-DC reference platform is designed as an evaluation prototype providing a
hardware reference design and a system enablement software.

This document details the steps to set up and tests this platform.

2 Getting started

This section lists the kit contents with other hardwareSection "Other hardware" and software requirements.

2.1 Kit contents

The hardware kit consists of the bidirectional AC-DC power board and the HVP-56F83783 expansion card.

The HVP-56F83783 expansion card is plugged into the expansion card socket on the power board. The DSC
MC56F83783 on the HVP-56F83783 expansion card is used as the main controller for the digital power system.
The board schematic and layout are available on the bidirectional AC-DC reference design webpage.

Grid-tied AC port
Local load AC port
DC bus port
SCl interface
Auxiliary power port
Expansion card socket CAN interface
Figure 1. Bidirectional AC-DC power board
Isolated SCI interface
JTAG interface
Power board interface
Figure 2. MCU control expansion card (HVP-56F83783)
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2.2 Other hardware

In addition to the kit contents, the following hardware is necessary or is beneficial when working with this
platform.

Power supply, AC source up to 220 V, 5 A for PFC mode, DC source up to 400 V, 2.5 A for inverter mode.
Load.

Cable assembly, double row wire cable.

A PC to run the graphical user interface (GUI) and USB to serial cable for GUI connection.

A Universal Multilink or DSC Multilink to program the controller.

akroDdN -~

2.3 Software

Installing software is recommended to work with this platform.

1. CodeWarrior IDE v11.1, for editing, compiling, and debugging of source code designs.
Note: Update4 for CodeWarrior V11.1 is needed. Download (via the above link) CodeWarrior for MCU
11.1 Update4, the installation instructions are available at: How to install CodeWarrior service pack for DSC
guide.

2. MCUXpresso Config Tools V13.1, for graphical display of pin, clock, and peripheral configurations to
facilitate modification.

3. Software Development Kit (SDK_2_13_1_MC56F83783), is complimentary and includes full source code
under a permissive open source license for all hardware abstraction and peripheral driver software.

4. FreeMASTER 3.2, for measurement visualization and runtime configuration and tuning of the embedded
software.
Note: To use the CP210x USB to UART bridge virtual COM port communication on HVP-56F83783,
download, and install the CP210x drivers.

3 Platform assembly and operation

As a bidirectional AC-DC converter, electric energy could be transferred from AC port to DC port (AC_TO_DC),
or from DC port to AC port (DC_TO_AC). In DC_TO_AC mode, the working mode is divided into the
GRIDCONNECTED and OFFGRID mode based on if the power grid is connected. The hardware configurations
and parameter configurations are different for different operating modes.

The following section describes how to run the converter in all working modes.

3.1 AC_TO_DC mode

Note: In AC_TO_DC mode, the converter must be supplied by the AC source instead of the power grid.
Otherwise, distortion in the power grid can damage the current limiting circuit.

Note: Load the electronic load after the DC bus reaches the voltage reference (380 V).

* Hardware connections:
1. Plug HVP-56F83783 into the expansion card socket on the power board.
2. Connect the high-voltage AC source on the grid-tied AC port and supply a single phase AC voltage.
3. Connect the load on the DC port.
4. Connect isolated SCI interface J2 on HVP-56F83783 to the PC through a USB-Mini-B cable.

UG10208 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
User guide Rev. 1.0 — 10 February 2025 Document feedback
3/14



https://www.nxp.com/design/design-center/software/development-software/codewarrior-development-tools/codewarrior-legacy/codewarrior-for-mcus-eclipse-ide-coldfire-56800-e-dsc-qorivva-56xx-rs08-s08-s12z-11-1:CW-MCU10
https://www.nxp.com/search?keyword=How%2520to%2520install%2520CodeWarrior%2520service%2520pack%2520for%2520DSC%2520guide&start=0
https://www.nxp.com/search?keyword=How%2520to%2520install%2520CodeWarrior%2520service%2520pack%2520for%2520DSC%2520guide&start=0
https://www.nxp.com/design/design-center/software/development-software/mcuxpresso-software-and-tools-/mcuxpresso-config-tools-pins-clocks-and-peripherals:MCUXpresso-Config-Tools
https://www.nxp.com/design/design-center/software/development-software/mcuxpresso-software-and-tools-/mcuxpresso-software-development-kit-sdk:MCUXpresso-SDK
https://www.nxp.com/design/design-center/software/development-software/freemaster-run-time-debugging-tool:FREEMASTER
https://www.silabs.com/developer-tools/usb-to-uart-bridge-vcp-drivers
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_UG10208

NXP Semiconductors U G1 0208

Multimode Bidirectional AC-DC Reference Solution

2 1 + .
PC ' Isolated SCI 16 380 V DC EleLct":l'“c
™| Interface DC Port 3 = o2
300 W
HVP-56F83783 Bidirectional AC/DC Board

J4 1 L
Grid-tied 220V AC| AC Source

AC Port 2 N

Figure 3. Hardware connections for AC_TO_DC mode
* Powering the boards: Powers the platform by powering up the AC source.
* Control and monitor the system with FreeMASTER:
1. Open the FreeMASTER project (Multimode Bidir DCAC_ LCL MC56F83783.pmpx) with the latest
FreeMASTER. Figure 4 illustrates the FreeMASTER window.

@ Multimode_Bidir DCAC_LCL_MC56F83783.pmpx - FreeMASTER

’ File Edit View Explorer Project Tools Help

ﬁn@ =) ﬂ f-u’ Tahoma *~ 1:+ B F O
Name Value Unit

™3 power metering gsACDC_Drive.ul6WorkModeCmd ? ENUM 1000

# gin_gen gsACDC_Drive.ul6WorkModeUsed ? ENUM 1000

% Sample_CPU load gsACDC_Drive.ul6CurrentInvMode ? ENUM 1000

4 VVac sample gsACDC_Drive.ul6InvModeCmd ? ENUM 1000

-8 | samp bACDC_RUFI ? ENUM 1000

--+% metering data QSACDC_CtrleState 77777777777777777777777777777777777 ? ENUM 1000
&2 ctrl :gsACDC DrivesFaultidR _ °? ENUM 0
488 ol ctrl_pfc gsACDC_Drive.sVacCtrl.f16VInvFilt ? unit (VAL, 10

-+ yol_ctrl_inv
-+ cur_ctrl_pfc
4 cur_ctrl_inv
4 duty
# precharge
14 SPLL

~-¥% temperature

-4 Execute time

Figure 4. FreeMASTER window
2. Enable the communication between the PC and the HVP-56F83783 expansion card.
3. Set up the communication parameters by selecting Project > Options.
4. Under the Comm tab, select the port used by the CP210x and set the baud rate as 115200.
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Multimode_Bidir DCAC_LCL_MC56F83783.pmpx - FreeMASTER

File Edit View Explorer
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Project | Tools Help
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4 sin_gen Reload Symbol flle cti+M 1 - MAP F\\es' Pack D\ll HTML Pages' Demo Mode' Views & Bars

Select Symbol File...

# Sample_CPU load 1 | Communication
R Files...

# Vac_sample esource Fies 1 @ RS232 Port [COM16 = | [silicon Labs CP210x USB to UART Bridg

2 |_samp Options... Ctrl+T

= metering data

Speed: 115200 A Timeouts and Retries. |

(" Plug-in module: |

=)

Project

"= ctrl
# vol_ctrl_pfec
# vol_ctrl_inv

=]
Connect string IdN:O,ptypezﬁ;pnum:W:devwd:PEMAEEDBELI Configure

[~ Save settings to project file

gsACDC_Drive.sV

[ Save settings to registry, use it as default.

~Communication state on startup and on project load
(" Open port at startup

® Do not open port at startup

(" Store port state on exit, apply it on startup

[~ Store port state to project file when saving, apply upon its load Advanced...
|

o]

Cancel | Apply |

Figure 5. FreeMASTER communication options
5. Under the MAP Files tab, click the ... button and select the correct symbol file.

-

Options

Default symbol file: |_\buiId\flash_sdm_Ipm_reIease\MuItimode_Bid\r_DCAC_LCL_MCl I

X

Pack D\[l HTML Pages | Demo Mode | Views & Balsl

File fi B 0pen T B T - - %
Listc &« > v N I <« build > flash_sdm_lpm_release > I v (@] Search flash_sdm_Ipm_release 0@
symb
Organize ~ New folder =- 0 0
~
English Name Date modified Type
final board 12/23/2024 11:05 AM File folder
5 matlab training ; drivers 12/23/2024 10:29 AM File folder
€
. freemaster 12/23/2024 11:05 AM File folder
svg picture DCD
source 12/23/2024 11:05 AM File folder
I-I startup 12/23/2024 10:29 AM File folder
> [ This PC
utilities 12/23/2024 10:29 AM File folder
> {3 Network
D Multimo: CAC_LCL_MC56F83783.elf 12/23/2024 11:05 AM ELF File

File name: ‘MullimodeﬁBidirﬁDCACiLCLiMC56F83783.e|f v ‘ Executable and symbolic files (*

Cancel

Figure 6. FreeMASTER symbol files options
6. Click OK and save the configuration.
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| Options X

Comm MAP Files | Pack Dir| HTML Pages | Demo Mode | Views & Barsl

i Default symbol file: |,\buMd\ﬂash75d m_Ipm_release\Multimode_Bidir_DCAC_LCL_MC

|| o |Binary ELF with DWARF debugging format ~| Edt | Dol |

List of all valid Abuild\flash_sdm_lpm_release\Multimode_Bidir DCAC_L Cl_MCEE
symbol files:
Del
View |
Note: The file selected in the list will be used as default symbol file
when the project is opened
Behavior

[~ Letthe user select initial symbal file when project loads

[¥" Prompt to reload symbols when symbol file changes and show missing symbols

® Always ( Except after initial project load

I OK l Cancel Apply |

Figure 7. Save the configuration

7. Click the Go icon and start the communication. Once the communication is established, the
communication port can be closed by clicking the Stop icon.

E Multimode_Bidir DCAC_LCL_MC56F83783.pmpx - FreeMASTER
’5 File Edit View Explorer Project Tools Help

& L@ Ol B w6 E e B 00 5 [T 4 4 N

Name
gsACDC_Drive.ul6WorkModeCmd

" power metering | ?
1 5in_gen ~|gsACDC_Drive.u16WorkModeUsed ?
£ Sample_CPU load ~|gsACDC_Drive.ul6CurrentInvMode ?
1 Vac_sample ~|gsACDC_Drive.u16InvModeCmd ?
1# | samp _ bACDC_Run ?
£ metering data gsACDC_Ctrl.eState ?

= ctrl gsACDC_Drive.sFaultld.R ?
1# vol _ctrl_pfc ~|gsACDC_Drive.sVacCtrl.f16VInvFilt ?

+# vol_ctrl_inv —
# cur_ctrl_pfc

4 cur_ctrl_inv

+# duty

# precharge

Figure 8. Open/close the communication port
8. After the FreeMASTER communication is established, click the drop-down menu of the
gsACDC_Drive.gulé6WorkModeCmd command to choose the AC_TO_DC.

] Multimode_Bidir DCAC_LCL_MCS6F83783.pmpx - FreeMASTER

| File Edit View Explorer Project Tools Help
& 0@ o 5 5 S B BI o B [T 4 b BN homa ol e BT

| s — —— —

- Bidirectioan! ACDC converter] Name e Unit

=-=2 power metering gsACDC_Drive.u16WorkModeCmd [Im‘ﬂ - [ENUM 1000
#sin_gen gsACDC_Drive.u16WorkModeUsed NO_WORK ENUM 1000
£ Sample_CPU load gsACDC_Drive.ul6CurrentInvMode DC_TO_AC ENUM 1000
1# Vac_sample gsACDC_Drive.u16InvModeCmd ENUM 1000
#_samp bACDC_Run ENUM 1000
£ metering data gsACDC_Ctrl.eState INIT ENUM 1000

& ctrl gsACDC_Drive.sFaultld.R NORMAL [0x0] ENUM 0
1# vol ctrl_pfc gsACDC_Drive.sVacCtrl.f16VInvFilt 0,0,0 unit (VAL, 10

# vol_ctrlinv
8 cur_ctrl pfc

Figure 9. AC_TO_DC mode selection
9. Click the drop-down menu of the bACDC Run command and start/stop the converter.
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E] Multimode_Bidir_DCAC_LCL_MC56F83783.pmpx - FreeMASTER
| File Edit View Explorer Project Tools Help

=2 = o N} LS e [ 4 & Tahoma . v B Z U
Elsidirectioan! ACDC converter] Name Value Unit
&% power metering gsACDC_Drive.u16WorkModeCmd AC_TO_DC ENUM 1000
#sin_gen gsACDC_Drive.ul6WorkModeUsed AC_TO_DC ENUM 1000
£ Sample_CPU load gsACDC_Drive.u16CurrentInvMode NotDefined ENUM 1000
# Vac_sample gsACDC_Drive.u16InvModeCmd NotDefined ENUM 1000
1#1 samp bACDC_Run - [ENUM 1000
£ metering data gsACDC_Ctrl.eState STOP ENUM 1000
a-*ctrl gsACDC_Drive.sFaultld.R ENUM 0
# vol_ctrl_pfc gsACDC_Drive.sVacCtrl.f16VInvFilt 0,0,0 unit (VAL, 10

# ol ctrl_inv
8 cur_ctrl_pfe

Figure 10. Start/stop converter

3.2 OFFGRID DC_TO_AC mode

Note: Uncomment the CLOSE SW _LOAD () command in the ACDC TransStopRun function to enable

load connection. Otherwise the load switch is open and no output on the J3 port. Comment out the
CLOSE SW _LOAD () command in the ACDC TransStopRun function to prevent any hardware damage when
the converter operates in standalone inverter mode and the grid-connected AC port is connected to the grid. In
the original software, the CLOSE SW _LOAD () is commented.

* Hardware connections
1. Plug HVP-56F83783 into the expansion card socket on the power board
2. Connect the high voltage DC supply positive and negative connections on the DC bus port
3. Connect the load on the local load AC port
4. Connect isolated SCI interface J2 on HVP-56F83783 to the PC through a USB-Mini-B cable

J2 1 i
PC Isolated SCI J6 380 VDC| DC Source
I Interface DC Port 3 =

HVP-56F83783 Bidirectional AC/DC Board

J3 1 = Electronic
Local Load 220V AC Load
AC Port 2 N
800 W

Figure 11. Hardware connections for OFFGRID DC_TO_AC mode
* Powering the boards: powers the platform by powering up the DC source
* Control and monitor the system with FreeMASTER
1. Open the FreeMASTER project (Multimode Bidir DCAC LCL MC56F83783.pmpx) with latest
FreeMASTER and enable the communication between the PC and HVP-56F83783.
2. After the communication is established, click the drop-down menu of the
gsACDC_Drive.gulé6WorkModeCmd command to choose the DC_TO_AC.
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] Multimode.Bidir DCAC_LCL MC56F83783.pmpx - FreeMASTER
| File Edit View Explorer Project Tools Help

& @@ BB & & BB 0 ‘i [] 4 & B K2 Tahoma . e B IO

‘ Variable Watch
f=2l Bidirectioanl ACDC converter

Name lue Unit

=2 power metering gsACDC_Drive.u16WorkModeCmd m% - [ENUM 1000
#sin_gen gsACDC_Drive.u16WorkModeUsed NO_WORK ENUM 1000
£ Sample_CPU load gsACDC_Drive.ul6CurrentInvMode DC_TO_AC ENUM 1000
1# Vac_sample gsACDC_Drive.u16InvModeCmd ENUM 1000
# samp bACDC_Run OP ENUM 1000
# metering data gsACDC_Ctrl.eState STOP ENUM 1000

== ctrl gsACDC_Drive.sFaultld.R NORMAL [0x0] ENUM 0
9 vol_ctrl_pfc gsACDC_Drive.sVacCtrl.f16VInvFilt 0,0,0 unit (VAL, |10

# ol ctrl_inv
# cur_ctrl_pfe

Figure 12. DC_TO_AC mode selection

3. Click the drop-down menu of the gsACDC Drive.ul6InvModeCmd command and choose the OFFGRID
mode.

E] Multimode_Bidir DCAC_LCL MCS6F83783.pmpx - FreeMASTER
| File Edit View Explorer Project Tools Help

& H D@ o B S e s BB e B o o " 1] 4 7 N Tahoma - v B Z O

=l Bidiirectioanl ACDC converter] Name Value Unit
& ™ power metering gsACDC_Drive.u16WorkModeCmd DC_TO_AC ENUM 1000
#sin_gen gsACDC_Drive.u16WorkModeUsed DC_TO_AC ENUM 1000
£ Sample_CPU load gsACDC_Drive.ul6CurrentInvMode NotDefined ENUM 1000
1# Vac_sample gsACDC_Drive.u16InvModeCmd OFFGRID - [ENUM 1000
# | samp bACDC_Run 1000
£ metering data gsACDC_Ctrl.eState 1000
& ctrl gsACDC_Drive.sFaultId.R 0
# vol_ctrl_pfc gsACDC_Drive.sVacCtrl.f16VInvFilt . 6, -0.3945 unit (VAL, 10
# vol _ctrlinv
8 cur_ctrl_pfc

Figure 13. OFFGRID mode selection
4. Click the drop-down menu of the bACDC Run command and start/stop the converter.

] Multimode_Bidir DCAC_LCL MC56F83783.pmpx - FreeMASTER
| File Edit View Explorer Project Tools Help

2 = oo Moo R e A A e 21850 2 1] 4 & 55 K2 ¢ Tahoma - v B Z U

Variable Watch
Bidirectioanl ACDC converter

Name Value Unit
@-*2 power metering gsACDC_Drive.u16WorkModeCmd DC_TO_AC ENUM 1000
1# sin_gen gsACDC_Drive.ul6WorkModeUsed DC_TO_AC ENUM 1000
# Sample_CPU load gsACDC_Drive.ul6CurrentInvMode OFFGRID ENUM 1000
1# Vac_sample gsACDC_Drive.ul6InvModeCmd OFFGRID ENUM 1000
# samp bACDC_Run - ENUM 1000
2 metering data gsACDC_Ctrl.eState STOP ENUM 1000
o= ctrl gsACDC_Drive.sFaultId.R ENUM 0
1# vol_ctrl_pfc gsACDC_Drive.sVacCtrl.f16VInvFilt -0.0246582, -1.4055 unit (VAL, 10
# vol ctrl_inv
8 cur_ctrl_pfc

Figure 14. Start/stop converter

3.3 GRIDCONNECTED DC_TO_AC mode

* Hardware connections:
1. Plug HVP-56F83783 into the expansion card socket on the power board.
2. Connect the high voltage DC supply positive and negative connections on the DC bus port.

3. Connect the grid-tied AC port to a power frequency transformer. The other side of the transformer is
connected to the power grid with a transformation ratio of 1:1.

4. Connect isolated SCI interface J2 on HVP-56F83783 to the PC through a USB-Mini-B cable.
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! Interface ort 3 —
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Figure 15. Hardware connections for GRIDCONNECTED DC_TO_AC mode
* Powering the boards: Powering the DC source.
* Control and monitor the system with FreeMASTER:
1. Open the FreeMASTER project (Multimode Bidir DCAC LCL MC56F83783.pmpx) with latest
FreeMASTER and enable the communication between the PC and the HVP-56F83783 expansion card.
2. After the communication is established, click the drop-down menu of the
gsACDC_Drive.guléWorkModeCmd command and choose DC_TO AC.
3. Click the drop-down menu of the gsACDC Drive.ul6InvModeCmd command and choose the
GRIDCONNECTED mode.

] Multimode_Bidir DCAC_LCL_MCS56F83783.pmpx - FreeMASTER

| File Edit View Explorer Project Tools Help

= = o] L | ]+ & o= Tahoma . 1+ B Z O
[lBidirectioan! ACDC converter] Name Value Unit
&-* power metering gsACDC_Drive.u16WorkModeCmd DC_TO_AC ENUM 1000
#sin_gen gsACDC_Drive.u16WorkModeUsed DC_TO_AC ENUM 1000
£ Sample_CPU load gsACDC_Drive.u16CurrentInvMode GRIDCONNECTED ENUM 1000
# Vac_sample gsACDC_Drive.u16InvModeCmd GRIDCONNECTED - ENUM 1000
#_samp bACDC_Run ENUM 1000
£ metering data gsACDC_Ctrl.eState GRIDCONNECTED  [E\ISI 1000
&= ctrl gsACDC_Drive.sFaultId.R ENUM 0
## vol_ctrl_pfc gsACDC_Drive.sVacCtrl.f16VInvFilt 0, -1.82471, 1.5288: unit (VAL, 10

#vol_ctrinv
# cur_ctrl_pfc

Figure 16. GRIDCONNECTED mode selection
4. Click the drop-down menu of the bACDC Run command and start/stop the converter.

3.4 Mode switching

Note: When the converter operates in the standalone inverter mode and the grid-connected AC port is
connected to the grid, the hardware can get damaged. To avoid any hardware damage, comment out the
CLOSE_SW_LOAD () command in the ACDC TransStopRun function.

3.4.1 Mode switching between DC_TO_AC and AC_TO_DC modes

Assuming that the converter first operates in the AC_TO_DC mode, mode switching can be done as follows:

1. To start the converter in the AC_TO_DC mode, follow the steps provided in Section 3.1.

2. Change the value of the gsACDC_Drive.u16WorkModeCmd command in FreeMASTER from AC_TO_DC to
DC_TO_AC. After making this change, the converter stops.

3. Power down the AC power source.

4. Disconnect the AC source from the AC port, and remove the load from the DC port.

5. Connect the DC power source to the DC port and power up the DC source.
Note: During this process, the DSC remains powered from the host computer through the USB port.
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6. To choose the desired inverter mode, use the Value drop-down menu of the
gsACDC_Drive.ul6InvModeCmd command in the Variable Watch window of the bidirectional AC-DC

converter block.

7. To start the converter, use the Value drop-down menu of the bACDC_Run command.

3.4.2 Mode switching between OFFGRID and GRIDCONNECTED modes

Assuming that the converter first operates in the OFFGRID mode, mode switching to the GRIDCONNECTED

mode can be done as follows:

1. To start the converter in the OFFGRID mode, follow the steps provided in Section 3.2.

2. When the converter is working, click the drop-down menu of the gsACDC Drive.ul6InvModeCmd
command to choose the GRIDCONNECTED mode. Then the converter mode changes automatically from
the OFFGRID mode to the GRIDCONNECTED mode.

3. When the converter is working in GRIDCONNECTED mode, click the drop-down menu of the
gsACDC Drive.ulé6InvModeCmd command to choose the OFFGRID mode. Then the converter mode
changes automatically from the GRIDCONNECTED mode to the OFFGRID mode.

4 Reference

For more information on the AC-DC converter design using MC56F83783, refer to the following documents:

* Multimode Bidirectional AC-DC Converter Design using MC56F83783 (AN14354)
» Getting started with the Bidirectional AC-DC converter

5 Revision history

Table 1 lists the revisions to this document.

Table 1. Revision history

Document ID

Release date
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UG10208 v.1.0

10 February 2025 Initial public release
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