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STDES-2KW5CH48V

Data brief

2.5 kW - 48 V battery charger reference design for industrial light electric vehicles

Fully assembled board developed for|
performance evaluation only,

Product summary

2.5 kW industrial

LEV battery STDES-2KW5CH48V
charger

CCM PFC L4984D

Controller

Improved high-
voltage resonant  L6599AD
controller

Mainstream Arm
Cortex-M0 USB
line MCU with
128 Kbytes of
flash memory, 48
MHz CPU, USB,
CAN and CEC
functions

N-channel 650 V,
0.056 Ohm typ.,
42 A MDmesh M5
Power MOSFET
in TO-247
package

STM32F072CBT6

STW57N65M5

N-channel 600 V,
48 mOhm typ., 58
A MDmesh DM6
Power MOSFET
ina TO-LL
package

STO67N60DM6

650V, 20 A dual
High Surge Silicon
Carbide Power
Schottky Diode

STPSC20H065CW

VIPerPlus family:

Energy saving

6W high voltage VIPER16HN
converter with

direct feedback

Applications EV Charging
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(LEVSs)
Features
. Multichemistry battery charger design
. CCM PFC and FB LLC converter
. Maximum output power: 2.5 kW

. Input voltage: 85-265 Vac
. Output voltage: 40—-60 V with maximum current limited to 42 A

. Mixed analog and digital control

. Peak efficiency: 93.75% end-to-end
. Soft start

. Comprehensive safety mechanism
Description

The STDES-2KW5CH48V reference design offers a charging solution mainly for
industrial light electric vehicles (LEVs), such as e-scooters, e-bikes, e-rickshaws,
forklifts, micro e-cars. It is also suitable for AGV robots and power tools.

The charger implements two charging profiles: one for Li-ion batteries and the other
one for lead-acid batteries, corresponding to the latest trends of battery charging.

The charger design is based on a boost power factor correction (PFC) circuit,
controlled by the L4984D that provides high PF of greater than 0.9, followed by

a DC-DC circuit based on a full-bridge LLC resonant power converter, controlled
by the L6599A. For the output rectification, diodes have been chosen with an LLC
transformer secondary winding using the center tapped configuration.

The design features an STM32F072CB microcontroller to control the power stages
and the battery charging profiles and to manage protections and the user interface.

MDmesh M5 power MOSFETs and SiC diodes are used in the PFC stage. MDmesh
DM6 power MOSFETs are used for the LLC stage.

The primary and secondary sections are supplied by an off-line flyback circuit based
on the VIPER16. This circuit provides regulated voltages to the microcontroller, the
gate driver ICs, and the signal conditioning circuitry.

Formal testing and measurement results confirm the ability of performance of

ST power products, combined with comprehensive digital control, to deliver high
efficiency, power factor near unity, and low THD across wide input voltage and load
conditions.
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Overview

1 Overview

Figure 1. STDES-2KW5CH48V block diagram
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The STDES-2KW5CH48V power stages are controlled through dedicated analog controllers and through a
microcontroller, which manages the application according to your requirements.

The STDES-2KW5CH48V works with an input mains voltage from 85 to 265 V. It can provide an output power
of up to 2.5 kW when the input voltage is above 180 Vac. Below this threshold, the output power capability
derates down to 1.25 kW. The reference design adjusts the output power delivery parameters according to the EU
or the US input voltage, sensed through the isolated amplifier.

The PFC and full-bridge LLC power stages are referred to the primary ground, while the LLC controller and the
microcontroller are referred to the secondary ground.

For information about the charger status and settings, LEDs are positioned on the PCB. If an error occurs or
a protection is triggered, the on-board D5 LED blinks. The D5 LED blink count varies for the different errors/
protections. To reprogram the microcontroller, apply +12 V DC on the J4 connector. Use the IAR Embedded
Workbench for Arm (ver.9.10 or higher) or any other appropriate programming tool to program and debug.
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2 Schematic diagrams

Figure 2. STDES-2KW5CH48V circuit schematic (1 of 8)
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Figure 3. STDES-2KW5CH48V circuit schematic (2 of 8)
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Figure 4. STDES-2KW5CH48V circuit schematic (3 of 8)
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Figure 5. STDES-2KW5CH48V circuit schematic (4 of 8)

MICROCONTROLLER

Indication LEDs

THERMAL_OUT| R2 uss < B E < < <| <|
envettmacTs
Y T e - O 0 oo eovlonReovlon® 1202} 120 %8et
] 2l FososeR N i g d J 9 9 d 9
PA3 N
I semee P | FaulioK Batery type State of charge
PAS 7 ST 53 A7k +3.3V
VeT o0
s s B e [}ww . — Pow
pealilh oo o
Wi meny  SPUHEUTTON j H BATT_TYPE SEL B m o MR CAN
W2 oW . Pro_ONTRL <R A o awl 2], wer
SW3_ . LED_1 419 CAN_RX
SW PUSHBUTTON| © LED 2 Peo 3 Re2: ATk 433V SNBSHVD231
= 51 i
caa  ome e it
e e e - —
RLY_CNTR AN | Pe7 L6 ur
CAN TX 5| ng 10uH LD39150DT33-R
LEDS PB10 VDD_12v_Isq > 1w our 2 2 1 vin vou[2 Ly
Roop, ,_azok a3y ISETPUM <5 il “ 2 A ano i l i
L Pei3 il TR A Sci62 —cis9 ==c30
BATT - o 301 z cia C161 = i ZTNCcis3  cisa=—cist; 4 o 220F 220F | 100nF
ﬁ“ﬁ \ear - Comector murTme o mnﬁTzzuT
23 ‘
S a— s voo1 [ v v
8 | yssanREF- 9 Az} U 43 | [ 1uF uF ca5 | [1uF
MVBAT A{ 100r 17 | |100x C48 | | 100r €49 | | 100r J2
4 SWDIO *—i 74)<433V
] )
NRST xj* *Tx I
pmzn i e
Con14-male %
Figure 6. STDES-2KW5CH48YV circuit schematic (5 of 8)
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Figure 7. STDES-2KW5CH48V circuit schematic (6 of 8)
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Figure 8. STDES-2KW5CH48V circuit schematic (7 of 8)
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Figure 9. STDES-2KW5CH48V circuit schematic (8 of 8)
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Revision history

Table 1. Document revision history

T L T S

19-Oct-2022 1 Initial release.
11-Nov-2022 2 Updated cover page description.
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IMPORTANT NOTICE - READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2022 STMicroelectronics — All rights reserved
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