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72l 300 \W very high AC input voltage
LED driver with digital power
control

System Research and Application
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Introduction

A digitally-controlled 300 W power supply

Configuration: PFC + DC-DC conversion + synchronous rectification

 PFC working in Transition Mode
« DC-DC conversion based on Half Bridge LCC resonant converter, controlled by MCU
« Synchronous rectification based on Full Bridge topology, controlled by MCU

The evaluation board can either work in Constant Voltage (CV) mode
or Constant Current (CC) mode

Design challenges

* Very high input voltage range: 270 V — 480 V AC
« THD @ Full load (270 V — 480 V AC): <10%
» Peak efficiency @ maximum load: >93.5%

Ky 4
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STEVAL-LLLOO9V1 evaluation kit
Specification and features

+ Configuration: PFC + HB-LCC + FB-Sync. Rectification « DC-DC converter topology: Half bridge LCC resonant converter

« Half bridge LCC resonant converter: Closed loop switching frequency: 90 kHz
* Input voltage range: 270 V- 480 VAC to 275 kHz
» PFC output voltage: 725 £ 2.5% « Half bridge LCC resonant converter: Start-up switching frequency: 280 kHz

» PFC operating mode: Transition Mode
 Synchronous rectification topology: Full bridge
 Power factor @ Full load (270 V-480 V AC): > 0.95

» Power factor over input voltage span 270 V-480 V AC: > 0.9 for Load > 33%  HF transformer isolation: 3 kV

of Maximum Load + Cooling: Natural air
* THD @ Full load (270 V - 480 V AC): <10%  Dimming approach: Analog dimming
» THD over input voltage span 270 V - 480 V AC: < 20% for Load > 25% of  Dimming control: 0 - 10 V

maximum load « Default brightness level: 100%

 Dimming resolution: 1%
* Peak efficiency @ maximum load: >93.5%

» Maximum output power: 300 W - -

 Output configuration: Constant Voltage (CV) or Constant Current (CC) Sk, Yy

* Output: Constant Voltage (CV) Mode: 48.5 V + 1% with maximum of 6.25 A 2 g

* Output: Constant Current (CC) Mode: 6.25 A £ 2.5% with output voltage
ranging from 36 V to 48 V

Kyy ‘ :
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STEVAL-LLLOO9V1 evaluation kit
Key products

STW20N95DK5 (MDmesh™ DK5 N-channel Power MOSFET) \ V
STW20N95K5 (MDmesh™ K5 N-channel Power MOSFET) WAL
STP100N10F7 (STripFET™ F7 N-channel Power MOSFET)

VIPER267K (Auxiliary Supply: High Voltage Converter)

<> KF50BD-TR (Low Drop Voltage Regulators)
LDO

STM32F334R8 (Cortex-M4 32-bit CPU with FPU core)
ST &j TSZ121 (Operational Amplifier)
p Amps

STTH512 (Ultrafast Diode)

STGAP2D (Isolated Half-Bridge Gate Driver) STTH112 (Ultrafast Diode)
% L6491 (High Voltage High and Low-Side Gate Driver) STTH1L06 (Low Drop Ultrafast Diode)
PM8841 (Low-Side Gate Driver)

STPS3L60 (Power Schottky Diode)

Ky 9
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Control unit & gate driving

STM32F334 STGAP2D L6491

32-bit Microcontroller Isolated half-bridge gate driver 4 A half-bridge gate driver

* Cortex-M4 at 72MHz (90DMIPS) » Functional Isolation 1700V * 600V Half Bridge

* HRTIMER 10ch - 217ps (4.6GHz eq) * 4 A Sink/Source current capability * Up to 4A gate driving current capability
» High-speed ADCs and Built-in analog » 3V3/5 Vlogic inputs * On Chip OpAmp

» T°-40/105°C * Up to 26 V supply voltage * Integrated Bootstrap Diode

LQFP32
LQFP48
7+  LQFP64
UFQFPN32
WLCSP49

PQFN 8x8
S016

Ky 1
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Cortex-M4 at 72MHz (30DMIPS)

LQFP 32/48/64, T° -40..105°C

HRTIM timer is made of Hi-Resolution + Waveform Builder & Event Handler

217ps (4.6GHz eq.) high resolution guaranteed on all channels vs voltage, temperature
or manufacturing deviation. 10-channels timer made of 6 timings units that can be cross-
coupled or work independently

Advanced PWM waveforms generation with SW minimized
»  Smart functions, such as a HW burst mode controller
*  One DMA channel per timer
*  One parameter modification can change multiple events (timer chaining)

Complex event management: 10 external events inputs and 5 Fault inputs
Numerous interconnect

High-speed ADCs for precise and accurate control

12-bit SAR — 5MSps, single-ended and diff. inputs
Down to 21ns sampling time
Multiple triggers for PWM

Built-in analog for protection and signal conditioning

Ultra Fast comparators (26ns)
Op-Amp with built in Gain (PGA)

System

Power supply
1.8 V regulator
POR/PDR/PVD

Xtal oscillators
32 kHz + 4 ~32 MHz

Internal RC oscillators
40 kHz + 8 MHz

)
=

Clock control
RTC/I-WDG

SysTick timer

2x watchdogs
(independent and window)

24/37/51 1/0s

Cyclic redundancy
check (CRC)

Touch-sensing
controller 18 keys

Control

1x 16-bit (144 MHz)
motor control PWM
Synchronized AC timer

1x 32-bit timers
4x 16-bit timers

HRTIM (10ch)
Up to 16 Ext. ITs

ARM Cortex-M4
72 MHz

Floating point unit (FPU)

Nested vector
interrupt
controller (NVIC)

JTAG/SW debug

AHB bus matrix
7-channel DMA

Temperature sensor

F3 series STM32F334 — 64kB

64-Kbyte Flash memory

Up to 12-Kbyte SRAM
20-byte backup regulators

4-Kbyte CCM
code-SRAM

Connectivity

1x CAN 2.0B

2x USART+
1x USART/

LIN, smartcard, IrDA,
modem control

3x 12-bit DAC + 2x timers

2x 12-bit ADC
21 channels / 5 MSPS

3x Comparators (26ns)
1x Programmable

12



STGAP2D isolated half-bridge gate driver

VDDH“—\ . i N i QA « 3V3/5 V logic inputs (logic thresholds 1/3, 2/3 of VDD )
' | | « Up to 26 V supply voltage

* 4 A Sink/Source current capability

| | Short propagation delay: 80 ns

S o p—— [ ==l jowson * UVLO Function

ﬁ |
B, Control °
L i = L ] - i
T ogic : B s Stand-by function
BRAKE o | é * 100 V/ns CMTI
ﬁ T wWH o L N oeour s * Functional Isolation up to 1700 V
Seation | | SL;::ZIr 1] _ ;
vDD2 <:> <:> el —D]i « Temperature shut-down protection
ono_ ! [ L2l 1 onpiso_s + Single input pin, in phase with output
— | e « Shut-Down SD pin, with integrated pull-down
o . VDD [] |1 16 | ]GNDISO_A
BRAKE Pln INA[] |2 15 [JGOUT_A
o * Interlocking INB[] |3 14 [JvH A
el * Negative gate drive ability soLj 4 13 LINC.
° ° - BRAKE[] |5 12 JN.C.
Motor control | DC D(? converters - SO16 Package = S S
»  Factory automation * Induction heating snod |7 0 Boour 8
* Industrial drives and fans «  Welding nc.O[s o vH.B 13




L6491 half-bridge gate driver

Embedded diode Embedded features optimized for
reduces BOM Field Oriented Control (F.O.C.) applications « 600V Half Bridge
* Up to 4A gate driving current
Vi vee L ROOEEEEDANE | FLOATNGSTRUCTURE _ , 4 lmr capability
i _‘L L= | . 5
T —] : 1 * On-chip OpAmp
‘ | il | T « Embedded Comparator
:é — _@ et ’[:> Bk 3 - Integrated Bootstrap Diode
Shutdown input ﬁ o | ' « Adjustable Dead Time
or OCP FROM CONTROLLER I_I_éi_lm 1 . T:I;?L':;H : o Loo . ° |nteI’|OCkIng funCtlon
indicator e K 0. Overcurrent Protection . SO-14 Package
; s | ng e has a fast response
conTROLLER @ Woo |5 = N and information is
l . ™ Sy FGHD . .
| = ﬁ_ | L 5 o | transferred to controller Key applications
Dead Time can — ) . EEce e Hom lian
match application ] T T OCP Threshold is ome applia ce§
requirements T i -T-Cj__E' externally settable * Factory automation
i IH ey [|] + HID ballast

+ * DC-DC converters
ﬁ * Induction heating 14
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LCC power MOSFETs & auxiliary power supply

STW20N95DK5 Viper267K
N-channel power MOSFET High voltage converter

« Fast-recovery body diode * 1050 V Avalanche Rugged Primary
« V(BR)DSS = 950 V MOSFET
« RDS(on) max. = 0.330 Ohm  Embedded HV Start Up (800 V)
«ID=18A * PWM Current Mode Controller

* IDLIM =700 mA

/ / T0-247 ey
S016

Ky 15
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MDMesh DK5 STW20N95DK5
950V, 330 mQ, 18 A

STEVAL-LLLOO9V1: LCC Stage Electrical Schematic

« BVDSS 950V VHYV Blocking Voltage
» Fast Recovery Body Diode

+ |deal for Bridge-based topology

» Extremely good Coss / Ciss profiles

Key applications
Atmosphere Lighting « Hi-Bay Lighting
Industrial Lighting «  Welding
Green House Lighting



VIPer26k

Key features Versatile for key SMPS topologies

» 1050 V Avalanche Rugged integrated primary MOSFET »  Buck converter / inductor-based topology
» Embedded HV start up (800V) »  Fly-back in primary side w/o opto-coupler
*  PWM current mode controller »  Fly-back isolated with opto-coupler

»  Fixed frequency 60 with jittering

_ _ Benefits in applications
» Embedded E/A (3.3V reference voltage) for direct feedback using a

« Easy compliance with IEC 61000-4-2/4/5 immunity test ( 8kV Burst/ 2kV Surge, 20kV

RIS Air Elect. discharge, 10kV Contact discharge) Low Stand-by : 30mW @ 230VAC
* Low Stand-by : 30mW @ 230VAC
BV Max Roson p— Fly Back « High efficiency at light load
VIPER26K 1050V 8 W 500-700 mA 10W  Reduced EMI filter thanks to the jittering
» Protections : Short circuit, Open loop, Thermal shutdown
*  Current Limit options (500 and 700mA) to limit the max power and optimize the
inductor/transformer size.
Isolated and non-isolated auxiliary power supply Ecosystem

I \ » eDesignSuite (Design, BoM , transformer design, Simulation)
\zr ET a Spice Models

17
— Evaluation boards: Buck converter boards, Fly-back PSR isolated, Fly-back SSR Isolated




VIPer26k parameter table

Pin Short description VIPer26xK
GND Controller ground and MOSFET source Poyr @85-265V,
N.C. Not internally connected Flyback converter 10W
N.A. Not available for user (recommended to connect to GND) 50C amb temp
VCC Controller supply lout 250 mA (VIPER265K)
FB 3.3V reference voltage / EA input for direct voltage feedback Buck converter 350 mA (VIPER267K)
COMP EA output for compensation network in non isolated flyback BVpss 1050 V
Optocoupler connection in isolated flyback
DRAIN 1050 V FET drain Robson 8 (2 max
loL v [MA] 500 mA (VIPER265K)
- —1 oraN 700 mA (VIPER267K)
v [ I Fosc [kHZ] 60 kHz +7%
Ne [ 1 bRraN + Jittering
NA [T ] ] DRAIN Vee 11.5V to 23.5V
V:Z E i :z VbRAIN START 60V DC max
B [ — ne Package SO16N
"l COMP [] | ] NC 18
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LCC topology fundamentals and

synchronous rectification
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LCC resonant converter block diagram I

DC-BUS o =
Bk | s
Mo ? | i oo, T HEF
— | T 3lEL .- ::::!_E‘!SZ:A
| Bz 38T A i K+
= L i “
; cF | HRE g orp
s < aa |
LS .
Half Bridge Synchronous
LCC Rectification

Ky 20
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LCC resonant converter gain vs normalized frequency

Gain vs Normalized Frequency
275

1
21,/ L,Cyr

Lm 2.25

L,

Resonant Frequency f, =

A=

Load = 0.5%

C
A = —r 175

Load =1%

Load =2%

=

Load =5%

Load = 10%

. L Load = 25%
Characteristic Impedance Z, = |-+

— Load = 50%
C 1.25
r

— Load = 75%

Load =90%

Load = 100%
o olie ¢ MAXIVIA

Quality Factor Q = Ri\/% ,

ac
fsw

fr

Normalized Frequency f,, =

0.25
0.75 1.25 1.75 225 2.75 325 3.75 4.25 475

Normalized Frequency Fsw/Fr
!

o
!

Mg (fn,Q A, A) = v
mn

2
17 j[1+;(1_fiz)+%(1_f,,2)] (- ) ,

fn
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LCC vs LLC resonant converter operating frequency

LCC Converter LLC Converter

fr1

fr2

21T\/ Cr

Desired Operating Region

f

operation

Lys
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+ C
21TV L,,C,,
operation > fr2
DC-BUS
A
I-r

1‘

1k

E;

*

C:

= AAAANNA,

Cp reflected to secondary side <>

1
21/ (L, + L,,)C,

1
2mVL,C,

frl<f

operatlon

fr2

DC-BUS
JE}

P

1|
I

Y'Y Y VYY

= AANAANANN,
— [

22




Synchronous rectification VDS sensing technigue

Synchronous rectification (SR) stage node voltages (V5 srqand Vpg sg,) are sensed to drive SR stage MOSFETs.
* The sensing network is composed of a fast diode and a pull-up resistor connected to the microcontroller (MCU) supply voltage.
» When the SR MOSFET drain voltage is above the MCU Vcc, the diode is reverse biased and the sensed voltage is pulled up to Vcc.

 When drain voltage is below Vcc, the diode is forward biased and the sensed voltage is equal to this voltage plus the voltage drop of the diode
that gives a positive shift.

« The current during positive biasing is limited by the pull-up resistor.

P

I
]
]
i N R P BNV o
[ — "; %Z\
]

Half Bridge Synchronous
LCC Rectification

O ——————— — — - -

~N-—

4

(=) o
23
Vbs_sri1 Vbs_sr2

~,
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Synchronous rectification digital control scheme
o

Bt 1| Sync. Rect.
1. off ROOE Vg
MOSFET r j ‘
Body Diode Conduction K | MOSFET
| ! Body Diode Conduction
| — — = = Vyreshoia ON — OFF (DAC Setting)
- — Comparator Trigger
MOSFET Turn ON Delay —>, ui T, -7—— Turn ON Max.
Blanking Time Turn ON Min. &«rr— et | |
: LI ; | s Timer
Gate Driver Delay ——>! € L L i
o | ' «—— MOSFET OFF
MOSFET ON —— | | s BB fatn

Lys 24
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Efficiency, operative performance
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Input voltage vs efficiency
w.r.t. Load CV configuration

Input Voltage vs Efficiency (%) w.r.t. Load

so ! el 100% Load
= ——— ———e — — — o ’ —=
e w=@==90% Load
< 3
HC) @ 7 5% Load
t I I, — e — S = =G ——— —
g =@ 50% Load
e=i==33% Load
o — o — —— —— —— —— - P ~— ®
e ) 5% Load
265 290 315 340 365 390 415 440 465 490

Lys
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Input Mains Input Voltage AC
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B 8B .

092

Power Factor
© © o
R R B G

082
08
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265

Input voltage vs power factor
w.r.t. Load CV configuration

Input Voltage vs Power Factor w.r.t. Load

290

315

340

365 390
Input Mains Voltage AC

415

440

465

490

=== 100% Load
=== 90% Load
el 75% Load
e=@u= 50% Load
wil==33% Load

=== ) 5% Load
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Input voltage vs THD
w.r.t. Load CV configuration

Input Voltage vs THD % w.r.t. Load

28

24

20
e=@== 100% Load
e=@== 90% Load

=== 75% Load

e=@==50% Load

+
\
l

12
pa— e o e s 33% Load
At D ==
s e o S e 25% Load
o
4
265 290 315 340 365 390 415 440 465 490

Input Mains Voltage AC
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Input voltage vs output current
w.r.t LED drop CC configuration

Input Voltage vs Output Current w.r.t. LED Voltage Drop

==@== 48\ LED Drop

e=@== A5\ LED Drop
==@==47\ LED Drop

Output Current (A)

e=@== 39V LED Drop
@36V LED Drop

265 290 315 340 365 390 415 440 465 490
Input Mains Input Voltage AC

"[ 29
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HB-LCC stage - 100% load CV configuration

1‘ TELEDYNE LECROY
‘ “varywhareyoulook”

( ) e \

Vgs L3

Vags HS

|

oy ek e
(c3
5
Measure P1:rms(C3) P2:freqiC1) P3:max(C4) P4:rms(C5) P5:rms(CB)  PB:mean(CT) P7:-freqiC2) P& dutv(C8) P9:freqiC8)  P10:mean(CT) P11:--- P12:- - -
value 1.3535 A 107.13344 kHz FETAY 6.248 A 49130V
status v ' ' v W

30




Synchronous rectification
with 48V output CC configuration

lout . TELEDYNE LECROY
e e e e e LR S e e e e e = T e e e = R _—-!Mﬂubﬁk:—-
. Vout
R i a ' 4
a3l

el e

W

\5SR1LS Vgs pR2 LS

1.4 CB B
Measure P1:rms(C3) P2:-freq(C1) P3:max(C4) P4:rms(C5H) P3:rms(Ch)  PG&:mean(CT) P7:freq(C2) P&:duty(C8) P9 freq(C8) P10:mean(CT) P11:--- P12:- - -
value 1.2914 A 107.75701 kHz 54.0V 6.154 A 4897V
status v il W v v

10 GS/s|Edge Positive
-49.9999 us 31
X2= -250000 pys 1/AX= -20.00004 kHz

"l -- = - 68 Af--- 2 -- - - SVH 5 X1= 249999 ps  AX=

life.augmented



FW architecture

life.augmented



FW architecture

Control Features Vbus OK +

Start cmd Output enabling

« 50 kHz PI voltage control loop.
 PWNMs generation with 217 ps resolution (HRTIM).

« Startup with linear frequency decreasing to avoid
current spikes.

Fault or
Stop cmd

Fault or
Stop cmd

Fault or
Stop cmd

« Start-up protection on mismatch of output voltage.

SR based on embedded comparators and voltage
sensing.

Vout OK
in start-up time

timeout

Output
disabled

Fault or

« Automatic SR activation depending on output load. Stop cmd

« Fast overcurrent protection with internal . Quiput
disabled + fault
comparator.

* Analog watchdog on output voltage for overvoltage
protection.

Power-on Fault recovered
and/or cleared

Lys
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STEVAL-DPS334C1

MCU control board and adapter board

Digital Power Supply Control
Board based on STM32F334

FOR EYALUATION ONLY NOT o T e T
FCC APPROVED FOR RESALE | o It gy s (STEVAL-DPS33

(al e

ALY
55.;'$rA114,s |

STEVAL-DPS334M1

Features

STM32F334R8 microcontroller

64 pin connector for control signals

Opto-coupled serial communication (board-to-board communication)
RC filters for analog inputs

Diode arrays for analog signal protection (DA108S1)

CAN, RS232, and SMBus communication channels

External power Supply voltage: 5V

Embedded 5V/3.3V voltage regulator

Dedicated test points for debugging

LEDs for power-on, faults and general purpose

Adapter board
L ~ im

STEVAL-DPSADPO1

Features
* Enabling Debug (SWD connection)

34




Schematics & layout
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STEVAL-LLLO0O9V1 - Evaluation boards involved
...................... T IsoLAToN ______

i
750 £2.5% | I
DC-BUS I

F

. . Bridge
@9 Filter Rectifier

275 - 480V
AC Mains

I
I
I
I
PFC :
I
I
I

STP100N10F7

1.6491
Gate Driver
|
STGAP2D CONTROL | Programming
Gate Driver LOGIC : Interface

____________ I
&

36
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Auxiliary

VIPer26K Supply
Flyback

Daugther Board i
Optically
e Isolated
DC-BUS
ﬁ Sense




Mother board schematic: PFC section

PFC °,

P4
V-OUTPUT PFC

1 2 RT3
| mve 07V \/ - 4725V DG
. STTH212U o
3 3 Yl 3 P2 YP-PFC
- 3 3 D35 T00uR D34 Korp-pFC
— 2 g BRIDGE x 7447070 | STTH512B-TR
X g g GBU1510 o = TP30 [ ]  —
— = NM = o = PFC MOSFET DRAIN
RV1 3 4 4 3 S [c8s =] © R & R117
440V AL © == 100nE; e = 2 9 [css R116
1%} b 1 7 2 2 TioonF-x2 = = o T5 1 470K-1206 220K-1206
F1 3 4 7 LS ~ < < nF = 2083.0017 - Magnetica TP31 Q &
2A b= - 22mH - | o — ———~~— P03230 PFC MOSFET GATE DRIVE o =Y R118
S 3 NM 744822222 |3 -z a 2 E a7 a | 220K-1206
o~ B m ~ © GD-PFC 1 STW20N95K5 = c89
a = =i < m = | c @ 2 270UF-450V
[N g o ~ 0E-0805 & —
R123 r>
— Ri121 470K-1206 o
10K-0805 =N
Sk = R127
R173 [T} 220K-1206
1M-1206 R129 H
51K-1206
R124 ¢
J9 820K-1206 i R131 220K-1206
300-400 VAC 470K-1206
R174
1M-1206 R134
51K-1206 R138 R135 R132
0.47E-1W 0.47E-1W
D36 220K-1206
1N4148 5
R175 R139 el 2 R136 N R137
R128 1M-1206 R141 T00R20%05 €90 | [ N 470K-1206 m _| 220K-1206
820K-1206 51K-1206 10nF-100V-080§, — = A= cot
g 270uF-450V
D37 |
1N4148 ——C92 INV-PFC ~
R142 100nF-0805 N
R147 100K-0805 > =
b1K-1206 = R145
R143 R144 [0} 220K-1206
R133 | | 18K-0603 10K-0603 —
820K-1206 Ve 2 1 RIT, = =
D43 ¢ 2.2R%0805 Q14 Vo
C106=—= R176 15V MMBTAO6LT1G] 1 Q13 220K-1206
1uF-100V-1206 220K-0805 R1Z8 & hw  STP03D200
& . _—
T00R.0%03 o = ol
D41 1 2 PFC Controller Vcc
DNM »L 536
R148 INV-PFC = PRI.-GND
R140 47K-0603
820K-1206 u10 an
| 1 8 : SMMBTA06LT1G
[2200F-0603 Y e ]
2{comp  ap [ —r] %6
i [ 100nF-50V-0603 22F-35V
CS-PEC SD-PFC =
CS-PF( i121-00 4 cs 2CD 5. ZCD-PFC =
L[6562ATD
R183
=097 ==0! ——=C99 10E-0805
R151 10nF-0603 1nF-0603 DNM-0603 N4148
6.2K-0603
V'V Ri52
22E-0805

N /4 37
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Mother board schematic: DC-DC section

 Resonart Curent MONIT

DC-DC Converter A
INAI48  22E0805 0E0805
RIS ca < mm Ces
N 47007 0805 12060805 ] voureur
200
orpic
ot STP1GONIOR?
sTwaonsions | - i
nzn . e
w Stes1Leon
STPSILEOA 5 S
L loosnas: " oo soURCE SRSt sounce susz 2 nas
sous e az » " Sikasos nz
2i 4 TE0805 10K0805 ATK-1206
10K0805 20340002 - Magnetca ca = ™
A 1 P10 470uF-100V |
{15 arot 10
2
$

7y P
HBLCCNoce o ollg
“
e A%
1000V é =) —— S1K0s08 L MOMION
o F-1208-100V
STW20NB50K5_[© DN b 80F] F-1206-100V
Ouput A2 o) bl 10 ' 11
® ™ T0E G803 5 T SRz
STPSILIA = . ~(vos-5t 1 vos-sr2
A3 =2
os oe

L

Goss.ne A3
\“'%gm' 55~ 6.2K0805 100F 0805
10K0805.

[0 SOURCE SRSt

:
«23vDC PRI-GND L
- g NETOE SN
s
e
b o

100F 08C5 [10uF 0805 NS 1081208

o2
- P 0
10 w 3
22005 063 i . saavoe
P |9 ¥ oY o b i s g
" A s
s e T o 1 A Sy —Sisie_ , grovoc-em QvooA 533V0C
eLshe 8 L we WA S v T erature
i h Gat” s i 3 AN v RmARY emp Koo
VG s o Hax SThiLose  STIMILOSA 10E 1208
E. A RS 1 c»
e 1o Yo o S eaake s 10F.0603 220 0603
vooa 3 " L I lomp MONTOR
LouTMOMTOR
= asy coisie - 5 !
a0 [ —cE R iy u 15V0C - PRI - 0
8] e i P Jro—- 1208 e
CH7=—R183 i — — A ERMARY 10K-0805 1000F 0805
o s £ 1208
asv
co = cu
J 100pF 0603 ;ﬁwm
5 RS 100K0603.
Orasoscs
- A 3IE0603
wwsaLs: -
Pk L WA L2
FWMLSR-HS1 L] 390603 |
Ve SECONDARY 55
T
sl
- nes [y SEconony
Ré8 co—— 4 22K 10K 0603 e
Q€ oscs e ok 1208 o
Tokosoa 06t 2603
@
j 1o5.0nes Jsounce saist
<
v
asv
¥
Daughter Card Connectors f
PFC Output Voltage Sense w.r.t. MCU GND 2w
STEVAL-LLLO09D1 AwmsaLs:
n 4 ok ns6s
oo Voo SECONDARY
o i d_(wzs[cowmv
Rt = 42K TORGOT 0 ¢ SEC
. Oc.oens ce e e 21208
< oc-aus wonToR 2 fooFaeos | ¢ 1okosts { o Paecs
o o g
P { wsl] L [l PO
SSV-PRIMARY 3 %
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Control board schematic: MCU section

Digital Power Connector pinout assignment for STM32F334R8T6 MCU

o1 4 ANALOG INPUT FILTERS
+3.3V RIA A B Vel
1
GreenlED = Th2
GND be
02 ADC_I/DIFF_ADC_{vD——R%/\ TP
1 U P14 ADC1_IN2
ADC_2/DIFF_ADC_1-/OP-AMP_2+ D—W T oe
L BuelED = 15 AD
ADC_3/DIFF_ADC_2+/0P-AMP_2_OUT/COMP_1_NM D—W
D3 N4
Y L ADC_4/DIFF_ADC_2-/OP-AMP_2- D_f% N S) DC1_IN4
8 Red LED =
GND
c2_| c3 skikake M Outputs on STM32F334

c20
Note: Keep ADC traces as short as
possible to connector P1 0 T el 1P

SMBus_SCLIUI_USART_RX
SMBus_SDAULUSART_TX
SMBus_SMBA/SP|_MOSI

433V

TP25

433V

C10] |100nF T
GNDv\II_Qi_' 22 rh 5
BMHZHCLEI/UEIX
D28 }ZZDF L

HRTIM

P22

! o
000" COMP_1_INPIADC_11 [>——RAA TFpa8
1| X 7 o)
LFLTY ADCS [ >—RRA TRz
ADC_BI0P-AMP_1- [ >——REAA

OMP_2_INP/ADC_1! ﬂ0P~AMF_1M — - - GPIO_5/DAC_1/COMP_4_INP/SPI_NSS
4 GPIO_8/DAC_2/SPI_SCLK
GPIO_7/DAC_3/0P-AMP_1_OUT

GPIO_1/COMP_3_OUT/GP_PWM_1/EEV._4|

GPIO_2ICOMP_2_OUT/GP_PWM_2
GPIO_3/COMP_1_OUT/FAULT 2
GPIO_4/EEV_1

4
a3
g

GPIO_BEEV_2
GPIO_9/EEV_3/SP|_MISO

CHITIMI_CHINHRTIM_EE GPIO_10/DAC_4
VDDAt 1 DT FRT g:fmm - -
AGND  C7 JCT_IN AR
10007 ADCT_ING R
= MCU_USART_TX RS
A_GND MCU_USART_RX
= & il VDDA
J 433V
+5V|
+33V DER
A_GND A_VDD
TP19
o SWD - USER COMMUNICATION
o P20 ADC12_ING +33V 7
Apc_s [ >——RR/A L. a7
) o P21 A !
ac_s [>——RAy ==
ADC_10[ > 33'3 P18 ADC12_IN8 X
ADC_TICOMP_2_INM [ > RAA ? &
GND DA3
- DA10851
EXTSUPPLY 45y
i - 10090 F o VDDA pex
" To pull-up when used for SMBUS communication
53 =
TP36 TP37 VDDA A_GND
- ? 433V 1 T P24 -
. T 1k
¢ 1.500m 215 . COMP_3_INP]
LD1117 ci ~I?
100uF - - I~ b
1000F gLl o
o
VOLTAGE REGULATOR uef off
GND oD g =
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Mother board schematic: Aux. supply section

AUX. Power Supply

TP1
‘cc Secondary
+725V DG -
D46 L6
Zudie I Pt LY. SECONDARY 5V SECIP VN vour 3  +5V-SECONDARY
STPS2200U TuH S VBeSEE
STTH112A 9 1 c13 Cci4 G
Q Bs 10nF-0805 —— 7UF-35V C57 C10 KFSOBDT TH [ C8
R170 €102 STPS2200U _1 c1o 22uF-35V 0 F 0805 | 2.2uF-0805 100nF-0805 . 2uF-0805
220K-1206-1/2 1nF-2kV-1206 T~100uF-35V
3@ 10
2 EE20 ~
T2
1 1031.0015 - Magnetica
RI71
10E-1206
D7
STTH112A ||_c109
I 22nF
P2 1ARY
cc Primary +15V-PRIMARY 415V DC - PRI +5V DC - PRI
A o o
R67 1 p 2 1 3 3 R15 A 2
2260 Ll VIN - vour +5VDC - PRI O— 8N — P
D44 = REDLED =
3 STPS2200U 1 u3 9
[ C30 ~7~ €26 == KF50BDT-TR Co0i—— =2
olols|olal-lo 47uF-35V  100nF-0805 100nF-0805 2.2uF-0805
EF=
Z2ZZZ0000
Ix<x<2Z222
ocoocaoc
U2 oooo =
VIPer267KDTR
TP6
[_VDD-VIPER26
R18 1 Rl 2 VDD-VIPER26K
T0E-1266¥ D1 PI
STPS2200U
R13
39K-0805-1%
FB-VI
c17
470nF-0805 1
C19 ~ 1~ C18 ==
o= 22uF-35V | 100nF-0805 R14
1nF-0805 9.1K-0805-1%
R17
8.2K-080
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Daugther board schematic: PFC output sensing

Daughter Board:

+750V DC
L] L] L}
«ree  PFC Output Votlage Read with isoaltion
N
R67 R62 R63 J13 J14
750K-1206 £/50K-1206 750K-1206 CON4 CON3
| | | | 2.54mm pitch
Right Angle Male
~— N
+5\/-SECONDARY
R71 R69 R70 N7
750K-1206 &/50K-1206 750K-1206 = =
5V DC - SEC O/P-PFC L DC-BUS MONITOR
" +5V DC - PRI | o+5VDC-SEC
470 Ohm 100 MHz 215 mA
R74 R72 R73
750K-1206 </50K-1206 750K-1206
+5V/-PRIMARY +5V-PRIMARY c57 —?E_1 |
N/ N/ | 150pF-0805 0 54
c59 R79 100nF-0805
orav BC-FR ——100nF-0805 3.9K-0806™
R82 R80 —
560E-0805 8.2K-0805 cet us
N 100nF-0805 A pevea—— "
D20 R85 - > 7 R86 4 ™
941v-1/2m* 39E-080% VIN+  VOUT+ 72K-0805" V¥ L &DC-BUS MONITOR
SoD-123 & g vour: |8 R87 al,
| c62 4 ; 22K-0805" V"V u9
D22 10nF-0805 4 5 TSZ121ILT
WRED LED R88 GND1  GND2 1 Y soT23-5
X 160E-0805 — R93
ACPL-782T-500E 0 3.9K-0805 ——ce5
8-SMD, Gull Wing 150pF-0805
= NOTE:

All Resistances are 1% of tolerance =

IS7; : "
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Mother board schematic:

Isolated

0-10V Input

R1

MGSOE-OBOS

}‘1Dlll41 48

1210GC102KAT1A
c1 ||
TnF2KV ||
c2
1nF-2KV
- 1210GC102KAT1A
PPTC 0.05A 30V o & <° =
MF-USMF005-X € A T
s —0— Ao o 750510642r00
100nF-0805 12V SMAAAAT R2 24K-0805 __R3
B — VNN TORB08
[ ]
J1
CON 0-10V © <
2 R4 c5 == D3
1 e D4 18K-0805 S 100nF-0805 3.6V c4 —=
=0 1N4148 100nF-0805
'__L
=0
R154
10E-0805 Ui
Voo SECONDARY Y)—e—— AAN 11y out F2—E85 ||-c2
7 c76 [cioa | Vee 510E%803Y 11 1nF-0603
R155 — T100nF'3805
10K-0603 10uF-0805 2
SN N TH =
PMB841D
R172 C104
4.2K-0603 0-10V-PWM 100nF-0603

<<0-10V-MONITOR

0—10 V input
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Mother board schematic: MCU card connector

+33VDC +33VDC
MCU " — &
B2 [FB2—
D23 D24 YI7
Control Card zx s BATSAJFLM B3 i~
BS [
Connector 8 2 —
+5V-SECONDARY %) 87 3 <7
0-10V-MONITORYY——— Temp. MONITORY—— P 1 gs 58— PwM 2
100E-0603 100E-0603 WM 3 810 Bl WODE _SELECTION
M5 o e PWM 6
c71 c72 PWM 7 Bg B0 PWM
100nF-0603 100nF-0603 o e SDHB-CONTR
B4 B4
5 GPIO 4EEV 1 S Fes™
g” B8 GPIO S/EEV 2 6
+3.3VDC +3.3V DC 18 I"pg GPIO_10DAC 4
_ADC 1/DIFE_ADC 1+ B19 Maon A VDD
'ADC_2/DIEF_ADC 1-OP-AMP 2+ B20 7351
ADC_a/DIFF_ADC 2+/OP-AMP_2 OUT/COMP T NM _apo | 22! B21 Mooy
D25 D26 ADC_4/DIFE_ADC 2/OP-AMP 2- w5722 B2 'R
R9% BAT54JFILM BAT54JFILM ADC S A24 B24
10603 DC GOP AP T- res e pp—t | MCU Control
“COMP 2 INP/ADC 12/0P-AMP 1= gg gg B
“ADC 7ICOMP 2 INM A B2,
— YosSRSersng v pr 3 folow s Pl s Card Connector:
C 9 A29 ] B2
A9 B2
B -
BAT41JFILM COMP 1 INP/ADC 11 TAaj | A0 B30 PRy STEVAL-DPS334M1
c73 c74 COMP 3 INP w250 B3 Ca
2.2nF-0603 2.2nF-0603
Digital Power Connector =
= =0
+3.3VDC SR PWM 5
COMP 1 INP/ADC 11 PWNESRHE2 D
PWM-SR-LST HHEMME
D29 2 INP/ADC 12/0P-AMP 1+ PWM 7
PWM-SR-Hs1 YYPUM 7
BAT54JFILM 3
PWM-SR-Ls2 YyEUME
Reso-Current Monitor Sensi
Resonant Current MONITOR ) T o
100E-0603 47E-0603 INA-HS-HB ) PWM 1
VDDA
c75 C76 ADC 1/DIFF_ADC 1+ K i PWM 2
1.5nF-0603 470nF-0603 =0 RELSHB
1-Out Monitor Sensing R108, A ADC 2/DIFF_ADC 1-/OP-AMP 2+
0E-0603 R119 R122
=0 =% DC-BUS Monitor Sensing R109, . ~_ADC 3/DIFE ADC 2:/OP-AMP 2 QUT/COMP 1 NM 10K-0603 10K-0603
0E-0603 PN 3
Reso-Current Monitor Sensil R11 ADC_6/0P-AMP_1- 0-10V-PWM 33
+33VDC +33VDC E-0603
Ri11 COMP 3 INP
0E-0603
oo a2 SO-SRLS-Hs1 YHGPIO HEEV 1
BAT54JFILM BAT54JFILM Temperature Monitor Sensi R112, ADC 8 SD-SH-LS2-HSZ> GPIO 8/EEV 2
0E-0603 %
0-10V Monitor Sensing R113, A A__ADC 9
0E-0603
V-OUT MONITOR )} TV DC-BUS MONITOR)) T [—<<VDDA S S CONTRGL
100E-0603 100E-0603 A VD VDDA >
470 Ohm 100 MH2 275 mA 043.8vDC SW1: BRAKEHB 3 GPIO 10/DAC 4
C80 ce2
| 100nF-0603 100nF-0603 cr c78 c79 81 .
| 220F | 100nF-0805 470nF-0805 2.20F 1:2 CV MODE
= 3:2 CC MODE
*0
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Control board schematic: MCU card connector

Fl
e | 1A 1B
USART TX 150 'jﬁ -y 8 [ 28 USART_RX_is0 —l—
_TX_iso | —z3] 2A 2B 35 < | _RX_iso —L
— 4A 22 32 4B —— AN R GND_iso
SMBus_SCL/UI_USART_RX | = = < SMBus_SMBA/SPI_MOS|
K H _RX| sA 5A 5B [&8 1 3
SMBus_SDA/UI_USART_TX A 6B
+5V| > ‘ 7A 7A 7B 8 +3.3V —L—
FAULT 1 8A 8B |2 GPIO_1/COMP_3_OUT/GP_PWM_1/EEV_;l =
PWM_1 9A 9B ?c?s e PWM_2 GND
PWM_3 10A 10B 118 —< PWM_4
PWM_5 11A 11B 128 < PWM_6
PWM_7 12A 12B TB—< PWM_8
P11 e 138 148 —>— pwn_1o
i 14A 14B < E
GPIO_2/COMP_2_OUT/GP_PWM_ 2 15A 158 1 gg < GPIO_3/COMP_1_OUT/FAULT_2
GPIO_4/EEV_1 16A 16B
GPIO_5/DAC_1/COMP_4_INP/SPI_NSS 17A 178 };g GPIO_6/DAC_2/SPI_SCLK .
GPIO_7/DAC_3/OP-AMP_1_OUT 18A 188 |rom GPIO_8/EEV_2 B
GPIO_9/EEV_3/SPI_MISO 19A 198 |00 GPIO_10/DAC_4
ADC_1/DIFF_ADC_1+ 20A 208 (512 <] AVDD
ADC_2/DIFF_ADC_1-/OP-AMP_2+ 21A 218 [0
ADC_3/DIFF_ADC_2+/OP-AMP_2_OUT/COMP_1_NM 22A 228 [o22
ADC_4/DIFF_ADC_2-/OP-AMP_2- 23A 238 [ 535
ADC_5 24A 24B [55g
ADC_6/0OP-AMP_1- 25A 25B 5B
COMP_2_INP/ADC_12/OP-AMP_1+ 26A 26B -5
ADC_7/COMP_2_INM 27A 27B gSB
ADC_8 28A 28B [“59R
ADC_9 29A 29B [308
ADC_10 30A 30B 318
COMP_1_INP/ADC_11 31A 31B 358 I
COMP_3_INP 32A 32B

Digital Power Connector
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Mother board schematic: USART connections

OPTOCOUPLERS
U1 +3.3V_iso C3
M 8 1 .
MCU_USART TX R3 39 2 ' 7. R1Q A820 | 10113|F
i o n =
MCU_USART_TX <} ANAR i GRD_iso
R4 47 ? . 6 0 _  USART TX_ iso )
B 2 5an : % 1 [ > USART_TX_iso
= 4}_ SHIELD 5 C4
GND : ] 15pF
PS9821 =
GND_iso —_
GND_iso
c2 +3.3V u2
| T 8 | 1
| - 1 ‘
— 100nF 820 AR i 2 239 9 USART_RX_iso i
o RABR § S7—._}\,\/.!? —<] USART_RX_iso
MCU_USART_RX < MCU_USART_RX _ OW 6 <l 347, A RI1
5 SHIELD _ﬂ —_
c1 [ ' GND_iso
15pF = PS9821
GND
GND
CONNECTION BETWEEN TWO CONTROL BOARDS
. J2 0 H
+3.3V_iso J1 139V A MCU_USART_RX +3.3V +3.3V_iso
1 1 I 0 N.M. USART_RX_iso
USART_TI—JSO 7] 2 RV - Wi 3.3V_iso
USART RX_ 50 3 3 NS —< 3.3V
Z | RO7 MCU_USART_TX
_| ]—_ ONM. USART TX iso oM
% T — —
GND_iso USART_CON USART_CON GND g i N 1
GND GND_iso
TO PLACE ON THE RIGHT AND ON THE LEFT SIDE OF THE BOARD RESPECTIVELY

Lys
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Adapter board

schematic: Programming connector

JTAG SWD - USER COMMUNICATION USER COMMUNICATION CONFIG
+33V +3.3V
+3.3V
J3 '[' J1
1] 1 2 4.7k C _T TXIC
4 4
6 ) 6 § +3.3V]
ct 2C_SONVUSA A 2C SCUUSARTR 4.7k
10 0
VS £ 12 100nF L | R )
— 14 swoicom L UsARTRX 1,
LA 16 = =
S 1 ;g GND GND SME L 2, ot
—_ [-= — ~A RY 3
L__J o P S 7
Jtag conn .

Male Connector 2x10 = N _— . .

Pitch 2.54 mm GND 2x stripline male 3+1 2.54mm
Electronics 2 -1634688-0 pin 4 can be connected with pin 1, 2 or 3 with a jumper
473-8282

1: 8395942
CAN SMBUS
u2 Nl
AN_TX
o ne 2 97
Ts GND CANH [ o) +33v J2
+3.3v 100nF 25V 1 2
- 3 4 DC_SWB
= VCC CANL [——
GND R4 5 8
4 5 120
R Net [ L
Stripline male 3x2 2.54mm 3
SNB5HVD232D GO,
RS:461-9771
CAN COMMUNICATION
&3 433V
RESET BUTTON RS-232 100nE=25V SERIAL COMMUNICATION
+3.3V GND== c2
¥ 100nF 25V
/3 - Ut
10k
J10 as close as possible to j12 pin 1 10005281 c+ vee [ =
v+ GND 5
RESET# BTN 1408 2 RESET# A c1- TIOUT e Sho =
$ ‘I’ up_JT0T c2+ R1IN 1 ™ P1
st cs - c2- R1OUT
------- RST 100nF 16V 100nF 25V v- TIN
C&K ? ? <3 T20UT T2IN fg— S 0
KMR221GLFS < R2IN R20UT [— > %
Digikey401-1427-1-ND % cr B 2o
C&K KMR221GLFS GND 100nF 25V ST3232CTR ! ) DB9-Female
Farnell: 1201424 =
place reset button in the external part of the board G_ﬁ—u GND
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300 W very high AC input voltage LED driver

with digital power control A
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