égﬁé%g Wide Input Range, Full Bridge Phase
Shifted topology using ADP1046A
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FEATURES

600W Phase Shifted Full Bridge Topology

Wide Input Range to minimize hold up capacitor
Wide ZVS range down to 10% rated load

Short circuit and Fast Over Voltage protection
Remote voltage sensing

Line voltage feedforward

12C serial interface to PC

Software GUI

Programmable digital filters for DCM and CCM
7 PWM outputs including Auxiliary PWM

Digital Trimming

Current, voltage, and temperature sense through GUI
Calibration and trimming

CAUTION

This evaluation board uses high voltages and currents. Extreme caution must be taken especially on the primary
side, to ensure safety for the user. It is strongly advised to power down the evaluation board when not in use. A
current limited power supply is recommended as input as no fuse is present on the board.

ADP1046A EVALUATION BOARD OVERVIEW

This evaluation board features the ADP1046A in a switching power supply application. With the evaluation board and
software, the ADP1046A can be interfaced to any PC running Windows 2000/XP/Vista/NT/7 via the computer's USB port. The
software allows control and monitoring of the ADP1046A internal registers. The board is set up for the ADP1046A to act as an
isolated switching power supply with a rated load of 48V/12.5A from an input voltage ranging from a 340VDC to 400VDC.

Figure 11 Prototype
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BOARD SPECIFICATIONS

Specification MIN TYP MAX Units Notes
Vin 340 385 400 \%
Vour 48 \Y
lout 0.0 125 15 A With 400 LFM air
flow.
. OCP set to
Overload current (OCP limit) 15 A shutdown PSU
after~10ms
Efficiency 96.35% % Typical reading at
385Vin, 12.5A load
Switching frequency 111.6 KHz
Output Voltage Ripple 550 mV At 12.5A load

Table 1 - Target Specifications

TOPOLOGY AND CIRCUIT DESCRIPTION

This application note consists of the ADP1046A in a typical isolated DC/DC switching power supply in a full bridge phase
shifted topology with synchronous rectification. The circuit is designed to provide a rated output load of 48V/12.5A from a
nominal input voltage of 385VDC operated in CCM at all times. The ADP1046A is can provide functions such as the output
voltage regulation, output over voltage protection, input and output current protection, primary cycle by cycle protection, and
over temperature protection. Figure 70 provides a top level schematic that describes the power flow and auxiliary power supply
that starts up at 50VDC and provides power to the ADP1046A through a 3.3V LDO, the iCoupler isolation plus gate drivers,
the on board fan, and the synchronous rectifier drivers. The transformer is designed to provide a wide input voltage range
(340-410VDC) and the circuit has wide ZVS (Zero Voltage Switching) range down to 10% of the rated load.

The auxiliary power supply using transformer (T3) and IC (U10) generates a 12V rail on the primary side and a 13V rail on the
secondary side to power the iCoupler isolation devices (MOSFET drivers), synchronous rectifier driver and the ADP1046A
using the 3.3V LDO. This auxiliary supply starts up at approximately 50VDC.

The primary side consists of the input terminals (JP8, JP9), switches (Q1-Q4), the current sense transformer (T5) and the
main transformer (T1). There is also an resonant inductor that aids in zero voltage switching at lighter load conditions. The
ADP1046A is situated on the secondary side and is powered via the auxiliary power supply or the USB connector via the LDO.
The gate signal for the primary switches is generated by the ADP1046A through the iCouplers and fed into the MOSFET
drivers (U17, U18). Bypass capacitors (C71, C72, C114-116) are placed closed to the primary switches. Diodes (D36-37)
clamp the resonance between the resonant inductor and the output capacitance (COSS) of the output rectifiers.

The secondary (isolated) side of the transformer consists of a center tapped winding. The synchronous rectifier driver (U7)
provides the drive signals for the switches (Q9, Q23). The output inductor (L8) and output capacitor (C11, C41) act as a low
pass filter for the output voltage. The output voltage is fed back to the ADP1046A using a voltage divider and has a nominal
voltage of 1V which is differentially sensed. Output current measured using a sense resistor (R2) which is also differentially
sensed. To protect the synchronous rectifiers from exceeding the peak reverse voltage an RCD clamp is implemented (D58,
D59, R112-115, C94)

The primary current is sensed through the CS1 pin with a small RC time constant (R44, C22) that act as a low pass filter to
remove the high frequency noise onthe signa. An addi ti onal RC can bep pAlDCoraliybaverdyes t
the signal. The position of the current transformer is placed in series with the resonant inductor to avoid saturation.

Line voltage feedforward is implemented using an RCD circuit (D13, R59, R64, C38, C43) that detects the peak voltage at the
synchronous FET. There are two time constants that can be implemented in series with each other. The time constants must
be matched such that it retains the peak value during the switching frequency period but also is not too long in case there is a
step down change in the input voltage. This peak voltage is further ratioed and fed in the ACSNS pin of the controller
(ADP1046A). A thermistor (RT1) is placed on the secondary side close to synchronous FET and acts thermal protection for the
power supply. A 16.5k resistor is placed in parallel with the thermistor that allows the software GUI to read the temperature
directly in degrees Celsius.

Capacitor (C69) is a YCAP that reduces common mode noise from the transformer.
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Also present on the secondary is a 4 pin connector for I2C communication. This allows the PC software to communicate with
the IC through the USB port of the PC. The user can easily change register settings on the ADP1046A, and monitor the status
registers. It is recommended that the USB dongle be connected directly to the PC, not via external hub.

Switch (SW2) acts as a hardware PS_OFF switch. The polarity is configured using the GUI to be active high.

CONNECTORS

The following table lists the connectors on the board:

Connector Evaluation Board Function
J8 DC Input positive terminal
J9 DC Input negative terminal
J11 Output voltage positive terminal
J12 Output voltage negative terminal
J16 Socket for auxiliary power supply
J18 12C connector

Table 2 - Board connectors

The pin outs of the USB dongle are given below:

\
\ Pir:igﬁ{t)to Function
‘ 1 5V

2 SCL

3 SDA

4 Ground

Table 3 - 12C connector pin out descriptions

Figure 27 12C connector (pinl on left)
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SETTING FILES AND EEPROM

The ADP1046A communicates with the GUI software using the 12C bus.

oard Register
Settings File

ADP1046A | I

/— USE to 12C

Interface
Dongle

Digital
Block

Figure 5 - ADP1046A and GUI interaction

The register settings (having extension .46r) and the board settings (having extension .46b) are two files that are associated
with the ADP1046A software. The register settings file is contains information such as the over voltage and over current limits,
softstart timing, PWM settings etc. that govern the functionality of the part. The ADP1046A stores all its settings in the
EEPROM.

The EEPROM on the ADP1046A does not contain any information about the board, such as current sense resistor, output

inductor and capacitor values. This information is stored in board setup file (extension .46b) and is necessary for the GUI to

display the correct informationinthed Moni t or 6 tab as wel | The entré status df the povkestupply ngs & wi n
such as the ORFET and synchronous rectifiers enable/disable, primary current, output voltage and current can be thus digitally

monitored and controlled using software only. Always make sure that the correct board file has been loaded for the board

currently in use.

Each ADP1046A chip has trim registers for the temperature, input current and the output voltage and current, and ACSNS.
These can be configured during production and are not overwritten whenever a new register settings file is loaded. This is
done in order to retain the trimming of all the ADCs for that corresponding environmental and circuit condition (component
tolerances, thermal drift, etc.). A guided wizard called the 6 A u t o is Startednwich trims the above mentioned quantities so
that the measurement value matches the valued displayed in the GUI to allow ease of control through software.
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BOARD EVALUATION

EQUIPMENT

DC P o we (300-800y 60DW)

El ect r @GQVI6GAOW)L 0 a d

Os c i | witlhhdifferenpakprobes

P C ARR104BA GUI installed

P r om Digital Moltmeters (HP34401or equivalent - 6 digits) for measuring DC current and voltage

o Do Do Do Do

SETUP

NOTE: DO NOT CONNECT THE USB CABLE TO THE EVALUATION BOARD UNTIL THE SOFTWARE HAS
FINISHED INSTALLING

1) Install the ADP1046A software by inserting the installation CD. The software setup will start automatically and a guided
process will install the software as well as the USB drivers for communication of the GUI with the IC using the USB
dongle.

2) Insert the daughter card in connector J5 as shown in Figure 6
3) Ensure that the PS_ON switch (SW1 on schematic) is turned to the OFF position. It is located on the bottom left half of the

board.
4) Connect one end of USB dongle to the board and the other end to the board to the USB portonthe PCusi ng t he AUSB
|1 2C interf.aced dongl e

5) The software should report that the ADP1046Ahas been | ocated on the boodheMan Cl i ck @AF]
Software Interface Window. The serial number reported on the side of the checkbox indicates the USB dongle serial
number. The windows also displays the device 12C address.

~m- 1731266093

£ 4 - 50

Figure 6 - ADP1046A address of 50h in the GUI

5. If the software does not detect the part it enters into simulation mode. Ensure that the connecter is connected to the
daughtercard. C1 i ¢ k o n ABP30A&Am o fuadr (magnifying glass) located on the top right hand corner of the screen.
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Figure 7 - “Scan for ADP1046A Now' icon

5, Click on the @L o a d(foBtblauitod frod ¢he left) and seléct the ADRL046A _FBPS_600W_xxxx.46b file.
This file contains all the board information including values of shunt and voltage dividers. Note: All board setting files have an
extension of .46b

Figure 8 - Different icons on dashboard for loading and saving .46r and .46b files

6. The IC on the board comes preprogrammed and this step is optional. The original register configuration is stored in the
ADP1046A_FBPS_600W_xxxx.46r register file (Note: All register files have an extension of .46r). The file can be loaded using
the second icon from the left in Figure 8.

7. Connect a DC power source (385VDC nominal, current limit to ~2A) and an electronic load at the output set to 1 Ampere.

8. Connect a voltmeter on test points TP26(+) and TP46(-). Ensure that the differential probes are used and the ground of the
probes are isolated if oscilloscope measurements are made on the primary side of the transformer.

9. Click on the Dashboard settings (3rd icon in Figure 7 and turn on the software PS_ON)
10. The board should now up and running, and ready for evaluation. The output should now read 12 VDC.

11. Click on the OMONI TORG6 t ab a nThiswildewproades atsmapshoEdf thegestirestatel
of the PSU in a single user friendly window.

Rev. 1.2 | Page 9 of 40

readi



PRD1404

BOARD SETTINGS

The following screenshot displays the board settings.
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385 1
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Drivers

CS1 & ACSNS
Settings

cs2 OrFET
Settings Settings

OUTA PWM & SR

Settings

Filter Voltage
Settings Settings

iCoupler /
Drive Transformer
&

General
Settings

Flag Share Bus
Settings Settings

Drivers

Figure 9 - Main Setup window of ADP1046A GUI

THEORY OF OPERATION DURING STARTUP

The following steps briefly describe the startup procedure of the ADP1046A and the power supply and the operation of the
state machine for the preprogrammed set of registers that are included in the design kit.

1. The on board auxiliary power starts up at approximately 50VDC. This provides a drive voltage on the isolated side to
an LDO (3.3V) that powers up the ADP1046A. After VDD (3.3V) is applied to the ADP1046A it takes approximately
20-50ps for VCORE to reach 2.5V. The digital core is now activated and the contents of the registers are downloaded
in the EEPROM. The ADP1046A is now ready for operation.

2. PS_ONis applied. The power supply begins the programmed softstart ramp of 50ms (programmable).

3. Since the Goftstart from pre-charged s e t dctiventige output voltage is sensed before the softstart ramp begins.
Depending upon the output voltage level of the effective softstart ramp is reduced by the proportional amount.

4. The PSU now is running in steady state. PGOODL1 turns on after the programmed debounce.

5. If afaultis activated during the softstart or steady state, the corresponding flag will be set and the programmed action
will be taken such as disable PSU and re-enable after 1 sec or ®isable SR and OrFET, Disable OUTAUXébetc.
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FLAGS SETTINGS CONFIGURATIONS

Basically when a flag is triggered, the ADP1046A state machine waits for a programmable debounce time before taking any
action. The response to each flag can be programmed individually. The flags can be programmed in a single window by
selecting the FLAG SETTINGS icon in the MONITOR tab in the GUI. This monitor window shows all the fault flags (if any) and
the readings in one page. The 6 G eitst Flagdbutton determines the first flag that was set in case of a fault event.

Timing Action Blank flag during Soﬂ:—;a:_-
C51 Fast OCP Immediately - Disable Power Supply and Remain disabled, PSON needed -
C51 Accurate OCP 2.6 ms Debounce - Disable Power Supply and Re-enable after 15 - ]
52 Accurate OCP 2.6 ms Debounce - Disable Power Supphy and Remain disabled, PSON needed -
Load OVP (V52 or V53) Immediatety - Disable all PWMs except OUTALX -
Extemal Fag Immediately - lgnore Hag Completely - 7
QTP After 100 ms Debounce lgnore Flag Completely -
UvP After 10 ms Debounce lgnore Flag Completely -
52 Reverse Voltage Immediately - lgnore Flag Completely -
Voltage Continuity Immediately - lgnore Flag Completely -
Share Bus Immediately - lgnore Flag Completely -
ACSNS Immediately - lgnore Flag Completely -
VDD/VCORE OV After 2us Debounce lgnore Flag Completely - Restart with EEPROM download -
Accurate Local OVP (VS1)  After 2ms Debounce
Fast Local OVP (VS1) Bfter 0960 Debounce ]— Disable all PWMs except OUTALX -

Additional Flag Settings

Power Supply re-enable time

P OUTAUX PWM Immediate Shutdown

Figure 10 - Fault Configurations
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PWM SETTINGS

The ADP1046A has a fully programmable PWM setup that controls 7 PWMs. Due to this flexibility the
IC can function in several different topologies such as any isolated buck derived topology, push pull,
flyback and also has the control law for resonant converters.

Each PWM edge can be moved in 5ns steps to achieve the appropriate deadtime needed and the
maximum modulation limit sets the maximum duty cycle.

— B
Disable [] - : General | Modulating Edges | Volt Second Balance| e
outa G : - TR=453us .
- - FE B b PAM Settgs
: : @ Device settings
Disable [ : Recommended settings for selected toplogy
OUTB TR . TR=0.05us
LU < = D LN DO - UFEET= Frequency Settings
Dissble [7] : M PWM Frequency (KHz) 1116 -
ouTC TR e N : - TR=4.8%us: 8.92us
a0 . TF=0.05us:4.09us AUX Frequency (KHz) 1116 -
: M
Disable .
wsae [] : : M Modulation Settings
1< > 8 - - TR=0.4 us: 4.44
L :  E e my e PWM Full Bridge Mode
: : : : : M [ Pulse Skipping 1 pwm =0
Disable [] - - : M
sp1 REES E—— - TR=4.73us: 2.82us Modulation High Limit ~ 4.04 v us
e [ SRR I R . TF=44dus
Disable [7] | _ _ ™ SR1and SR2Delay  Ons v
SR2 TR[.- - J - TR=0.35us: 4.39us
F > g S TF=0
= LT anananas T e us D Regulate with AUX
3 Calculate time bet t
Disaisla [7] ] : e time between two edges
aux TREEES | TR=0us OUTA-TR + OUTA-TR ~ OQOus
LR < = N N [ . TF=35.065us
o 2.96 us :
-—m
— cl—— |

Figure 11 - PWM Settings window in the GUI

PWM Switching element being controlled
OUTA-OUTD | Primary switch PWM configured for Phase shifted
topology
SR1-SR2 Synchronous rectifier PWMs
OUTAUX N/A

Table 4 -PWMs and their corresponding switching element
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BOARD EVALUATION AND TEST DATA

STARTUP

Trigger

re Math Utilities  Help

e Trigger Di Measure Math /

c4|

c2|

Measure P1:max(C1) P2:min(C1) P3:max(C4) P4:max(C2) P5:max(C2) P6:- - - P7--- P8:---
value 13954 48.44V 3413V

status v v

LeCroy

Figure 12 - Startup at 340VDC, 600W load(software PSON)
Green trace: Output voltage, 10V/div, 10ms/div
Yellow trace: Load current, 2A/div, 10ms/div
Red trace: Input voltage, 50V/div, 10ms/div

c2,

Measure P1:max(C1) P2:max(C2) P3:min(C4) P4:min(C2) P5:max(C2) PB--- P7--- P8---
value 1383A 3846V
status v v
e Ei
LeCroy ing for Trigger

Figure 13 - Startup at 385VDC, 600W load (software PSON)
Green trace: Output voltage, 10V/div, 10ms/div
Yellow trace: Load current, 2A/div, 10ms/div
Red trace: Input voltage, 50V/div, 10ms/div

Math

4

N \

o e

Measure P1ifreqiC1) P2pkpk(C2 P3--- P4rrms(C1) Pg--- PEB---
value 111.744 kHz 168Y 1.981 A
status £ v v

Figure 14 - Startup at 385VDC, full load
Green trace: Output voltage, 10V/div, 10ms/div
Yellow trace: Primary current, 2A/div, 10ms/div

Measure P1.min{C1) PZmaxC1) P3maxiCd) PAmaxiC2) P&--- PE---
walue -3498 3308 4.4y 336 A
status v v v v

imebase 0.00p

1] ar
@ Hardcopy saved to; X\Lah StufSubodhlADP 1055 YalidationtiLe Crov1135.png

Figure 15 - Primary current at full load
Red trace: Resonant inductor current, 1A/div, 2us/div
Yellow trace: Primary current, 1A/div, 2us/div
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OVERCURRENT AND SHORT CIRCUI PROTECTION

Math

Ll
Wl
S -

!
13
I8}
H

1
!
i

\

1y

@ Lo B

cz
Y
Measure P1:max(C1) P3:pkpk(C4)  P4min(C2)  P5max(C2) PG4 PT=-+ P8:--+
value 1541 A
status v
200.00¥
LeCroy

iv
v

o for Trigger
Figure 16 - OCP at 385VDC, 15A load(Action to shutdown after ~10ms)
Green trace: Output voltage, 10V/div, 5ms/div

Yellow trace: Load current, 5A/div, 5ms/div
Red trace: Input voltage, 50V/div, 5ms/div

Normal
Edge

319V
Either]

j P il

{
L}
181
c2
Measure P1:max(C1) PZmax(C2)  P3:pkpk(C4) P4:min(C2) P5:max(C2) P6:--- P7- P8:---
value 1541 A 3516V
status
LeCroy

Waiting 1rTnggev
Figure 17 - OCP at 350VDC, 15A load(Action to shutdown after ~10ms)
Green trace: Output voltage, 10V/div, 5ms/div

Yellow trace: Load current, 5A/div, 5ms/div
Red trace: Input voltage, 50V/div, 5ms/div

Figure

s/div

Figure

s/div
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