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Forthcoming Workshops, Dates & Location

Analog PSU Design Workshop
Dec 3 to 5t and March 17t to 19th
Garching Germany

Digital Power Workshop (Microchip dsPIC family)
Feb 10t to 12th 2015
Karlsruhe, Germany

Digital PFC Workshop (T1 C2000)
Feb 24t to 26t
Garching, Germany

Digital Power Workshop (TI C2000)
April 21stto 23 2015
Garching, Germany
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Abridged DPS Workshop Syllabus

Day 1. Starting with Embedded MCU Programming for Analog Engineers
MCHP MCU 16 or Tl C2000 family’s development tools & features
Use Biricha Digital’s libraries to run MCU code with minimal programming
Programming the MCU for digital power (Interrupts, Templates, PWMs etc)
Programming exercises and Labs (PWMs/ADCs/Interrupts etc)

Day 2: Voltage Mode PSU Design
Step by step design of digital power supplies
Stable Analogue and digital power supply Design
Discrete time control theory, Z transforms & digital convolution
Avoiding stability issues in your digital power designs
Voltage mode PSU labs

Day 3: Digital Peak Current Mode
Analogue current mode control
Digital peak current mode and slope compensation
Current mode PSU labs
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Abridged PFC Workshop Syllabus

Day 1. Starting with Embedded MCU Programming for Analog Engineers
T1 C2000 family’s development tools & features
Use Biricha Digital’s libraries to run MCU code with minimal programming
Programming the C2000 for digital power (Interrupts, Templates, PWMs etc)
Programming exercises and Labs (PWMs/ADCs/Interrupts etc)

Day 2: Analog PFC Design
Basic principles and foundations
Understanding EU regulations (EN-61000-3-2)
Stable analog voltage loop, current loop and voltage feed forward filter design
Using the PLD design software to design analog PFCs down to component level
Analog Labs

Day 3: Digital PFC
Step-by-step block level digital PFC (single phase and interleaved)
Easy digital PFC implementation using Biricha’s digital power libraries
Stable digital control loop design
Digital PFC labs (single phase and interleaved)
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Abridged Analog PSU Design Workshop Syllabus

Day 1: Introduction PSU Design, Control Theory, Test and Measurement
Fundamentals of power supply design
Frequency response analysis

Hands-on labs including:
Stable and robust voltage mode PSU design on a Forward type topology

Learning how to perform accurate loop measurement and stability analysis using a
vector network analyser (each group will have their own network analyzer to use)

Day 2: Peak Current Mode Control
Peak current design with state of the art modern ICs and controllers
Dealing with sub harmonic oscillations and slope compensation calculations

Hands-on labs including:
Designing a stable current mode power supply on Forward/Flyback topologies
Current mode controller transient response and loop measurement tests

Day 3: Isolated Power Supply Design
Stable isolated PSU design and analysis
Designing with opto-couplers and programmable references (e.g. TL431)

Hands-on labs including:
Designing a stable opto-isolated power supply on Forward/Flyback topologies
Hands-on frequency response measurement of optoisolated compensators
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Introduction to WDS

WDS has been designed as the ultimate toolbox for the power
supply design engineer.
Designs and stabilises analog and digital PSU control loops in minutes

Automatically calculates poles and zeros as well as component values
of the worlds most popular topologies

Sophisticated control algorithms stabilise analog and digital power
supplies

Automatic coefficient calculations for floating point, 32 bit and 16 bit
processors

Automatic compensator design for isolated power supplies with
TLx431/LMx431 and a host of industry standard optocouplers

Simulations in time domain, frequency domain and ability to
superimpose real measurements on simulated data
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Design Example Using WDS

" = ——
11l Workshap Vmode Buck UC3823.wds - WDS ESp =
File Calculations Help
DEE @ |
| outputFiter |  ControllerDesign | Analog (Non-Isolated) | * || Frequency Response | Gircuiit [ Power Loss Budaet | summary [ Spice Simulation
Spedfication | Transformer | Semiconductors | Bode Plat Stability
Fu P.m. G.m. Slope at Fx RHFZ
ificati | Plant
Converter Specification - Nominal — n/a nfa nfa nfa nfa
Topology: IBuck .] [ Comp Measured  nia nta hta n'a nta
Loy
- - T . - R — EM i Y Stability Sweep [mindmas]
: Bazuremesn
e e A o 1o Fo 1116/ 11.16kHz Slope at Fre 231 /-23.1dB/dec
Tnput Supply: (Memary 1 b P.m: 60/60° RHFZ: n/a
e 2 v |7 Spice G.m: 33 /3348
MNominal 12 v B0 |
Mini v
inimum 12 o ‘
Output: ‘
Maximum Current 2 A = 20 ‘
Voltage 2.3 ] %
= 0 \
Qutput voltage ripple { overshoot: B
Voltage Ripple (pk-pk) 0.5 % 5 20 |
Ly
Voltage Ripple (koK) 16,5 mv = o |
Load Step from 100% to 50 %o ‘
&0
Voltage Overshoot 660 660 - mV ‘8_ z ‘5_ é
Demand Effidency 35 a5 - Y Frequency (Hz)
b |
Control Parameters ‘
Control Mode: | Voltage - | | ‘
Analog Control () Digital Control 'g? 3 ‘
— a
Switching Frequency 200 kHz GE,, ‘
Sampling Frequency nfa nfa kHz 2 o ‘
4
Pure Time Delay nfa % Tsamp =
[FRRET
Crossover Frequency 20 10 - kHz ‘
Phase Margin 55 Degrees 180 & il il il
= - = g
Duty Cydle {per switch) Frequency (Hz)
RS EHay L 90 w2 NEW: Analog and Digital Power Factor Correction Workshop - July 15th 2014
Minimurn Duty Limit 0 Yo
Find out more: http://www.biricha.com/pfc
Maximum 31.016 %o
Nominal 31.016 %o -
For Help, press F1 MNUM Power Loss Budget: 1.0 W used of 1.0 W allowed
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Design Example Using WDS

Converter Specification

Topology: Buck -

COutput voltage isolated from primary side: | Mon Isolated

Input Supply:
e 12 " Control Parameters
Nominal 12 " Control Mode; Voltage il
Minirmum 12 ) @ Analog Control () Digital Control
Qutput: Switching Frequency 200 kHz
Maximum Current 2 A
Sampling Freguency nia i kHz
voltage 3.3 v
Pure Time Delay nia ¥ Tsamp
Output voltage ripple f avershoot:
Crossover Frequency 20 10 -~ KHZ
Voltage Ripple (pk-pk) 0.5 %h
Phase Margin 55 Deqgrees
Voltage Ripple (pk-pk) i5.5 my
Load Step from 100% to 50 %G
Voltage Overshoot 660 660 - MY
Demand Efficency a5 85 - %
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Design Example Using WDS

Primary Switch
"0On" Resistance < 31625 4.3
Rise Time < 25 25
Fall Time < 5 25
Parasitic Cap (Coss) < 1735.495 580
Peak Switch Veoltage 12.4

Average Switch Current 0.62

RMS Switch Current 1.118
Peak Switch Current 2,301
Conduction Losses 0,006
Switching Losses 0.147

Recommended values for calculations

me2
ns

ns

pF

w

w

www.biricha.com

Diode fSwitch
Forward Voltage Drop
Peak Voltage Stress
Average Current
RMS Current
Peak Current

Conduction Losses

0.6

11,989

1.38

1.607

2,301

0.552

Recommended values for caloulations

0.4
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Design Example Using WDS

www.biricha.com

Cutput Filter Inductor
Spedfied Ripple (pk-pk)
Spedfied Ripple (pk-pk)
L0 Inductance
LO DCR.

Actual %% Ripple (pk-pk)
Actual Ripple (pk-pk)
Peak Current

Average Current
Power Dissipation

DCMfCCM Boundary

25
0.5

28.52 22

30.1
0.603
2,301
2
0.23

0,301022

Recommended values for calculations

Yo

pH

me2

Yo

W

Cutput Filter Capacitor

C0 Capacdtance
COESR

C0O ESR Zero

Spedfied Qvershoot
Actual Overshoot
Spedfied Ripple (pk-pk)
Actual Ripple (pk-pk)
RMS Current

Ripple Current (pk-pk)
Peak Voltage

Power Dissipation

500,277
26.905
10638.699
aal
49.643
16.5
20,107
0.17
0.591
3.32

0.938

Recommended values for calculations

34

-

uF

ms2
Hz
my
my
my

mYy

i

Calculated capadtance is based on the voltage ripple requirement to

meet both overshoot and voltage ripple spedfications.
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Design Example Using WDS
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Contraller Type

Type IIL -

He(s)=

(I CFy

(s+ca)(s+wezz)

S

(s+erce1)(5+toces)

FWM Parameters

PWM Ramp Height 1.8 v
Controller Poles and Zeros
@ Automatic placement Manual placement
Pole at the arigin 3979.239 3979780 « Hz
First Pole 10638.699 10638.609 - Hz
Second Pole 100000 100000 ~ Hz
First Zero 4350.243 4360.243 ~ Hz
Second Zero 1601.229 1601.228 « Hz

Error Amplifier
Reference Voltage

Sampling Divider
Desired current thraugh divider
R1 5
Rb 34

Actual current through pd g, 75

Controller Component Values

R2Z 15.074
R3 0,163
£l 2.172
c2 9.78
C3 1.827

Actual Controller Poles and Zeros

Pole at the origin 4301.485
First Paole 12746.175
Second Pole 88419,413
First Zero 5167.365
Second Zero 1563.403

2.55

10

14

0.13

2.2

10

1.5

l=}

mA

nF
nF

nF

Hz

Hz

Hz

Hz

Hz
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Analyzing Your Converter in Frequency Domain

Measurement setup with a network - . -

analyzer
Vm —_— Vout
—y /'Y'Y'Y'\_._T
PWM from <
IC = il

Injection resistor 24Q g

Network Analyzer output
(frequency sweep)

Injection
transformer

To controller or <
compensator

to CH1
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Results from Exercise 1c

Bode Plot
| Plant
Comp
Loop

| Meazurement

temary 4 *phaze +180 dearees™ «

Spice

G0

40

Stability
Fx P.m.

Maminal n'a n'a
Meazured  4645Hz 44

Stability Sweep [mindmax)
Fw: 1116/ 11.16kHz

F.m.: B0/ G0
G.m: 33/ 33dB

Magnitude [dB)

40

80

45

G.m. Slope at Fx RHFZ
n'a n'a n'a
R2dB 40 7dB/dec

Slope at Fx: 231 /-23.1dB/dec
RHPZ: nta

100

45

=50

Phase (Degrees)

=135

-180

100

1K

1K

Frequency (Hz)

Frequency (Hz)

100K,

100K,
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Results from Exercise 1c

iIricha.com

tagnitude [dB)

45

(=]

45

Phase (Degrees)

-135

-120

Bode Flot Stability
Plart Fx P.rn.
at
Maorminal n'a n'a
V| Carnp Measured  200000Hz  111°
Loop " .
oy : Stability Sweep [minmax)
BAILIEMEN
Fw. 1116/ 11.16kHz
hlemen2 M Pm: B0/E0°
Spice G.m: 33/ 33dB
B0
40,

G.m. Slope at Fx RHFZ
n'a n'a n'a
0de 1.3dB/dec

Slope at Fe: -231 / -23.1dB/dec
RHPZ: nia

100
TH

100
1K,

Freguency (Hz)

Freguency (Hz)

100K,

100K,
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Results from Exercise 1c

Bode Flot Stability
Plart Fx P.m. G.m. Slope at Fx RHFZ
an
Marminal 11156H= BO0° J3de -231dB/dec nda
Lo Measured 11134Hz 56"  32dB  -25.4dB/dec
| Loop »
oy : Stability Sweep [minmax)
ESELINEmen
Fe 1116 /11.16kHz Slope at Fe: -231 / -23.1dB/dec
Memory 1 B P.m: 60/60° RHFZ: n/a
Spice G.m.: 33/ 33dB
&0
I
40 |
20
i |
=
QO 0
=
E |
5 -
= |
=
-40 |
0 o = < |
Freguency (Hz)
45 |
H |
Q45
4]
2 |
[:}]
(=
= = |
[}]
w
m
=
0 135 |
-180 8 E é |
Freguency (Hz)

100K,

100K,
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Live Design Demo
1 - Isolated Peak Current Mode Flyback
2 — Digital Buck Converter
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Typical Isolated Power Supply

Primary

> Secondary

v

VouT

|
xfoqmer

LOAD

/ across the
Veur

= We need to
measure VOUT
on the secondary
and feed back

isolation barrier
to the controller
IC

We do this using the

optocoupler
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DIGITAL

Real Life Designh Example 1. Common Emitter with RPULLUP = 2.2k{)

Contraller Type

Type II *| )] S+
O

PWWM Parameters
PWM Ramp Height n/z v

Current Sense and Slope Compensation

Current Sense Gain < 0.399
Magnetizing "Free"Ramp

Optimal External Ramp 0.272
Amount of Ramp to Add g 372

V. on Current Sense Pin 1,001

Controller Poles and Zeros

@ Automatic placement

Pole at the origin 2695, 138

First Pole

10334.737 10334.737
Second Pole nfa nfa
First Zero 1056, 177 1056. 177

Second Zero rifa

Optocoupler

Isolation Configuration CMNY17-3 *user edited™®

Let Biricha characterize your opto

Max. CTR

Typ. CTR.

Min. CTR

Vpullup (Primary)

Vie(sat) (Primary)

Copto (Primary)

Desired Ic Max. {Primary)

Rpullup {(Primary) 0,965
Actual Ic Max. (Primary) 3. 523
Calculated If (Secondary) 2,818

Vf (Secondary)

Zener Reference

Vz <= 5.6 - V

Desired Iz 2.5 ~ MA
Rz <= 0,344 0.33 v ka2
Actual Iz 2,735 e
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Real Life Design Example 1 Ve

Vz
=l A I
== ~47yF
RPULLUP? §RLED g R1

Controller Component Values

Rled {max)

Rled {recommended) N

R2

Vour

’IC

R3

C1

c2
C3

b

F
VE

| Rpias
d C, R

N

ooy | kA

 Iias

 lpp

Now that we have got our component values we can test the

compensator to make sure that:
Our programmable reference is stable

Compensator poles and zeros are where we think they are

Opto bandwidth is not messing up our loop
Opto is being operated in the linear region

R

our real power supply

We can now run a lab to make sure the compensator works perfectly before moving on to
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Exercise 3b: Isolated Compensator Design Using WDS

Exported simulation into Bode Analyser Suite is almost a perfect
match
This is a stable compensator with poles and zeros at correct locations

60T | Phase from Bode100 7200
i | Phase from WDS —+130
'r__ 1
i 100
B 7100
= 50 9
" = B
i Yo | Gain from WDS |— =P S
40/ Gain from Bode100 +-50
-60-- | = -100
102 103 104 105
f/lHz

e [R1: Mag(Gain) e \\/DS Comp : Mag(Gain)
mmmmmm TR2: Unwrapped Phase(Gain)
ms \\/DS Comp : Unwrapped Phase(Gain)
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Exercise 3b: Isolated Compensator Design Using WDS

Bade Plot [Gain/Phase at 1588.65 Hz) Stability 1 [~ Stability [min/max)
[~ Flant Fx Pm.  Gm  SlpeatFx AHPZ Fu[min/maxk 3991 / B616Hz
[V Comp 65948 /-50.15° Norminal — 4349Hz B0°  22dB -222dB/dec 7B.1kHz P.m. [min/max} 58/ 60°
Measured 0 0 0 G.m. [min/max} 19/ 24dB
! Slope at Fx [min/max} -22.1 / -22.6dB/dec
Import... | Expart... |

RHPFZ [min/max} 76.1 / 76.1kHz

Almost a perfect
match!

Red = WDS

Black = Bode100

N

Red trace = WDS simulation
Black Trace = Bode100

Worse case tolerance bands

1 |
| |
| |
| |

100
1K

10K

Frequency {H2)

100K
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Real Life Design Example

+12V
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g

150R
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41 ‘e

w
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—N
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w
+s
—~
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>
~
T
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=
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Results from Exercise 3¢

Bode Plat
| Plant
Comp
Loop

| Meazurement

Memary 4 *phaze +180 degrees’ -

Spice

Magnitude (dB)

-135

-180

Phase (Degrees)

-2I5

=270

100

Stability
Fx P.m.

Marminal nia nia
Measured E24Hz a7

Stability Sweep [mindmax]
F+ 209/ 209kHz

P.m.; BG /BB
G.m.: 25/ 26dB

G.m. Slope at Fx RHFZ
nfa nia 74.8kHz
30dB  -23.8dB/dec

Slope at Fx: -23.5 /-23.5dB/dec
RHFZ: 74.8/ 74.8kHz

Frequency (Hz)

1K

10K,

Frequency (Hz)

100K,
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Results from Exercise 3¢

Baode Plat Stability
Flant Fu P.m. G.m. Slope at Fx RHFZ
n Marminal nia nia nfa nia 74.8kHz
| Comp Measured  33113H:z 43¢ 3dB -24.2dB /dec

Loop = :
Stability Sweep [mindmax]
| Meazurement

Fs: 209/ 209kHz Slope at Fx: -23.5 /-23.5dB/dec
Memary 2 _ Pm. 66/E6° RHFZ: 74.8/ 74.8kHz
Spice G.m: 25/ 26d8
s}
40

Magnitude (dB)

i

40
g = = £
— - =
Frequency (Hz)
45
— & |
g |
@
d
m-135 |
= |
& 18D
2 |
=
[
2 |
270 |
g = = £
- - =]

Frequency (Hz)
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DIGITAL

Results from Exercise 3¢

Baode Plat Stability
Flant Fu F.m.
n Mominal  2088Hz  E6°
Comp Measued 2163Hz  60°
| Loop

Stability Sweep [mindmax]

o
Measuement Fr  203/209%Hz

Memary 1 _ Pm. 66/E6°
Spice G.m: 25/ 26d8
s}
40

Magnitude (dB)

40

100
1

-180

Phase (Degrees)

-2I5

=270

G.m. Slope at Fx RHFZ
258 -235dB/dec 74.8kHz

20dB -22.0dB/dec

Slope at Fx: -23.5 /-23.5dB/dec

RHFZ: 74.8/74.8kHz

Frequency (Hz)

Frequency (Hz)

10K,

10K,

100K,

100K,
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Forthcoming Workshops, Dates & Location

Analog PSU Design Workshop
Dec 3 to 5t and March 17t to 19th
Garching Germany

Digital Power Workshop (Microchip dsPIC family)
Feb 10t to 12th 2015
Karlsruhe, Germany

Digital PFC Workshop (T1 C2000)
Feb 24t to 26t
Garching, Germany

Digital Power Workshop (TI C2000)
April 21stto 23 2015
Garching, Germany

www.biricha.com
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Abridged DPS Workshop Syllabus

Day 1. Starting with Embedded MCU Programming for Analog Engineers
MCHP MCU 16 or Tl C2000 family’s development tools & features
Use Biricha Digital’s libraries to run MCU code with minimal programming
Programming the MCU for digital power (Interrupts, Templates, PWMs etc)
Programming exercises and Labs (PWMs/ADCs/Interrupts etc)

Day 2: Voltage Mode PSU Design
Step by step design of digital power supplies
Stable Analogue and digital power supply Design
Discrete time control theory, Z transforms & digital convolution
Avoiding stability issues in your digital power designs
Voltage mode PSU labs

Day 3: Digital Peak Current Mode
Analogue current mode control
Digital peak current mode and slope compensation
Current mode PSU labs
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Abridged PFC Workshop Syllabus

Day 1. Starting with Embedded MCU Programming for Analog Engineers
T1 C2000 family’s development tools & features
Use Biricha Digital’s libraries to run MCU code with minimal programming
Programming the C2000 for digital power (Interrupts, Templates, PWMs etc)
Programming exercises and Labs (PWMs/ADCs/Interrupts etc)

Day 2: Analog PFC Design
Basic principles and foundations
Understanding EU regulations (EN-61000-3-2)
Stable analog voltage loop, current loop and voltage feed forward filter design
Using the PLD design software to design analog PFCs down to component level
Analog Labs

Day 3: Digital PFC
Step-by-step block level digital PFC (single phase and interleaved)
Easy digital PFC implementation using Biricha’s digital power libraries
Stable digital control loop design
Digital PFC labs (single phase and interleaved)
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Abridged Analog PSU Design Workshop Syllabus

Day 1: Introduction PSU Design, Control Theory, Test and Measurement
Fundamentals of power supply design
Frequency response analysis

Hands-on labs including:
Stable and robust voltage mode PSU design on a Forward type topology

Learning how to perform accurate loop measurement and stability analysis using a
vector network analyser (each group will have their own network analyzer to use)

Day 2: Peak Current Mode Control
Peak current design with state of the art modern ICs and controllers
Dealing with sub harmonic oscillations and slope compensation calculations

Hands-on labs including:
Designing a stable current mode power supply on Forward/Flyback topologies
Current mode controller transient response and loop measurement tests

Day 3: Isolated Power Supply Design
Stable isolated PSU design and analysis
Designing with opto-couplers and programmable references (e.g. TL431)

Hands-on labs including:
Designing a stable opto-isolated power supply on Forward/Flyback topologies
Hands-on frequency response measurement of optoisolated compensators
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End of the workshop
Thank you for taking part
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Important Notice

All material presented in this document, associated software, exercises, appendices and oral presentations made as part of Biricha Digital Power Ltd's
workshops and seminars are for educational purposes only and are not intended for production or commercial applications and may contain
irregularities and defects or errors. Furthermore, none of the material has been tested or certified by any government agency or industry regulatory
organization or any other third party organization.

Biricha Digital Power Ltd makes no warranties or representations, express, implied or statutory, including any implied warranties of merchantability,
fitness for a particular purpose, lack of viruses, lack of patent infringements, accuracy or completeness of responses and lack of negligence. Prior to
using, incorporating or distributing any of the material that has been presented to you as part of this workshop in any commercial product, you must
thoroughly test the product and the functionality in that product and be solely responsible for any problems or failures.

In no event shall Biricha Digital Power Ltd, or any applicable licensor, be liable for any special, indirect, incidental, or punitive damages, however
caused, arising in any way out of your use of the material presented in this workshop. These excluded damages include, but are not limited to, cost of
removal or reinstallation, procurement of substitute goods or services, outside computer time, labour costs, loss of data, loss of goodwill, loss of profits,
loss of savings, loss of use or interruption of business or other economic loss.

APS_31




