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1 Introduction and Overview
1.1 Organization of the Course ESS

Course ESS [1] teaches Elektronische Schaltungen und Systeme (Electronic Circuit and
Systems) in the master degree program Elektro- und Informationstechnik of OTH Regensburg.

Spoken Language German, English offered on demand, Documentation English.

Organization: approximately...
e 50% theory and its application using software (Matlab/Simulink and other software tools),
e 50% practical training in the laboratory,

Focus of Course ESS

e Unified system level design and application of mixed analog and digital circuitry.

e Fundamentals of modeling linear analog / digital control loops, short: Fuzzy example.
e Main application example is a digitally controlled DC/DC buck converter.

e We will do some model-based design (MBD); however, understanding what we do!

Assumed model is linear linear and time-invariant (LTI) control loop featuring a single input
(X), a single output (Y) and a single interferer (/), as illustrated in Fig. 1.1.

interference: | l
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time-discrete,
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linear modeling as H(s)
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Fig. 1.1: System model assumed: linear analog/digital with single input, output and interferer
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1.2 Project Management Methodologies
1.2.1 V-Model Oriented Project Management & Design Flow

Specification \ Requirement \ / System /fg;";i;:;
Layer requirements freeze AnalySIS Test

System Integration test freeze
System Layer \ Dosign \ / grat

Subsystem Layer \ Subsy_stem \ / Functional /
design feeze DeSIQn Test

Implementation Layer \ Module /

Implementation

(a) V-Model design flow according to [2]

b) Possible application 0. Requirements Specifications
of tools. P
In this course: l
o 1. System
Simulink taught (model-based design) Simulink

2. Subsystem l

(simulataneous simulation) Spice

¢

Matlab taught 3. Module _ _
(cycle-based simulation) Matlab
VHDL used 4. Implementation VHDL C
(e vent-driven simulation) ¢ ¢
FPGA DSP

digital hardware

Analog hardware used, \ /

some basics taught 5. Analog hardware Analog Circuitry

Fig. 1.2.1: V-Model design flow, (b) Possible selection of tools deployed on different levels
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1.2.2 Agile Software Development

Software developers intentionally do not work as illustrated by V-Model. They intentionally
try a new idea, test and analyze its strengths and weaknesses, improve the code, test again,
etc. This kind of development process was formalized as Agile [3] method or Scrum [4].

D —J’J, Jf |-

Iteration 1 Iteration 2 Iteration N

Iteration Detail: Implementation &
Developer Testing

Design &
Analysis i

Acceptacnce
Testing
Detai!ed
Requirements Evaluation /
Priorization

Fig. 1.2.2: Software development according to Agile methods [3] or Scrum [4]
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1.3 Main Example: Digitally Controlled DC/DC Buck Converter

(a) Boards photo

(b) Schematics overview

--- ——DE1-SoC board —>:4— DCDCbuck board —---
1

| SW(O)L inference,
0..3.3V 0...3300 mV 0! 0..3.3V Load Current
— < = —ty —
DDC ! b: buff q
Pty : pb: power buffer
o woo_ e ¢ 7 N b, Process= | P .
X == 1000 bit1v ' \.'_':)_' Control 00 | 70 S |PWM — RLC lowpass )
- v—or | m 1
39 sw(@6) | e {10 —  Aq=1mV/bit!
sw(3:2) 1
w {11 DAC i
v sw(1)=LEN—
Tseg W sw(5:4) AD(C)= :
dis- — |
play i v *‘1’1 a :
jout ) :
1000 bitV /T

Fig. 1.3.1: DE[-SoC board [5] used as main example [6]

Fig. 1.3.1(a) shows the DEI-SoC board (left) [5] carrying the DCDCbhuck daughter board
(right) [6]. The 10 wire ribbon cable connects VCC5=5V, gnd=0V and the 8§ inputs of the
ADC input multiplexer to different voltages of the DCDCbuck Rev10.02 board.

Fig. 1.3.1(b) illustrates block diagrams: Left of the vertical, pink dashed line we see the digital
system (Terasic’s DE1-SoC baord with Intel Cyclone FPGA), on the right hand side the analg
(selfmade) DCDCbhuck Rev10.02 daughter board. The box labeled “process” in Fig. 1.3.1(b)
is basically an RLC lowpass.
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Fig. 1.3.2:: Block diagram of the DE1-SoC board, copied from Fig 2-3 in [5].

Fig. 1.3.2 illustrates the block diagram of the DE/-SoC board, copied from Fig 2-3 in [5]. The
CycloneV FPGA consists of 2 parts: the Field Programmable Gate Array (FPGA)
programmed with VHDL [9] and the Hard Processor System (HPS), which is a Dual Core
ARM ARM Cortex-A9 MPCore [10] programmed with the C programming languae [11]. An
Advanced eXtensible Interface (AXI) [12] allows for communication between the two parts.
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1.4

Model Based Design (MBD) Example Using Simulink

[*a] ADA_FeedBacksystem_example_R2020a | CallbackButton: Callback Button

Callback Button

Parameters | Properties Info
~ Main
Button Text: | Callback Button
ClickFen -

File DCDC_buck_pcbee.m

ap2 -5 +apl - s +ap0
bp2 - 52+ bpl - 5+ bpO

DAC Gain Procass Transfer Funcion

ag2 - +agl - s+aq0
! bg2- s +bql - s+bg0d a

Infaranca Transfer Function

%
3 R RO R R R R

2

3 % By M. Schubert, 12.Mar.282@
4| clear all;
5

7

%

% RLC Lowpass parameters

Rg=128e-3; Rb=20e-3; Rw=5@e-3; RD=(Rg+Rb+Rw)
8 L=43e-6; % Inductor with wire res
El C=680e-6; RC=5@e-3; % Capacitor and its Equi
] RL=1e6; GL=1/RL; % Load resistor: Measure

ADC Gal 11| % RLC lowpass transfer function paramters
12| ape=1; ap1=C*RC;
3 -
A Scope ooox 13| bpB=1+RD*GL;  bpl=(RC+RD+RD*RC¥GL)*C+GL*L;
File Tools View Simulation Help af| 12| age--Ro; aql=- (RC*RD*C+L);
— = 15|  bg8=bpe; bgl=bpl;
- 0P B T i@ |F@- 15| bae-bp o=t
7 ¥ Trace Selection 17 % DAC specification
18 if exist('Tclock') ~= 1; fclock=508e6; Tclock
v B \ Sode338: Tee *n, jod; fs=
19 pwm_period=33@; Ts=Tclock*pum_period; fs=1/T
5 Friv—— 20| Vcc=3.3; Udamin=8; Udamax=Vcc; Ndamin=8; Nda
N 21| deltal=(Udamax-Udamin)/(Ndamax-Ndamin);
2 bda=[Udamin Udamax]; % upper and lower bo
M fprintf('DAC: PWM_ d=%i bits, Uoutmin=%d
Til pwm_period, Udamin,

%

% ADC and DDC specification

Uadmin=0; Uadmax=4.885; Nadmin=8; Nadmax=489

28 alnhat—(Nadmay _Nadminl//lladmav.iladmini+ had- "
»

1
2/ E

Fig. 1.4: Mixed analog/digital control loop example, will be tested during the class

The example in Fig. 1.4 can be downloaded from link “A/D/A Feedback System Example” from
[1] for Matlab / Simulink [7] and will be run during the course start as Simulink test and MDB
[7] demonstration.

1.5
[1]

9]

10]
11]
12]
13]
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