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Adressing Modes

• Direct addressing: Only First 128 Bytes of RAM 
and SFR’s is directly addressed.
eg: MOV PCON,#01H

• Indirect addressing: Instruction specifies a 
register that contains the address of the
operand.
eg: MOV @R0, #45H

• An indirect address is specified with “@” 
character while the data is specified with “#” 
prefix. It is referred as “immediate constant”.
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Instruction Types

• Arithmetic Instructions (ADD, ADDC, SUBB, INC, DEC, 
MUL, DIV, DA)

• Logical Instructions (ANL, ORL, XRL, CLR, RL A, RLC 
A, RR A, RRC A, SWAP A)

• Data Transfer Instructions (MOV, PUSH, POP, XCH, 
XCHD), Lookup Tables (For reading constants, no need
to update) . Maximum table size 256 bytes. Typical use: 
MOVC A, @A+DPTR. DPTR holds the base address of 
the table where A holds relative address.

• Boolean Instructions (Previously seen)
• Jump Instructions (SJMP, AJMP, LJMP, CALL, ACALL, 

LCALL, RET, RETI)
• Conditional Jump Instructions (JZ, JNZ, DJNZ, CJNE)
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Relative Offset

• Jump to – 128, +127 bytes distant
locations.

• JMP @A+DPTR
example use: MOV DPTR, #Con_Table
;Loads DPTR with base address of 
Con_table. JMP instruction branches
program execution to con_Table + Ath
location.
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Stack

• A stack is general purpose, Last In First Out type
RAM memory.

• In 8051 derivatives, it exists in RAM location.
• Top of stack must be defined.
• Stack grows upwards.
• PUSH, POP instructions.
• Typical initialisation: MOV SP,#30H

where SP stands for Stack Pointer
• Fast data storage and data retrieval.
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Subroutines

• Frequent need of same program blocks, example 16 bit 
addition,..

• Calling subroutines
• Returning from subroutines
• Recursive subroutines
• Example use:

CALL TOPLA
• After CALL, return address is automatically PUSHed to

the stack.
• When returning, return address is automatically POPed

from the stack.
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Argument Passing To/From
Subroutines

• General Purpose Rx registers can be used for
this purpose:
MOV R0, YUZLER
MOV R1, ONLAR
CALL ONA_BOLME

• After returning, subroutine may use again the
same registers for the result of the operation.

• Do not forget to save the contents of the R 
registers after the operation.
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Interrupts

• Interrupts are functionally same as 
subroutines except:
- They are entered by means of an 
external / or internal stimuli, example key
press, timer overflow etc.
- It may happen any time, not under
program control like CALL statement.
- The interrupt jump address is specific.
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Interrupt Vector Address Table

Embedded System Design                    
Assist.Prof.Dr.Osman Kaan EROL

An Example Program Using
Interrupts and Timer Modules
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Example Program (con’t)
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Example Program (con’t)



3

Embedded System Design                    
Assist.Prof.Dr.Osman Kaan EROL

Interrupt Vectors
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Interrupt Handlers-1
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Interrupt Handlers-2
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Main Program
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Subroutine Example
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Table Usage
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Subroutine Example - 2
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Higher Deepness in 
Subroutines

• Example
Topla:
MOV R0,#1
MOV R1,#2
CALL Toplama
MOV R1, A
RET

• ATTENTION: Stack may overflow
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Data Corruption in Interrupts

• ******** Main routine **************
Topla:
MOV R1, #xxx
… 
(interrupt occurs here)
…
RET

• ******* Interrupt routine ***********:
Interrupt_handler:
…
CALL Topla (WRONG)
…
RETI
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Program Levels

• In previous example, there are 2 level in program:
- main level
- interrupt level

• These two levels must not use same subroutines. 
Subroutine belonging these two levels must be 
separated even they are functionally the same.

• It must be given them separate names as well as 
separate registers. They shouldn’t overlap.

• Errenous use of levels cause errors very difficult to
debug.
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Overview of 8051 Instructions
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Arithmetic Operations
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Arithmetic Operations (con’t)
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Logical Operations
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Data Transfer
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Boolean Variable Manipulation
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Program Branching
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Example Instruction Definition
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Writing Programs
• For writing programs you must obey strictly instruction formats.
• An uncovered format (eg: ADD total,sum_1) can not be used. Be very 

careful to understand the formats.
• You have reached at a level you can write whatever you want but you may 

still have difficulties in respecting hardware constraints. The best way to 
overcome this difficulty is to write programs and run these on a
microcontroller.

• 8051 cross assembler is case insensitive.
• Symbols must be up to 256 characters long, where only the first 32 are 

meaningful.
• Symbols starting with numbers, including assembly characters (eg: #), 8051 

mnemonics, assembly operators as well as directives can not be used.
• Every .asm program(referred as source file) must terminate with END 

directive.

Embedded System Design                    
Assist.Prof.Dr.Osman Kaan EROL

8051 Macro Assembler

• Metalink’s 8051 macro assembler is free.
• Usage: asm51 deneme
• Deneme must be saved as .asm form. 

Assembler defaults to .asm files.
• Assembler has control and directives which have 

effect only during program compilation. IF 
assembly directive is different than IF used in a 
program written in high- level language.
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Assembler Controls
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Assembler Directives
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Location Counter
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Assembly Time Operations
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Example DOS Screenshot of 
Assembly Operations
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Example List Output
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Conditional Assembly
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Using Macros
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Programming Microcontrollers

• An appropriate programmer must be chosen
• It’s driver program must be run.
• IC selection
• ROM location selection (automatic in some

models)
• Loading .hex file to program buffer.
• Programming the microcontroller
• Verifying it.
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Power supply

• Power supply is the vital part of a Logic 
circuit.

• Always use regulated type power supplies.
• Respect polarities, voltage tolerances, 

operating voltage range etc...
• Cheap wall plug adapters do not suit 

powering a microcontroller circuit except 
externally regulating it.
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Hardware Segmentation

• In the hardware there may be:
- analog components
- digital components.

• Crosstalk problems.
• Star connection. -> separate 

regulators and/or power supplies.
• Common grounding.
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Power Supply Selection

• Most microcontrollers use 5V.
• Typical power consumption depends on the

peripherals. Microcontroller alone consumes a 
few hundreds of miliwats.

• Linear regulators can be used.
• Switch mode regulators must be used when

voltage drop reaches significant levels, heat
dissipation requires large heat sinks etc.
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A Typical Power Supply Circuit
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Switch Mode Power Supply Design

• Switch mode regulators have efficiencies
higher than 70%.

• Generally no heatsink is required.
• Switch mode regulator IC manufacturers

offers on-line design tools helping design
of SMPS.
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Example EDA Interface

Embedded System Design                    
Assist.Prof.Dr.Osman Kaan EROL

Example Program Output
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Other Design Aids

• Some user interfaces are very user friendly. 
They may offer schematic, BOM, ordering info, 
thermal analysis, electrical simulation as well.

• Some companies give an Excel spreadsheet
where all the required formulae is already
entered. The user will only fill in the required
cells to obtain component values.
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Filtering

• High side filtering:
- Transient voltage suppression: Metal Oxide  Varistors
- Pi Filters
- Common mode choke coils

• Filtering at low side:
- L filters
- Capacitive filters (100nF ceramic capacitor)
- Active filtering

• For trial circuits, only 100nF filtering is enough.
• Voltage spikes may cause reset problems or cpu crashes 

especially in capacitively coupled reset circuits for 8051! 
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Online Design Tools – Start Early

• Start early…very early: Familiarize yourself with
how the vendor arranges the design tools.

• You need to adapt to each vendor’s site when
you make a tour among different EDA tools.

• Get your online access passwords early. In a 
hurry, you will loose time for quasi- nothing.
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Take Notes

• No single best organising principle to manage
the information.

• Bookmart the sites only if you plan to use them
regularly.

• Prepare a small spreadsheet with headings for
the vendor, the tool name, brief descriptions of 
the tool type and area of coverage, the URL and
a check column if you have bookmarked the
page in your browser.
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Temper Your Expectations

• Dcumentation of the website and runtime
support are mostley failing things in web 
based tools.

• You may receive help in hours at best and
usually in a couple of days at worst –
certainly not in minutes: Schedule your
work accordingly.
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Don’t Judge a Tool By Its GUI

• Two major category: 3rd party tools, IC makers’ 
staff written tools.

• Although 3rd party tools seem more
sophisticated, they may be neither better
documented, nor easier to learn.

• Simple and narrowly focused programs may
offer better performance.

• The tools that get you closer to a vendor’s
expertise serve you better than those that look
best at first glance.
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Tools are Only Tools

• A power saw does not make you a 
furniture maker.

• Try to be a knowledgeable designer.
• Ironically some of the best IC-specific and

applicationwide tutorial materials are the
traditional paper-based materials, now
also largely available online.
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Recognize The Bindings

• You choose your IC and its support
software in a single decision.

• You may buy the IC but not design SW.
• When you choose an IC, you choose an 

evolutionary track for the SW you use.
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Learn to Build Bridges

• Example: No bridges with
vendor supplied SW and Spice
environment. Try NI’s Simple
Switcher design tools.

• Consider ways of segmenting
your design that minimze the
complexity at the intersegment
interface.

• Which one is easy?
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Examples

• Analog Device’s design automata.
• Fairchild’s design automata to compute MOSFET power-

switching losses. FPS  Designer, FETBench.
• IR offers synchronous buck converter tools.
• LT makes the SW available for you to download. 

LTspice/Switcher CADIII, QuickEval System SW 
includes drivers and control SW for a family of EV 
Boards, Filter-CAD for filter designing.

• NS’s Webenchfor Simple Switcher.
• TI’s FilterPro for filter design. Swift Designer for power

converters.
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Summary of Online EDA Tools
• Online design tools can provide simple and inexpensive access to

design-support automata, particularly for mixed signal ICs.
• Allow extra time to learn the tools. The most powerful tools come

with fairly steep learning curves and marginal to poor
documentation.

• A gulf exists between the online-design aids and your EDA 
environment. Plan to build your own bridges.

• You are not just buying an IC. You’re buying the tool set that comes
with it.

• Examine each vendor’s tool kits to see whether they offer an 
adventage.

• Online Design tools topics ref: EDN Europe
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PCB Design Techniques

• What is PCB?
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PCB Cathegories

��������	� °
��� °
�
����������

��������� °
��� °
�������������

��	��
������ °
��� °
����� 

��������� °
��� °
����!�"#�$��%

���������� °
��� °
�
���&����
'�

���������� °
��� °
(�"
������

�

���������� °
��� °

�)����������

 �	��
������ °
��� °
*�����''+

�������%� °
��� °

�'�
���	

��+�����%� °
� °

���
'���

���)���
��,�
*�'�

����
*�'�-��
��.

/�����
������)����'����

��	������

Embedded System Design                    

Assist.Prof.Dr.Osman Kaan EROL

FR Degrees
• FR: Flame retardent
• FR1: FR1 is basically the same as FR2. FR1 has a higher TG of 

130°C instead of 105°C for FR2. Some laminate manuf acturers 
which produce FR1 will not produce FR2, since cost and usage are
similar and there is no advantage for having both. 

• FR2: FR2 is a paper materials with a phenolic binder. It is UL 94-V0
• FR3: FR3 is also basically Fr2, but instead of phenolic resin it uses 

an epoxy resin binder. The basic layer is paper. It is not suitable for 
Plated Through Hole. 

• FR4: Is a glass fiber epoxy laminate. It is the most commonly used 
PCB material. 1.60 mm. FR4 uses 8 layers og glassfiber material. 
The maximum ambient temperature is between 120° and  130°C, 
depending on thickness.

• FR5: Same as FR4, but the maximum ambient temperatures are 
between 140° and 170°C.  
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Other PCB Materials

• CEM = Composite Epoxy Material
• CEM- 1: Is a paper based laminate with one layer 

of woven glass fabric. It is not suitable for Plated 
Through Hole.

• CEM- 3: Is very similar to FR4. Instead of woven 
glass fabric a "flies" type is used. CEM- 3 has a 
milky white color and is very smooth. It is a 
complete replacement for FR4 and has a very 
large market share in Japan  
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EMC Requirements

• EMC: Electro Magnetic Compatibility.
• PCB’s must not act like a radio tranmitter.
• Two parts: emissions to outside world and 

emissions disturbing internal signals.
• The last one gains importance since clock 

speeds increase and A/D Converter resolutions 
improve.

• To pay special attention to those issues reduce 
design iterations greatly. 
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PCB Design Steps

• Mechanical requirements overview
• Shielding requirements
• Inside to outside interface placement
• Electrical requirements

• PCB Layout design
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Connections to outside world

• Conductors which run outside world are subject 
to full outside- world electromagnetic (EM) 
disturbances.

• Cables and PCB tracks are also subject to EM 
disturbances if proper case shielding hasn’t 
done. Metal cases or conducting paint covered 
plastic boxes offer good immunity from external 
EM disturbances.

• If overall shielding can not be done, high gain 
PCB blocks and / or components alone must be 
shielded separately. (see the PCB example) 
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Single PCB Versus Multiple 
PCB

• Use of single PCB for all the schematic is:
- the most cost effective way to manufacture,
- the most effective way to get rid of EMC 
problems because of ease of control the EM 
environment on a single PCB.

• If the circuit do not have cables running outside 
world and made of single PCB respecting EMC 
techniques, it will not require a shielded 
enclosure generally.

• Plastic casing is more aesthetic than metallic 
ones.
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PCB segmentation

• Inside a PCB, there may be:
- Potentially agressive circuits that are dirty, 
high- speed, noisy, etc..
- Potentially victime circuits that are clean, 
sensitive, quiet, etc...

• Agressive circuits have high dV/dt or di/dt ratios 
while sensitive circuits depends on the signal 
levels and noise margins (the lesser these 
parameters, the higher the sensitivity)
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Macro Placement

• The various PCB areas must be physically 
separated from each other both mechanically 
and electrically.

• This can be done by clustering the components 
and placing dotted lines among them. High 
voltage side, analog side, digital group can all be 
separated and respective warning can be placed 
among boundaries.
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Example
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Noise Barriers To Outside World

• Outside world connection must be directed to the same 
PCB portion, like a wall between PCB and outside world. 
This edge of the PCB is composed of:
- opto-isolators, opto-couplers
- isolating transformers
- filters
- transient absorbers
- similar interfacing elements but no ICs.
- connectors

• If the casing is shielded, than all connectors can reside 
on one single PCB mounted along the side of the case. 
These connectors can bonded electrically to the shield.
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Wire Placement

• Narrow channels free from components 
should be left between each of the 
segregated circuit areas of the PCB

• Enough place must be provided for 
soldering tuner-can shield to 0V plane 
every say 15 mm on its boundaries.
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Component Placement and 
Routing of Tracks

• The most noisy or susceptible components at 
the center of their cluster

• The most noisy parts are: clock generator and 
distribution (extremely noisy), bussed digital ICs 
(very noisy), microcontrollers (noisy), smps 
transistors, transformer and all parts belonging 
to power part (very noisy)

• The most susceptible parts are: analog ICs 
(sensitive), millivolt level amplifiers (very 
sensitive), low frequency opamps (extremely 
susceptible to interferance, even beyond 1GHz)
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Routing Procedure

• Components to reference planes
• Clock signals
• Digital busses and high speed i/o’s.
• Analogue, digital and power signals
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Short Connections

• Extremely short connections between 
components to reference planes.

• Clock distribution lines. Must be placed on 
a single layer adjacent to 0V plane.

• Transmission line techniques may be 
required.
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Agressive/Sensitive Component 
Clustering

• Circuit analysis first give an idea of this clustering
• To find the agressive parts, oscilators and spectrum 

analysers can be used.
• To find the sensitive parts, loop probes can be helpful, 

without requiring a connection.
• The only connections between segregated parts must be 

the interconnecting signals among them. 
• Autorouting does not generally provide good results for 

EMC purposes.
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Inside to Outside Connections

• Every conductor passing from outside to inside may 
need full range of suppression techniques.

• Visual displays and and controls can be considered as 
inside to outside world connection. The may suffer from 
ESD (Electro Static Discharge) as well.

• Shielding may be applied to:
- chips
- areas of the PSBs
- entire assemblies of PCBs
- entire product, costs and difficulties increasing in 
ascending order.
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Details of Interface
Suppression Techniques

Suppression techniques include: 
• common-mode and/or differential mode filtering 
• galvanic isolation using opto-isolators or transformers 
• communications protocols (to improve bit error rate in 

the presence of interference) 
• surge protection devices 
• the use of balanced drive and receive signals (instead of 

"single ended") 
• the use of fibre-optic, infra-red, wireless, laser, or 

microwave instead of copper cables 
• shielding of areas, volumes, cables, and connectors 



14

Embedded System Design                    
Assist.Prof.Dr.Osman Kaan EROL

Reference Planes

• Every wire and track has has intrinsic reactance and 
resonance. 

• Tracks, wires, star-grounding, area fills, guard rings etc 
cannot provide adequate reference for frequencies 
higher than 1 MHz.

• Rule of thomb for the inductance of PCB tracks and 
single wires is: 1nH/mm. This means: 1 cm of track will 
have an impedance of 6.3� at 100MHz and 63� at 
1GHz.

• Because of this, only unbroken metal areas can be used 
as good reference. This is called as 0V or power plane. 
Avoid using ground or earth terms. These are safety 
related terms.
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Creating Proper Reference Planes

• 0V Planes must lie under all their components 
and all their associated tracks and extends a 
significant distance way beyond them=> 20H 
rule: at least 20 times their layer spacing.

• Every perforaqtion such as leads, pins and via 
holes increase the impedance of the ground 
plane.

• Buried via techniques are used to overcome this 
difficulty. It allows interconnections between 
layers without perforating the reference planes. 
This is developed for cell- phones.
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Example of 0V Plane
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Connection to Reference 
Planes
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Reference Plane Shapes

• Use rectengular shaped reference planes.
• Square or planes with simple aspect ratios 

such as 1:2 should be avoided due to 
resonance problems.

• Imagine a pool and stationary waves that 
may occur.
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Connecting 0V Planes To Chassis

• Electrical activity cause displacement currents. This 
currents are source of common-mode emissions.

• PCB 0V Plane to chassis connections must be done as 
much as possible. One connection must exist in the 
center of each area of high frequency circuitry. Screwing 
points can be used for this purpose. Allow some extra 
connection points on the PCB for further EMC 
requirements.

• If 0V Plane must be galvanically isolated (medical 
equipments), capacitive coupling must be done. Safety 
capacitors can be used if HV HF coupling is required.
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Multi-Layer PCB Usage

• PCBs are manufactured 1 layer, 2 layers, 4 
layers etc..

• 4 Layers PCBs now only cost between 20% and 
50% more than two- layer but offer greater 
advantage of EMC debugging.

• In 2 layer PCBs, set one full layer as 0V Plane. 
In 4 layer PCBs, use 2 of them for power and 0V 
planes.

• It is extremely difficult to make a one- sided PCB 
EMC compliant. 
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Power Decoupling Techniques

• The aim is: keep the Power Supply impedance as low as 
possible in the frequency range of interest. (1 Ohm 
typical, over 150 kHz to 1 GHz operation)

• 100uF or larger where power supply lines enter the PCB.
• Every digital IC power inputs must be decoupled by 

using 100nF typical for frequencies less than 50 MHz.
• These capacitors must be kept very close to IC pins.
• Refer to: i = Cdv/dt, where dv is in the order of 100mV, dt 

and i is the current demand and duration of any 
transition. Must be measured.
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Self Resonnance of Decoupling 
Capacitors
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Role of Decoupling Capacitors
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Good Connection of Decoupling 
Capacitors
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Transmission Lines
• Transmission lines maintain a chosen characteristic impedance, Z0, 

from a signal’s source to its load.
• Electrical length: Length expressed as a fraction of a wavelength.
• When a conductor is electrically long, transmission line must be 

used to maintain the frequency response.
• The crude rule of thumb are that a conductor is electrically long 

when it exceeds one-seventh of the shortest wavelength of concern, 
or when the time that the leading edge of a signal takes to travel 
from the source to the furthest receiver exceeds half of its rise or fall 
times. 

• Actually much less distances: A signal of 2ns rise time will need 
transmission line if the distance is higher than 30mm. 

• The same applies for slower frequency but longer distance cable 
and connections as well.
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Microstrip vs Stripline
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Changing Layers

• High speed or other critical PCB tracks should 
not change layers.

• This is why we start by tracing clock distribution 
lines and high speed bus lines first.

• Stripline is less leaky than microstrip.
• If changing layer is required, changing it near 

the IC decoupling capacitors is adventageous.
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Terminating Transmission Lines

• Termination of RF signal 
lines is required at both 
ends.

• In parallel termination, a 
termination resistor is 
used at one end or both. 
Terminating at both sides 
may cause an attenuation 
in the signal level. 
Highest speed can be 
achieved with parallel 
termination
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Layer Stacks
• Four-layer PCBs often have their layers stacked as follows: 

1) Microstrip transmission lines and other critical signals 
2) 0V plane 
3) +5V plane 
4) Non-critical signals 

• 8-layer computer motherboard: 
• 1) 0Vplane 2) Most critical “offset striplines” and other 

signals, routed at 90o to layer 3) to reduce crosstalk 3) Most 
critical “offset striplines” and other signals, routed at 90o to 
layer 2) to reduce crosstalk 4) 0V plane 5) +5V plane 6) Non-
critical signals routed at right angles to layer 7) to reduce 
crosstalk 7) Less critical “offset striplines” and other signals, 
routed at 90o to layer 6) to reduce crosstalk 8) 0V plane 
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A Few Words on FPGAs
• FPGA’s are logic level gate arrays offering the possibility to perform

custom microoperations. 
• Simulation tools ease the design.
• Implementing functions in HW makes the system run much faster or

at lower power than they do in software.
• 130 nm (0.13 microns) and 90 nm (0.9 microns) processes are

achieved.
• Today’s FPGA’s offer the possibility of reusing the programmable

resource for cost and power efficiency.
• Design style depends on frequency of reconfiguration.
• Program flow can initiate and control reconfiguration, but beware the

verification complexity.
• Example manufacturers are Xilinx, Altera, Cypress
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FPGA versus Microcontrollers

• Differentiating factor is HW change.
• In microcontrollers: execution of functions on 

HW specifically structured to carry them out with
maximum efficiency.

• In FPGA, HW change is possible.
• An analogy: High Level Language versus Low

level languages.
• Cypress manufacture reconfigurable

microcontrollers (PSoC) filling the gap between
FPGAs and Microprocessors.
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Environmental Concerns

• WEEE: Directive on Wate Electrical and Electronic
Equipment (2006 planned)

• ROHS initiative: Reduction of use of hazardous
substances.

• Hazardous substances are: lead, polybrominated
biphenyls, polybrominated diphenyle esters (flame
retardants), mercury, cadmium, hexavalent chromium.

• Lead-free manufacturing (Sony for example)
• End-of-life recycling.
• Benefits: For today, brand image.
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Opamps

• Small signal opamps, power Opamps
• 2.4A – 10A output current is typical
• Rail to rail operation (200mV to rails)
• Single supply versus differencial supply
• Parallel operation to increase output current
• Typical applications are: Valve, actuator, 

synchro, servo driver, transducer excitation, GP 
linear power boosters, laser diode pump driver, 
etc.
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Intelligent Switches

• Low- side (60V environ) versus high- side (250 to
600V)

• Power FET + array of linear elements and
components + logic to handle control functions = 
IntelliFET technology

• Protection features: overtemperature (preset to
175 ºC, overvoltage, overcurrent.

• Auto- restart on fault clearance.
• 1.6A continious switching with SOT23 package
• Ref: Zetex
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Knobs

• Are mechanical man- machine interface
• Shaft- push- on and collet- control glowing knobs
• Fluorescent coating or artificial light option
• Approximate price is 43 cents/1K fluorescent

models and $2.5 for LED illuminated models in 
large quantities.

• Example manufacturers: Selco Products, Elma 
Electronic Inc.


