Interpolating ADCs, Folding ADCs and Oversampling

Converters
Tuesday 16th of March, 2009, 9:15 — 11:00

Last time — and today, Tuesday 16th of March:

Last time:

13.1 Integrating Converters

13.2 Successive-Approx. Converters

13.3 Algorithmic (or cyclic) A/D Converters
13.4 Flash (or parallel) converters

13.5 Two-Step A/D converters

13.8 Pipelined A/D Converters

13.9 Time-Interleaved A/D Converters

Today — from the following chapters:
13.6 Interpolating A/D Converters R L]
13.7 Folding A/D Converters

14.1 Oversampled converters
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Interpolating ADCs. Rightmost interpol.=4 (1/4)
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R/2S  Comparators
» Reduced complexity compared to Flash ADCs = reduced input capacitance
and slightly reduced power.
* In the mathematical subfield of numerical analysis, interpolation is a
method of constructing new data points within the range of a discrete set of
1ekrrgfcdata points. 3
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Interpolating ADCSs ()

» Uses input amplifiers
behaving as linear
amplifiers near their
threshold voltages,
allowed to saturate for
moderately large input
signals

» Thus "noncritical” latches
need only determine the

_ sign of the amplifier
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Interpolating ADCSs @)

i « Amplifier outputs V, and V, as

:D_ well as their interpolated values

are shown lowermost (fig. 13.24)
% . * The reference points created

e i) = .. from interpolated values (for

s el [T example Vs, Vi, V,) have

Z’ latches potentially triggering in
J>; — order, for increasing (or

Gt decreasing) input.

J o « For good linearity the

interpolated signals need only
cross the latch threshold at the
correct points
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Interpolating ADCS ()

5.0

* To achieve good linearity V, and
V, need to be linear between their

(Valts)

i 0_5\ >, own thresholds. In figure 13.24
o s e - ™ this linear region corresponds to
Vin _ 0.25 < V,, < 0.5 (horizontally)
| = 8
05V 5 * For fast operation the delays to
-s' each of the latches must be made
et to equal each other as much as
o g ] po_SS|bIe._In fig. 13.25 this is done
o using resistors.

Fig. 13.25 Adding series resistors to equalize
delay times to the latch comparators.

UNIVERSITETET

I OSLO

3/16/2010



3/16/2010

Example, based on Fig. 13.23 (1/2)

{H—_ *Vin = 0.4V, gain of
e | -10, logic levels of 0
i and 5 volts. >

*V4=5V
*V3=5V
*V2=35V
*V1=10V

(Voits)
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Example — interpolating ADC (2/2)
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Folding A/D Converters (13.7)

e The number of latches is
reduced compared to the

2-bit 1 . ;
| usean b, Fadng beckrespomes interpolating ADC, and even
more from FLASH
Vg =1V . .
v, Nons) mesnad ® The figure shows a 4 bit
Foldin . .
] ook e | 0_ converter with folding rate of 4
v{%‘é%%@} ° £ 2 ¥ '™ Agroup of LSBs are found
V.
Vi Y, ’ mesod  Separately from a group of
block Digital —b3 | MSBs.
logic -
IREX) l_.b 7 ou 15 .
{%%%1_2} 4 16 5 & B . The MSB converter determines
roara 1 V3 A A mesod  whether the input signal, V,,, is
. = i o in one of four voltage regions
ITTT 2
v, = %,%g,l_g} - (between 0 and Y4, Y2 and %% ,
v, .
| o | Var— mwesws Y5 and Y, or Y and 1)
e [ 4 * V, to V, produce a
T35 15 9 B Vin
v EssE 6B thermometer code for each of

the four MSB regions

IVERSITETET
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Similar to folding block responses on previous slide..

* Bipolar folder outputs
* Ex: Input 1.05:

» Thermometer code
produced for each of the
four MSB regions (between

o 0 and Y4, Y2 and %2, %2 and

. %, or ¥sand 1 for previous

slide)

 (in certain respects related to interpolation
16. mars 2010 in Fig 13.24

04 * F1 > threshold=0 -> "1”
502 e F2 > threshold=0 -> "1”
3  F3 > threshold=0 ->"1"
8 « F4 < threshold=0 -> 0"

o=
[

=
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Folding block with a folding rate of four

* Input-output response for
the cross-coupled
differential pair is shown
lowermost

* Vout is low if, and only if,
both V, and V, are low,
otherwise high

* The output from a folding
block is at a much higher
frequency than the input
signal, limiting the practical
folding rate.

« Differential solutions in practice

Folding and Interpolating ADC

— I veaap * By introducing

Folding-block responses

converter ’ b2

1l

interpolation, the number
of folding blocks is
LML reduced

L, 20T e Input capacitance is

o 7 \'/ \",  reduced (if both folding
Lo 5522 " andinterpolating is

_ . , . merd  combined)
¥in o Folding-rate of four and

PR interpolate-by-two
* (Literature references on
page 523)
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Interpolating and folding and interpolating ADCs
Resolution Sampling Power Supply architecture | reference
rate dissip. voltage
8 bit 100 MHz 6.5 bit@5Vv, 1.2W@5V 5o0r8V interpolating ~Steyaert,
7.1 bit@8V Roovers,
Craninckx,
CICC 1993
5 bit 5 GHz 4 bitat 5GHz 113 1V interpolating Wang, Liu,
mW@1Vv VLSI-DAT
2007
6 bit 200 MHz 5.35 bit 35 3.3V folding and Yin, Wang,
mW@3.3V interpolating Liu, ICSICT,
2008
6 bit 200 MHz 5.5 bit 78.8 2.5v folding and Silva,
mW@2.5vV interpolating  Fernandes,
ISCAS, 2003
16. mars 2010 13
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Oversampling converters (chapter 14 in "J & M”)

* For high resolution, low-to-medium-speed mmee=— &

applications like for example digital audio e o
* Relaxes requirements placed on analog circuitry,
including matching tolerances and amplifier gains B&% g b

» Simplify requirements placed on the analog anti-
aliasing filters for A/D converters and smoothing
filters for D/A converters.

» Sample-and-Hold is usually not required on the
input

 Extra bits of resolution can be extracted from
converters that samples much faster than the
Nyquist-rate. Extra resolution can be obtained
with lower oversampling rates by exploiting noise
shaping

3/16/2010



Resolution and clock cycles per sample
1

resolution

1 10 100 1000
clock cycles/ sample

. Dependence of achievable resolution and required clock cycles per
sample for various ADC SYSICMS. o or sos e omevrs von 550 s ocroses o
A Gigasample/Second 5-b ADC with On-Chip Track
and Hold Based on an Industrial 1-pm GaAs
MESFET E/D Process

Richard Hageluscr, Member, IEEE,
and Dicter Sci

Frank Ochler, Ganter Robmer, Joscf Saucrcr.
zer, Senior Member, IEEE

Nyquist Sampling and Oversampling

* Figure from
[Kest05]

» Straight over-
sampling
gives an SNR

‘fs QUANTIZATION improvement
___IE OPERATION B — zzlffs;q Hid of 3dB/
: octave
fs fs
7 . fs > 2f, (2f, =
o Tl Nyquist Rate
S + DECIMATION s DIGITAL FILTER —
= ‘ DIGITAL ‘ REMOVED NOISE * OSR =14/2f,
—| avc |—{ BTk [oect~  SNRmax =
f?s KTfs kts  6.02N+1.76+
10log (OSR)
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Oversampled converters; High resolution and relatively
low speed

-
o

| ,
INDUSTRIAL [ F|ﬂS|I'I
MEASUREMENT bl e e 1 -0 Folding
| 4 Subranging
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| xPipeline
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[} HIGH SPEED: E’ 10 Dvafsamplad
= INSTRUMENTATION, H
] VIDED, IF SAMPLING, =]
£ SOFTWANE RADIO.ETC. 2 o o]
: | ’ ’
= & : 5]
| 1
T 4 ===
STATE OF THE ART =
1w (APPROXIMATE} 2 ]
] e R e i e e 0.1 1 10 100 1000 10000 100000
Sample Rate [MHz]
SAMPLING RATE [Hz)
Figure 1. ADC architectures, applications, resolution, Fig. 2. ADC sample rate vs. ENOB from 1987 w 2005,

and sampling rates,

Which ADC Architecture Is Right oot A
for Your Application?

By Walt Kester [walt.kester@analog.com]

STOM INTECRATED CIREUTTS CONFERENCE

al Converters into Ulra-Deep-Submicron CVIOS
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Oversam p| i NQg (without noise shaping)

«Total stoy er gitt iY: 4
P = [S(f)df == ——
oo 12 OSR
2fs/2 fs/2 0 fs/2 2f5/2 Frekvens (Hz) °

» Doubling of the sampling frequency increases the dynamic
range by 3 dB = 0.5 bit.

» To get a high SNR a very high fs is needed - high power
consumption.

e Oversampling usually combined with noise shaping and
higher order modulators, for higher increase in dynamic range

o

& §3% UNIVERSITETET
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SNRmax = 6.02N+1.76+10log(OSR) [dB]
SNR improvement 0.5 bits / octave

20
18

16

ON O

14

12 Columni

10 10log(OSR)
8 Column2

2 4 8 16

32 64
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Ex. 14.3

EXAMPLE 14.3

Given that a I-bit A/D converter has a 6-dB SNR, what sample rate is
required using oversampling (no noise shaping) to obtain a 96-dB SNR (ie..
16 bits) if f, = 25 kHz ? (Note that the input into the A/D converter has 1o be
¢ active for the white-noise quantization model to be valid—a difficult
ement when using a 1-bit quantizer with oversampling without noise
ping).

Solution
Oversampling (without noise shaping) gives 3 dB/octave where | octave

implies doubling the sampling rate. We require 90 dB divided by 3 dB/octave ,
or 30 octaves. Thus, the required sampling rate, s

27 % 2,

000 GHz !

This example shows why noise shaping is needed to improve the SNR
faster than 3 dBfoctave , since 54,000 GHz is highly impracti

3/16/2010
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Advantages of 1-bit A/D converters (p.537 in "J&M”)
» Oversampling improves signal-to-noise
ratio, but not linearity
» Ex.: 12-bit converter with oversampling
needs component accuracy to match better
than 16-bit accuracy if a 16-bit linear
converter is desired R
* Advantage of 1-bit D/Ais that it is mherently
linear. Two points define a straight line, so
no laser trimming or calibration is required
* Many audio converters presently use 1-bit
converters for realizing 16- to 18-bit linear
converters (with noise shaping).

. UNIVERSITETET
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Problems with some 1-bit converters ((?))

Why 1-Bit Sigma-Delta Conversion is Unsuitable
for High-Quality Applications

by

Stanley P. Lipshitz and John Vanderkooy
Audio Research Group, University of Waterloo
Waterloo, Ontario N2L 3G1, Canada

ABSTRACT
Single-stage. 1-bit sigma-delta converters are in principle imperfectible. We prove this fact. The reason. simply
stated. is that. when properly dithered. they are in constant overload. Pre\'enu’o:: of overload allows only partial
dithering to be performed. The consequence is that distortion. limit cycles, bility. and noise modulation can
never be totally q\aided Wi e demonstnle these effects, and using coherent averaging tec 11.111ques are able to display
"u‘reh('ls which are usually hidden in the noise floor. Recording. editing.
. 1-bit 5 felt Aulators. are thus inimical to audio of the
A (l |ld conve 111."|‘. which outpat lm ear PCM code

e in principle
infinitely }H.lr‘t[]'l] (Here, multi-bit refers to at least two bits in the converter.) They can be properly dithered so
as to guarantee the absence of all distortion. limit cycles. and noise modulation. The andio industry is misguided if
it adopts 1-bit sigma-delta conversion as the basis for any high-quality processing. archiving. or distribution format
to replace multi-bit, linear PCM.

Audio Engineering Society
“ Convention Paper 5395

NIVERSITETET

0OSLO
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Oversampling with noise shaping (14.2)

» Oversampling combined with noise shaping can give
much more dramatic improvement in dynamic range
each time the sampling frequency is doubled.

» The sigma delta modulator converts the analog
signal into a noise-shaped low-resolution digital
signal.

» The decimator converts to a high resolution digital
signal

Xt %A

X 1}
Antl- Sampl AT : Digital /
—p{ aliasing and- > —p l —
filter hotd |1 | ™od |4, ! f, OSAI

Anal ‘__.‘
o4 s Digital

Fig. 14.5 Block diagram of an ovarsampling A/D converter

Multi-order sigma delta noise shapers (sani

Park, Motorola)

Nyquist Sampler (1 bit) Third Order A Modulator

Second Order XA Modulator

First Order XA Modulator

Oversampler

fg Frequency Fg/2

Note: Higher order Noise Shaper has less baseband noise

14
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OSR, modulator order and Dynamic Range e« 2 X increase
inM->

120 | 1=3 r P 420 (6L+3)dB or
(L+0.5) bit

Increase in

DR.

L: sigma-delta

order

{1, Oversampling

and noise

0o 4 8 16 32 84 128 256 512 shaping

Oversampling Ratio, M

-
o

I}
Resolution (Bits)

Dynamic Range (dB)

4}"‘ UNIVERSITETET
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Ex. 14.5
* Given that a 1-bit A/D » Oversampling with no
converter has a 6 dB noise shaping: From
SNR, which sample rate ex. 14.3 we know that
IS required to obtain a straight oversampling
96-dB SNR (or 16 bits) if ~ requires a sampling
fo = 25 kHz for straight rate of 54 THz.
oversampling as wellas  « (6.02N+1.76+10 log
first-and second-order (OSR) = 96
noise shaping? <->
6 + 10 log OSR = 96)
<->10log OSR =90

£ #8% UNIVERSITETET
w0¥ . 1osLo
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Ex. 14.5
SNR_,, = 6.02N + 1.76 - 5.17 + 30 1og (OSR) (1428 s = S =

We see here that doubling the OSR gives an SNR impror it for a first-order mod " _.(n)_.@—. _r,_r‘_ T .

ulator of 9 dB or, equivalently, a gain of 1.5 bits/octav 5 result should be come Guantizar

pared to the 0.5 bitsfoctave when oversampling with no noise shaping.

Fig. 14.7 A firstorder nolseshaped interpolative m odulator.

» Oversampling with 1st order noise shaping:
«6-5.17 + 30 log(OSR) = 96 OSR =f_/ 2f,

e 30log (OSR) =96 -6 +5.17 = 95.17
A doubling of the OSR gives an SNR improvement
of 9 dB / octave for a 1st order modulator;
95.17/9=10.57 21056 x 2*25 kHz = 75.48 MHz
: log(OSR)=95.17/30 = 3.17 > OSR = 1509.6
1509.6 * (2*25kHz) = 75.48 MHz

£ #8% UNIVERSITETET
wy¥. 10sLO

X
b

) I 0o, W I
+ Mt z
Hrd

» Oversampling with 2nd order noise shaping:
*6—12.9 + 50 log(OSR) = 96 OSR =fs/ 2f,
* 50 log (OSR) =96 -6 + 12.9 =102.9
A doubling of the OSR gives an SNR improvement
of 15 dB / octave for a 2nd order modulator;
102.9/15=6.86 26-86 x 2*25 kHz = 5.81 MHz

£ #8% UNIVERSITETET
wy¥. 10sLO
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Ex. 14.5 "point”:

2 Xincrease in M >

(6L+3)dB or (L+0.5) bit
increase in DR.

[
.
SMR [dB]
160 - [
140
120 A
100 °
a0
a0
40
20 o
0 .
-20 T T T T T T T T T
1 2 4 8 1A 37 A4 12A P5A 5121024
Cversampling Rate
L]

16. mars 2010

3 a) (Weight 10 %)

L: sigma-delta order

6 db Quantizer, for 96 dB
SNR:

Plain oversampling: f;=54
GHz

1st order : f,=75.48 MHz
2nd order: f,=5.81 MHz

Exam problem (INF4420) below

A sampled signal is bandlimited to f; = 22 kHz What is the sampling frequency. f. for an

oversampling ratio ("OSR”) of 1287

A 1-bit analog-to-digital converter ("TADC”) has an inherent 6-dB SNR. Which maxinmm SNR is
acquired by combining it with strict oversampling and an OSR of 128, if no neise shaping is used?

What is the maximum SNR in the similar case exploiting 2™ order noise shaping?
If a 1-bit ADC using 3 order noise shaping has a maximum SNR of 125 dB for an OSR of 128, what

is the expected maximum SNR if the OSR is reduced to 327

Sigma Delta converters,ISSCC 2008

* |ISSCC-
Foremost
global

forum
° !!CT”:
continous time

AL DATA CONVERTERS
Ehair: Thangyuan Chang, IDT Tesknology, Shanghal China
Aseaciane Chair: Yiansas Manoll. Universiny of Frelburg. Freiburg. Garmany

01 A WBas-EN

miW Owversampling DAC wih a Three-Level DEM Technique
BH0AM

K Ngayen A Bandyopadnyay. §. Asams. K Sweedand. F. faginsi)

Aoy Devices, Wikmington, WA

A& mUTHB k0 DA I 3 0.18pm GMOS procs wses a M levd DEM schems atd

an [£1-free outpud stage b achiewe 10848 SNIR while consaming 2 total of 1.9miW per

channal from a 1.6V supply.

T2 ALTVERW 13
F00AM

¥. Crae |, Lo G Han

Yorsel Uniwsity, Seced, Korea

AN audio AT mogulator 5 reakosd 0 a Aandand 0.18um CMOS process. eplolting 1
PoSsibARy of Substi\ging 3 cBita-C inartie 10 an OTA. The mecasirent psaults from
the fabricated chip demomtrate 1D SNOR, 3448 SHR, and 8548 DR dor o 206Hz
sigrai bandwicsn. The chip consums J5uW from 2 0.7V suppéy.

T3 Anloverter-Eaved Hybeld AT Madulater
F30AM

A VWnovEn, R, Rumen, L Bems

WP Samicoadectort, Findhoven, Nethartands

A Iybrid AT modulator with 1*-cedar anslog fitee, b quantizar, 2™-crder digial finer,
1t quantizer. and 1 DAC Is prasented. The aciive CirCulry s IMplementid soly Wi
i iouits and standard digital cells. The 85am CMOS medubibor achiews a poak
SNR of TTdB in 20064z Power comsumption i 950pW at 1.2V and the area is
udam

Break 10:00 AM
274 A Nolwe-Coupled Time-Interleaved AT ADC with 4. 2MH: BW, 3848 THD, and
TdE SNDR

1015 AM
KL, J Coad’, M AN, K Hamastey’, K Takarokr, 5. TheochF. G, Temes®
"Oripon S8 Lindversly, Cofviiis, OR

Sasahi Kas, Atsugl, dapan

A two-channal timi-inieriaved nosa-coupled AT ADS & resiaed in 0.10sm CUOS
Technoiogy. Time Inereaving douties the eflective clock rats while nose Coupling
rais the effective order o the roke-shaping keops, implemests dithiring, and akss
prevents tone ganeration in ol loops, Usieg a 1.5 supply, the device achiewed
SFOR>100H, THD = 988, and an SHOR of 7908 a3 o

21.5 A témW Spectrum-Sensisg Receafigurable 20MHz 7248-SNR T0dB-SHDR DT
AL ADC for BOZ TIVWIMaX Recelvers

1045 AN
P Miatls™, M Lokelmadls’, K Kornogn, K Soumpanatt’
Yimtel. Hilsbaro, OR
Coumell Unhersiy. Rhaca. NY
Toaseghs Inetets of Tachnokogy, AMIALS, GA
A reconfiguratis MASH 22 AT ADC, tabiicated In S0nm CMOS, has an DSR of 10.5
a0 usds 3 1.2V supply. I schives SNRS of 72, 62, 60, 4ad 5408 with & 20MBE BW
whils comsuming 28, 20, 13, and 12mW, respectively, The coafiguration and, theretors,
powr ars deermined by signal and blocker power. SRS of T3, 77, and T8 am
‘achieved for BWs of 10, 5, 2.50H, respectiely,

1.5 A 100mW 108H BW CT 52 Madulater with §7d6 DR and -#1dBc M0

1116 AM
W Yo W Schofield, H. Stvbate, £ Koropati A Shaikh, N Abaskbaroun. D. Ritwer
Arakg Devices. Wilmingion. MA
A Farder CT AT medulslor with a bybeid Sadback-teediormard fopology and S-bel
quantization i a0.18pm CMOS . af EOMHz, the
modulition achivves 8708 DR, §2d6 paak SNDR. and -#108¢ IMD 0vr 3 10MHZ BW.
Tha mogalator cocugss 0.7 M and consunies 100mW rons & 1.8 Supely.

1.7 A Gsnm CMOS CT AZ Modulator with §148 DA and GMHZ BW Aste-Tuned by
Putse lajrerl

1145 AM
¥-& Shr', B8 Song’. K Becranid'
“nkversity of Caliieania. San Diego. A

oiuant Systems, Pal By, FL

Bactive filkers for €T AT modulabors are calibrated by injecting a binary pukse dither and
nulling & with an LM algorithen. & 3order B probetype in 85am CMOS cccuples
CuSme and consemes SOMW a1 1.3V, A1 256MSs (05R=161 the DR &5 6108 waha
2.l tullsrala range, SHR and SHDR 2 -14BFS a0 76 ard 7O, respecthvaly,

2.8 ACT AZ ADE for Volce Coding with 6240 DR in 43am CMOS
1200 M

L Dowra, F. Kuttnar, & Sactew,  Kiop!, T, Pusschits, T Haty
Infineon, Villach, Austria
Ad=l-order CT muti-0R (40} AT ADC for veics coding is Implemanted in 3 45am CMOS
proces. The inpet operational ampities & chey
The guantirer, 4 powes-efficient 3-comparator Iracking ADC with 2 capacifie witage
refareace DAC, B8 pufabla for bew-voitage designa and high clock ntes. Over 3
Dandwidth of 206HZ the OR is §608. The ADC consumes 1. 20 from a 1.1V supply.
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2nd order sigma delta modulator
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Fig. 14. Maximum operating frequency.
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The Design of Sigma-Delta Modulation
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INPUT LEVEL (a8 Analog-to-Digital Converters
Fig. 13 Measured SNR a sampling frequency of 4 MHz and a BERNHARD E BOSER, s1unest wswar, i0r, avp BRUCE A WOOLEY, ratow, i
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* Richard Hagelauer, Frank Oehler, Gunther Rohmer, Josef Sauerer, Dieter Seitzer: A GigaSample/Second
5-b ADC with On-Chip Track-And-Hold Based on an Industrial 1 um GaAs MESFET E/D Process, |IEEE
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« Walt Kester: Which ADC Architecture is right for your application?, Analog Dialogue, Analog Devices,
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» Richard Lyons, Randy Yates: "Reducing ADC Quantization Noise”, MicroWaves & RF, 2005

« Sangil Park: "Principles of sigma-delta modulators for analog to digital converters”, Motorola
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Next Time, 23/3-10:

» More from Chapter 14; Oversampling Converters
(14.2,14.3,14.4,14.5,14.7)

* Beginning of chapter 16; Phase-Locked Loops

(16.1)
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Guide to writing a thesis / report: The Design and implementation of a Nifty Gadget (page 1 and 2)

Guide to Writing a Thesis

el s e meire by v Memsson

The Design and Implementation of a Nifty
Gadget

Tokls Lis Bask

Preface

Have you done asything that doeut Save 83 & with your srarasch?
Have you pubinbed pasts of fhan wok befour™

Acknowledgement

Why do you sevaerate previom work
What 1s yoms contmbemeon 12 the fiekd of Nifty Gadpess”

2 Theoretical background

Whiat v the reqired hackground knowledge?
Where caa 1 fied it?

2.1 Varions appraaches to Nifry Gadgets

What i the relevans prios work?
Where can [ fid
Wy shiouibd it be e dfferensty?

Blas swvoae srmemaptnd o apprmach prevacush®
Where r that week reporied”

2.3 Nifty Gadgets my way

What 13 the cvatore o yooum oy
Blave you prablsnd it Befoer?

3 My implementation of 2 Nifty Gadget

b s b st the sl

5 Discussion

Asr youm sl satnfactery”
Can dary be mproved
B there 2 mevd for muprovemen?
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"Nifty Gadget” page 3 and 4

Agr oty mpproaches worth tymg out”
Will some seviraction be lfied?
Will yos s the weorld weh your Ni

Gadger?
6 References

Whant 15 the backproand readang s
Whese is the relssed work”
Where os the proe work?

Wikere cam [ find inportant matevial?

Appendix A

Can you owtline fatilary calosbm or whasever complicated theory o reslts yom are wang thas will
obscupe the texs?

Appendix B
A theses shoubd dicuss the following opscs
« Introduction

Presentamion of the problem or 1 be nddresied, e unuamen where the problem or
phenomenon ocoan. sd refareaces 1 earkier relevass researcd

Commen srvors
Fanbiezn £ pot propealy specifbed o formilased. mvulficiess sefevemoss 1o ealser work

* Purpose
What cam be pained by sncer knowledpe about the problent o phenomencn
Cumeen srvors
The purgene s et mesmened. et comnected 1o earher sewsascl of got i line with what the senusl
comtents of the dhess.

+ Problem Hypothess

i thas e 1o be smawered 10 reach the poal sndior hyposheus formulsted be messs of
ndertying theores

Commen srron
Mg oblem dewigption, deBeimcie m the comctaons bewern question, badly forsalaed
Evpoibeun

* Method

Chowcr of an adequate metiod widk pespect 1o the purpose and probbem Typodsean

Common errors
An thod s used, for ple di lack of k ledge about defferent methods:
erroneous use of chosen method.

Result

Answers to the forwarded questions by means of the achisved results,

Cammon ervors

The results are not properly comected to the problens; blury presentation; the rendis are intes-
maxed wath discusson

Discussion

Discussicn of the accuracy and relevance of the results: conspanson with other ressarchers results.
Coammon srrars

Too far reaching conchasions: guesswork not sapported by the data: introduction of a new
problem and a dascussion around thos.

Conclusion

Comsequences of the ackneved results, for example for new rescarch, theory and applscations.
Cammon ersar

The conclussons are too far seaching with respect 1o the achieved results; the conchusions do not
comespond waih the purpose.
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