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Fourier T r a n s f o r m  t e c h niqu e in p l a c e  of a n a l o g u e  or digital 

filtering. The test s y stem layout ii, shown in figure 21.

TO COMPUTER

FIGURE 21 TEST SYST tM LAYOUT AS PR "tr-OSED BY DELL

All a e a s u r e m e n t  p r o c e s s i n g  is done on a c o m p u t e r .  In 

addition, the s t i m u l u s  requi r e d  to e xcite the d e coder  is 

g e n e r a t e d  in software. The input signal for the e n coder is 

ejenerated using a c o m m e r c i a l l y  a v a i l a b l e  digital s i n e w a v e  

synthes i z e r .

1.6 Layout of the p r e s e n t  work

It is the intention here to g i v e  a brief resume of the 

s e c t ions that are to follow.

C h a p t e r  2 deals with ;he p r o p o s e d  test system s t r a t e g y  and

p aramete;s.  The r e q u i r e m e n t s  for the test s t r a t e g y  are

defined. The p r o posed test system layout follows c l o s e l y  the 

s y s t e m  a r c h i t e c t u r e  p r o p o s e d  by Dell (1982), for half

channel m e a s u r e m e n t s  on a codec. The test s ystem takes the
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form of two separat e section?,; one for testinq the e n c o d e r  

s e c t i o n  of the codec and one for testing the d e c o d e r  s e c t i o n  

of the All signal and siqnal p r o c e s s i n g ,  

for both sections, is done in software. The p r o p o s e d  C C I T T  

half channel m e a s u r e m e n t  s p e c i f i c a t i o n  for q u a n t i z a t i o n  

d i s t o r t i o n  and qain t r a c k i n g  is aiven and dis ssed. A study 

of the o e r f o r m a n c e  of a c o d e c  with v a r i o u s  i m p e r f e c t i o n s  is 

d o n e  and using this as a basis the test system p a r a m e t e r s  

are defined.

In chaster 3 a d e s c r i p t i o n  is given of the o r o p o s e d  test 

s y s t e m  together w i t h  a d e t a i l e d  a n a l y s i s  of the c o m p o n e n t s  

m a k i n g  uo tne test syste^. >n a d a o t i v e  r e f e r e n c e  v o l t a g e  

te c h n i q u e  is o r o posed and d i s c u s s e d  and its e f f e c t  on D/A 

c o m p o n e n t  s e l e ct ion is illustrated. R e s u l t s  are 

p r e s e n t e d , o b t a i n e d  from computer s i m u l a t i o n ,to ill ust r a t e  

the o p e r a t i o n  of the o r o p o s e d  test system.

In chapter 4 the two s o f t w a r e  s i m u l a t i o n  o a c k a a e s  used in 

the oresent work are d e s c r i b e d .  TESTS is a s o f t w a r e  o a c k a q e  

used to simulate v a r i o u s  encoder and d e coder c o n f i g u r a t i o n s .  

T S T P A T  is a cackage w h i c h  was used to s i m ulate the n r o o o s e d  

test system layout.

F i n a l l y , c h a p t e r  5 concl l ies with i r evie w of the ’ resent 

work showing the e f f e c t i v e n e s s  of the o r o p o s e d  test s t r a t e g y  

and sy stem layout for the o r o d u c t i o n  testing of integrate d 

c i r c u i t  codecs. <^reas were future work is r e q u i r e d  are

i n d i c a t e d .

-"•gar ojw
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2 P R O PO SED TEST S T R A T E G Y  AND TEST S Y S T E M  PARAME T E R S

2.1 Roqu i rements of a test strategy

A c c u r a c y  and fast test time are the two bas ic r e q u i r e m e n t s  

for a p r o d u c t i o n  test strategy. For an ideal test s y s t e m  we 

require a b s olute m e a s u r e m e n t  c e r t a i n t y  and zero test time. 

H owever, this c o n d i t i o n  is not p o s s i b l e  owing to the fact 

that the above two r e q u i r e m e n t s  are confli c t i n g .  In order 

to o b t a i n  very a c c urate m e a s u r e m e n t s  the test time must, of 

necessity, be longer. C o n v e r s e l y ,  a shorter test time w o u l d  

be a c c o m p l i s h e d  at the e x p e n s e  of m e a s u r e m e n t  accuracy. 

Thus a c o m p r o m i s e  b e t w e e n  the two r e q u i r e m e n t s  is n e e d e d .  

In order to d e t e r m i n e  the level of c o m p r o m i s e  r e q ui red we 

need to look at how a c c u r a c y  and test time affect the 

p r o d u c t i v i t y  of the test system. T h e  p r o d u c t i v i t y  of a test 

s ystem is d e p e ndent upon two important crit eria, yield and 

t h r o u a h p u t .

The yield of a test s y s t e m  is d e f i n e d  as the number of good 

d e v i c e s  o b t ained out of the total number of devices t e s ted. 

T he test system itself c a n n o t  alter the yield of a s am ple of 

d e v i c e s  as this is d e t e r m i n e d  by the m a n u f a c t u r i n g  p r o c e s s  

involved. However, a test system can c ause a loss of y i e l d  

by c a ll ing a good d evice  bad or, worse, c a l l i n q  a bad d e v i c e  

good. Therefore, the a c c u r a c y  or the test system must be 

such so as to quard a g a i n s t  a loss of yield.

The t h r o u g h p u t  of a test s ystem is d e f i n e d  as the number of 

d e v i c e s  that can be tested in a g i v e n  time p e r i o d .
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I n t e g r a t e d  circuit m a n u f a c t u r i n g  t e c h n i q u e s  have a d v a n c e d  to 

such a stage that a large number of d e v i c e s  can be p r o d u c e d  

on a d a i l y  basis. As a result, d e v i c e  test times must be 

kept as short as p o s s i b l e  in order to a c c o m p l i s h  a fair 

d e g r e e  of throughput.

T h e  integrated circuit codec d i f f e r s  from other i n t e g r a t e d  

circuits, such as the o p e r a t i o n a l  a m p l i f i e r  for example, in 

two ways. Firstly, the codec must fit into an existing well 

e s t a b l i s h e d  t e l e c o m m u n i c a t i o n  system. That is to say the 

d e s i g n  of the system c a nnot be c h an ged so as to a c c o m o d a t e  

the device. Instead the device must m a t u r e  so as to be used 

in the system. Sec ondly, the codec must not be c o n s i d e r e d  

as a c i r cui t build i n g  e l emen t as is the case, for exampl e, 

w i t h  an operational a mplif ier. Rather, it p e r forms  a s y s t e m  

function d e fined by e x a c t i n g  internat ional t e l e c o m m u n i c a t i o n  

standards. Any test s t r a t e g y  that is d e v e l o p e d  must take 

these factors into c o n s i d e r a t i o n .

To summarise, what is required is a test s t r a t e g y  that 

d e m o n s t r a t e s  the c odec p e r f o r m a n c e  w i t h i n  a 

t e l e c o m m u n i c a t i o n  e n v i r o n m e n t ,  whi.’e ob t a i n i n g  the best 

c o m p r o m i s e  possible b e t ween m e a ' u r e m e n t  a c c ur acy and 

m e a s u r e m e n t  test time. The three o b j e c t i v e s  that a c o d e c  

test s t r ateg y must meet ere:

1. It must g u a r a n t e e  p e r f o r m a n c e  to

t e l e c o m m u n i c a t i o n  industry s p e c i f i c a t i o n s  i.e. 

the CCITT. The m e a s u r e m e n t  results d e l i v e r e d  

by the test system must be p r e s ented d i r e c t l y  

in C C I T T  t e r m i n o l o g y  thus e l i m i n a t i n g  the need 

for t r a n s l a t i n g  the r e s u l t s  into i n d ustry 

s t a n d a r d s .

2. It must avoid relying on s i m p l i f y i n g

a s s u m p t i o n s .  Assum i n g  that a device will never 

o p e r a t e  in a p articular c o n f i g u r a t i o n  or m a n n e r
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I n t e g r a t e d  circuit m a n u f a c t u r i n g  t e c h n i q u e s  have a d v a n c e d  to 

such a stage that a large number of d e v i c e s  can be p r o d u c e d  

on a daily basis. As a result, d e v i c e  test times m'ist be 

kept as short as p o s s i b l e  in order to a c c o m p l i s h  a fair 

d e g r e e  of throughput.

T h e  i ntegrated circuit c o d e c  d i f f e r s  from other integrated  

circuits, such as the o p e r a t i o n a l  am plifier for example, in 

two ways. Firstly, the codec must fit into an existing well 

e s t a b l i s h e d  t e l e c o m m u n i c a t i o n  system. That is to say the 

d e s i g n  of the s ystem cannot be c h a n g e d  so as to a c c o m o d a t e  

the device. Instead the d evice must m a t u r e  so as to be used 

in the system. Secondl y, the codec must not be c o n s i d e r e d  

as a circuit b u i lding e l ement  as is the case, for example , 

w i t h  an operational amplifier. Father, it performs  a s y s t e m  

fu n ct ion d e fined by e x a c t i n g  i n t e rnational t e l e c o m m u n i c a t i o n  

standards. Any test s t r a t e g y  that is d e v e l o p e d  must take 

these factors into c o n s i d e r a t i o n .

To summarise, what is r e q ui red is a test s t r a t e g y  that 

d e m o n s t r a t e s  the c o d e c  p e r f o r m a n c e  w i thin a 

t e l e c o m m u n i c a t i o n  e n v i r o n m e n t ,  w hile  o b t a i n i n g  the best 

c o m p r o m i s e  p o s s i b l e  b e tween  m e a s u r e m e n t  a c c u r a c y  and 

m e a s u r e m e n t  test time. The three o b j e c t i v e s  that a c o d e c  

test strategy must meet are:

1. It must g u a r a n t e e  p e r f o r m a n c e  to

t e l e c o m m u n i c a t i o n  industry s p e c i f i c a t i o n s  i.e. 

the CCITT. The m e a s u r e m e n t  results d e l i v e r e d  

by the test s ystem must be p r e s ented d i r e c t l y  

in C C I T T  t e r m i n o l o g y  thus e l i m i n a t i n g  the need 

frr t r a n s l a t i n g  the r e s u l t s  into i n d us try 

s t a n d a r d s .

2. It must avoia relying on s i m p l i f y i n g

assump t i o n s .  A s s u m i n g  that a d evic e will never 

o p e r a t e  in a p ar ticular c o n f i g u r a t i o n  or manner



3e

can v'ting the measurement certainty into 

question,

3. The time required to conduct the tests must be 

as short as possible so as to provide maximum 

throughput.

It is worth notinq that the test time has three components:

(a) Stimulation and data acquisition

(b) Processing

(c ) Mechanical handling by operator or otherwise

Times represented by (a) and (b) may well overlap with the 

time represented by (c) being the limiting factor

2.2 The CCITT speci f icat ion

The CCITT specifications governing the implementation and 

performance of a PCM codec are given in recommendations G711 

(1976a) and G712 (1376b) r espect i ve 1 y . Of recent a draft 

recommendation, G71X (1982), has emerged which discusses the 

separate performance ; i?asurements of the encoder and 

decoder. The specifications that define the performance of a 

codec have developed with the telecommunications system and 

are based on years of extensive research and on-line 

exper ience.

CCITT recommendation G7'2 (1976b) addresses the question of 

quantization distortion and gain trackinq, th<* two tests 

proposed in the present work. The recommendation discusses 

the methods to be used and gives the performance 

requirements to be met. The tests are based on an 'nalogue 

end to end basis, i.e. encoder to decoder combination.

For quantization distortion and gain tracking measurements, 

two methods are recommended, viz. one method using a
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suitable noise siqnal as stimulus and another method using a 

sinusoidal signal as stimulus. As stated previously, only 

the latter method will be considered in the present work.

For quantization distortion a sine-wave in the frequency 

range 7 0 0 - 1 1 0 0 H Z  (excluding submultiples of the 8kHz 

sampling frequency) must be applied to the input of the 

encoder. The ratio of signal to quantization distortion 

power measured at the output of the decoder using the 

recommended noise weighting (psophometric weighting) must 

lie above the limits shown in Figure 22. In the work done by 

Tsividis and Zee, which is very relevant in the present work 

reported here, use was made of the C-message weighted filter 

which is the Bell standard equivalent to psophometric 

we i ghting.

INPUT LEVEL MBmO)

f i g u r e  22 re c o m m * nded  c c i t t  mask f o r  s i g n a l  t 0 o u a n t i z a t i o n
DISTORTION RATIO AS A FUNCTION OF INPUT LEVEL
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For gain ttacking or gain variation a sine-wave signal in

the frequency range 700-1100 Hz (excluding submultiples of

the 8kHz sampling frequency) must be applied to the input of 

the encoder at a level between -55 dBmO and +3 dBmO. The

gain variation, relative to the gain at an input level of

-10d ..0, must lie within the limits of the mask shown in 

figure 23.

FIGURF 23 REC,)MMl NDCiJ CCITT 
LE V E L .

K FOR GAIN VARIATION WITH INPUT

An ideal encoder - decoder combination was simulated on a 

computer using the TESTS simulation package discussed in 

chapter 4. The reference curves obtained for the signal to
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• . - .• .■• . . o and gain tracking are shown in

c .i :pee •: ?ly. A plot of the signal to 

t:he came ideal combination using 

, %. :.a0, is shown in figure 26.

be seen that the ideal device 

: } 1 well within the limits set by the 

" : nation distortion, approximately a

>'r v.>5-.U‘ the CCITT mask and the theoretical 

/o'v ' sc;. This is shewn in Figure 24.

i:i9» on at this stage is the complexity

jb ' ed, especially the quantization

. o for an input signal resolution of

u. . f 'his are discussed in more detail

• ■ Encoder ha _f channel spec i f i ca t ion

for the encoder performance alone is

i CCITT draft recommendation G71X 11982].

schod proposed for the quantization distortion test is 

am-- a: that giver, in recommendation G712. However t tho 

mi's of th- • !« used are different and this is shown in

‘

. t> ’ aeking the method proposed is the same as that 

i’ recommendation G712. However, the mask for the

• • er:ormance hfis, as y. t, not being finalized by the 

: nd arir lestions are still under study.

;■ ipoj t. - nt f ncti n f the present work i to propose a 

•ft • ' -stegy whicr cor forms to the CCITT specifications for

< , * • &rf< ■*>n . .'het«?’:or<* deciding or" the best mask to
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SIGNAL TO OUANTIZATION DISTORTION PERFORMANCE FOR AN IDEAL ENCOCf «- 
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use for gain trac’-ing performance ;.p not an aspect of the 

present work. In order to illustrate the operation of the 

proposed test system and strategy the mask 'or gain 

tracking, proposed by the Italian Administration 11982), was 

used and this is shown in figure 28. In the present work no 

assumption is made implying that the Italian Administration 

mask is better than the CCITT official version.

INPUT LEVEL (dBmO)
FIGURE 27  RECOMMENDED CCITT MASK FOR SIGNAL TO OUANTIZATION DISTOR­

TION RATIO FOR THE ENCODER ALONE

The difference between the mask given in figure 28 and the 

mask recommended for an end to end test, shown in figure 23, 

is only in the input range -55dBmO to -50 dBmO. For the 

encoder performance alone, the gain tracking limit over this 

input range is + 2.2 dB as compared with + 3dB for the end 

to end measurement.
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2.2.2 Decoder ha 1f channel specification

■

The per f or nr.ance specifications for the decoder alone are 

also discussed in draft recommendation G71X. The methods 

proposed for the quantization distortion and qain tracking 

tests are the same as those proposed for the encoder half 

channel test and the end to end test. As is the rase with 

the encoder half channel s[ ification, only the mask for 

quantization distortion performance is given, and this is 

shown in figure 2?. The mask for qain tracking performance 

is still under study.
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INPUT LE V E L  <d8mO)
FIGURE 2 9  RECOMMENDED CCITT MASK FOR SIGNAL TO O UANTIZATIO N

D is t o r t io n  r a t io  f o r  d e c o d e r  a l o n e

For gain tracking performance the mask proposed by the 

Italian administration (1982], shown in figure 28, is used 

for both the decoder and encoder half channel specification.

2 . 3 The operat ior. o_f a codec with va r i ous imper f ect i ons.

To develop a test strategy an understanding of the operation 

of the codec for various imperfections is necessary. The 

theory beh ind the practical implementat ion e f a typical 

codec was given in chapter 1. The purpose of this section 

is to give an idea of how decision level errors in the 

encoder and reconstruction level errors in the decoder 

affect the quantization distortion and gain tracking curves. 

In the present work it is assumed that only decision and



reconstruction level errors contribute to the imperfection 

of the codec. Thus the contributions due to circuit noise, 

power supply variations etc. are not considered.

Let us consider how deci s ion 1 evel errors in the encoder and 

reconstruction level errors in the decoder contribute to the 

quantization distortion and gain tracking performance.

Firstly, let us consider a imperfect ercoder operating with 

an ideal decoder. A section of the codec transfer 

characteristic is shown in figure 30.

'ul

u*ui

U t. l • C

• c

U | -------------
U,  ---------------

-------------------1

u i - l
Uj-I

A

ENCODER DECODER

•V,.l

FIGURE 30 SECTION OF CODEC TRANSFER CHARACTERISTIC FOR
A IMPERFECT ENCODER AND IDEAL DECODER COMBINATION

The encoder has ideal decision levels given by IK IK and

U-.,. The decoder has reconstruction levels given by V. ,, 

l ♦ J.

V. and V . + 1 » In the ideal case, for a sampled instantaneous 

voltage falling between U j and a value of V. would be

present at the output of the d-coder.

As the- encoder is considered to bt imperfect, the errors 

associated with the ideal encoder decision levels would 

result in decision levels at U V  and + as shown

in figure 30. If a sampled instantaneous voltnge fell at
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position a, the resulting decoder output would be V ̂ which 

is the same as in the ideai case. Thus there would be no 

degradation to the quantization distortion or gain tracking. 

If the sampled value fell at position b, it would be placed 

into the lower quantizing interval and the decoder output, 

would be V.  ̂. This would result in a degradation in the 

quantization distortion value and to a certain extent in the

gain tracking value. If the sampled value fell at position

t h . , 

c, it would be quantized into the i interval resulting in

a decoder output value of instead of as would be

the care in an ideal combination. Thi^ too would result in

a degradation in the quantization distortion and gain

track ing.

Let us now consider an ideai encoder working with a

imperfect decoder, as shown in figure 31. The errors on

the decoder reconstruction levels result in levels at V'.

l-l *

U,4l

vui

■vl.

-

---Vi

I------------------------------------------------------- V, ,

ENCODER ' DECODER

FIGURE 31 SECTION Of C 00r ' TRANSFER CHARACTERISTIC 
FOR A ID^AL EN ODER AND IMPtRFECT DECO­
DER COMBINATION

The error on the decoder output levels is equivalent to that 

of addinq a dc component. This mainly affects the qain



tracking oerformance of the rode".

The above discussion shows clearly t at the r.a in 

c o n t r .cut ion to auantization distortion is in the encoder 

section of the codec. Contribution t Tain tracking 

degradation is oartiy due to the encoder section but ~a i nly 

due to the decoder.

Three different categories of 1 "eerfeet ions if both the 

encoder n d  decoder were simulated u s i m  the T rSTS 

simulation computer oackaae described in chanter 4. "'he 

imper fectinr.s where suggested oy Tsivides and Zee [1979]. 

description of the iroerfeet ions together with simulation 

resul t • fo i L , s .

2*3*1 T-e~ l s i ~n n  i r o n n s t r  irtinn 1 eve 1 shift error

For the encoder section this involved shifting all the 

decision levels y i fix •• t . This is a common

occ.irrer.ce in c ^ecs that use a comrarator to determine 'he 

decision levels be tv. -*en wh i ■ , the sarnie 5 i m u t  lies, when 

this comparator has a non-zero offset voltaae. The 

oerf r*3ice for quantization distortion and :ain tracking is

. As can be ,een

from figure 33, the m n  tracking rerformance is not 

adversely affected by this category of error. Looking at

figure 32, the five and ten • .... it res are in the same

ran^e more or less, but worse* than the one oer cent :urve 

which is very elos-* to tno reference .'ondition.

As stated p jviously for t tion, havii ; •

reconstruction Levels shif* ) by the same amount is 

equivalent to a dc component at the output. This does not 

result in any degradation to quantization listortion as is 

shown in figure J4« rhe lain tt • oerf ince
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effected as is shown in figure

7.1.2 '' t e n i *■' t <): let rcoc

The operation of the steo oenerator w s descrioed in chaster 

1. Its function is t ,~nerate the linear stens internal to 

each of the chords rresent in the A-law transfer 

characteristic. As such, an offset in this steo generator 

will leave all chord endpoints unchanged, but will shift all 

steps internal to each chord by an amount propo tional to 

the step size of that chord. "his can occur both in the 

encoder or decoder section.

T h e  quantization distortion ind qain tracking oerfor-a ice 

for an encod er exhibiting this error is shown in finures 36 

and 37 respectively. The quantization distortion is 

adversely affecr.ed over the entire inout ranoe. 

trackin g oer for-anee is affected "a in 1y at the lowe r inout 

ranqe i.e. uo 1”» - A ?  : ■ nO.

The quantization distortion a: 3 anin t n c k i n q  oerforrance 

for the decoder is shown in figures 3F and 39 renoect ively. 

The quantization distortion is not adversely affected. 

Again the gain tracking nerforrance is nainly affected at 

the lower input range.

The quantization distortion cjrves for the encoder having a 

step generator offset error, shown in fiiure 36, and the 

quantization distortion curves for the decoder laving the 

sare imperfection, shown in figur ■ 38, are vastly different. 

This illustrates the fact * it the quantization iistortion 

for a c o ’ec is nainly derived fr m  the encoder section.
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