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Parts Information (2)

Capacitors

‘Like resistors, capacitors have a wide application in
electronic circuit design. Selection is made accord-
ing to where they are to be located in the circuit and
depends on many factors. Such things as working
voltage, capacitance tolerance, high-frequency char-
acteristics, loss of thermal characteristics, high/low
temperature characteristics; their form and capaci-
tance must all be taken into consideration.

It is important to note that one capacitor cannot
always replace another of the same capacitance and/
or size, therefore, a knowledge of capacitor charac-
teristics is essential when replacing or reordering
them. :

1. Principle of the Capacitor (Condenser)

Basically, a capacitor consists of two parallel metal
plates (electrodes), separated by an expanse of air.
When a DC voltage is supplied across the electrodes,

Electrode

an electric charge proportional to the DC voltage
supplied is stored between them. The polarity of
the charge depends on that of the voltage supplied
(positive to electrode A or B). The larger the area of
the electrodes, and the closer the distance between
them, the larger the electric charge (capacitance)
becomes. And if a piece of insulation material is
placed between the electrodes. the capacitance
becomes even higher.

Now, supposing the capacitance, or more precisely,
the electrostatic capacitance of a capacitor without
an insulation insert (with a vacuum) is C, then the
capacitance with an insulation insert would be es
times C (es being larger than 1). The multiplier es
is known as the specific inductive capacity.

The value of es differs with the kind of insulation
material used. Material which gives a particularly
high es value is called dielectric.

Insulator inserted between electrodes

Capacitance C

—» Capacitance C x €S

Fig. 1 Capacitance increased by dielectric



Although there are many kinds of capacitors avail-
able, most of them are of the dielectric type.
The basic unit of capacitance is the Farad (unit F).
One Farad is defined as a capacitance which can
store a charge of 1 Coulomb (C) when a voltage of
1 volt (V) is supplied across the terminals. However,
since the Farad is too large for practical application,
smaller units of capacitance like micro-Farad (uF)
and pico-Farad (pF) are used. Their relationship to
the Farad are as follows:

1uF = 107°F

IpF = 10-'?F
Therefore 0.001uF equals 1,000pF. Capacitance
values of less than 0.001uF are usually expressed in
pico-Farads.

Classification of Capacitors
Listed below are the fifteen types of capacitors that
are used in Pioneer audio products.

Fig. 2 Farad too large as a unit of capacitance

CE Aluminum Electrolytic Capacitors

CSY Solid Aluminum Electrolytic Capacitors

CSS Solid Aluminum Electrolytic Capacitors for Coupling
CSz Solid Tantalum Electrolytic Capacitors

CK Ceramic Capacitors with High Dielectric Constant
CC Ceramic Capacitors for Thermal Compensation
CM Mica Capacitors

CQM Mylar Capacitors

CQS Polystyrene Film Capacitors

CQC Polycarbonate Film Capacitors

CP Oil-filled Paper Capacitors

CG Ceramic Capacitors

CQE Metalized Mylar Film Capacitors

CQP Polypropylene Film Capacitors

CH Metalized Paper Capacitors

The codes in the lefthand column are used in the Parts List.

Parts Numbers of Capacitors
The parts numbers of Pioneer capacitors are broken
down into seven codes.

CE| A /NL/101 M

50

1123 4|5

The miscellaneous code 7 (NP) is used exclusively
to indicate a non-polar electrolytic capacitor.

NoOOAWN =

. Type of capacitor

Form

. Characteristics

. Nominal capacitance

. Tolerance

. Maximum working voltage
. Miscellaneous



2. Type of Capacitors
2.1 Aluminum Electrolytic Capacitors

This is represented by the code CE in the previous
example.

B e

5
o=
N:
o
m'w
o

Fig. 4 Block electrolytic capacitors
~ Note that the Part No. differs from CR coding.

2.2 Solid Aluminum Electrolytic Capacitors for
Coupling

Fig. 3 Aluminum electrolytic capacitors for printed circuit
boards

Fig. 5 Solid aluminum electrolytic capacitors



2.3 Solid Tantalum Electrolytic Capacitors 2.5 Mylar* Capacitors (Polyester Film Capacitors)

Fig. 8 Mylar capacitors
Mylar is a registered brand name of Dupont Co. Ltd.

2.6 Polyestyrene Film Capacitors

Fig. 6 Solid tantalum capacitors

2.4 Ceramic Capacitors

Fig. 9 Polyestyrene film capacitors

2.7 Ceramic Capacitors

Fig. 10 Ceramic capacitors
o i —— e

- 2.8 Polyester Film Capacitors

S

Fig. 11 Polyester film capacitors

2.9 Solid Aluminum Electrolytic Capacitors

This type of capacitor is not used today. Instead,
the CSS type is used.

Fig. 7 Ceramic capacitors



2.10 Mica Capacitors
Used before, but few of them are used today.

2.11 Polycarbonate Capacitors
Not used.

2.12 Oil-filled Paper Capacitors
Scarcely used for the products which utilize semi-
conductors such as transistors. Parts No. for this is
indicated by codes other than CR coding.

Fig. 12 Oil-filled paper capacitors

2.13 Polypropylene Film Capacitors

This is the most precise type of capacitor in current
use and has a tolerance as low as +1%. For this rea-
son, it is used in precision circuits.

Fig. 13 Polypropyléne film capacitors

2.14 Other Capacitors

2.14.1 MP Capacitors
Used in crossover networks of speaker systems and

as condensive capacitors in tape decks. The Part No.
differs from the CR code.

Fig. 14 MP capacitors used for crossover networks in
speaker systems '

2.14.2 Bipolar (BP) Electrolytic Capacitors

Used in crossover networks of speaker systems, this
type of capacitor has been included in Pioneer’s
parts list from October, 1975.

. gINA ELNA EL—
ELNA fi‘::g;.t&

Le-8P
100y o0y 1

e —

-

Fig. 15 Bipolar electrolytic capacitors

2.14.3 Metalized Film Capacitors

This is usually called an MF capacitor and is used in
crossover networks of speaker systems. It is made by
vapor deposition of aluminum on a polyester film
and is similar to the CQE type. As from October,
1975, this type of capacitor has been included in
Pioneer’s parts list.

Fig. 16 Metalized film capacitors



3. Form
This is represented by one of the following letters
of the alphabet:

A: Terminals or leads on one end only
B: Terminals or leads on both ends
D: Disc type (ceramic, etc.)
H: Terminals or leads on one end with insulator
mount
. _
A B D H

Fig. 17 Capacitors forms

4. Characteristics

The characteristics are represented by two letters of
the alphabet, but only apply to ceramic (CK or CC)
and electrolytic (CE) type capacitors.

4.1 Ceramic Capacitors with High Dielectric
Constant (CK)

CK-type capacitors are divided into the following

five groups according to their capacitance variations

within the operating temperature range of —25 ~

+85°C. for Y and —30 ~ +85°C for B, using the

capacitance at +20°C as a reference.

Temp. Code Capacjtance Tolerance
range variation range code

Y A Within —5 to +5% J, K

Y B Within —10 to +10% K

Y D Within —30 to +20% M

Y F Within —80 to +30% 4

B C Within —30 to +30% M, Z

Table 1 Characteristic code for CK-type capacitors

s, Y8 |
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. —20°C 0°c +20°C  +40°C  +60°C

Ambient temperature

Fig. 18 Typical thermal characteristics curve for CK-type
capacitors

4.2 Ceramic Capacitors for Thermal Compensation
(cc)

The “first letter of the code gives the temperature

coefficient of the nominal capacitance, while the

second indicates the capacitance tolerance. The

codes for various sized CC-type capacitors are as

follows:

2pF or less CK, HK, LK, PK, RK, SK, TK, UK, SL

3pF CJ, HK, LJ,PJ, RJ, SJ, TJ, U4, SL

4 to 9pF CH, HH, LH, PH, RH, SH, TH, UJ, SL

Above 10 to CG, HG, LG, PG, RG, VK, WK, LX, CH,

approx. 330pF |HH, LH, PH, RH, SH, TH, UJ, SL
First code Second code

Code I::frf?::?::nt Color Code Thermal coeffi%ient
PPM/°C code tolerance PPM/"C

C +0 Black G 130

H -30 Brown H *60

L —80 Red J +120

P —-150 Orange K +250

R —220 Yellow L +500

S —330 Green

T —470 Blue

U —750 Violet

\Y, —1,000 \

w —1,500 W

X —2,200 X

SL —1,000~ |No
+350 color

Table 2 Characteristics of CC-type capacitors

Note: 1. PPM represents 10-¢
2.Code SL indicates an ordinary capacitor
for which no thermal coefficient is rated
(capacitance variation range +4.5 to —5%
at —25 to +85°C).
3. Example UJ is for —750 £+120PPM/°C

4.3 Aluminum Electrolytic Capacitors (CE)

This type of capacitor, designed for very low leakage
currents, is given an NL code and is covered by an
orange tube.



5. Nominal Capacitance

The nominal capacitance is represented by a 3-digit
figure followed by the unit uF for aluminum elec-
trolytic capacitors and pF for other types. The first
two digits give the significant value, while the third

6. Tolerance

Tolerance is indicated by a single letter and gives
the range variation permitted beyond the nominal ca-
pacitance. The tolerance codes are given in Table 4.

indicates the number of zeros that follow it. If a Code | Tolerance Remarks
lgl;lcl;on is involved, the decimal point is represented C +0.25pF Applies 10 0.5 to 3pF COtypo
Example 2.2uF becomes 2R2 D +0.5pF App|fes to 4 to 6pF CC-type
Depending on the rated tolerance of the capacitor, E 1pF Applies to 7 to 10pF CC-type
one of the codes for E-3 to E-24 series given in F 1% Possible with CQP-type
Table 3 is added to the significant digit. Note that G | *2%
aluminum electrolytic capacitors and ceramic capac- J +5%
itors smaller than 10pF are exceptions. K £10%
M +20%
P +50, —10% Applies to CEA-type
Tolerance Significant capacitance value Applies to CSZ and CSS types
E-3 Z 10, 22, 47 X +40, —20% (at present these capacitors are
E-6 M 10, 15, 22, 33, 47, 68 available with Class M tolerance
”Ew.12 K 10, 12, 15, 18, 22, 27, 7 +80. —20% Applies to 330 to 47,000pF
33, 39, 47, 56, 68, 82 ' CK-type
E-24 J 10,11, 12,13, 15, 16,
18, 20, 22, 24, 27, 30, Table 4 Allowable tolerance of capacitors
33, 36, 39, 43, 47, 51,
56, 62, 68, 75, 82, 91
CE P 10, 22, 33, 47
cc c 0.5,1,2,3 7. Rated Working Voltage
D 4,5,6 This is indicated by a number only, the V being
F 7,8,9,10 deleted, and represents the maximum DC voltage

Table 3 Capacitance and tolerance codes

Since non-polar aluminum electrolytic capacitors
(CE) have Class M tolerance, the significant capaci-
tance values for the E-6 series in Table 3 apply.
Ceramic capacitors (CC) larger than 10pF are in-
cluded in the E-6 to E-12 series.

Ceramic (molded giomnic)

Ceramic (thermal compensation)|

Ceramic (high dielectric constant)

Mylar

pazisejod-uoN

Polyester film

Polystyrene film

Polypropylene ﬂlrr{
I

Tantlalum electrolytic

Aluminum electrolytic (for coupling)

Aluminum electrolytic (NL)

paziiejog

Aluminum electrolyti

Mica|

Oil-

IIteci paper

asn pal}ioadg

Polycarbonate filrri
1pF 100pF 0.01uF TuF 100uF 10000uF
10pF 1000pF 0.1uF 10uF 1000uF

Fig. 19 Capacitance ranges of capacitors

that can be supplied to the capacitor. Normally,
it is limited to 50 volts for capacitors other than
aluminum electrolytic types, while the maximum
rated voltage for CE, CSS and CSZ types is 100V,
25V and 35V, respectively. Working voltages are
standardized at 6, 10, 16, 25, 35, 50, 68, 80 and
100V.

8. Miscellaneous
This code is used only for indicating non-polar
aluminum electrolytic capacitors and is identified
by the letters NP.



9. Static Characteristics of Capacitors

Having dealt with the general characteristics of
capacitors based on the CR code, now let’s take a
closer look at some of the more specific static char-
acteristics that cover capacitance, tolerance, rated
working voltage, tan § or Q (Q=1/tan §), leakage
current (L.C.) or insulation resistance (I.R.) and
operating temperature range.

9.1 Capacitance Value (Refer to paragraph 5)

The capacitance ranges given in Fig. 9 are those in
normal use. They reflect the characteristics of each
capacitor, its dimensions and cost.

9.2 Tolerance (Refer to paragraph 6)

The minimum tolerance range for various types of
capacitors having specific capacitances is given in
Table 4. It must be noted here, though, that certain
circuits require capacitors with particularly small
tolerances.

9.3 Rated Working Voltage (Refer to paragraph 7)
Preferably, capacitors should be used at 80% or less
of their rated working voltage. If the rated working
voltage is exceeded, insulation breakdown or de-
struction may result. The rated working voltage is
the sum of the DC and AC voltage components.

9.4 Tan 6

The loss in a capacitor is expressed as a tan § value,
and the smaller it is, the better. Limitations in the
tan & value are determined by the type of dielectric
material used and the structure of the capacitor
_itself. Some typical tan & values are given in Table 5.

Type of capacitor Tan & value
CE (aluminum electrolytic capacitors) 0.1t0 0.4

CSS ]ﬁglru(?;:\;rir:]:;ectrolytic capacitors 0.1 t0 0.2

CSZ (tantalum electrolytic capacitors) | 0.1 to 0.2
CQOM (mylar film capacitors) 0.01 to 0.05
CQP (polypropylene film capacitors) -~ | 0.003 to 0.01
CQS (polystyrole film capacitors) 0.001 to 0.005
CK (ceramic capacitors) 0.03

Table 5 Typical tan & values for various types of capacitors

The aluminum electrolytic capacitors in Table 5
indicate comparatively large tan 6 values because of
their greater capacity.

Tan 6 can also be expressed by the equation tan 6 =
R.wC.

9.5 Leakage Current (L.C.) of Insulation Resistance
(I.R.)

When an aluminum electrolytic capacitor is used in a

coupling or decoupling circuit, the noise generated

_in the circuit depends on the leakage current of the

capacitor. A smaller leakage current produces less
noise.
Generally, the leakage current of an aluminum elec-
trolytic capacitor is expressed by the following
equation:
L.C.(uA)=K-CV
where K: constant
C: capacitance(uF)
V: rated working voltage (V)
This value must be measured 30 seconds after turn-
ing the power on, and some typical values are given
in Table 6.

Type of capacitor Leakage current

0.03CV (5 minutes after
being turned on)

CE (aluminum electrolytic
capacitors)

CE-NL (low-leakage CE

capacitors) 0.003Cv

CSS (electrolytic capacitors
for coupling) 0.003CVv
CSZ (solid tantalum 0.002CV

capacitors)

Table 6 Typical leakage current values for electrolytic
capacitors

Now, let’s examine the relationship between the
leakage current of electroytic capacitors and noise
more closely.
A charge current flows when a voltage is supplied
across a capacitor, and the amount of the current is
expressed as:

Charge current = current determined by external
factors + current by dielectric
reduction effect due to ion cur-
rent or dipole rotation +leakage

current
v R
-C
I=Tf € Ry Kd - CVp(r) + KiICV
where R: resistive component of capacitor Rs

and resistive component (parallel re-
sistance) of capacitor Rp (unit: ohm)
V: voltage (V)
C: capacitance (uF)
Kd: constant (1/FQ)

o(t): after effect function (a function of
time determined by physical proper-
ty of dielectric given as ¢(¢) = ¢~ ",
and exponent n differs with each
dielectric)

Kr: constant (1/FQ)
The parallel resistance Rp of an electrolytic capac-
itor fluctuates with time and varies the charge cur-
rent I, thereby producing noise. External factors
cause the current to vary, reducing it exponentially
with time. Noise also decreases with time. This
initial value is included in the leakage current term.
The third leakage current term has no relation to



time and represents a static condition.

The relationship between the leakage current and
time is illustrated in Fig. 20. For capacitors other
than the electrolytic type, the leakage current (L.C.)
is represented by the insulation resistance (I.R.).
I.R. equals 1/L.C.

9.6 Operating Temperature Range

With the exception of the CQSA-type, all capaci-
tors can be used in a temperature range of —25 to
+85°C. The CQSA-type have a temperature range
of —10 to +70°C.

=4
2

bed

30 t (Sec)
s

Aluminum electrolytic capacitors

I(uA)
_—

30 t (Sec)
— >

CE-NL, CSSA, CSZ

I (uA)
— s

0.1

I

30 t (Sec)
— >

Film-type capacitors

Fig. 20 Leakage current

10. Dynamic Characteristics of Capacitors

The term Dynamic Characteristics denotes a varia-
tion in the static characteristics under various ambi-
ent temperatures, signal frequencies and voltages.

10.1 Thermal Variations
10.1.1 Capacitance Variations
Except for CCD and CKD type ceramic capacitors,

thermal variation of capacitance is determined by

the type of dielectric used, and tends to be uniform
in capacitors having the same dielectric.

By changing the mixture of the dielectric material,
ceramic capacitors can be made to suit any desired
thermal characteristics.

Typical thermal variation characteristics are shown
in Fig. 21.

AC/C (%)

~ P
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Fig. 21 Temperature VS capacitors’ variation
characteristics of capacitors
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Class I

CE CS cQ CKD
&
Gl
SSII .
Item Ordinary NL CSS(A) CSZ(A) cam(a) CQs(A) CQP(A) YA YB
+25% or less of +25% or less of +10% or less of +10% or less of +8% or less of Less than*3% of +3% or less of 5% or less of +10% or less of
< Cap. initial value initial value initial value initial value initial value initial value or 21pF, | initial value initial value initiai value
= whichever is the larger
g 3 Within the specified Within the specified Twice the rated value | Twice the rated value | I.R. I.R. I.R. I.R. 1.R.
£3 L.C. limit limit or less or less 2.7 x 10°MQ 2.25 x 10°MQ 1x 10°MQ 1x 10°MQ 1x 10°MQ
gL or more or more or more or more or more
ey
f 1.5 times of the 1.5 times of the 1.5 times of the 1.5 times of the 0.11% or less (0.23% | Within the specified
tan 6. rated value or less rated value or less rated value or less rated value or less 1.1% or less or less for capacitors | limit 3% or less 4% or less
smaller than 330pF)
+20% or less of +20% or less of +5% or less of +10% or less of +8% or less of Less than 3% or 3% or less of 5% or less of +10% or less of
R Cap. initial value initial value initial value initial value initial value initial value or £1pF, | initial value initial value initial value
g whichever is the larger
2 E Within the specified 3 times of the rated 1.25 times of the Twice the rated I.R. I.R. I.R. I.R. I.R.
g' 8 L.C. limit value or less rated value or less value or less 2.7 x 10°MQ 2.25 x 10°MQ 1x 10°MQ 1x 10°MQ 1x 10°MQ
g 'g or more or more or more or more or more
ey
-:-E‘? 1.5 times of the 1.5 times of the 1.5 times of the 1.5 times of the 0.11% or less (0.23% | Within the specified
tan 6. rated value or less rated value or less rated value or less rated value or less 1.1% or less or less for capacitors | limit 3% or less 4% or less
smaller than 330pF)
+15% or less of +15% or less of +5% or less of +10% or less of +10% or less of Less than £5% of +3% or less of +5% or less of +10% or less of
Cap. initial value initial value initial value initial value initial value initial value or £1pF, | initial value initial value initial value
x whichever is the larger
‘3 S Within the specified Within the 1.25 times of the 1.25 times of the I.R. I.R. I.R. I.R. I.R.
g e L.C. limit limit rated value or less rated value or less 4.5 x 10°MQ 1.35 x 10*MQ 1x 10°MQ 1x 10°MQ 1x 10°MQ
c ° or more or more or more or more or more
[=2]
T Within the specified Within the specified Within the specified Within the specified 0.11% or less (0.23% | Within the specified
tan 6. limit limit limit limit 1.2% or less or less for capacitors | limit 3% or less 5% or less
smaller than 330pF
+15% or less of +15% or less of +5% or less of +10% or less of - +10% or less of Less than *5% or +3% or less of +5% or less of +10% or less of
Cap. initial value initial value initial value initial value initial value initial value or £1pF, | initial value initial value initial value
< whichever is the larger
*3 g Within the specified Within the specified 1.25 times of the 1.25 times of the I.R. I.R. 1.R. I.R. I.R.
° s L.C. limit limit rated value or less rated value or less 4.5 x 10°MQY 1.35 x 10°MQ 1x 10°MQ 1x 10°MQ 1x 10°MQ
E < or more or more or more or more or more
S5 3
T Within the specified Within the specified Within the specified Within the specified 0.11% or less (0.23% | Within the specified
tan 6. limit limit limit limit 1.2% or less or less for capacitors | limit 3% or less 5% or less
smaller than 330pF '
Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified
Cap. limit limit limit limit limit limit limit limit limit
5
g Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified
< L.C. limit limit limit limit limit limit limit limit limit
5
- Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified Within the specified
tan &. limit limit limit limit limit limit limit limit limit

Table 7 Life characteristics of capacitors




11

10.2 Frequency Variations

10.2.1 Capacitance Variations

This varies depending on the kind and structure of
the dielectric and the method of leading out the
capacitor leads. (Please note that some capacitors
have 3 or 4 leads to obtain better frequency charac-
teristics. See the photo below.) In the case of small
capacitors, the variations are small but the larger
electrolytic capacitors show comparably large ca-
pacitance variations. Fig. 22 shows the typical varia-
tion characteristics.

A capacitor with 3 leads.

10.2.2 Impedance Variations and Usable Frequency
Range

Fig. 23 shows the equivalent capacitor circuit and its
impedance characteristics are shown in Fig. 24.

In Fig. 24, phasing is 0 at fo, and at frequencies
above fo0, the capacitor functions as an inductor
(coil). At fo, the operating frequency of the capaci-
tor is limited. Recent reports concerning the tonal
quality of audio amplifiers reflects the difference in
the impedance curves of the capacitors used. The
frequency/impedance relationship of aluminum elec-
trolytic capacitors is shown in Fig. 25.

’ |

AC/C (%)

) Sy L

1
|
|

-2 N

-4

-6 ‘\

-8 i

2 4 6 8 2 4 6

Fig. 22 Frequency VS capacitors’ variation
characteristics of capacitors

C

i
Rs L

A%

Fig. 23 Equivalent circuit of capacitors

f (Hz)

Fig. 24 Frequency/Impedance relationship of capacitors
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Fig. 25 Frequency VS impedance characteristics
of aluminum electrolytic capacitors

10.3 Voltage Variations

10.3.1 Capacitance Variations

Within their rated operating voltage, electrolytic
capacitors produce no variation in capacitance, but
ceramic capacitors (CK) with a high dielectric coeffi-
cient produce a variation of approximately 2% when
AC and DC voltages are superimposed. This ten-
dency, however, cannot be found in other capaci-
tors, which is probably due to their dielectric
properties.

—— { (Hz)

10.3.2 Leakage Current

The leakage current of electrolytic capacitors is
proportional to the voltage supplied. Within the
rated working voltage range, the insulation resist-
ance variation is negligible.

12
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11. Life Characteristics
Life characteristic ratings for various types of capac-
itors are given in Table 7.

12. Structure of Capacitors

12.1 Aluminum Electrolytic Capacitors

On all aluminum electrolytic capacitors, the capaci-
tance and rated working voltage markings are digital.
Both the NL and NP type capacitors are covered
with an orange sleeve, and the NP type are also
marked BP. In the case of large block capacitors,
the marking is changed to a Part Number, for
example, ACH-000-0.

0)
&)

(anjq) s1e119] ‘(an|g-Ads) anaa|S
(831ym) s1a118] ‘(>oe|q) 3n83|S
(>oe]q) siena| ‘(Aeib) anas|g
(3oe]q) s4e119] ‘(abuelo) anaa|S

“ J

Aluminum electrolytic capacitors NL type

+— Filler (pitch)

Element

Large block type

Aluminum case
with vinyl sleeve

Rubber
Sealing resin

P.C.B-use type NL type

Electrolytic paper impregnated with electrolyte

Element

Aluminum foil anode
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Fig. 26 Structure of aluminum electrolytic capacitors



12.2 Aluminum Electrolytic Capacitors (CSS) for 12.3 Solid Tantalum Capacitors (CSZ)

Coupling Capacitance and rated working voltage are either
These feature black digital capacitance and tolerance digital or color coded. As shown in Fig. 28, the
markings on a sky-blue sleeve. The positive lead is color coding consists of a polarity and multiplier
located in the center at the bottom. dot, two bands for the significant 2-digit values and
a third band for the rated working voltage.

lS-Ieeve (?Il;ly-blll;e),—— 3-3/16 Negative mark Band 1 ) Nominal
etters (blac SANYo ——Band 2 ] capacitance
Band 3 indication
33/i6 Rated working voltage
_\S_BN_YO
r/_\’ P - — @
Polarity and
multiplier dot
©

Fig. 28 Color coding of solid tantalum capacitors

Ba'nd_1- and 2 D(.)t ; (Ra[i:g?/virking
(Significant value) (Multiplier) voltage)
o Black 0 Black x1 Yellow 6
® Brown 1 Brown x10 Black 10
Aluminum case Solder Red 2 Gray x0.01 Green 16
Orange - 3 White x0.1 Gray 25
Yellow 4 Pink 35
Green 5
Blue 6
Violet 7
Vinyl sleeve Gray 8
White 9
Table 8 Color coding chart

Sealing resin Color code Digital marking

—Blue

2,9 %G )

i
o @ L
® O @
Resin Carbon
; MnO2 Solder
Al203 coating
Soldered \\
Welded Ta20s diﬁmctric Ag pﬁSte
@D ® © ® e}

Fig. 27 Aluminum electrolytic capacitors for coupling Fig. 29 Structure of solid tantalum capacitors
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Resin coating

12.4 Ceramic Capacitors (CK and CC)

Normally, capacitance value is indicated by a 2-digit
significant figure and a multiplier, and given in pF.
Most ceramic capacitors are rated at 50V, which is
indicated by underlining, for example, 151. The CK
and CC types are distinguished from each other by
their capacitance values. The CC-type are less than
301, the CK-type are 331 and above. The charac-
teristics of the CC-type are also color-coded.

High voltage AC ceramic capacitors used for power
switch noise Kkiller circuits or the like, are not CR-
coded, but are identified by an ordinary Parts
Number, such as, ACG-000-0.

Khaki

Ceramic base

——Solder

Ag paste

Major ceramic components

Small capacitance MgTiO3 series CCD
Medium capacitance TiO2 series CCD
Large capacitance BaTiO3 series CKD

Fig. 30 Structure of CC and CK type capacitors

12.5 Mylar Film Capacitors

Capacitance value is indicated by a 2-digit signifi-
cant figure and a multiplier, and given in pF. Work-
ing voltage is normally rated at SOV and tolerance is
identified by the letter J.

Dielectric: Polyethylene terephthalate, more
commonly known as polyester or
mylar

Epoxy resin coating

Green Red
3
z2 [=g
* @

Metallic foil
(aluminum or tin)

Welded

Fig. 31 Structure of mylar film capacitors

12.6 Polystyrene Film Capacitors (A) (B) (H)
Capacitance in pF, tolerance and rated working
voltage are all indicated by digital markings.

|
|
|
I
Metallic
silver

Dielectric: Polystyrene

Polystyrene sleeve

Metallic foil
(aluminum)

Fig. 32 Form and structure of polystyrene capacitors

12.7 Polyester Film Capacitors (CQF (A))
Capacitance in uF, tolerance and rated working
voltage are all indicated by digital markings.

Metallized mylar
(aluminum coated mylar)

Metallicon welded or soldered

Fig. 33 Structure of polyester film capacitors



12.8 Polypropylene Film Capacitors

Markings that are currently used to identify poly-
propylene film capacitors are distinguished from the
mylar type by a blue resin coating. Mylar film capac-
itors have green or red coatings. Capacitance values
are given in pF and identified by a 3-digit figure con-
sisting of two significant digits and a multiplier.
Tolerance and rated working voltage are identified
by F,G orJ, and 100 markings, respectively.

Blue Dielectric: Polypropylene

Epoxy resin coating

Welded Metallic foil (aluminum)

Fig. 34 Structure of polypropylene film capacitors

13. Major Applications of Capacitors

Capacitors have a wide range of applications in elec-
tronic circuit design. Some of the more major appli-
cations are listed below.

13.1-CEA or ACH (aluminum electrolytic
capacitors)

Power supply smoothing

Power supply decoupling

Large capacity decoupling

Signal coupling where capacitor noise is not a major

concern

Time constant element in protection circuits, etc.

13.2 CEA-NL (low-leakage CEA)
Audio-coupling (imainly in output circuits)
MPX coupling circuits

13.3 CSS (aluminum electrolytic capacitors for
coupling)

Audio-coupling circuits

MPX coupling circuits

13.4 CSZ (solid tantalum capacitors)
Audio-coupling circuits
Tuner signal meter time constant circuits

13.5 CCD (thermal compensation ceramic
capacitors)

RF, tuning and audio phase-compensation circuits

Anti-buzz circuits

13.6 CKD (high dielectric coefficient ceramic
capacitors)

High-frequency bypass circuits

High-frequency decoupling circuits

Audio phase-compensation circuits

Power amplifier power supply (HF bypassing)

Input ground to chassis (HF bypassing)

Power switch noise killer

Power rectifier noise suppression

13.7 CQMA (mylar film capacitors)
Filter/equalizer elements

Tone control elements

Power amplifier HF phase compensation
HF circuit bypassing

HF circuit decoupling

AF power supply HF bypassing

13.8 CGB (molded gimonic capacitors)
HF coupling circuits

13.9 CQEA (polyester film capacitors)
Audio coupling circuits (input circuits)

13.10 CQS (polystyrole film capacitors)
Equalizer elements

MPX PLL free-running frequency adjustment
Tone control elements

AM local oscillator coupling

FM tuner deemphasis elements

13.11 CQP (polypropylene film capacitors)
Equalizer elements
FM tuner deemphasis elements

16
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New Products (2

PL-570

Since its inception in June 1976, Pioneer’s trend-
setting PL-550 quartz-PLL direct-drive turntable has
taken the market by storm with its matchless per-
formance and uncompromising quality. Now, one
and a half years later, more models such as the PL-
570, PL-570X and PL-590 have been introduced
which are also winning worldwide acclaim.

However, despite its success, the quartz-PLL direct-
drive turntable has presented certain problems to
the service engineer due to its high degree of sophis-
tication and the fact that no-one has yet had an
opportunity to repair one. At least this is the general
consensus judging by reports received from overseas.
In this issue, therefore, we are going to look into the

principle of the quartz-PLL direct-drive system and
see what makes models like the PL-570, for ex-
ample, tick.

Until now, digital circuits were of little concern to
the audio engineer. But the introduction of com-
plicated digital electronic techniques and the incor-
poration of large-scale ICs into the latest quartz-
PLL direct-drive turntable designs has changed all
that.

What follows, then, is a detailed report on the
operating principle of the quartz-PLL direct-drive
turntable, together with troubleshooting steps to
assist field servicing of this new generation of turn-
tables.
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Operating principles, circuit description
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1. Operating Principle of the Quartz-PLL DD Motor

In principle, the PLL (Phase-Locked Loop) control
system used in the PL-570 is almost identical to that
employed in an FM-MPX demodulator or CD-4 de-
modulator. The only difference is that the PLL
system used in the turntable has a mechanical rotat-
ing unit (the motor) in the loop, and the output is a
mechanical movement.

The PLL-controlled motor contains a built-in AC
generator.

An AC signal of which the frequency is proportional
to the rotating speed is generated and fed back to
the control block.

The control block is composed of a frequency com-
parator and phase comparator, and they compare
the frequency and phase of the generated signal with
the reference signal.

Any deviation from the rated rotational speed re-
sults in an error in the frequency and phase.

The comparators detect the difference in the fre-
quency and phase, and give an order to the drive cir-
cuit to restore the rotation to its rated speed. Both
phase and frequency control together play a signifi-

cant role in controlling motor speed, since the con-
trol loop effectively counteracts any error between
the reference signal and the generated signal.

From this, it is easy to see how the stability of the
motor speed is dependent on the stability of the
reference signal, and as long as the reference signal
remains stable, so will the motor speed.

In actual fact, the motor speed is controlled mo-
ment-by-moment. Thus, not only is the rotational
speed highly stable, but, wow and flutter are re-
duced to absolute minimum. This unbelievably
high stability is made possible by the use of a quartz
oscillator, the very same that is used to maintain
accuracy in the latest quartz watches.

As a result, the quartz-PLL direct-drive motor offers
matchless performance with a speed error of 0%,
wow and flutter of 0.0025% or less, hourly drift of
0.0003% /H or less and thermal drift of 0.00004%°C
or less. What’s more, against any load variation
below a stylus pressure of 1.2g, the quartz-PLL
direct-drive motor maintains a 0% speed fluctuation.
And that is far beyond the capability of any other
motor.

B T T, T, -
] |
I |
; Frequency !
4 comparator |
| 1
Crystal Fre I [
' quency ;
oscillator divider : : Driver Motor
| |
T Phase i
! »|| comparator :
|
; i
b e e e e e -
Control Section
Speed
detector

Fig. 3 Block diagram of quartz-PLL direct-drive motor

Reference Voltage

voltage comparator

Driver

Speed

detector

Fig. 4 Block diagram of E-servo motor
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Fig. 5 Lowering of speed with stylus pressure

Direct-drive turntable drift characteristics

[ Thermal drift (%/°C) | Time drift (%/H)
Quartz-PLL 0.00004 0.0003
F-servo 0.02 0.07
E-servo 0.025 0.20

Frequency accuracy of oscillators

Crystal (quartz) oscillators 1077(0.00001%)
Tuning fork oscillator 107%(0.0001%)
Piezo oscillator 107%(0.001%)
CR oscillator 107 (0.01%)
Commercial power source 1073 (0.1%)




2. Summary of Operation

The block diagram of an actual PLL circuit is shown
in Fig. 2, but to make it easier to understand the
principle of how a quartz-PLL direct-drive motor

works, a simplified block diagram is illustrated in
Fig. 3, and that of the PL-570 control circuit is
represented in Fig. 6.

POS. SIGNAL

POSITION
SYNTHESIZER [ |

DETECTOR

CR-OSC  f—
FREQUENCY
COMPARATOR
of |
QUARTS L FREQ.DRIVER | DIRECTION BI-DIRECTIONAL
ocK SPEED CHANGE COMMANDER [™|DRIVER ouTPUT
(ROTATION)
OoN y
i PHASE
: COMPARATOR
]
I
QUARTZ 0SC |
1
i FREQUENCY
! GENERATOR
]
1
EREG Sivi FREQ. DRIVER PULSE WIDTH
DER SPEED CHANGE CONTROL
NEON LAMP

Fig. 6 Block diagram of PL-570 control circuit

With QUARTZ LOCK ON, the motor speed is lock-
ed in to the rated speed of either 33-1/3 or 45 rpm.
When it is OFF, manual adjustment is possible.

The motor is a DC brushless type without a com-
mutator. Instead, it has three position detectors
composed of Hall elements, which will be described
later.

Drive currents are supplied from the bi-directional
driver.

The position signal synthesizer produces step waves
by synthesizing the output signals generated by the
Hall elements, and gives an order to the bi-direc-
tional driver nominating to which coils the drive
currents must be supplied.

Simultaneously, it gives signals to the direction
commander which determines in which direction
rotation torque must be generated.

On the other hand, the frequency of the signal
generated by the quartz or CR oscillator is divided
and the signal is also supplied to the frequency and
phase comparators.

When the motor is rotating at precisely the rated
speed, these signals (reference and motor output)
have the same frequency and the phase difference is
Zero.

The comparators detect errors in both frequency
and phase.

If an error arises, namely a lag in speed or wow and
flutter, the comparators immediately detect the
error and send a correcting signal to the bi-direction-

al driver via the direction commander.

Since this operation is performed instantaneously,
rotational speed is always kept exact and smooth.
When the QUARTZ LOCK is turned OFF, the oscil-
lation frequency of the CR oscillator can be manual-
ly varied by +6%.

In this case also, the PLL operation is performed in
exactly the same manner as QUARTZ LOCK ON,
and stable rotation is assured.

For reference, strobo gooves are engraved in the
outer rim of the platter, and a neon lamp illuminates
the grooves to facilitate checking of the rotation
speed.

Since the neon lamp is driven by a frequency-
divided signal from the quartz-oscillator, the illumi-
nated strobo grooves remain stationary as long as
the platter is rotating at the rated speed. If the
strobo lamp were to be lit by commercial power,
the strobo grooves would move back and forth as
the frequency fluctuates.

In addition, use of one-stripe strobo grooves enables
both speed checking and controlling to be carried
out. Conventional strobo markings used for fine
speed control on other turntables are normally illu-
minated by commercial power, thus requiring four
strips to be embossed on the platter rim corre-
sponding to the power supply frequency and rota-
tion at both speeds.

20



21

3. Circuit Operation

3.1 Operation of Motor and Drive Circuit

1) Motor structure

a) The motor is an outer-rotor, 6-pole, 9-slot, brush-
less type as shown in Fig. 7a.

b) The coils form a 3-phase star, as shown in Fig. 7b,
on which Hall elements are mounted at 40° inter-
vals to detect the rotor position.

¢) As the motor rotates, the Hall elements generate
an AC voltage output proportional to the strength
and direction of the magnetic field.

d) The bottom of the rotor magnet has 200 mag-
netic poles. As they rotate above the speed detec-

tion plate, two AC voltages are generated which
serve as the speed detection signals.

e) The speed detection plate has two circuit pat-
terns, and the output of the inner pattern is 90°
out-of-phase from that of the outer pattern.

f) The frequency of the speed detection signal is
55.5Hz at 33-1/3 rpm and 75Hz at 45 rpm.

g) The two signals are amplified by transistors Q1
and Q2, respectively, before being supplied to IC

PD-1001.

h) The inner surface of the rotor magnet possesses
six magnetic poles. As shown in Fig. | these are
tilted 10° to the vertical axis.

Rotor Magnet

p—

’
Speed Detection Plate

Fig. 7 Motor structure

Hall Element

N



2) Principle of motor rotation—drive current and
excitation

a) As shown in Fig. 8, step signals are supplied to
the coils. (Generation of step-wave signals will be
described later.)

b) Assuming that the motor is stopped in the posi-
tion shown in Fig. 7a, then.

c) When the power switch is turned ON, drive cur-
rent is supplied to LA and LB for period a. As LA
is energized it becomes an S pole and LB becomes
an N pole. The motor then starts to rotate clock-
wise (see Fig. 9a).

a|b|c|d|e|f|la|b|c|d|e|f|lal|blc|d]|e]|f

+>
La 0

+
Le 0 .

. -
Lc — i 1.
-

Fig. 8 Drive current waveform

Fig. 9 Principle of motor rotation

d) At the next period, b, the drive current is supplied
to coils LA and LC. LA becomes the S pole and
LC becomes the N pole, and the motor continues
to rotate (see Fig. 9b).

e) The excitation current is switched sequentially to
drive the coils which excite the mated cores in a
continuous S — N and N — S pole sequence to
maintain motor rotation (see Figs. 9a to 9f).

f) The complete operation sequence covers steps a
to f, during which time the motor makes 1/3 of a
revolution. The sequence is repeated three times
for one complete revolution.
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3) Position detector—Hall element and shaping of
drive current

Now, let’s see how the motor actually rotates. In
order to make the motor rotate, drive currents as
shown in Fig. 8 are required. These are generated by
the Hall elements and the position signal synthesiz-
er. The Hall elements function as shown in Fig. 10.
When voltage is supplied to a Hall element (a semi-
conductor with a large carrier mobility), the current
through electrodes ¢ and d produces a voltage across
electrodes a and b which corresponds to the polarity
of the external magnetic flux. If the direction of
the magnetic flux is reversed, the polarity of the

vol.tage across electrodes a and b is also reversed.
Returning to Fig. 7 again, if we assume that the
motor is at a standstill in the position shown, then
Hall element Ha will face the neutral zone between
the N and S poles, Hp will face the S pole and Hc
the N pole. When the power is turned on, the Hall
elements will produce voltages across their terminals
(terminals 1, 3, 5, 7, 8 and 10 of the PWX-006 as
shown in Fig. 11. These voltages are then composed
into drive current waveform signals by the position
signal synthesizer, then amplified and supplied to
the individual coils (see Fig. 11).

Magnetic flux

a
Output terminal @

Current terminal
d

Current

Current terminal

Output terminal

Fig. 10 Hall element and its operation
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Fig. 11 Hall element outputs and shaping of drive current
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4) Motor drive circuit

The motor drive circuit is contained in IC PA2001,
and the circuit configuration is as shown in Fig. 12.
In order to switch Q2 through Q7, signals from the
position signal synthesizer are supplied to terminals
a, b and c¢ as shown in Fig. 13. The bias voltages are
established so that the voltages at points 2, 4 and 5
are equal and no drive current flows to the coils
when no input signal is supplied. The drive circuit
operates as follows (see Figs. 12 and 13):

5) Drive Circuit

a) Switching signals obtained from the three Hall
elements and having been processed in the Posi-
tion Signal Synthesizer Circuit, applied to termi-
nals a, b and ¢ in Fig. 9, in order to switch Q2 ~
Q7.

b) These signals are step waves as shown in Fig. 10,
with relative phase differences of 120° between
them.

c) Because of the low potential at pin (a), Q2 is ON.
Pin (b) is at high potential, so Q6 and Q9 are ON.
Pin (c) is at neutral potential — a neutral bias is
applied which keeps Q4, Q7 and Q10 OFF.

d) A current caused by voltage Ve flows through
Q2 — (2) —coil Ly — coil Lg — (4) — Q9, caus-
ing an N pole to appear at Lg and an S pole at
La.

e) This magnetism causes the rotor to start rotat-
ing. After 20 degrees of rotation, the signal levels
at terminals a, b and c¢ will become as shown in
Fig. 13-b II, and the current path of the drive
current is changed. After another 20 degrees of
rotation, the signals become as in Fig. 13-¢ III,
and the drive current path is changed again. This
process continues, with current path changes
every 20 degrees and signal levels as in Figs. 13-d
IV, 13-e V, and 13-f VI, whereupon the cycle
returns to 13-a and repeats.

f) Also, a control signal from the Forward/Reverse
Command Block is applied to the control input
terminal, and this controls the current flow
through the motor windings.
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3.2 Control block diagram cuit (frequency generator), comparators (frequency
Referring to Fig. 14, the control block is composed and phase comparators) and a direction command
of a reference signal oscillator (QUARTZ OSC., CR circuit (direction commander).

OSC and frequency divider), a speed detection cir-
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Fig. 14 Block diagram of control block
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1) Reference signal, speed-detecting signal generators
and comparators (PD1001A)

a) When power is supplied, the quartz oscillator
starts to oscillate at 3,072kHz.

b) This signal is frequency-divided to 6kHz (1/512),
and the frequency-divided signal is supplied to the
frequency-divider II via the Quartz/CR oscillator
switch.

¢) The frequency-divider II divides the input signal
frequency into 300Hz (1/20) at 45 rpm and 222
Hz (1/27) at 33-1/3 rpm, and supplies the fre-
quency-divided signal to the phase and frequency
comparators.

d) The speed-detecting signals generated by S1 and
S2 (see Fig. 15a) are amplified by transistors Q1
and Q2 then waveform-shaped by amp. I and
Amp. II (see Fig. 15b) before being supplied to
the frequency doubler circuit. The frequency of
these signals is 55.5Hz at 33-1/3 rpm and 75Hz at
45 rpm.

e) Since the outputs from Amp. 1 and Amp. II are
90° out-of-phase, these signals are synthesized to
a frequency-doubled signal in a logic circuit, and
further multiplied to 4f signals to produce 300Hz
at 45 rpm and 222Hz at 33-1/3 rpm (see Fig.
15b).

 S1 Waveform
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S2 Waveform
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S1 Speed Detection Signals after wave-shaping
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S2 Speed Detection Signals after wave-shaping
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Composite Waveform I
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Fig. 15 Waveforming of speed-detecting signal

f) This frequency-multiplied signal is supplied to
<both the frequency and phase comparators, and
compared with the reference signal.

When the quadrupled frequency of the speed
detecting signal is lower than the frequency of the
reference signal (i,e. the rotation speed is lower
than the rated speed), the composite output volt-
age of the frequency comparator goes down.
When the quadrupled frequency of the speed
detecting signal is higher than the rated speed, the
composite output voltage goes up. (See Fig. 17)
On the other hand, if a phase lag arises (i.e. a
rotational lag), the composite output voltage of
the phase comparator goes up.

Conversely, if a rotational advance arises, the com-
posite output voltage goes down. (See Fig. 16)
The composite output voltages mentioned above
refer to those that have passed through the low-
pass filters.

g) If the frequency comparator output (voltage
across terminals 18 and 19 of IC PD1001) is
lower than that of the reference signal (i.e. when
there is a lag in the rotation of the rotor), the
synthesizer output is set at HIGH (see Fig. 17).
The waveform of the composite voltages in Figs.
16 and 17 indicate the CR lowpass filter output.

Phase difference
practically zero.

Phase advance

Pin (21) Phase delay
| | J_U—U_l_
S | EER | IO | G ——
Pin(20) .
Composite
output voltage ) C—
| W

Fig. 16 Output of phase comparator

Identical Lower
Frequency Frequency

JUULUHUL

Pin (18) 2.5ms

Higher

Pin (19) Frequency

: 2.5ms
Composite
output voltage

Fig. 17 Output of frequency comparator



Note: The composite output voltages in the above
figures refer to those that have passed through the
low-pass filters.

h) A nonstable multivibrator in the CR OSC circuit
generates a 6kHz signal. With the quartz lock
switch OFF, the reference signal is obtained from
the CR oscillator. Like the reference signal with
the quartz lock ON, this signal is- frequency-divid-

2) Active filter (Low-pass filter)

ed in the frequency-driver II and supplied to the
phase and frequency comparators.

i) With the quartz lock OFF, the CR OSC output
frequency can be varied by 6% by turning the
speed adjustment control knob.

j) This adjustment of the CR oscillator results in an
equivalent change in the motor speed.
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—12dB/oct. low-pass filter
Fig. 18

Since the outputs from the phase and frequency
comparators are not yet rectified to DC, they can-
not be used directly as speed control signals. In
order to control the motor drive circuit, these signals
must first be converted to DC voltage and combined
into one signal. For this purpose, RC circuits are
provided as lowpass filters, and those shown in Fig.
18 are taken from actual circuits.

As the outputs from the comparators contain the
components of the reference signal and the harmo-
nies of the speed-detecting signal, it is necessary to
provide a large amount of attenuation at the higher
frequencies without causing major phase changes at
the lower frequencies. Thus, sharp attenuation
characteristics are obtained from the active filters.
The phase comparator output is filtered by a
—12dB/Oct active filter composed of RC circuit 1
and operational amplifier 1 in IC PD2001, as well as
a —6dB/oct low-pass filter composed of R28 and

dB

1846/ 0CT

Low-pass filter

—6dB/oct.
low-pass filter

—12dB/oct. |dw-pass filter

C17. Altogether, the phase comparator output is
attenuated by —18dB/oct.

The frequency comparator output is filtered by a
—12dB/oct active filter composed of RC circuit
II and operational amplifier II in IC PD2001, which
is combined with the output of operational ampli-
fier 1 via resistor R25. Altogether, the frequency
comparator output is attenuated by —30dB/oct
(—12/-12/-6).

The cut-off frequency of these filters is set at 12Hz,
and these active filters also function as inversion
amplifiers. _

The output from the active filter is 180° out-of-
phase with that of the phase comparator and in-
phase with that of the frequency comparator. Thus,
the voltage at pin 18 of IC PA2001 increases when
the motor speed is faster than the rated speed, and
decreases as the speed lowers.

aB

3046/ 0CT

n
12Hz

Fig. 19 Filter characteristics PC output

12 Hz

FC output
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3) Comparator control and direction command
circuit
The comparator control has two input terminals.
One receives a 5V reference voltage from the volt-
age-regulated power supply. The other receives the
output voltage from the active filter. The output is
higher than the reference voltage when the rotor
speed exceeds the rated speed, and lower when there
is a lag in speed.
Area of
reverse

S
O’e//torque

0

S,
o(‘

©
Control current

I
A
ful

Whenever a lag is detected in the motor speed, the
control circuit commands the drive circuit, via the
direction command circuit, to generate greater tor-
que in order to increase rotor speed. This circuit also
commands the drive circuit to generate more torque
when the motor speed is faster as well. In this case,
the direction command circuit orders the position
signal synthesizer to generate reverse torque.

Area of o?z

<
forward b’@
torque  F
,s\e?’

Y

4 .
/ Operating point at zero load
7 +

o !nput voltage differential between

V18. .. Voltage at pin (18)

pins (18) and (19)

V19. .. Voltage at pin (19)

Fig. 20 Comparator input/output voltages

When the position signal synthesizing circuit receives
a reverse torque command from the direction com-
mand circuit, it changes the composition of the out-
put signals from those which the Hall elements
sensed, and the motor drive circuit receives the
switching signals in a different sequence. For ex-

ample, when the rotor speed is slower than the rated
speed, the switching sequence is LA — LB — LC.
When it is faster, the sequence is changed to LA —
LC — LB. As a result, reverse torque is generated
(see Fig. 21 and 22).

Driver

La
Ls
__l Lc

Signal position

composition circuit

To Hall elements

o—— Direction
Egrr:?[rr)glrator command
O— circuit
Vig <Vis
a. Rotor speed is slow
O~ Comparator Direction
cont'r)ol command
Som— circuit
Vis >Vis

Driver

X

-
N

b. Rotor speed is fast

Fig. 21 Direction command circuit and position signal
composition

Reverse command signal

Signal position
composition circuit

To Hall elements



La —I_L_l_,——l_|__l_l—\_l__l_‘|
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a. Forward torque
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L T B L T
b. Reverse torque Le _I_[—’_\_\_FJ—IL[—J_l
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Fig. 22 Forward/reverse torque and switching signals

4) Reverse rotation prevention circuit

Whenever the motor speed is slower than the rated
speed, forward torque is generated to restore it to
normal. Likewise, if the platter is manually forced
to turn in the reverse direction, a greater torque is
generated. And after releasing the platter, the
rotation eventually reaches its rated speed in the
proper direction. If, however, the rotational speed
in the reverse direction is in excess of 33-1/3 or 45
rpm, the bi-directional driver may read this as
simply excessive speed (overrun) and command the
motor drive circuit to apply reverse torque. This
will result in further acceleration in the reverse
direction which is known as ‘reverse run-away.” To
prevent this, a reverse prevention circuit has been
included.

The reverse rotation prevention circuit is composed
of two flipflops (FF) and an AND gate in IC PD
2001. The input for this circuit is derived from the
Hall element position direction signals processed in
the positional signal synthesizing circuit (see Fig.
21). The output from this circuit is supplied to the
direction commander. At forward rotation, input
pulses are supplied in the B — A — C sequence, and
the direction commander outputs a forward torque
signal (the rotor is forced to rotate forward when
the output from the direction commander is zero).

FRq AND

lower than
specified speed

higher than
specified speed

FF2

Ao— S ;‘FD‘

3o—4a 4 -

(2]
£

Output

R

1 Forced Forward

o

Rotation at 0 output

Fig. 23 Reverse Rotation Prevention Circuit
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OUTPUT WAVEFORMS OF HALL ELEMENTS

FORWARD ROTATION

REVERSE ROTATION

HA1

Ha2

Hs1
Hg2

Hc1

Hc2

A=HA1—HBg2

B=He1—Hc2

C=Hc1—Ha2

A=Ha1—HB2

B=HB1—Hc2

C=Hc1—-Ha2

COMPOSITE SIGNALS FOR REVERSE ROTATION PREVENTION
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Fig. 22 Flipflop circuit
Q 10—{s al—o100—s Ql—o00 00— o}l—o9
Ql—o | 00—R QF—00 10—4R Qol—o1 00— Qp—o1

Output state indefinite

AND gate symbol
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Fig. 23 Flipflop circuit operation

Output state held

A F=A.B
0 0
1 0
0 0
1 1

Truth table for AND gate
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5) Strobe-lighting pulse circuit 45 rpm: n/100 =45/60 (n: pulse/sec.)
As mentioned, the platter has only one set of strobe n=100x 45/60=175
grooves. Thus, the switchover is effected by chang- 33-1/3 rpm: n/100=33-1/3/60

ing the frequency of the pulse to the strobo lamp.
The strobe-lighting signal is obtained by frequency-
dividing the pulse signal from the quartz oscillator
in PD1001A. It is amplified to an amplitude that is
sufficient to drive the lamp in the drive circuit of
the power supply assembly.

From the 100 strobo grooves in the outer rim of the
platter, the following pulse-cycles-per-second are
obtained:

33-1/3 =100/3

n=100x 100/3/60 = 55.55
At 45 rpm, the pulse frequency is set at 75Hz and at
33-1/3 rpm it is changed to 55.55Hz.
These pulse frequencies are obtained from the 3,072
kHz quartz oscillator through the 1/512 frequency
divider 1 and the frequency selector which select
1/80 at 45 rpm and 1/108 at 33-1/3 rpm. The pulse
signal is waveform in shape to clearly illuminate the
strobo grooves (see Fig. 28).
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4. Troubleshooting Steps
4.1 Possible causes of trouble
Theoretically, the number of possible causes of
trouble in a direct-drive turntable is unlimited, how-
ever, in actual fact they can be broken down into
the following main causes:

1) No rotation

2) Reverse run-away

3) Repeated forward-reverse rotation

4) Unstable speed near the rated speed

Servicing Precautions and Aids

4.2 Circuit waveforms

The causes of trouble occurring in circuit waveforms
can be easily located by checking the voltage distri-
bution and signal waveforms in the drive and con-
trol block and comparing them with those listed in
the service manual. The normal circuit voltages and
signal waveforms are shown in Fig. 29 and 30.

1. Never turn the power on with the platter removed.

2. Never replace 1C without the aluminum cover.
3. Never leave motor disassembled in dusty place.

4. Convenient devices for checking and repairing.
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1) Waveforms
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4.3 Trouble shooting guide

Steps to be taken

1) Motor does not rotate

The troubleshooting steps to be taken when some of
the more common problems occur are listed below.
By following the steps in the given order, efficient
troubleshooting will be ensured.

+20V between pins (15) p S o P
and (16) of Drive Control ower Supply Ass’y PWR-

Ass’y PWG-011? NO | 828 defective

YES
10V at pin (11) of PA2001? NO PA2001 defective.
YES
5V at pin (18) of PA2001? N0 R29, R30 or C18 defective.
YES
1.5~ 3V between pins (17) Check output of PD1001A.
—(18) of PA2001? See page 64. PD1001A defective.
NO NO
YES YES

Low pass filter defective.

Check potential at Hall
elements (400mVp.p) and Motor defective.
center point (3.8~ 4V). NO

YES

With power OFF, resistance
between terminals (2) and
(4), (4) and (6), (2) and
(6) on Drive Control Ass’y
PWG-011 should be 64
ohms.

Motor defective.

NO

YES

PA2001 defective.




2) Motor run-away

Check if power supply is
20V.

YES

Check if 10V is present pin
(11) PA2001.

YES

Rotate platter at approxi-
mately 33 rpm by hand.
Check if 55.5Hz signals at
0.3V are obtained at col-
. lectors of Q1 and Q2 (with
90° phase difference).

YES

NO

Check if 0.75mV AC pre-
sent at emitters of Q1 and

Q2.

NO

Motor defective.

YES

Q1 or Q2 defective.

Check if 0.3VAC voltage is
present between pins (1)
and (3) PD1001A.

NO

C5 or C6 defective.

YES

Check if 3.4VAC is present
between (2) and -(4) of
PD1001A.

NO

PD1001A defective.

YES

Check output signal of
Drive Control Ass’y PWG-
011 pin (20) 55Hz (33
rpm), 75Hz (45rpm).

NO

PD1001A defective.

YES

Rotate platter by hand at
33rpm. Check output sig-
nals at pins (18) thru (21)
of PD1001A.

NO

PD1001A defective.

YES

Check for 1.5 ~ 3V volt-
age between pins (17) and
(18) of PA2001.

NO

Low pass filter defective.

YES

PA2001 defective.
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3) Motor alternates between forward and reverse rotation

Check output signal at pin

(20) of Drive Control Quartz Oscillator or PD1001A
Ass’y —55.5Hz (33rpm), NO defective.
75Hz (45rpm).

] YES

V
Check output at pin (14) RC Oscillator or PD1001A
of PD1001A—6kHz. NO defective.

YES

PA2001 defective.

4) Unstable rotation near rated speed

Check power supply volt-
ages +20V.

YES

/
Check signals at pins (1),

(3) of PD1001A and at
collectors of Q1, Q2. Also PD1‘001A or Q1l, Q2 de-
check for proper phase re- NO fective.

lationships.

YES

Motor defective.




4.4 Readjustment
1) Operation adjustment of the PA2001
The operating points of the PA2001A must be re-
adjusted everytime parts are replaced, particularly
the CR components in the PA2001, lowpass filter or
voltage regulator, or whenever the power supply
circuit is repaired.
1. Turn the QUARTZ LOCK ON, and set to
33-1/3 rpm
2. Remove the connector on the drive control
assembly
3. Fine adjust the semi-fixed resistor (VR2 white-
colored) on the assembly unit until the strobo
grooves appear stationary (see Fig. 31)

Note: The output from the phase comparator is set
at zero when the input signals are in phase, and the
rotor speed is controlled at the precise rated speed
when the comparator output is zero.

The PLL circuit has an operational range of +180°
out-of-phase which will lock the rotor speed at that
which it is rated providing the phase error in the two
signals is within this limit. It is necessary to discon-
nect the connector before adjusting the VR2, other-
wise, it may not be possible to adjust the PLL cir-

cuit to the center of the locking range (phase error
Zero).

T
~180° —120° —60° O

Input signal Output voltage
— @
o
oh Low-pass o
l ase comparator filter
O—
] ©
Phase difference
Locking rangeg ———— =
©)
Q
j=2]
2
g 60° 120°  |180°
5 r —
a
-
3
o

S

Phase difference

Fig. 31 Phase comparator operation
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2) Rotor speed adjustment at QUARTZ LOCK OFF
If the time constant element (C or R) in the RC
oscillator circuit is replaced, it may not be possible
to attain the rated rotor speed with the speed ad-
justor in the center position with the QUARTZ
LOCK OFF. In which case, the following adjust-
ment sequence must be carried out:

N

Jumper V
connector

40

Fig. 32 Adjustment of VR2

1. Set the speed adjuster to its mechanical center
position

2. Turn the QUARTZ LOCK OFF

3. Fine adjust the semi-fixed resistor (VR1 blue-
colored) on the drive control assembly until
the strobo grooves appear stationary (see Fig.
33).

Fig. 33 Adjustment of VR1



One-Point Servicing Techniques (2)

Tracking Adjustment

The second in the series of One-point Servicing
Techniques deals with the tracking adjustment of
tuners, which is frequently encountered in routine
servicing.

Compared with audio amplifiers, radio tuners are
much more delicately affected by component selec-
tion and tuning adjustment. Whenever a component
or front-end is replaced in the tuning circuit, com-
plete tracking adjustment must be carried out.

ANT

NV

Since this is a frequent and important part of every
service engineer’s job, let’s take a closer look at the
theory and practical aspects of the procedure.

1. Why tracking adjustment is necessary

In order to understand why tracking adjustment is
necessary, a basic knowledge of a superheterodyne
radio receiver is required. A typical block diagram
of this type of receiver is shown in Fig. 1.

b
fa_ | tune |2

fi

fi

IF AMP DET. AF

MIX

fo

L.OSC

Fig. 1 Block diagram of superheterodyne receiver
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In a superheterodyne receiver, a desired radio wave
received by the antenna is converted into an inter-

mediate frequency (IF) signal, and the converted
IF signal is amplified and then detected (see Fig. 2).

Tr1

-

e e
1

——
Tr2
fo
«—] —
%CTO 77
WL Lo

Fig. 2 Frequency converter

Many broadcast frequencies are picked up by the
antenna, and the desired signal fz is selected by the
tuning circuit which consists of La, VCs and CTa.
The selected signal is then supplied to the base of
the mixing transistor 7-1.

On the other hand, the local oscillator, which is
composed of Tr2, Lo, VCo and CTo, generates an
fo signal which is also supplied to the base of
transistor 7Tr1.

This results in many signal frequencies collecting at

Point A Point B Point C

+200 Poor CTo adjustment _|
g J R Sy
= ~
= 00
S +1 » == Ve ~J N
2
= 4” Alctual tuning \\

o0 4
¢ \
Ideal tuning
-100
—200

88 90 92 94 96 98 100 102 104 106 108

Frequency (MHz)

1) FM tuner

the base of Tr1, such as fa, fo, fo + fa and fo — fa.
However, since the collector load is tuned to the IF
frequency fi =(fo — fa), only the component of
fo — fa appears at the collector.

But here, there is a problem.

And that is, that the frequency difference (fo — fa)
is not necessarily constant, and an error &f to fi ap-
pears in the actual receiver (see Fig. 3). This &f is
called tracking error.

Point A Point B Point C

+5 Poor CTo adjustment—

e i)

Ideal tuning /," S

\ P N

N / - \

Error (kHz)
&
o

[\

(4
\J

Actual tuning

500 600 700 800 900 1000 1100 1200 1300 1400 1500

Frequency (MHz)

2) AM tuner

Fig. 3 Tracking error



When the tracking error is large, receiver sensitivity
deteriorates, and the actual frequencies received do
not correspond with the markings on the dial scale
indicated by the dial pointer.

The extent of the error depends on the intermediate
frequency fi and the crossing frequency at which the
error is zero. The lower crossing point is called point
A, while the higher one is referred to as point C.
After careful consideration of all the technical
factors, the intermediate frequency fi has been es-
tablished at 10.7MHz for FM and 455kHz for AM.
In addition, the crossing frequencies are usually set

at 90 and 106MHz for FM and 600 and 1,400kHz
for AM. All receivers are designed so that the track-
ing error is minimal when the unit is adjusted to
zero-error at these frequencies. It must be noted,
however, that in some cases, the frequency of point
A may differ.

The adjustment necessary to obtain zero-error at
these frequencies is called tracking adjustment, and
is performed by adjusting the coils and trimmer
capacitors in both the antenna and local oscillator
tuning circuits.

A B C
88 90 92 94 96 98 100 102 104 106 108
[ 1
SG output A
U
E i K
ANT coil 0SC coil

Fig. 4 Tracking adjustment

2. Practical tracking adjustment

Even the cheapest tuners have at least four adjust-
ment points, which are at La, CTa, Lo and CTo (see
Fig. 2). While high grade tuners, on the other hand,
have ten or more. In both cases, tracking adjustment
must be carried out according to the following pro-
cedure.

The first step in tracking adjustment is the tuning of
OSC coil Lo and ANT coil Ls at the lower tracking
point A, followed by adjustment of the OSC trim-
mer capacitor CTo and ANT trimmer capacitor C7a.
At tracking point A, the receiver is tuned to 90MHz
to receive a 9OMHz FM signal from the FM signal
generator. Core Lo is then turned until maximum
AF output is obtained from the receiver, after which
the same procedure is applied to core La.

Next, the receiver is tuned to 106MHz at tracking -

point C to receive a 106MHz FM signal. Capacitor
CTo is then adjusted until maximum AF output is
obtained, after which the same procedure is applied
to capacitor CTa.

Since adjustment of capacitors CTo and CTa. affects

the frequency at which point A is set, the process is
repeated two or three times to ensure complete
tracking adjustment.

As for AM tracking adjustment, the frequencies at
points A and C are, naturally, different. But the
procedure is exactly the same. However, it must be
remembered that the above-mentioned procedure
applies only to the simplest of cases. FM tuners,
especially, invariably have one or two-stage RF
amplifiers, and many are equipped with double-
tuning circuits. Moreover, some models have SW and
LW bands in addition to AM. Nevertheless, the
tracking adjustment prbcedure remains the same in
all cases, only the frequencies at the adjusting points
A and C differ. Therefore, once the procedure has
been memorized, accurate tracking adjustment of
any model, regardless of the number of bands, can
be quickly mastered.

A typical example is illustrated by the schematic
diagram and adjustment sequence for the front-end
of a Pioneer TX-8500II stereo tuner shown in Fig. 6.
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Fig. 5 Block diagram of TX-8500II (FM front-end)
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The set-up for measuring FM tracking adjustment is
shown in Fig. 7. Here, the FM signal generator is set
at 400Hz with 100% modulation and an output of
10dB. For AM tracking adjustment, the instruments

must be set up as shown in Fig. 8, with the AM

Tuner Assembly
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Fig. 7 Set-up for FM tracking adjustment
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and an output of 30dB.
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3. Adjustment precautions

1. To ensure accurate tracking adjustment, the signal
generator and receiver or tuner must be left on to
age for about thirty minutes. Aging is very im-
portant when adjusting RF circuits, especially on
FM.

2. When a service manual is not available, it is im-
portant to set the SG output very carefully as the
testing signal level to be applied to the antenna is
unknown. Before commencing adjustment, the
SG output should be set so that the signal meter
of the tuner or receiver indicates 1/3 or 1/2 full
scale. When making adjustments, the signal meter
should be monitored, and if it indicates more
than 1/2 full scale, the SG output should be de-
creased to give 1/3 deflection, and the adjust-
ment repeated.

3. In cases such as SG failure or field servicing, when
a signal generator is not available, a simple test
oscillator or broadcast signal can be used instead.
When a test oscillator is used, dial setting must be
done very carefully since the test oscillator out-
put contains high harmonic components. For this
reason, the output level of the test oscillator
should be set as low as possible.

When a broadcast signal is used, the two closest
signals to tracking points A and C should be
selected. Adjustments are then made in the same
manner as before.

Naturally, in this case, the tuner or receiver must
be tuned to the broadcast signal frequencies, and
care must be taken not to make excessive antenna
input adjustments.

In both the above cases, adjustment is rough, and
the tuner or receiver will not deliver optimum
reception. There will be no problem so long as the
user only listens to strong or local stations, but,
reception of weak or distant stations will be poor.



Measuring Instruments (2)

Multimeters—2

L
Testing Parts with a Multimeter
In this issue, quality checking of electronic parts
using the ohm range of a multimeter will be dis-
cussed. However, before going into the details of the

actual checking method, let us first explain the basic
principle and use of the ohmmeter.

1. Principle of the Ohmmeter
The system for utilizing a multimeter as an ohm-
meter is shown in Fig. 1.

E N
R + Rx
r

/

1 E

= Rx =7
§R = X=TTR
Tr<<R+Rx

Q— +O

Rx

Resistor

Fig. 1 Multimeter circuit when measuring resistance

Since the meter of a multimeter is an ammeter, by
simply connecting a resistor to it, the resistance
can be measured by checking the current flow in
accordance with a reference voltage using Ohm’s
law. That is, the resistance value is calculated by the

equation Rx = [L —R.

This means that the value of a resistor can be easily
measured by simply calibrating the multimeter
scale in the appropriate resistance values. And that
is the principle of the ohmmeter.

An actual multimeter utilizes a highly sensitive
meter and/or a layer-built cell. It also has resistors
built into the circuit which enable a 3 to 4 range

shift, which effectively widens the meter’s measur-

ing range (see Fig. 2 ).

0 ohm adjuster

Fig. 2 An actual multimeter circuit for ohmmeter
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The value of each resistor in the meter circuit is
not necessarily the same as the actual designed
value, and the built-in cell sometimes experiences
a drop in voltage. To compensate for this, the mul-
timeter is equipped with an 0 ohm adjuster. It is im-
portant to note that O ohm adjustment must be
made every time prior to conducting resistance
value measurements or continuity tests.

As shown in Fig. 1, the plus (+) terminal of the mul-
timeter is connected to the minus (—) terminal of
the battery, and positive voltage appears at the
minus terminal of the multimeter. Try to remember
this fact, since it is common to all multimeters,
because you will need it when you start to test
diodes, transistors, and other semiconductors.

2. How to Use an Ohmmeter

1) Selection of measurement range

Usually multimeters have x1, x10, x100, x1000
or x1, x100, x 1K, x 10K ranges. The selected range
multiplies the indicated value (R) on the scale by
the corresponding amount mentioned above. For
example, if the meter reads 520 and the scale is set
at 1K, the measured resistance is 520K<2.

Photo 1 A multimeter

There are three methods to help you determine an

optimum range for your purpose:

a. Resistance value measurement
Select a range that gives you a meter deflection
of more than half. By doing so, you minimize
your reading error.

b. Checking open circuits
Where you suspect open.circuits, use the lowest
range (x1).

c. Checking insulation
Insulation resistance, short-circuiting, and leakage
should be tested with the highest available range
(normally x1K or x10K).

2) Zero adjustment
The adjustment of the meter to read ‘0’ is neces-
sary before making resistance measurements. Short-

circuit the meter leads as shown in Photo 2, and
then fine-tune the zero adjustment knob until the
pointer reads exactly 0€2 (full scale). This procedure
must be repeated whenever you switch to a different
measurement range.

Photo 2 0 ohm adjustment

3. Quality Test by Multimeter and Coverage of
Measurement by Ohmmeter

1) Resistors

2) Capacitors

3) Switches

4) Coils and transformers

5) Meters, phono cartridges and tape deck heads

6) Diodes

7) Transistors

8) Variable resistors:

1) Resistors

Quality Test

In general, defective resistors cause a resistance
error or an open circuit. Select an ohm range which
matches the resistance value of the resistor under
test. This can be determined by reading the color
code.

A

Photo 3 Resistance measurement

For example, when checking an 1MS2 resistor, set the
meter to the x10K scale. If the meter reading is 100,
then 100 x 10K is IM& and the resistor is good.
(see Photo 3).



Precautions

a. Effect of human body
The resistance of the human body can interfere
with a correct reading.

Photo 4 Effect of human body (1)

When measuring resistance you often hold the
test leads with your fingers as shown in Photo 3a.
The contact of your fingers on the metal portion
of the leads can cause an erroneous reading from
the meter scale. This is especially true when you
are measuring a high resistance, since your body
will be within the range of 100K ~ 2MQ. Wet
or sweaty fingers will alter the value of the
measurement if they are allowed to touch the
metal portion of the test leads.

b

Photo 5 Effect of human body (2)

1™

MWW,

~ ANAN___~-

VVVv

1.3M

Fig. 3 Equivalent circuit

. J
S~—- -9

\

Let’s see what the result would be. Suppose that
the actual value of the resistor is 1MS£2, and your
body resistance is 1.3M{ as shown in Fig. 3.
Your body resistance is connected in parallel to
the measured resistance, resulting in an inaccurate
reading as the following equation shows:

R; xR 1300 x 1000
S AL X Ry X = 565 (KQ)
R1 +R2

1300 + 1000
The resulting resistance measured at 565K is a
43.5% error.

b. Measurement of very low resistance values
Whenever you measure very low resistance values,
take special care to press the tips of the test
leads firmly against the component that you are
measuring. Failure to do this can result in contact
resistance which will again cause a false reading
from your meter. Make sure that your test leads
are clean when you measure very low resistance.
A little oxidation on the metal prongs can cause
increased contact resistance.

2) Capacitors
Quality Test

N\

e

Photo 6 Checking of a capacitor

A defective capacitor will often indicate low insula-
tion resistance or a loss in capacitance. The ohm-
meter can be used to check for defective insulation
in capacitors from the pF to uF range, and it can
also be used to check for complete loss in capaci-
tance in capacitors that are larger than approximate-
ly 0.01uF. It should be noted here that an accurate
check for capacitance is not possible with an ohm-
meter. It can only test whether the capacitance is
unusually large or small (by a temporary pointer
swing) and it can test for an open capacitor. When
checking capacitors, a suitable ohm range according
to their capacitance, (x1 for large electrolytic capac-
itors, x1K or 10K for small capacitors) should be
used.
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Loss in capacitance

An open capacitor can easily be checked by charg-
ing up the suspected capacitor with the measure-
ment current of the multimeter, and then reading
the charging characteristics of the capacitor (how
much the pointer swings). To do this, connect the
test leads of the meter to the terminals of the capac-
itor, as shown in Fig. 5. The measurement current
will flow into the capacitor and gradually charge it
up. As this happens, the pointer should swing
toward the low resistance end of the scale, and then
swing back toward e as charging is completed. The
farther the pointer swings toward the low-resistance
end of the scale the greater the capacitance and the
longer the required time for the pointer to swing
back to . In a very large capacitor (more than
1000uF), there is insufficient measuring current to
charge up and the pointer merely returns to e. The
pointer swing and capacitance value relationship is
shown in Fig. 4. If the pointer doesn’t deflect at all,
you can assume that the capacitor is open.

\ Small capacitance pointer swing
Medium capacitance pointer swing
Large capacitance pointer swing

Pointer swing

— Time

Fig. 4 Relationship between the pointer swing and
capacitance

Defective Insulation

When fully charged, a capacitor should permit no
flow of DC current from the battery of a multimeter.
This phenomenon can be used to check for defective
insulation in small and medium-sized capacitors. As
we have mentioned before, a large capacitor cannot
be sufficiently charged to use this principle. To
check a smaller capacitor (less than 1uF) for proper
insulation, attach the leads and wait for the capac-
itor to charge. If the meter indicates a resistance of,
let us say, 100KS2 or 1IMQ for an extended period
of time, then we can consider the insulation on that
capacitor to be defective.

Precautions

a. Electrolytic capacitors are marked for polarity,
and care must be taken to see that it matches the
electrical polarity of the multimeter (see Fig. 5).

100MFD

Fig. 5 Capacitance check

b. Some multimeters, often good ones, have 9V or
22.5V internal batteries for measuring resistance
at the highest ohm range (x 1K). If you should
happen to measure a low voltage capacitor (par-
ticularly electrolytics) with one of these high
voltage meters, insulation breakdown may well
result. To avoid this, use the x100 scale in such a
situation.

3) Switches
Quality Test

&

Photo 7 A defective switch shows some resistance



Most defective switches have defective contact
resistance. Since the contact resistance of switches
is normally less than 10 ~ 20m§2, it is beyond detec-
tion. Extensively used or infrequently: used switch
contacts may become extremely bad due to surface
corrosion, while normal contacts exhibit almost 02
resistance.

Precautions

Often it is possible to relieve the condition just
mentioned by quickly turning the switch on and off
until it appears to work properly. This remedy, how-
ever, is often temporary and should not be relied
upon.

4) Coils and transformers

Quality Test

A defective coil or transformer is usually indicated
by the following circuit conditions: open circuit,
lowered insulation resistance, or layer-short. The
test for a layer-short is beyond the capability of a
multimeter.

Open Circuit

Check the resistance values across the leads or ter-
minals of any winding or coil that you suspect may
be open. A normal winding will give a low resistance
reading. A defective coil or winding that is open will
register infinite (=) resistance.

Insulation Resistance

Set the ohm range to the highest setting and touch
one lead to one of the leads or terminals and the
other to the case of the coil or transformer. If there

Power transformer

earth lead

Open circuit check

Power transformer

b. Insulation check

Fig. 6 Checking of the transformer

has been a breakdown in the insulation, you will get
a resistance reading of some kind, depending on the
degree of the fault. A correctly operating compo-
nent will read e on the ohm scale of the meter.

5) Meters, phono cartridges and tape deck heads

Meters, phono cartridges and tape deck heads can
also be quality tested by checking the conductivity
of the coil using a multimeter. But a careless check

may result in the following defects if the checking

current is too high for these components:
a. Meters
The meter pointer may become bent or stuck.

b. Phono cartridges

The core of the windings may become magnetized,
or the permanent magnet of the stylus may be
weakened.

c. Tape deck heads

The head core may become magnetized.

Concerning a and b, magnetization of the core
causes noise, distortion, and output drop out, espe-
cially at high frequencies. To avoid damage or
deterioration of quality, checking of these compo-
nents must be done at the highest range of the
multimeter (x1K or x10K). Also, checking must be
finished as quickly as possible in order not to mag-
netize any of the components.
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6) Diodes

Quality Test

The primary symptoms in a defective diode are:
short circuit, open circuit, and deterioration of
characteristics. This latter condition cannot be
checked with an ohmmeter. So we will limit our
discussion to the detection of open and short-
circuit conditions.

Open and Short Circuits
In this area, a diode can be checked with the follow-
ing procedure (see Fig. 7).

g

a) Normal

Rx1
- ©

®

i
1

b) Reverse

Fig. 7 Insulation resistance check

Note that typical resistance values differ with each
multimeter and the type of diode under test; for
example Germanium (Ge) and Silicon (Si), as shown
in Table 1. Also note that the resistance values differ
with the measurement range used on the ohmmeter.
Unlike fixed resistors, diodes do not permit a cur-
rent flow proportional to the applied voltage. In any
case, the meter indicates OS2 resistance if the diode
under test is shorting. Also, if the diode is open, the
meter indicates « ) resistance even at the forward
direction of the measuring current. When a Ge type
diode is measured on the high-ohm range, the re-
verse leakage current in the diode will produce a
high resistance value (1MS£2).

'(lj'iy;%(zof Dﬂﬁe;iurement Normal Reverse
Ge x1 60 ~ 8052 oo
x1K 1~ 3KS2 500K ~ 1M
. x1 20 ~ 3052 o
S x1K 5 ~ 10KQ oo

Table 1 Resistance values of Ge & Si type diodes

7) Transistors

Quality Test

Defective transistors are usually indicated by any of
the following symptoms: short circuit, open circuit,
high noise, lowered operating characteristics. Quali-
ty testing of a transistor with a multimeter is con-
fined to open and short circuit faults.

Open and Short Circuit

C C
NPN
B | smm—— | B
E E
C C
PNP
B | mmememe—— | B
E E

Fig. 8 Structure of transistors

As shown in Fig. 8, a transistor can be considered,
for test purposes, to be two diodes. Generally speak-
ing, transistors are best tested in the x1 range. Fig.
8 shows the representation of a transistor as two
diodes. In the following example, an NPN transistor
will be tested using the x1 range. To begin, connect
the test leads as shown in Fig. 9, and change the
positive test leads (remember from our earlier dis-
cussion that it has negative potential) from the emit-
ter to the collector, holding the base at positive
potential (with the negative test lead). In a properly
functioning transistor, the bese-emitter and base-
collector resistances should read somewhere in the
neighborhood of 20 ~ 40£2. Resistance values differ



to some degree with each multimeter and transistor
under test. After this measurement, reverse the po-
larity of the test leads and repeat the procedure
(Fig. 10). The resistances should now increase to
infinity.

If the base-to-emitter or base-to-collector resistance
in Fig. 9 or 10 is zero, the junction is short cir-
-cuited. On the other hand, if the forward resistance
(Fig. 9) is infinite, the junction is open. If the base-
. to-emitter and base-to-collector resistances are
zero, not surprisingly, the trouble here is a shorted
collector and emitter, a condition often found in
power transistors.

To check PNP transistors, use the reverse polarity of
the test leads from the procedure followed for NPN

types.

NPN

Fig. 9 Testing of an NPN transistor

<\ NPN

Fig. 10 Testing of an NPN transistor

Precautions
The same precautions apply here as those given for
the testing of fixed resistors.

How to Identify the Base, Emitter, and Collector

1. The Base

As already described, checking the quality of a
transistor is done in reference to the base. We can
use this fact to locate the base. For example choose
two transistor leads at random and measure the
resistance between them. If, after reversing the po-
larity of the test leads, either position yields a read-
ing of infinity, you have located the collector and
the emitter. The remaining lead, logically enough,
is the base. Another method of locating the base is
to observe the direction of current flow, which goes
from the base to the emitter and the collector. (see
Fig. 9 and 10)

2. The Collector and Emitter

After finding the base with either of the techniques
just described, change the measurement range to
x1K. Connect the test leads to the two unidentified
transistor leads. Keep the base from contacting either
of the leads and shorting out. Hold the base and one
lead against one finger and take a measurement. If
the pointer swings widely, the lead held by your
finger is the collector and the remaining lead is the
emitter. If the pointer does not swing, by either
reversing the polarity of the leads or holding the
other transistor lead the meter will register deflec-
tion. (Photo 9) The reason for this is that NPN
and PNP transistors require the opposite polarities
to achieve the same result in this test.

Photo 8 Finding the collector and emitter
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How to Identify NPN and PNP Transistors

Photo 9 NPN or PNP

Prefix Type Classification
2SA PNP For radio frequencies
2SB PNP For audio frequencies
2SC NPN For radio frequencies
2SD NPN For audio frequencies

Table 2 Classification of Japanese PNP & NPN
type transistors

All Japanese transistors are classified with a prefix
as shown in Table 2. The table should make it easy
to distinguish one type from the other.

American and other foreign transistors can be iden-
tified as to type by closely following the procedures
previously outlined for locating the collector and
emitter.

8) Variable resistors

Quality Test

Defects in a variable resistor will often be found to
be bad contacts or defective insulation.

Bad Contact

Connect the terminals of the multimeter to the
variable resistor as shown in Photo 10a. Turn the
shaft gradually clockwise, and the pointer on the
meter will show a smooth variation of resistance
value. If the slider contact is defective, the measured
resistance may suddenly jump to infinity, or the
variation of resistance value will be rough and un-
even (see Photo 10b).To choose a correct range for
measuring ohms, consult the rated resistance of the
device and set accordingly.

Photo 10 Checking of the variable transistor

Defective Insulation
Connect the test leads as shown in Photo , and set

the ohm range to the highest setting available (x1K
or x10K).



Normally the resistance value should be infinitely
large () as shown in Photo 10c. If any resistance
figure other than infinity is measured, the variable
resistor has defective insulation.

Precautions
The same precautions apply here as those mentioned
for resistors.

NOTE: Have you ever experienced what seemed to
be a noisy variable resistor only to find the noise
persisted after the variable resistor was replaced?

More than likely the noise is due to defective insula-
tion in the coupling capacitor, resulting in a leakage
of DC voltage across the variable resistor. Set your
multimeter to a low DC Volt range and check the
voltage across the variable resistor. It should be zero.
If you do get a DC voltage reading, replace the
coupling capacitor. In case you find this kind of
noise, it is better to first check whether DC voltage
is appearing at the terminals of the variable resistor.
This check has to be done with the slider shaft
turned fully clockwise and counter-clockwise.

When the insulation of the coupling capaci-
tors deteriorates, DC currents leak to the
variable resistor which causes it to produce
noises.

Fig. 11 Checking of coupling capacitors
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Electricity:-Basic Theories (2)

Ohms Law—2

In the previous issue, the basics of Ohm’s Law were
discussed. Examples were given of DC current calcu-
lations with resistors connected in series, in parallel
and in series-parallel. How the voltage drop across
resistors is calculated was also explained.

This issue will deal with current shunting in parallel
circuits as well as some concrete applications in
everyday servicing.

5. Current Shunt in Parallel Circuits

When two resistors, Ry and R,, are connected in
parallel, and a voltage V is supplied across their
ends, the following current distribution takes place.
Current I flows through the circuit, and the current
in resistors Ry and Ry is J; and I,, respectively. In
Fig. 14, the current distribution in a circuit with
two resistors connected in parallel is shown.

R

Fig. 14 Current distribution in a circuit with two resistors
connected in parallel

From this, the following formula is obtained:

R1[1 =R2[2 =V
therefore,—l =&
I, R,
Since the current shunt in a resistor is inversely
proportional to the resistance value of the resistor,
it can be equated as follows:

I = ]1 +12
therefore, Iy = I -1, and I, = I —-1I;.
Then,R1]1 = Rz([—— Il)aRlll =R2[—R211 .
Expressed in the opposite way, the term R, 1
becomes, R,/ =Rl + Ry11 =11 (R +Ry)

R
therefore, I; =—2—x I ... . ... ()
R +Ry
. Ry
Similarly, I x I ... ... ... 2)

In short, when two resistors are connected in paral-
lel, a large current flows through the lower resistor
and a small current flows through the higher re-

sistor. The absolute amount of current in the re-
sistors can be obtained from equations (1) and (2).
When three resistors are connected in parallel, these
equations, however, cannot be applied. In this case,
the composite resistance value must first be ob-
tained and the voltage across them determined.
Then, the current flow in the individual resistors can
be calculated. This is the orthodox method and the
quickest way of obtaining the result.
The composite resistance R for three resistors con-
nected in parallel is given as:
R1{R,R3

R1R2 + R2R3 +R3R1
The voltage V across the resistors is obtained by
multiplying the resistance R by the current /. Then,
the current flow through the individual resistors can
be calculated as follows:

A
= n =
R, PR, MR,

Fig. 15 shows the current distribution in a circuit
with three resistors connected in parallel.

R =

[1=

Fig. 15 Current distribution in a circuit with three
resistors connected in parallel

6. Extended Application of Ohm’s Law

The previous calculations given for determining the
voltage/current distribution in circuits with resistors
connected in series or in parallel are based on DC
voltage sources. However, the same calculations can
also be applied to AC circuits as well.

In the case of AC circuits, too, the calculations are
also based on Ohm’s Law. However, the theory of
AC circuits will be dealt with in a later issue.

1) Connecting a number of speakers

A common request from many customers is to have
a number of speakers connected to the same channel
of their stereo power amplifiers.



Normally, transistorized power amplifiers are de-
signed to drive a load (speaker) of more than 4
ohms. If, however, the load impedance* is less than
4 ohms, an overload (excessive collector current)
will result, and breakdown and/or unstable opera-
tion may be induced. It is very important, therefore,

Q Recommended

84 882

Of
O
Parallel connection (1)
Composite impedance 482
A oo
recommended
802 8Q2
00 00
O
O

Series connection
Composite impedance 16$2

that the composite impedance of the speakers be
held higher than 4 ohms when attempting to con-
nect a number of speakers to the same output ter-
minal.

* Impedance corresponds to resistance in DC circuits (used in AC cir-
cuits). The unit’is the Q.

>< Avoid at all costs

49 8Q2

Parallel connection (2)
Composite impedance 2.7§2

Note: When two speakers are connected in series, the im-
pedance is the sum of both speakers. The maximum
power output available is also reduced. When two
different types of speakers are connected in series,
the characteristics of each speaker affect one another.
This degrades the overall quality of the system and is
not recommended.

Fig. 16 Connection of two speakers
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O >

Connections using three or more speakers are shown
in Fig. 17 for reference only.

O

882

882

Series/parallel connection

o
8Q2
- S
89§
o
Composite impedance —gﬁi% = 5.3Q

alalal
2 A A

A
ot

3

Composite impedance 8

X
6

AR

AR A

Speaker impedance: 82

Fig. 17 Connection of three or more speakers

2) Extension of voltmeter measuring range

When measuring voltages with a voltmeter, it is im-
possible to measure anything higher than the maxi-
mum range of the instrument. However, the measure-
ment voltage can be increased by connecting a re-
sistor in series to the meter as shown in Fig. 18.

O-

Ri

(e}

Fig. 18 Increased measuring voltage

In Fig. 18, Vv represents the full voltage measuring
scale of the voltmeter.

Ri
IfVy =————xV
R + Ri
Then, Vv (R +Ri) = VRi

R +Ri
Therefore, V = ! x Vv
1

The measured voltage can be obtained by multiply-
ing the meter reading, 600V in the 1kV range, for

R + Ri . .
example, by theT—— factor. This factor will be

1
2 if the external resistance R equals the internal

+ R
resistance of the voltmeter Ri, that is,T =

b

then, the 600V meter reading will be doubled to
1.2kV.

Similarly, it is possible to extend the voltage mea-
surement range of a voltmeter 10 times by con-
necting an external resistance R which has the
following relationship:

R + Ri
Ri

Then, R + Ri = 10Ri

Therefore, R =9Ri
If the internal resistance of the voltmeter is IM£2 at
1KV, then a 9MS resistor must be connected in
series to the meter. This will then extend the
voltage range from 1kV to 10kV and calculations
can be made accordingly. Note that the multiplier
should be more than 1.

= 10

= 40



3) Extending DC current range

When measuring current with an ammeter, it is im-
possible to measure currents larger than the maxi-
mum range of the instrument. However, the range
can be extended by connecting a resistor in parallel
to the ammeter as shown in Fig. 19.

Ri

N Ny @ W—
N

R

Ri: Internal resistance of the ammeter

Fig. 19 Extension of measuring current

Ri: Internal resistance of the ammeter
In Fig. 19, if Ri represents the full scale value, then
the equation will be as follows:

Ia x I,IR =1z (R +Ri)

“R+Ri

R+ Ri
therefore, / =R— X la

This means that the meter reading must be multi-

+Ri
plied by the factor ——]—Q—*I-,To extend the ammeter

. ) ) R + Ri
10 times, a shunt resistor having a — R =10

relationship must be connected to it.
10R =R + Ri, then 9R = Ri

1
therefore, R = —9— Ri

In other words, a low value resistor having 1/9 of
the internal resistance of the ammeter must be
connected in parallel to extend the ammeter range
10 times. Calculations with any number of multiples
can be obtained accordingly. The multiplier, how-
ever, must always be more than 1.

4) Voltage/current distribution in electronic
circuits

IN ©

Fig. 20 One-stage transistorized amplifier circuit

!

A typical application of Ohm’s Law can be found in
an electronic circuit. And a one-stage transistorized
amplifier circuit like the one shown in Fig. 20 is a
typical example.
In this circuit, the bias or base voltage is determined
by the voltage dividers Ry and R, . By letting the base
potential be Vb», it can be equated as follows:
Ry
Vb =———x +B
Rl +R2

(Strictly speaking, the base current flow through R
should also be considered, but since it is negligible,
the above equation can be applied)
By letting the collector current be Ic, the collector
voltage Ve is expressed as:

Ve = +B — (R3 x I¢)

If Ic is unknown, then measure Ve and calculate as
follows:
+B — Ve
R;

Then, by letting the emitter voltage be Ve, the
emitter current fe is given as:

Ve

R4
Since the emitter current is the sum of the collector
and base currents, the following equation is used:

[B = le — Ic

The collector current of a transistor varies in re-
sponse to changes in the base current. That is, the
collector current is controlled by the base current.
When the base voltage varies, the collector voltage
varies accordingly due to the voltage drop across the
collector resistor. The AC voltage, which is pro-
portional to the variation in the base potential in-
put, can be obtained when the varied collector
voltage is taken out.
From this it can be easily seen that an amplifier
circuit, no matter how complex, provides a typical
application for Ohm’s Law and demonstrates how
the unique characteristics of transistors are applied.
Armed with this knowledge and a thorough under-
standing of transistors, it is possible for anyone to
design a transistorized amplifier. In the forthcoming
issues, the theory of AC circuits will be covered in
greater depth.

Ic =

le =
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First Step in Audio (1)
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How to Read the Ratings

A look through any catalog should convince you
that every product has many ratings and specifica-
tions. They are necessary, of course, to evaluate the
performance in some quantitative way and to facili-
tate the comparison of different models. But specifi-
cations can’t work for you in the way they were
intended unless you know how to read them proper-
ly. A course on interpreting audio specifications will
follow in upcoming issues. In this issue we will start

with a discussion of Audio Frequency ratings and
specs.

1. Power Amplifier Section

1) Rated Power Output

This is defined as the maximum power that can be
obtained continuously without exceeding the rated
distortion figure. This term is also called ‘Continu-
ous Power Output’ or ‘Effective Power Output.’” In

addition to meeting a distortion specification, rated
power must also be considered within the context of
its frequency bandwidth. The bandwidth specified is
of 1kHz or between 20Hz to 20kHz. The amplifier
load is always specified as a pure resistive (non-
inductive) load of either 8 ohms or 4 ohms. There
are two ways that an amplifier can be driven to ob-
tain rated power specs: one channel driven or both
channels driven. For four-channel amplifiers, the
option of all four channels driven is included. As
the name implies, the number of driven channels is
the number of channels to which a signal is applied
during the test. For a stereo amplifier, the more
stringent test and the more helpful specification is
the one for both channels driven. ,

All Pioneer amplifiers and receivers are rated with
both channels driven.

_vr_v?
R 8
P: Power output [W]

P

&)

Power amplifier

V: Output Voltage [V]
R: Rated load [2]

Distortion Rated load Voltmeter

meter

(822) (RMS-Indication type)

Fig. 1 Power output measurement



2) Total Harmonic Distortion (THD)
Signals having the frequency of an integer multiple
to the fundamental signal are called harmonics.

Second harmonic

waveform

Fundamental

Composite

waveform waveform

(A) Second harmonic distortion

Fundamental waveform

Third harmonic

Fig. 2 Harmonic distortion

Harmonic distortion is a typical non-linear distor-
tion, and is measured by applying a sine wave signal
of a known strength and then comparing it to the
strength of all harmonic signals generated in the
amplifier. Total Harmonic Distortion is normally
represented by a percentage (%) which is obtained
from the equation on the right:

.3) Intermodulation Distortion (IMD)

When feeding a signal containing plural frequencies
to a circuit or amplifier possessing a certain amount
of non-linearity, the output will be composed of a
broad spectrum made up of sum and difference
frequencies resulting from the original input fre-
quencies.

This undesired frequency spectrum is called inter-
modulation distortion. Since the frequency compo-
nents of intermodulation distortion bear no integer
relationship to the original input frequencies, inter-

AT

AF
/\/ Generator

waveform
Composite
waveform
(B) Third harmonic distortion
VAZ+ A3+ ... ... + An?
D = 2 3A x 100 (%)
1

D : Total harmonic distortion

A1 : Fundamental signal amplitude (RMS)

A, : Second harmonic signal amplitude (RMS)
A3 : Third harmonic signal amplitude (RMS)
An: nth harmonic signal amplitude (RMS)

modulation distortion severely degrades the sound
quality.

The method of measuring intermodulation distor-
tion is done by applying two signals of 50Hz and
7000Hz, 4:1 in amplitude, to an amplifier. This is
known as the SMPTE. (Society of Motion Picture
and Television Engineers). (see Fig. 4)
Intermodulation distortion of an amplifier is ob-
tained by measuring to what extent the high fre-
quency signal is modulated by the low frequency

High-pass
Amplifier filter Oscilloscope
777 M /___
@ AF Rated load Voltmeter
Generator

mn

Fig. 3 Measurement of IM distortion
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signal.

When measuring, the signals are applied to the am-
plifier as shown in Fig. 4a, and the output signal is
fed to the oscilloscope through a high-pass filter.
The oscilloscope shows the modulated waveform as
shown in Fig. 4b.

The distortion figure is calculated by the formula
below.

A—-B
Dim :'—A——X 100 (%)

+ B
In practice. the above-mentioned method cannot be
very accurate, especially when the distortion value

a Test signal 7kHz
mnn
50Hz
4
L M,
i
UU
? _A-B
m=25g X 100 (%)
b Intermodulated signal
mﬁﬂﬂn ﬁ J B A
il {

Fig. 4 Measurement of IM distortion

Input signal

Il o lb—

is small.
Therefore, a ready-made SMPTE-specified IMD
meter is used instead.

4) Damping Factor (DF)
Damping Factor is an indirect representation of
power amplifier output impedance. We can derive

Z

damping factor by the equation DF=Z—L where Z
0

is the amplifier’s output impedance, and Z; is the

impedance of the speaker.

ZL

Amplifier
ZL

PF=Zo

Fig. 5 Definition of damping factor

Low frequency reproduction is not only influenced
by the speaker (woofer), the enclosure and the
listening room acoustics, but also the output im-
pedance of the amplifier.

If the damping factor is low, which is to say the
amplifier’s output impedance is high, there is less
precision in the reproduction of low frequency
tones (Fig. 6). An explanation for this is that low
DF causes poor damping of transient vibration in
the woofer cone. If the DF is sufficiently high, most
of the transient vibration can be damped.

Acoustic output

Transient vibration

Fig. 6 Transient response of speaker

o

(a) No damping

(b) Medium damping

Zo =0

(c) Maximum damping

Fig. 7 Electrical damping to speaker



When a tone burst signal (a tone which is stopped
sharply) is applied to a speaker, the cone will not
immediately stop vibrating at the end of the signal,
as shown in Fig. 6. The extent of the extra vibration
in the cone depends largely on the power amplifier
output impedance and on the performance of the
speaker.

During transient vibration, the voice coil acts as a
generator set up by the movement in the magnetic
fields. The lower the output impedance, the higher
the damping factor, and the more electro-magnetic
braking is applied to the speaker cone (Fig. 7).
Output impedance is measured by the Open-Load
Method, meaning that the impedance is measured
both with load and then without load. As shown in

)

B

Fig. 8, a switch controls measurement by voltmeters
of both E;, the voltage with load, and E,, the
voltage without load. The output impedance is then
calculated using the following equation:

E, —E
E,
Normally, the load used (ZrL) is an 8§2 resistor.
Since the damping factor is defined as 7 the
0
equation will be:
Z Z E
DE =—% = L = 1
Zo (E,; —Ej)xZL. E, —E;

Eq

1

~

2

‘. C/ . §ZL

Fig. 8 Measurement of damping factor

5) Frequency Response

The frequency response of an amplifier is defined as
the output amplitude response for a range of input
frequencies of standard amplitude. It may also be
expressed in terms of output dB, a measurement of
amplitude, under standard test conditions.

In measuring frequency response, the input frequen-
cy may vary, but the amplitude remains constant,
and variations in output amplitude are recorded in
dB.

In general, the input signal is adjusted so that a
reference output level is obtained at 1kHz. This
reference level is defined as 0dB, and all other out-
put frequencies are measured in terms of + or — dB
level. The usual output level is IW. A representation
of the frequency response of an amplifier might be
given as SHz to 100kHz, +0dB, —1dB.

6) Signal-to-Noise Ratio (S/N ratio)

Signal-to-noise ratio can be defined as the ratio be-
tween the desired signal output and undesired noise
output. It is measured in dB.

In general, the S/N ratio of an amplifier is a straight
calculation as defined above, but the more common
method for high-fidelity products is the so-called
IHF weighted system, where a filtering network is
employed to tailor the measurement to the sensitivi-
ty of the human ear. The noise component so fil-
tered is then compared to the rated power and the

result recorded as the number of dB below the out-
put power. Fig. 9 shows the noise level measurement
set-up.

Input Output Weighting filter . Oseill

network

Amplifier under test

| Rated load AC Voltmeter

Input grounded

Fig. 9 Noise level measurement

With the maximum power output as Po max. and
the voltage level at maximum power represented by
Eo max,

(Eo max.)?
PO max. =———
ZL
Therefore:
Eo max. = \/Po max. ZL
VPo .
S/N =20 log —I;:]LZL(dB)
n

En: Noise level
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IHF (Institute of High -Fidelity Manufactures Inc.)
The IHF test standard was established to unify test
methods for hi-fi equipment, and is widely used in
Japan and Europe, as well as in the U.S.

The IHF short-circuit network A, shown in Fig.10,
is the filtering circuit used to weight the noise in
approximation of its audibility by human ears.

0 —
LT Ty
L~ 4 ™
7
/
—10dB
(33
2
o
Q
2 /
o
—20dB
V4
/
—30dB
—40dB /,/
20 40 60 100 200 400 600 1000 2000 4000 6000 10000

———= Frequency (Hz)

Fig.10 Frequency characteristics of the IHF short-circuited

A network.

7) Power Bandwidth

It was common at one time to measure the maxi-
mum output power of an amplifier at a medium
frequency (1kHz), but although this served as a
rough guide to amplifier power, it in no way assured
that the amplifier was capable of producing this
same high power over a broad range of frequencies.
For example, at low frequencies, a deterioration of
the power supply block’s smoothing efficiency can
restrict the power output. And in the high fre-
quency range, the decrease of hfe of the transistors
can also lower the output.

The power bandwidth, then, is a specification which
gives the range of frequencies within which the
maximum output power never falls below 50% (3dB
down) of the output power at 1kHz: If an amplifier
puts out 100W (at 0.1% distortion) at 1kHz, and the
power drops off to S0W (at 0.1% distortion) at 2Hz
and 80kHz respectively, the power bandwidth is
specified as 2 to 80kHz (again at 0.1% distortion).
That power bandwidth is an indication of the fre-
quency range in practical use.

An example of power bandwidth is given in Fig. 11.

Power ban}dwidjh
<
/, g >, :K
d 1dB— & ™
/ 2 N
/ —2dB— g
3dp—2 \
4dB
/ \
/ —5dB
2 4 6 8 10 20 40 60 80 100 200 4K 6K 8K 10K 20K

40K 60K 80K

———— Frequency (Hz)
Fig. 11 Power bandwidth



8) Input Sensitivity/Impedance

Although these figures are not performance figures
strictly speaking, they do offer important data on
the compatibility of a given amplifier with associ-
ated equipment, such as preamps, graphic equalizers,
and dynamic processors. For example, the figure
1V/50KS2 specifies that the power amplifier requires
1V of input power to produce its rated output, and
it also specifies that the input impedance is 50K£2).

2. Preamplifier Section

1) Input Sensitivity/Impedance

A preamplifier has a variety of input terminals, such
as PHONO, MIC, TUNER, AUX, TAPE. The input
sensitivity figure for each of these inputs gives the
required input voltage level to produce the rated
output. The input impedance figure describes the
compatibility of the input with appropriate trans-
ducers. The choice of a low impedance microphone
(60082) or high impedance (50K€2) mic. is an ex-
ample of where the input impedance would be a

critical factor.

The equalizer incorporated in the PHONO section of
a preamp has frequency characteristics that are
specified by RIAA standard. The frequency re-
sponse through such an equalizer is not linear, mean-
ing that some frequencies are emphasized and de-
emphasized more than others.

So, in this case the input sensitivity rating only
refers to the sensitivity at 1kHz. This RIAA Play-
back Standard curve is shown in Fig. 12.

RIAA Playback Standard

Standard specified by RIAA (Record Industries
Association of America) concering playback charac-
teristics of records.

Recording characteristics are also specified by RIAA
(RIAA Recording Standard), and are exactly inverse
to those of RIAA Playback Standard. RIAA Record-
ing/Playback Standard is employed for all records
in the world.

l TTTT1
50Hz (3180us)
20dB
\\ A\
16dB \
N
N
RIAA equalization curve
12dB
8dB
g
© 448 N
g N
5
Z
4 N 2130Hz (75us)
T odB
500Hz (318us)
\\\
—4dB N \
\\
\\ 6dB/oct
—8dB \\
—12dB
—16dB \
2 4 6 8 100 2 4 6 8 1K 2 4 6 8 10K 2

—= Frequency (Hz)

Fig. 12 RIAA playback equalization characteristics
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2) PHONO Overload Level

The maximum input voltage that a preamp can ac-
cept at the PHONO input terminals without exceed-
ing rated distortion at REC OUT is called its Over-
load Level. This parameter is especially important
because the phono equalizer almost never has an
input level control, meaning that any distortion that

is induced here because of excessive level can not be
remedied further down the line. So in addition to
wide frequency response and low distortion, pre-
amplifiers must have a high PHONO overload level,
preferably 50mV in an average-price model and
100mV in a premium quality unit at 1kHz.

I [ Il
J ] I I I Clipping Point
Saturation Level T ke s »
[¢b)
o 20V
£ / A
3 vd /
= / / /|
5 8v V4 p 4 4
O v
av Vi /
/!
g /
100Hz 1kHz 10kHz/
Y/
/ /|
v /) / /
7
0.8V 7 v —
0.6V
6 8 1mV 2 4 6 8 10mvV 2 4 6 8 100mvV 2 4 6 8 1V

———= |nput Voltage

Fig. 13 PHONO overload level and saturation level

3) Output Level/Impedance

A preamplifier has two outputs, the REC OUT and
the PRE OUT. Each of these has a rated output
level and output impedance. When speaking about
power amplifiers, we measure the output in terms
of power (Watts), but we measure the output of
preamps in volts. The voltage figure is not so much a
performance figure as it is a guide to determining its
suitability for use with other devices.

4) Total Harmonic Distortion
The definition and significance in preamps is the
same as for power amps, discussed earlier.

5) Frequency Response
Again, the same as for power amps.

6) Tone Control Characteristics

The specification here is a dB measure of the boost-
ing or attenuating of low (BASS 100Hz) or high
(TREBLE 10kHz) frequencies in reference to the
0dB level of 1kHz. In the case of twin tone controls,
the MAIN control effect is measured when the sub
control is set to the flat position and the SUB con-

trol’s effect is measured when the MAIN control
is in the flat position. The SUB control value nor-

mally represents the response at frequencies of 50Hz
and 20kHz.

7) Filter Characteristics

The figures given here, for example, 30Hz (12dB/
oct) or 8kHz (12dB/oct), describe the action of
filters in rolling off high and low frequency informa-
tion which may be undesired, such as hiss and rum-
ble. The first figure describes the frequency at which
the signal decreases 3dB, and the second figure in
parentheses describes the attenuation characteristics.

Note: The interval between two sounds (or signals)
having the frequency ratio of 2:1 is called 1 octave.
For instance, the frequency 1 octave above 1000Hz
is 2000Hz, while 1 octave below is 500Hz.

Similarly, the frequency 2 octaves above 1000Hz is
4000Hz, while 2 octaves below is 250Hz.

8) Muting
This specification refers to the extent of the signal
attenuation with the muting switch turned on.



_ Quality Information System (1)

Dells 20/

For most of our readers, this is probably the first
time they’ve heard about Pioneer’s Quality-Informa-
tion System. So in this issue the basic concept of
‘quality’ and what it stands for will be discussed.
The actual system of operation and application will
be covered in the next issue.

At Pioneer, we are making every effort to improve
the quality of our products. And one sure way is
through the exchange of quality information. So
far, quality information has been exchanged mainly
with Pioneer’s overseas branches. But, in the next
phase, we intend to expand the operation world-
wide in order to further improve the quality of
aftersales service.

Service, after all, is no less important than sales.

1. What is Quality?
“What is quality?”’, one might well ask. The fact is,
quality means different things to different people.

And the public estimation of service can have a
big influence on business. One of the best ways of
gaining a good reputation, therefore, is to offer
high quality products backed up with good service
facilities.

However, since quality improvement is too much for
any one department or plant to handle, the full
cooperation of service engineers is also essential.
This is where ‘Tuning Fork’ renders a valuable
service. Through its pages, the basics of quality
control can be introduced to the service engineer,
and methods of improvement can be discussed.

Part 1, then, deals with quality and the concept of
quality control. Part II will cover ‘Quality-Informa-
tion System and Concrete Action.’

A typical conversation between a group of friends
on the subject of purchasing a stereo set would
probably go something like this:
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Jack “By the way Catherine, I hear you’re
going to buy a stereo set. If so, you’d
better compare the specs of various
models first before you buy.”

“Well, as a matter of fact, the design
means more to me than anything else.
I must be happy with the style before
I buy anything.”

“But Catherine, do you realize how
expensive buying a stereo can be?
You must look for one that’s robust
and hardwearing.”

“That’s right. But she should not forget
the basic reason for wanting a stereo.
Since it’s for listening enjoyment, the
sound is most important. Sound is
everthing as far as stereo equipment is
concerned.”

As can be seen, opinions on quality differ with
individual tastes and needs. But since the term ‘high-
quality’ appears with such regularity during the
purchase or assessment of stereo systems, a better
understanding of what it stands for is essential
before quality control can be considered.

Catherine

Heinz

Mike

Does Product Value Lie in Appearance or Contents?
Quality stands for excellence, and is derived from
the latin word ‘qualitas,” which means ‘what it is
composed of.” In addition, quality is that which
is peculiar to a thing, or a characteristic or group of
characteristics which distinguish one thing from
another.

There are two aspects to product quality. One that
can be expressed numerically as a result of meter
or instrument readings. The other which cannot be
measured physically, such as, design, color, tone
color, touch, smell, etc. All of these are referred to
as quality characteristics . Wherever possible, quality
characteristics should be expressed numerically
and their quantitative values given. These are called,
‘quality characteristic values.’

In the case of power amplifiers, the quality charac-
teristics refer to rated power output, output power
range, intermodulation distortion, total harmonic
distortion, frequency response, etc., as well as de-
sign, touch and operation of knobs, actual sound
and other characteristics that are difficult to ex-
press numerically. All these together constitute
the quality of the power amplifier.

Will Every Bullet Prove Fatal?
Let’s take the case of an expert shot. Most of the
bullets he fires are grouped near the center of the
target. The farther away from the center, the
smaller the number becomes.
In the same way, 10,000 units of a particular pro-

duct are by no means identical in terms of thier
quality characteristics. Each one will vary to a
certain degree.

From the above example it can be seen that there
are numerous products which closely approximate
the quality level aimed for in the planning stage, and
only a few fall short of the quality target.

Now, if a distribution pattern can be determined,
then the quality of the products as a group can be
ascertained. Normally, a distribution pattern forms
a curve in which the apex represents the quality
aimed for. When the curve is gentle and the base is
long, quality varies widely and the products will
range from inferior to superior.

Naturally, customers always expect to buy a superior
product and are very disappointed when it turns out
to be inferior. Therefore, it is vitally important that
the same level of quality be maintained at all times
in order not to loose the customer’s confidence.

Expected quality
AN

Inferior - Inferior
Superior
produc{; product product
!
Allowance
Expected quality
Infec;'ior Inferior
product product
Superior
product
I

—=— Allowance ——



Did the First Auto Maker Guess the Exhaust
Regulations?

Quality is not a fixed commodity. With progress,
the needs of society change and people often de-
mand stricter controls which quite often turn out
to be counter-productive.

The effect of imposing exhaust regulations on auto

7,

> /'\

2. What is Quality Control?

makers is a typical example, and product suppliers
must be careful not to lose sight of quality stan-
dards through organizational investigations.
Moreover, quality must always be controlled so that
the curve never becomes flat. This way, there will be
no possibility of inferior products reaching the
marketplace.

Activities throughout
the company

If we consider quality control to take the form of an
airplane, then it cannot fly without both wings.
These are represented on one side by the activities
throughout the company, and on the other by the
application of statistics.
Quality itself has three forms, namely:
1. The extent that customers are satisfied

with the product ............. market quality

2. The characteristic values such as design, touch,

etc., aimed for in the planning

stage . ... .. design quality
3. Variation and finish in the manufacturing
stage . ............ ... manufacturing quality

The control of all these factors is what QC is all
about. But how is it achieved? First, let us begin by
defining ‘quality control.” According to the Japanese
Industrial Standards (JIS), quality control is a sys-
tem whereby products can be manufactured eco-
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nomically to the quality standards demanded by the
customers.

Modern quality control techniques adopt the statis-
tical method which is referred to as ‘statistical quali-
ty control.” This encompasses two aspects of quality
control. The first covers activities throughout the
company, and is used to establish an organization
and official regulations which are responsible for
furthering quality control activities effectively in
the company. The second utilizes statistics to solve
the problems encountered each step of the way.
Now let’s take a look at internal quality control. In

principle, the corporate management objective is to
manufacture and sell products at a profit. The
business cannot succeed unless the products are
sold. And the products will not sell unless they meet
the quality standards demanded by the customer. So
in order to realize this objective, quality control was
incorporated into industrial production. Eventually
all departments took up the problem of quality
control and adopted the statistical method, which
proved to be the most effective for manufacturing
products more economically.

Of course, the biggest single deciding factor when
buying anything is always the price. Whether a pro-
duct is too expensive or too cheap depends on
whether the quality characteristics such as perform-
ance, design, easy handling and aftersales service
are in equilibrium with the price. The higher the
price becomes, the less inclined the customers are

to buy. And that makes the product all that much
more difficult to sell. Quality and price are the
factors that determine a good selling product. So the
principle of quality control is to adopt a system of
product quality which meets the customer’s ex-
pectations, while at the same time, giving priority
to market quality.
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What is the Point of Quality Control?
Fundamentally, quality control can be broken down
into the following aspects:
1. To determine the standards for a particular

method . ......... ... .. ... ... ... planning
2. To do exactly as determined ........... doing
3. To examine the results statistically . . .. checking
4. To take action to correct any

abnormalities . ........ ... ... .. ..... action
The very foundation of quality control is the con-
tinual repetition of Planning, Doing, Checking, and
Action. Quality is what satisfies the customer’s
demand, and control is the continual repetition that
achieves the quality goal.
In practice, each department covers a different as-
pect in one of the four areas. Their combined efforts
result in the ‘activities throughout the company.’
And since quality control is based on statistics,
that is, data showing the facts, misjudgements as a
result of guesswork are eliminated. In quality con-
trol, there is no room for guesswork or sudden
bright ideas. It can only be controlled by facts.
To think of quality control simply as a production
process, or a series of examinations, is far from the

truth. First and foremost, quality control is knowing
what the customers need, and the people who can
best supply this information are those who are
closest to the customers—the sales and service per-
sonnel. As for designing economical products to
meet these needs, that is the job of the planning
department. All the other departments, too, join in
and render assistance, by making the tools that
make the products, calculating unit costs and raising
funds. All of which contribute to quality control—
the very essence of corporate management.

In the inspection stage, products are pre-checked to
make sure that they will operate satisfactorily when
the customers receive them. But this is only a means
of pre-judging the products to determine whether or
not they meet the quality requirements, and to
guarantee them. Although it is possible to guarantee
quality solely be inspection, it becomes very uneco-
nomical when none of the products pass inspection.
It is far better to feed the information back and
solve the problem at its source. After all, the whole
point of quality control is not to reject inferior
products, but ‘not to make them.’

P

Manufacturing

Excellent

Information

Feedback

N
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Audio Memo

White Noise and Pink Noise

White noise is an audible signal with constant energy
per unit bandwidth. FM interstation hiss comes
very close to being white noise. The energy of White
noise increases 3dB per octave as the frequency be-
comes higher.

Pink noise on the other hand shares the constant
energy/unit octave and does not increase in energy
as the frequency increases. It follows, then, that

White noise filtered through a low-pass filter with
a —3dB per octave characteristic comes out as Pink
noise.

In ordinary testing, White noise is seldom left in
“raw” form. Instead it is used after its spectrum dis-
tribution has been adjusted by various filters. The
resulting Pink noise is helpful in the testing of speak-
ers and networks.
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Q&A

We recently received a question that we think would
be of interest to many of you:

I purchased an amplifier whose rated power was
80W/ch. and also a speaker system whose maxi-
mum input power was 100W. However, when I
played this combination at a party at high volume
levels for a long period of time, I destroyed the
voice coils of the midrange and tweeter. The wat-
tage ratings of the equipment should have made
this impossible. Can you explain how this might
have happened?

Mr. T. McBright
Philadelphia, Pa. U.S.A.

This is a question which arises frequently, and we
think this might be a good place and time to address it.

@ How can the voice coil of a speaker whose rated
power is 100W be damaged by an amplifier whose
rated power is only 80W?

To answer this question, let’s start by looking at
Fig. 1 which shows the relationship between the
maximum input power of a speaker system and the
input power from an amplifier. It is important to
take note of the fact that there are two types of
speaker power ratings: the ‘rated input power’ and
‘maximum input power.” At the moment only
‘maximum input power’ is stated in catalogs.

The ‘rated input power’ is the input, measured in
watts, which a speaker can safely accommodate on a
continuous basis without any voice coil damage (see
Fig. 1 (1), (2), (3), (5)). Even if the peak input
power momentarily exceeds the speaker’s ‘rated
input’ the voice coils are safe. But it cannot be
guaranteed when the larger input power is continu-
ously supplied to the speaker for a long period of
time. (Fig. 1, (4))

The maximum input power is generally determined
to be twice as large as the ‘rated power.” The rated
output power of an amplifier, on the other hand,
is @ maximum continuous output figure that can be
achieved without distortion when supplied with
constant amplitude sine wave signals. Because the
+B voltage of the power supply never decreases
when fluctuating signals are applied, a power output
greater than the rated power can be achieved. If we
disregard distortion, we can easily obtain this larger
power output figure from an amplifier (theoretically
twice the rated continuous power).
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Fig. 1 Withstanding input power characteristic vs.

input power of a speaker system

So what happen to the speaker under the conditions
in Mr. McBright’s question? The solid line in Fig. 1
shows an input close to the allowable maximum in-
put power of the speaker. When the volume is turned
up, the output power looks like the broken line in
Fig. 1. (In this example the output of the amplifier
exceeds the ‘rated power’ of the speaker by 1.5x)

It’s obvious that the average power input exceeds
the ‘rated power’ input. The degree of excess de-
pends on the program source. Rock music, especially
when played at parties is often very loud with dis-
tortion not being a primary concern. In such a case,
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the peak power of the amplifier exceeds the maxi-
mum input power of the speaker. It was this situation
which burned out the voice coils of Mr. McBright’s
speakers.

The midrange and tweeter are the elements that are
adversely affected. The reason for this is that when
the output power becomes excessively high, the
resulting distortion of the harmonic components is
fed rather to the midrange and tweeter than to the
woofer. For your information, the test conditions
are shown in Fig. 2.

‘Rated Power’:

Max. Power:

Amplifier
Pink noise
generator
Amplifier
Music source &

There should be no abnormality
after applying pink noise for
96 hrs. Power input is derived
with the following equation.
_V

p= R
The voltage value is taken with
a thermoelectric voltmeter.
(V: rms)
There should be no abnormality
after applying a vocal or musical
signal for 96 hrs. The source of
the test signal should be FM or
AM broadcast whose level is
regulated.

Speaker

Peak indication type

voltmeter

Fig. 2 Withstanding input power testing of the speaker

Thermoelectric type
voltmeter
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Our maiden issue of Tuning Fork was received
with great enthusiasm, and we heartily appreciate
the words of encouragement that we have been
receiving from readers all over the world.

In this, the second issue, we have changed our
editorial orientation somewhat. We have tried,
as much as possible, to address every article to
the day-to-day practical servicing problems you
encounter in your work. If you have any specific
questions about any of the articles, please let
us know.

We realize that we promised you a November
issue of TunignFork. Planning-Doing-Checking is
as important to the publishing business as it is to
any field requiring QC.

Between the first and second issue, we put out
the supplement “Countermeasures for Automo-
tive Static”’. We hope you found it helpful for car
stereo and car radio servicing applications.
Tokyo’s annual All Japan Audio Fair took place
at the end of September, and once again atten-
dance was heavy, amounting to more than
220,000 audio fans. Manufacturers outdid them-
selves with attractive display pavilions and de-
monstrations of all their new equipment. And, of

—ditors Note

...................... IF and MPX Adjustment
........................ Specifications—2 (RF)

Publisher
Ikki Nagashima

Service Section
Administration Dept.
International Division

course, Pioneer outdid them all with the intro-
duction of a number of exciting new products;
quartz synthesizer tuners, magnified power range
amplifiers, tape decks, and turntables. Speakers in
the Pioneer line continue to benefit from the in-
corporation of new materials, and the improved
sound was noted and appreciated by visitors at
the Pioneer pavilion. These new products have
just been introduced to the Japanese market and
will reach your area shortly.

New products with new technology require com-
petent up-to-date service people. Progress in the
audio field seems to accelerate every year, so
it is essential that we improve our skills at the
same pace. To this end, Tuning Fork was insti-
tuted for your benefit. We hope that it serves
you well.

T. Taguchi
H. Koike
A. Kogirima
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