2222496 AN AUDI O AMPLI FI ER The present invention relates to an audio
anplifier. In audi-o frequency equipnent it is desirable to be able to
anplify & low level audio signal by means of an anpllfler t.o a | arge |evel
wi theyt introducing any unwanted noi se. The i nput stagezbﬁdg@§4a ifier
may be provided by a nunber of arrangenents. Any such arrangenen( however,
shoul d enabl e the non-inverting input to bejbiased at ground | evel. Having
t he non-inverting i nput biased at ground | evel obviates the need for any
d.c. blocking capacitor and furthernore enables a controlling conponent
such as a variable inpedance to be used which is normally referenced to
ground potential. An arrangement at the input stage shoul d al so enabl e the
i'nverting input to be biased not at ground potential since the inverting

input is always connected to a feegRaapnet ampkirpeRrder to define the
closed loop gain as well as the output d.c. Ievel. Known devices have
enpl oyed a cascade differential pair at the input stage since it neets the
aforesaid requirenents and al so provides a relatively | ow noi se.

The present invention relates to an audio amplifier..

In audio frequency equipment it is desirable to be able
to amplify a low level audio signal by means of an

w amplifier to a large level without introducing any
unwanted noise. The input stage of the amplifier may be
provided by a number of arrangements. Any such
arrangement, however, should enable the non-inverting
input to be biased at ground level. Having the
non-inverting input biased at grbund level obviates the
need for any d.c. blodking capacitor and furthermore
enables a controlling component such as a variable
impedance to be used which is normally referenced to
groﬁnd potential. An arrangement at the input stage

— should also enable the inverting input to be biased not
at ground potential since the inverting input is always
connected to a feedback network in order to define the

closed loop gain as well as the output d.c. level.

Known devices have employed a cascade differential pair
at the input stage since it meets the aforesaid

requirements and also provides a relatively low noise.

iﬂu'



2 A cascade differential pair consists, for exanple, of a pair of

transi stors (or conpound transistors) of opposite polarities whose en1tters
are connect.ed together. Alternatively a common emtter differential -
("long-tailed") pairhas been used with a level shift transistor at if§f¢
non-inverting input. However the unity gain of the level shift transistor
greatly degrades the noise performance ¢ the anplifier. Advantageous
paramnmeters required by the input stage of an audio anplifier are as

follows: 1) tdusdude iqMErdd itk idIPUba iRISéoei S OUNEb € 0spahp Dé £ o) at he

I nverting i nput nmust be non-ground conpatible; 3) relatively | ow noise; 4)
a hi gh out pais npfedarexesisorms h{@h compdend et eahsDatofd ) asfl an i nverting

i nput/out put characteristic. Previously proposed-audio anplifiers

i ncor porat iappas kte pakanti ties critosé emitters tdce | opunestede have not net
all of the above criteria. For exanple Figure 1 illustrates an audio
anplifier usAgRtReRascade differential pair. Transistor Q@ and the cascade

differential pair (QL and @) formthe input stage of the anplifier.
Current source CC 00 and current mrror

Alternatively a common emitter differential
("long-tailed") pair has been used with a level shift
transistor at its non-inverting input. However the
unity gain of the level shift transistor greatly

degrades the noise performance of the amplifier.

Advantageous parameters required by the input stage of

an audio amplifier are as follows: 1) the non-inverting
input must be ground compatible; 2) the inverting input
must be non-ground compatible; 3) relatively low noise;
4) a high output impedance; 5) a high ripple rejection:

6) and an inverting input/output characteristic.

Previously proposed audio amplifiers incorporat@ng a A
cascade differeneial pair at the input sta§e have not

met all of the above criteria. For example Figure 1

illustrates an audio amplifier using a cascade

differential pair. Transistor Q9 and the cascade

differential pair (Ql1 and Q2) form the input stage of

the amplifier. Current source eC100 and current mirror

transitors Ql06 and Q9 are



transitors QLO6 and @ are 3 maj or noise contri-butors. The input stage
has a.hi gh output ‘i npedance but does not have an inverting i'nput/out put
chardcteristic. Hence the anplifier requires two nore inverting gain stages
(Q 00wand Q101), which increases the noise contribution’and neans that an
external capacitor is required to stabilize the anplifier. Another known
audio anplifer is showmn in Figure 2. The ingut stage is forned by a cascade
differential pair (QL and @) and a resistive |load RL00. The noise fromthe

i'nput stage isph9¥ebHbikt BbAYEEBAtbPY. OUTREL ih Edae§seaﬂgsh98n§

h .

non-inverting input/output characteristic. Accordingly~a non-lnve?tlng gai n
stage is requi pegpabdifiBeabicer 8t abesSno®lAdve A3 inRbR¢iagd QL05)
formng a two gain stage anplifier. Again an external capacifor is required
because the M Lhputgbheptitconpensaerdstie.noHenobf thiecanpliafielhe _
non-inverting gain stage. Another known audio anplifier is showm in Figure
3, where the i npquiseagéwof mbhe anpkrtieg gadpr stages (Q100 and Q101),

which increases the noise contribution and means that an

external capacitor is required to stabilize the

amplifier.

Another known audio émplifer is showﬁ in Figure 2. The
input stage is formed by a cascade differential pair (Q1
and Q2) and a resistive load R100. The noise from the
input stage is low but it provides low output impedance
and has a non-inverting input/output characteristic.
Accordingly a non-inverting gain stage is required and
met by transistors (Q102, Ql103, 9164 and Ql05) forming a
two gain stage amplifier. Again an external capacitor
is reqﬁired because the Miller effect compensation is

not sufficient for the non-inverting gain stage.

Another known audio amplifier is shown in Figure 3,
where the input stage of the amplifier comprises a
cascade differential pair Ql1, Q2; a current mirror
formed by transistors Q3, Q4, and resistors R1l, R2; and
an active load in the form of a constant current source
provided by a transistor Q5, resistors R3 to R6, and

diode-connected transistors Q6, Q7. This input stage



cascade differential pair QI, @ a current nmirror forned by transistors @3,
4, and resistors Rl, R2; and an active load in the formof a constant '_
current source-prpvided by a transistor b, resistors R3to R6, and ~ ¢
di ode-connected transistors B, Q7. This input stage 4 provides a H&@h
out put i npedance, | ow noise and an inverting input/output characteristic.
The i nput stage enables the use of a single further gain stage fornmed by a
conmon emtter transistor B with a constant current source CCl as the
col l ector | ppdvidee anphighi eutpiusihpedankce,t Wowgabliset agdsaand a single
I nt egrated conpensating capacitor ClL is sufficient to ensure stability,
t hus obvi at ingerhéngeédphorodanpuextchanakteaipedeat i Mhecdppaitt etage .
stabilize the anplifier. However the anplifier does not neet all of the
af oresai d r egablesethe. ukcofecsi sioglR4fugsthesyigdda isnageadosimed bynst ant
current source previously used. Al though resistor R4 reduces the noise .
contri buti of, cPRmPRj eBi§teEpsransissorh @8amiIthy Be cONBYaBENEUEZSRE t he power
supply rejection ratio can _be as_|ow as_0 dB. ..

source CCl as the collector load. The amplifier thus

has only two gain stages and a single integrated
compensating capacitor Cl is sufficient to ensure
stability, thus 6bviating the need for any external
compensating capacitor to stabilize the amplifier.
Howéver the amplifier does not meet all of the aforesaid
requirements. The resistor R4 is provided inétead of a
constant current source previously used. Although
resistor R4 reduces the noise contribution, it injects
ripple into the amplifier. 1In some cases the power

supply rejection ratio can be as low as 0 d4B.

According to the present invention there is provided an

~

audio amplifier as defined in the appended claim 1.

Preferred embodiments of the invention are defined in

the other appended claims.

An embodiment of the present invention will now be

described with reference to the accompanying drawing, of

which:



According to the present invention there is provided an audio anplifier as
defined in the appended claim 1. Preferred enbodi ments of the invention are
defiped i'n the other appended clains. An enbodi nent of the present

i nventi on will now be described with reference to the acconpanyi ng draw ng,
of whi ch: S Figures 1, 2 and 3 are schemati c diagrans of anplifiers
according to the prior art Figure 4 is a sghematic diagramof an anplifier
according to an enbodi ment of the present invention. Figure 5is a

schematic di ag*fiddd US! rAtdnkd 3 herd'd MemdtioM &i‘aff&bhé’%@”émﬂ?iﬁfeﬁ ur ces;
and Figure 6 is a schemat’i ¢ diagramillustrating t nmbodi ment of t

present |nventaaubuuiﬁgeﬂwluméemgl@p|§§t§ources The enbodi nent of the
present invention shown in Figure 4 has as its input stage a cascade

differential pair QLO, Qlla current mrror fornmed by transistors Ql2, QL3
and re5|stors R10, RII, and an active load in the
Flgure 4 is a schematic diagram of an amplifier

according to an embodiment of the present invention.

Figure 5 is a schematic diagram illustrating the prior

art with equivalent noise sources; and

Figure 6 is a schematic diagram illustrating the

embodiment of the present invention with equivalent

noise sources.

The embodiment of the present invention shown in Figure
4 has as its input stage a cascade differential pair
Q10, Q1l1, a current mirror formed by transistors Ql2,
Q13 and resistors R10, R1l, and an active load in the
form of a constant current source comprising transistors

" Q14, Q15 and resistor R12. The major noise contribution
is from the cascade diffé;ential pair Q10, Ql1l: noise
generated by the current mirror Q12, Q13, R10, R1ll may
be reduced by suitable selection of the emitter
degeneration resistors R10, Rl1l. Likewise noise from.
the active load Ql14, Q1l5, R12 may be minimised by

suitable selection qf the resisfdr R12. The embodiment



formof a constant current source conprising transistors Ql4, QL5 and

resi stor ‘R12. The maj or noise contribution is fromthe cascade differenti al
pair QLO, QI ;oise generated by the current mirror Ql2, QL3, R10, R11-may
be reduced by suitablFe selection of the enmitter degeneration resistors~R10,
R11. Likew se noise fromthe active |load QL4, Ql5, R12 nmay be m nim sed by
suitabl e selection of the resistor Rl12. ghe enbodi nent 6 of the present
i nvention enables the noise fromthe active |oad to be m ninm sed even

et i 47 R 4440 LSRRl SEnd R 60 R Y BEGY' ., b P
reduces noi ge. WL 0 07 0Y1 AL N A5 kL8R by BLBENDOVGRs PUPP! Y ref ecti on
ratio. This 1nput stage provides a high outpuf I'npedence, | ow noi se and an

nverting | R4 OHLPUnE EGE! £6L Sthé - £ CRIBEGHORA | YrobigeqnER! ERe2 TUrther

single gain stage t0 be used conprises transristors

resistor RigeidhPi $r@Phom eintPy§ubasst Wworgas thadembsdaikeAtSbRyl €
i nternal capacitor Cl0 for stability, . _
the present invention reduces noise whilst providing a

relatively high power supply rejection ratio.

This-input.stage provides a high output impedence, low

noise and an inverting input/output characteristic. _ \;)
Consequently this enables a further single gain stage to

be used which comprises transistors Ql9, on'and

resistor R13. This émplifier thus has two gain stages

with a single internal capacitor Cl0 for stability.

again obviating the need for any external compensating
capacitor. The output:from the common emitter

transistor Q20 is coupled to an emitter-follower Q21

providing an output for the'amplifier across an active

load provided by a third constant current source CCll.

This embodiment of the present invention therefore
fulfils all of the aforesaid requirements, namely that
the circuit features input ground compatible., low noise
high output impedance, high ripple rejection and

inverting input/output characteristics.



again obvtating the need for any external conpensating capacitor. The

out put fromthe common enmitter transistor Q0 is coupled to an
emttier-follower Q21 providing an output for the anplifier across-an active
| oad ywwrovided by a third constant current source CCll. This enbodi nent of
the present invention therefore fulfils all of the aforesaid requirenents,
nanmely that the circuit features input ground conpatible, |ow noise high
out put inpedance, high ripple rejection and inverting input/output
characteristiCepe 10w Iaeseomeaéeeehawet 8ahShiCekah Q?f?éﬁmk'f'ed by
referring to Figures 5 and 6. For a typical prior art rrangene shown in
Figure 5 E, EdfelRiing3tareigtredabenhanei,se sources generated by

transi stors Cﬂ Q@ and B respectively. The voltage gain of QL is unity, in
that the noise contribution by EI will appear at the base of (B. The noise
sources can be assuned to be of the sane order, so that the total noise at
t he base of (BFekl h eqpabalprupr ahe amtaagemgamnshbwﬁs1na81barechuIated

by its

Y El, E2, and E3 are equivalent noise sources generated by

transistors Q1, Q2 and Q3 respectively. The voltage
gain of Q1 is unity, in that the noise contribution by
El will appear at the base of Q3. The noise sources can

be assumed to be of the same order, so that the total

o
noise at the base of Q3 will equal v3 El.
The Voltage gain of Q3 can be calculated by its
collector current, i.e.
gain (Q3) = Ro*Icl/V=1M*50uA/26mV=66DB if Ro = 1MQ
Therefore E1 will be amplified to 66DB+20LOG v3=71DB
times and appear at the collector of Q3.

—

Referring now to Figure 6 which illustrates the noise
analysis of the preferred embodiment, the voltage gains
of Q16 and Q15 acc 2 and 1 respectively. The.
contributions of noise sources E16, E15 and El14 will

appear at the base of Q14 as v6El16 assuming that El16 =
El5 = El4.

The voltage gain of Q14 = Ro/R12 = 1M/10K = 40DB if Ro
~]MRand R12 = 10K.



collector current, i.e. gain (@) = Ro*lcl/V=I M50uA/ 26nv=66DB.if Ro [err]
Therefore E1 wil.l be anplified to 66DB+20LOG [err]=71DB tinmes and appear at
the collector .of (3. Referring nowto Figure 6 which illustrates the-nokse
anal ysis of the preferred enbodi nent, the voltage gains of QL6 and Ql5 are
2 and 1 respectively. The contributions of noise sources E16, E15 and El14
w || appear at the base of QL4 as [err]6E16 assum ng that E16 = E15 = E14.
The voltage gain of Ql4 = Ro/R12 = 1M 10K = 40DB if Ro gerr]and R12 10K
8 Thus the TBug| thej tetapppaisaganpPeaRingopkether cofleghoR PE Ra4%equal to
(40DB + 20LOG gerr]) * E16 = 48DB * E16, ConEaLed to the BLLor art there is
a 21DB redu¥tténPeneABRLeteohfPPBUti SRLPEHPASI* nELENE ABPPVE | 0ad. For the -
same reason i pphe.repection_fromthis th,is very_hi The aforesaid
descriptionEﬁés b 8ﬁP§?§§n Byt&ﬁyg%f°r abt Qhere is”a bQBB ' _
reduction in noise contribution from using the active

load.

For the same ‘reason, ripple rejection from this path is

very high.

The aforesaid description has been given by way of
example only and it will be appreciated by a person
skilled in the art that modications may be made without

departing from the scope of the present invention.



exanple only and it wll be appreciated by a person ski din the art that

nodi cati ons may be made mﬁthout'departi?ﬂ -0f the present
i nvent+ on. 11111111112111111111111111 ' Hﬂﬁ&ﬂ@ydio anmpl i-fier
conpfyging a first current mrror having*an¢i nputw ©d to an output of a

cascade differential pair and an output coupled to. an output of a first
constant current source, the first constant gcurrent source conprising first
and second transitors, the first transistor having a collector providing
the output of bR&iMsrst constant current source, a base coupled to a

coll ector of the second transistor, and an emtter coupled to a base of the
second transistor and via a resistor, to a power supply line, the second
transitor having an emtter coupled to the power supply line, a second

constant curreit. sow aadiel ampddTiect ednipr ilsiagcel Ifdatse cfr e FEGFVE

transitor. 2. An audio anplifier as clained in claim1l. in which the second

const ant currehaviagr a2 daputi sesplesedon@n output of a cascade
diQferential pair and an output coupled to an output of
a%::ﬁ;tant current source, the first constant current
source comprising first and second transitors, the first
transistor having a collector providing the output of
the first constant current source, a base coupled to a
collector of the second transistor, and an emitter
coupled to a base of the second transistor and via a
resistot. to a power supply line, the second transitor
having an emitter coupled to the power supply line, a

second constant current source being connected to the

collector of the second transitor.

2. An audio amplifier as claimed in claim 1, in which
the second constant current source comprises a second
\\/ current mirror having an input coupled to a third

constant current source.

3. An audio amplifer as claimed in any one of the
preceding claims, in which the audio amplifier is a two
' gain stage amplifier having a second gain stage which

. includes an emitter follower transistor coupled to a

common emitter transistor, and an internal capacitor for

stabilising the amplifier



current mirror having an i nput—eeupted—to—a—thiTd constant current source.

3. An audio anpli-fer.as clained in any one of the preceding clains, in -

which the audio anplifier is anﬂmwgml‘umu j” lifier having a secopd’
gai n stage which includes an e IRl ansi st or coupl ed tOféimf

comon enitter transistor, and ah ihternal capacitor for stabilising the
anplifier 10 4. An audio anplifier supgtantially as hereinbefore
described with reference to figure 4.

4. An audio amplifier substantially as hereinbefore

described with reference to figure 4.




