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C12-13 — 555 Timer. Class D amplifier. Intro

> Signal generators/oscillators - revisited

- circuits which produce/generate a variable output signal, of a certain shape
(sinusoidal, rectangular, triangular, sawtooth) and frequency, in the absence of
a variable input signal (power supplies only)

- convert DC signals (power supplies) into AC signals

- must contain reactive components (capacitor, inductor)
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C12-13 — 555 Timer. Class D amplifier. Intro

> Types of signal generators - revisited

Based on the shape of the output signal:
= sinusoidal oscillators (aka /inear or harmonic oscillators) /\/

C10, Lab 11, Seminar 6

= nonsinusoidal oscillators (aka re/axation oscillators)
C11, Seminar 7

N AN UL

rectangular triangular sawtooth pulse

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits



C12-13 — 555 Timer. Class D amplifier. Intro

» Relaxation oscillators — principle and usage

- aka multivibrators

= circuits made of a feedback loop containing a switching device (transistor,
comparator, relay, OpAmp) that repetitively charges a capacitor or inductor through a
resistance until it reaches a threshold level, then discharges it again.

The period/frequency of the oscillations depends on the time constant of the C or L
circuit.

- produce low frequency signals

- easier to design than linear oscillators
- easier to integrate (no inductors)

Applications: blinking lights, electronic beepers, horizontal deflection circuits in CRT
oscilloscopes, voltage controller oscillators (VCOSs).

Drawbacks: more phase noise, poor frequency stability
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C12-13 — 555 Timer. Class D amplifier. Intro

» Relaxation oscillators — types

What is a stable state?
What does it take for the circuit to switch between states?

Based on the number of stable states:

= no stable states — astable multivibrator
- the circuit permanently switches between the two unstable states

= oOne stable state — monostable multivibrator
- a trigger/pulse causes the circuit to enter the unstable state. The circuit returns to the
stable state by itself, after a certain period.

= two stable states — bistable multivibrator (flip-flop or latch)
- the circuit is stable in either state. An external trigger/pulse is used to switch between
states.
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

> LM555 - features

Designed in 1971 by Hans Camezind

- highly stable IC

- used to generate time delays or oscillation

- timing from microseconds through hours

- adjustable duty cycle

- output can source or sink 200 mA

- output and supply TTL compatible

- temperature stability better than 0.005% per °C

Versions:
e LM555 - in bipolar technology
e LMC555 - in CMOS technology

Used as:
- astable/monostable/bistable circuit
- rectangular and triangular signal generator
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

» LM555 — structure and operation

\

GND ¢ Vee
TRIG |2 DIS
555
ouT 6| THR
RESET |4 5] cTRL

1]

GND

555 internal block diagram!"! 555 internal schematic of bipolar version
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

» LM555 — structure and operation

B L B— | Reset
V.,.=5.15V R, 555 :
R, = 5 KQ (hence the name of the IC) Threshold | |
~ - |
C1 — non-inverting simple comparator Control _| C1 |
- 2 voltage | P .
compares 7hresholdto Ve : / R O —
( glec i | [® |
0 Threshold < EVCC EV : > ¢ |
Vo1 =4 3 30— |
, Tri ! i
Vee, Threshold > gVCC ngger_?: i
L i |
(2 — inverting simple comparator =
. 1 _d =
- compfares Trigger to EZCC ijchargeé ; \I
- 0, Trigger > §VCC : | ¥ | ;
Vo, c2 = 9 1 '—--—-T ------------------------------------------------ -
Vee, Trigger < §VCC GND
\
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C12-13 - 555 Timer. Class D amplifier.

555 Timer

» LM555 — structure and operation

f
0,
Vo, c1 = 9
VCCJ
\
)
0,
Vo, c2 = Y
VCC'
\

I r I r X

2
Threshold < §Vcc

2
Threshold > §Vcc

1
Trigger > 3 Vee

S
L
L
H
H

1
Trigger < 3 Vee

Q

no change
L
H
forbidden

Q

no change
H
L

forbidden

B L A— | Reset
R 555 |
Threshold
—~ ; |
Control | C1 |
voltage - | Out
: R O] ——
§VCC : R, — :
1 i S Q=
§VCC‘\—§—> :
Trigger | i
¥ i
;
Discharge | T \I |
Tenp T |
10
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555 Timer

C12-13 - 555 Timer. Class D amplifier.

» LM555 — structure and operation

f

2
B O, Threshold < § VCC R S Q a
Vo,c1 = 3 2
Vee, Threshold > §Vcc L L no change | no change
p ) H L L H
0, Trigger > §Vcc L H H L
Vo, c2 = 1 . .
VCC' Trigger < § VCC H H forbidden forbidden
.
Thresh Tl'l'g' Vo, c1 Vo, c2 R S Q a T Out
2 1
2 1
> § VCC > § VCC VCC O H L L H On 0
2 1 no no no no
< gVec |> gVec 0 0 L change | change | change | change
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

> Astable multivibrator w/ LM555

Thresh & Trigger receive the same voltage /\/ f+Vec

Rezet
- charging C - S Je
\ 4 : Rl :
R |
Tc = (Rq + Rp)C “1 Thresh |
(\ R Contral i _Cl |
5 10n |
: : | RO————°
- discharging C 4 T | = Yo
=| ve L R S O '
Tqg = RBC ("I i +cg
Trigger T -
| B
K Discharge i
> /: T:)\I
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

7. = (Ry + Rp)C /\/ [tVee

; =

T, = RgC ol R,

Vo , Thresh
o [ p o || Comro ‘f01 5

E lﬂni T RO | it
- )\ | L Yo
"OL | e : _\-_l Vo -_|- i R, S @ :
r||cT P
Trigger ? -

| | . K DI’Schargeé
e o)

Ie Ta ! [ i
Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits GIND 13



C12-13 — 555 Timer. Class D amplifier. 555 Timer

> Astable multivibrator w/ LM555

Vo N
Yo [ pe(t) = ve(0)e 7 + (1 — e 7Py (00)
t € (tl) tZ)
OLp— —, 2 1, L ()
I I I t §VCC = §VCC6 Tc + 1—e % VCC

TC = (RA + RB)CIHZ =~ 069(RA + RB)C

t € (ty, t3)
1 2 Td ( Td)
. §VCC=§VCC6 Ta +\1—e d 0
i /
T, T4 Ty = RgCIn2 =~ 0.69R5zC

T=T.+T;=(R,+2R;)CIn2 ~ 0.69(R, + 2R5)C

o__ T _ RitR
Duty cycle | ® = 74T, ~ Ry + 2Rz
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

> Monostable multivibrator w/ LM555

Vg CAN come from a sensor/pushbutton ]
. R
Trig o Thresh
VTJ‘!EH "
Contral |

VTJ‘;‘EL I s 1 Uﬂl T
0 | t |

vot 5 T
Vou <4

. Sfﬂbirl? . Sfﬁlbfé’ [

Transient tot Transient state !

VC-‘I. -i'[_a_t? _____ Siaig state L rig Trjggg .r'i
Ve o ! ! |

2 ! | |
3 Vee ! Discharge |
_ﬁ#: vcl—- :

0 f ot ¢ ¢ ;
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

> Monostable multivibrator w/ LM555

Vg CAN come from a sensor/pushbutton

1
Ty VTrlgH > = 3 VCC
VTJ‘!EH 1
VTr:’gL - VTTlgL <3 3 VCC
0 N
Vot !
Vou '
Stable Stable
Transient Transient t € (t ) t 7= RC
Iy [state state state state ( 2 3)
P [ »
0 5 D ¢ 2
Ve 4 i i d i §VCC=0'€ T"‘(l—e T)Vcc
2. ] i | !
; T = RCIn3 = 1.1RC
5'_ a1 5 i3 !

T — timing period
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

» Rectangular and triangular signal generator w/ LM555

Thresh & Trigger receive the same voltage

Current £ charges C

Current 7 discharges C ATHRES

OpAmp - total NF, I+ =1~ =V,

v, —rectangular, 0...15 V

vV, —triangular, 5...10 V _L C2

Prove that 7, and Z are constant!
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

» Rectangular and triangular signal generator w/ LM555

Vp=3V 1 MRS D sV
D —on 10k 19.3]V14.3 VI I
G - charges R6 s C3 ln
_ _ 5k7
Vs =(143-5)V =93V { 5V 10|V
) : R2 ~. +15V
V~— increases up to 10 V G 10K ¥ I, OA.
G, — stays charged D C . «— ENY
D — turns off S I;
V=93V

Vep =V5=9.3V

Q
l Vo

L = 9.3/R, = constant
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

» Rectangular and triangular signal generator w/ LM555

+

Re 15
e : a7
6 Rs + Rg V' RESET
ArHRES .
VRe— VBE,on VRe—0.7 ,,
11 — ' = L YIRIGG
Rq Ry GND CV
4 81Cl
I; = constant T!0n
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C12-13 — 555 Timer. Class D amplifier. 555 Timer

» Rectangular and triangular signal generator w/ LM555

+

Vo
15V / 1l 7

V' RESET

Ve THRES * hyseny

A0V A A IRIGG
4 8] Cl
5V T 10n
lo

L =9.3/R, - charging

I, = 2227 _ discharging R, and R, - adjustable duty cycle

4
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Power amplifiers - revisited

Power amplifier = a circuit which provides little or no voltage gain, but
significant current gain

= large signal or output amplifier

1n out i >i A >1
Vi Power
. I amplifier l;‘o
‘i Po =Vp * g
Ry LJIVG Di = Vil
Po = Di
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Power amplifiers - revisited

P FE
Pi+PPS=Pd+PO
P; - power from the input source
Ppg - power drawn from the power supplies
| - P, - dissipated power (heat)
I | P, - power delivered at the output (on R,)
, Power
. ; P, << P
P, EID amplifier P, i <= Fs
| I
I_ P,

—— D— - n=— efficiency of the stage
P
PS

P, n [%] orn € (0,1)
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Power amplifiers - revisited

The classes are defined in relation to the interval of time in which the amplifier device
(transistor) is active, expressed as a fraction of the period of the input signal.

Classes: A, B, AB,C,D, E,F G, I,S, T, etc

Amplifier Classes Efficiency
100%

efficiency of the stage 75%

50%

25%

Fo
n=5—
Pps

0%

The less time T is active during a period, the higher the efficiency
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Power amplifiers - revisited

Conduction Max.

Class interval efficiency Notes
A t.=T 25% Small-signal amplifiers
B t.=T/2 78.5% Audio amplifiers; crossover distortions
AB T2 <t.<T 78.5% Audio amplifiers; no crossover distortions
C t.<T/2 90% RF transmitters
f B_ - ;w?ccﬁin_g mode 8 60/;.9_50_/0_ EVVM_a;d_pa_ss_ivg fﬁte_rin_g_ - \|
E switchngmode 90%  RFtransmitters -
G more efficient version of class AB
H similar to class G 100% Power supply modulated by the signal
I similar to class B, switching Interleaved PWM amplifier

mode

S, T  similar to class D, switching
mode
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Class D power amplifier - intro

- switching amplifier based on pulse-width modulation (PWM)
techniques

Purpose: high efficiency 80% - 95%

The reduction of the power dissipated by the amplifying transistors is due
to the switching operation mode.

- increase in efficiency and reduction of the physical dimensions of the
heatsink

Usage: portable equipment, battery operated equipment, equipment
with space constraints, etc.
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Class D amplifier

C12-13 - 555 Timer. Class D amplifier.

» Block diagram & operating principle

Power stage.
v (%) v, (£)|Complementary|V.. () | Passive | v (?)
o PWM generator switching LPF
transitors R

The input signal v;is converted into a pulse-width-modulated (PWM) signal v,,with a
much higher frequency (switching frequency).

vy, has a constant period but variable duty-cycle, modulated by the instantaneous
value of the input signal.

Reconstruction of the useful signal
LP filtering: the fundamental frequency is extracted from the amplified PWM signal v,

while the switching frequency and superior harmonics and components are removed.

26
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

+ Vs

Tr lar sienal vr(f)
» PWM generator N crator

Comparator

v, ()

frequency of v->> frequency of v;

4 Vs V7

Pt ISR
PV VYTV VTINSELA

+ Vs vy, - constant period, variable duty-cycle

-

vy

i B 8 I | | U U UL
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Power stage + LPF

o ‘|‘ PZDS
N _|—|r__ 1L
Each transistor commutation Vg l ip
happens in a finite time. o—1d l Va LPF
During the commutation, there l ;
is a (small) power dissipation Ron ¥ RL[] Vo
across the transistors. —r - :l—":
T, L
© -Vps

vy, = —Vps  T,(0on), 7,(off) vg = +Vps

At the frequencies of the input signal, the
equivalent LPF impedance should be

Upy = +Vps 7, (off), 7, (on) vy = —Vpg sufficiently low (zero).

Inverting current amplifier (MOSFET logic inverter)
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

v 4 N

» Power stage + LPF - problem | R
o+ Vrg O |’ \\ :

RGp i, 4 i l

— T K

v J |

— Ve, LPF o |,
RGH l Iy RL lv.ﬂ Y | l Fa

- | | 1!

— 2 T NIK
o Vg 0 0 o

\ I
(V4 u
Current commutation for

7, : (on) -> (off)
7, . (off) -> (on)

- the conducting transistor can not be turned off instantly

- there is a time interval when both transistors are on, resulting in a high current pulse
between supplies, through the transistors

- can lead to transistor failure Solution?
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Power stage + LPF - solution

'Y
Vg I/:\__ The control signal for (off)->(on)
; ’ ! > must be delayed in comparison with
! \\ d the control signal for (on)->(off)
l"p 4 [ ‘
118 T, (off) — (om) T, (on) — (off)
iy T, (on) — (off) T, (off) — (on)
Q . - Vi
I.pg 'y |‘ ,' z VM.F"I ¢
IR
1!/
Q \ ) -_3‘ » I
\ §

Control of the transistors using
different (delayed) control signals
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Passive LPF - necessity

The frequency spectrum of the pulse-width-modulated signal contains input signal
frequency (f), switching frequency (f7), and harmonics:

fi oo fr £2fu.2fr £ fi, 2fr £ 3f;

|

AN M

fr Zf T ﬁ 2frtf; d
f2f, Frt2, 3% WY

The LPF gets rid of any frequency above £, allowing the reconstruction
(demodulation) of the input signal.
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

> Passive LPF - circuit vAl L c o J
— | v
F(jw) Vo (Jw) 1 L -
w) = =
1 v;(jw) 1 _I_ijCRLLC + (jw)?LC single stage, second order LC filter
Wo = —7— 1
LC Y
\/1_ Q:(UORLC F(]w) 1+.w1+(.w)2
= J—p T\
fo 2iVLC wo Q Wo

The filter should highly attenuate 7
fo < (1/10)f7 - for at least 40dB attenuation at 7;

Switching frequency should be at least 10 times greater than the maximum signal
frequency.

Q=0.707 provides a frequency response that introduces -3dB at corner frequency.
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C12-13 - 555 Timer. Class D amplifier.

Class D amplifier

» Class D amplifier — complete circuit

\

+\/ps=+9V
J_ L C4 R3 Vps=+0V
ca 1k,
5558 us I 100u I 4in Wy
R , VCe y ) REAAn—s
§ 7 | IRIGGER 2 D3 20k RS
2 2k = RESET OUTPUT [ 20k
= CONTROL
THRESHOLD o
" piscHarGE 0 ICE . J2A
GND {l — ™5
§ R2 1 4tn Tor
2
2 2k gl =
v =2 LF412  fvps=9v
D1 10n -
i ch
N D2 _“_
- -t ATn
) 0 0
" VE S
T 1V
L 10N 2KHz
C1 U3A
0 N
Ton
--U
R7 RS 2]
LF412
bz §
HVps=9V

20k D1N4148
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Y ps=+gV

Tp
L1 L2
_.[;]W .O ]'ﬂ"YW"\ .O
9m 9m ca
C7o= = 100n
Tn 100n EE RL1 Eg
RL
220 290
-
Vps=9V
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Class D amplifier — complete circuit

o.".‘

\

I
. |

\‘l
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C12-13 — 555 Timer. Class D amplifier. Class D amplifier

» Class D amplifier — specialized integrated circuits
= | X1721/1722: Class-D Stereo Power Amplifier Controller

= [X1725: 15W X 2 30W BTL CLASS-D AUDIO AMPLIFIER

= | X1708: 15W+15W Stereo Filterless Class D Amplifier

l - l % l L
AVSS1 (_/3 ] -3
= 4 PVSSIN a = o 8 g PV sszu ==
M E outin 7 OUT2N
puns SN
p—
—| I——f\—[: BOOTIN BOOT2N
™ LX1708 ™=
PVDD O——e—| PvoD1 PVDD2 PVDD
__i I_r\_.l BOOT1P BOOT2P
b
E outP ouT2p
PussiP g ; E PVSS2P
ININ 2 > 2 2 IN2N |
T T T O IN2N
ININ O QO IN2P
IN1P O O MUTE
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C12-13 - 555 Timer. Class D amplifier.

Summary

» Intro
» 555 Timer
» Class D amplifier

Next week: Recap. Preparation for the exam.
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