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Class AB Output Stage

« Class AB amplifier Operation
e Multisim Simulation - VTC

e Class AB amplifier biasing

» Widlar current source

e Multisim Simulation - Biasing
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Class AB Operation

Class AB — Amplifier transistor conducts for

Vce positive v, swing + part of negative v, swing
sl |
>Re | v,4+V =07V where ¥V, <max(v,)
o e &
Rb ) Conducts for: v,=0.7—V,
I VA h.\
(_“:'VI ‘R A A Cut-off for rest of
?Vb ¢ \ i /[ \ negative v,swing:
5 ol X v [\
— U—I 1

NOTE: 1. when v=0,i =1

2. a 2" class AB BJT is needed to
v +V <07V conduct for interval slightly larger
than the negative v, cycle.

Transistor cut-off (i_= 0) it:
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Basic Class AB Amplifier Circuit

Ve 1. Bias 0 and Q, into slight conduction (fwd. act.)
1 whenv =0:i =i,
N P
}l\/f” 2 ldeally 9 and Q, are:
- Ly STl a. Matched (unlikely with discrete
Vio——4 i = J0 transistors and challenging in IC).
T Y S Y b. Operate at same ambient
"Tg,, temperature.
W 3.Forv >0:i >i ie. O mostcond. (like Class B).

_VCC

4.Forv <0:i >i ie.Q mostcond. (like Class B).

NOTE. This is base-voltage biasing with all its stability problems!
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Class AB VTC Plot

Requires the two DC base vo |
voltage sources to be
matched and V2 = 0.7 . e e

Slope = 1

SRS ——— (—Vee + Vecrsa)
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Amplitude: 20 Vp
Frequency: 1 kHz

Class AB VTC Simulation

| Waveforms |
Signal Options
Frequency |1 |kH2
Dty Cyile | | 0
Amplitude | 20 | ¥p e VCC XSC1
Offset |0 [v o e
— 12V % Exl Tig
| ) :
Carmrman -é— .é_
+ - . o S
o) oy o o1 0 ) | '
4 I | X
. A
gl 1 H =
V., /2=uo1v 2N3904 /]| S R S SN S s S
XFi1 G 1
m e enl | e R R Rt
,5 g ,:"; R - __VBB/2 j
! Jl_ﬂ P8 |J—=o7v | 1
B 5001 02 R
o= 5 |A" L | R R R e e
- 21000 | |
%lﬂﬂﬂﬁ " Is
| Channel_B Channel_a
1 Ié i‘i‘ Reverse -
— 12V — T2-T1 Save Ext. Trigger
AT = | =
- Timebase Channel & Channel B Trigger
0 _VCC Scale Scale |5 ViDiv Scale |5 ¥/Div Edge [F 2|[F &8 | B
% position Y position | O Y position | 0 Lewvel u] I'v'_

' ﬂ 0 IDC J %) Type Sing. | Mor. | Auto || MNone
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&
Waveforms

[~

Signal Options

A Amplitude: 2 v,
—~—| |l Frequency: 1 kHz

Frequency |1 IkHz
Duby Cycle | |
Amplitude I2 | Vp
Offset |0 | v
|
+ Carmmaon o
(% 0

v
— =05V
2

4

Clas_s AB VTC Simulation - cont.

[ »

| 1 L3
T1 4| » Channel_B Channel_a e
b= e ”
1271 Save Exkt, Trigger
| ~
Timebase Channel & Channel B Trigger
Scale | Scale | 500 mv/Div Scale | 500 muDiv Edge [F = |[F |
% posikion | ¥ position | o ¥ position i o Lewvel o W

| wrladdfein afe| | ac| oo & | aclooc -| & Type Sing. | Mor. | Auts [[Nane

h |_E h 1_a

T1 4| ] annel_| annel_ P

2 w3 o |

TZ-T1 Save Exk, Trigger
1 [

Timebase Channel & Channel B Trigger

Seale [ Scale | SO0 my/Div Scale | 500 myiDiv Edee [F 2|

¥ position | ¥ position |0 ¥ position | 0 Lewvel ) W
@ e

x|

_vit|addffejm am| | ac| o foc & | aclofbc |

B 3
T +I_+_ Channel_B Channel_a e
TZ 4|+ .
T2.T1 Save Ext. Trigger

'

Timebase Channel A Channel B Trigger |
Scale ! Scale I 500 mW/Div Scale | 500 mv(Div Edge F T |
¥ position | % posikion | o ¥ position |0 Lewvel o W

+| Twpe Sing. | Mor. | auto i_None

.
— =01V
2

.
— =07V
2
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Class AB Circuit Operation - cont.

for DC v = 0
\% _VBB A%
BEN — 0
2 2
v, . VBB
— ;H l Vegp=VoT
|
N

| Qs
}Ww iv=ipti,

_VCC

Bias (0, & O, matghed):

[y=1,=1,=Ige""

forv.>0v =v.+

— o,
V,% T . %RL

Output voltage for v #0:

V gp B
2

VBB

for vi<0v0=vi——2 +Vpp =DV, RV,

Base-to base voltage is constant!

Veen T Vesr=V s for all v
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Class AB Circuit Operation - cont.

B V ss _ V s
fO’”Vi>OVo_vi+T_VBEN:>VBEN—Vi_vo_l_T oo ADD

VBB VBB /

forvl.<0vo=vl.——2 TV pp D Vigp =V, —V,+ >

Veen + V=V 5 forallv. Note for Class BV, =0

Using the currents

v
VBEN EBP

] . V., l
iv=1ge o = Vpey =V 1n =l ip=Ige "=>v=V; In —
]S V s S
Iy=Ip=lp=Ige” "=V =2V, In|—<
S
I p
V. In —|—V In[— =2V, In £ for all v
S I Ig — i
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Class AB Circuit Operation - cont.
Fec from the previous slide

l l 1
J Voln|—|+V In|-—=|E2V . In|-2
> Ov i, =i,+i, L I L
T2 fin & . .
v ; |NT I/
= " o V.In|—==|E2V In|-2
—T—f‘zﬁr_ﬂ i 4¢ RL ]é IS
Qp
1 VTln(iNiP>_V <I§)=2VTln(1Q)_2 T IS)

In(iyi,)=In(I}) or iyi,=I,

Constant base voltage condition:

— _ . . o712
Veen TVegp=V pp => lNZP_]Q‘
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Class AB Circuit Operation — VTC cont.

The constant base voltage condition iPiN=]é where 1, IS typically small.

For example let I, = I mAandi, = 10mA.

IQ_ 1-107° IR
iy 10-107° 100

The Class AB circuit, over most of its input signal range, operates as if either
the Q orQ, transistor is conducting and the Q,or QNtransistor is cut off.

lp=

For small values of v both O and Q_ conduct, and as v, is increased or
decreased, the conduction of O or O dominates, respectively.

Using this approximation we see that a class AB amplifier acts much like a
class B amplifier; but without the dead zone.
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Class AB Small-Signal Output Resistance

Instantaneous resistance for the
= LS transistor - assume o= 1:
ac ground @ QN
CN

. 1%
iyv=1se " |

ﬂibN VBENn
"oN : V., .
diy Ise ' iy
=0 EN V0<=> i) v 3TeN AV pry Ve Ve
————% 0 .
ep l. — — ' Forthe O transistor:
p¢§rep R))r le iP
R BP —
w o e AVigp Vi
Y e 08 Hence:
ac ground - v, v,
— reN:i_ and I"eP=i—
—_ . . N P
v, =0 v,>0V: o>, => R, =7,y
Rout=reN||reP 0 L. . R —~
v,<OVii >i1 => K, ~7,p
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Small-Signal Output Resistance - cont.

The two emitter resistors are in parallel:

2
Vi
R,.=7ull7rp= R d: g and =20 '
out™ ' eN eP ™ - - . . l, ——=1,—1
Ve Ve 1 1 IyTip L R, NP
. +. IylplT—T——
iy ip iy Ip

Ati, =i, (the no-signal conditioni.e.v =0=>i =0). iy=ip=I,

Vo

R =
out 2IQ

So, for small signals, a small load current [Q flows => no dead-zone!
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Class AB Power Conversion Efficiency &
Power Dissipation Similar to Class B

Py Let V.= 12 Vand R,=1000
2 p)
i e = 5 =0.29 W p, =2 Vo, 1 Vo e
R, w-B= R, 2 R,
N = 50%
Priomag = 029 W b _
020 W~~~ il oo N 0 = 78,50
|
1
|
|
l V
I h‘ — pea.
VC{- o— peak
Accurate for small vV . Dlsﬂf 0 when Vopeak =0
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Class AB Amplifier Biasing

D];- Yo o

current mirror

-

+

vi D1 T

e

QN

D2

RL

Vo

A straightforward biasing approach:
D1 and D2 are diode-connected
transistors identical to ON and QOP,
respectively.

They form mirrors with the quiescent
currents / 0 set by matched R's:

| 214 V=07

© 2R R
or.
V ..—0.7
R= ccC
[Q

Recall: With mirrors, the ambient temperature for all transistors needs to

be matched!
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Widlar Current Source

I,, = bias current for Class AB amplifier NPN

R %11.3k0hm ]REF
V.=V
[REFL I -1, BEI rin 1,
Vie —12v wa Q2=QN ;
2N3904 < V+ ” 2N3904 | VBE2= VT In =Y
PSR emitter I
0 * degeneration 7 ]
’ Viger =V pe,=V 1In( REF&>=VTIH< ]REF>
S 0 0
Vee=Vger 12V =07V
[ ppr= I = 1350 =1mA VBE]=VBE2—|-IQR6
Note: Pages 543-546 in Sedra & Smith Text. 1 R=Vin ];EF
0

Note R >0 iffIQ <.
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Widlar Current Source - cont.

% If IQ specified and /... chosen by designer:
R <113k Ohm
IRE@ IQ R =ﬁln ]REF
Ve =n2v 4 Q2 - 1o e
e , zzm Example Let 1,=10p4 & choose 7. = 10 mA,
Qﬁ : determine R and R
’ VeV -
]REF — cC BE]=12V O7V=113kQ
[,R,=V  In 1 s 10 mA
0
If R specified and 7. chosen Re=ﬁln L rer =0.0251 In( 10m A )
by the designer: e Lo 10p4 10p4
14
]Q=?T(In(1REF)_Zn(IQ)) =25001n(1000)=17.27k Q2
Solve for I graphically. R=1.13kQ R,=17.27k L
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Widlar Current Mirror Small-Signal Analysis

Vee i
R Oisge e = ]
¥ + <J,>8mvn s ' o
01 = 'n3'p AR ~
=> - Yz x
Q2 g
_%R k, - K % T R,
e 4 —
— Jf_ Rout —_— J—_ -
. . v,—(=v,) r.>1lg,
lx=gmvrr+lr0=gmvrr+
v.=—r_||R,i, _ R is greatly enhanced by
ix=_gm”n||Reix+ Ve rul R, adding e‘r}nitter degeneration.
oot e R = En (g, (R )

o
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Quick Review
current mirror
I &
D;’ % R o
¥ iy=ipti \ T QN‘ — Vec
; vi D1 I RL VO
T
- :Vc;
Widlar Current
Q=02 Mirror
R =21 p| Lrer
1, 1,
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Class AB Current Biasing Simulation
Bias currents setat/ _and IQ by R and emitter resistor(s) R .

NPN Widlar current mirror

[ ppr~4mA |
— — ~ ; [
lo=lg=lg™2md [y | g
R=2.8 kQ bw rer |wlon B
-l x| Q2 L —
L__E===er] I 2n3904 B
.
e Q1 o
el 2N3904 R=10Q2 p =71000Q Li=Iy—1p
Offset ZN¢ e. I L .
SO I w— A 1
Fid - V=V VeV
. Q3 l _Vcc BEI __ ¥ cc EB3
Ampl : B L = = ~2.8k )
mplitude: 0V, B || Hawwe - 5 ) G 1 er I eir
Frequency: I kHz Q4 . ¢ — 12v
2N3906 L - Ve o (drer|
— 7 7 - =7 In T 100
R=2.8kQ Sv'rer |y or ov | Lov

AN

PNP Widlar current mirror
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Conclusions

ADVANTAGE:
Class AB operation improves on Class B linearity.
Power conversion efficiency similar to Class B

DISADVANTAGES:
1. Emitter resistors absorb output power.
2. Power dissipation for low signal levels higher than Class B.
3. Temperature matching will be needed — more so.
if emitter degeneration resistors are not used.
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