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LECTURE 040 - FOLLOWERS
(READING: GHLM - 344-362, AH - 221-226)
Objective
The objective of this presentation is:
Show how to design stages that
1.) Provide sufficient output power in the form of voltage or current.
2.) Avoid signal distortion.
3.) Be efficient
4.) Provide protection from abnormal conditions (short circuit, over temperature, etc.)
Outline
* Source follower
Emitter follower
* Common source stage
e Common emitter stage
Push-Pull MOS (Class B)
Push-Pull BJT (Class B)
* Summary
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SOURCE FOLLOWERS

Maximum and Minimum Output Voltage of the Source Follower
N-Channel Source Follower Voltage transfer curve:
with current sink bias: y
ouT
Vbp
VDD VDD Vbp-Voni Triode
- M1 -r----Vpp-VGsi
V lout IVssl+Von+Vasi
S —> oV > VIN
our / Vbp-Von1+VGs1
M3 |——|
_1 — IoR [ <IVssl+Von
Vss Vss ~ Fig. 040-01 Vssl+Vonz
Wl Fig. 040-02

Maximum output voltage swings:
voyr(min) = Vg - Vonn (if Ry 1s large) or voyr(min) = -IpR; (if Ry is small)

vour(max) = Vpp-Von1 (fviy>Vpp)  or  voyr(max) = Vpp - Visi
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Output Voltage Swing of the Follower - Continued
The previous results do not include the bulk effect on V7 of V1.

Therefore,
Vr1=Vro1 + 7[\/2|¢F| -VBs-\/2|¢F|] = Vro1+Wvss = V1o1+71\vouT(max)-Vsg

vour(max)-Vss =Vpp-Vss-Voni-V1 = Vpp-Vss-Voi-vinvour(max)-Vgs
Define vpy{max)-Vgg=voyr (max)

which gives the quadratic,
vout (max)+y1\vour (max)-(Vpp-Vss -Von1-Vro1)=0
Solving the quadratic gives,

nn : 712+ 4(Vpp-Vss-Voni1-Vro1)
vour (max) =7~ - 2\/7/1 +4(Vpp-Vss-Von1-Vro1) + q

If VDD =25V, W= 0.4V1/2, VTN1= 0.7V, and VONI = 0.2V, then YouT (max) =3.661V

and
voyr(max) = 3.661-2.5 = 0.8661V
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Maximum Sourcing and Sinking Currents for the Source Follower
Maximum Sourcing Current (into a short circuit):

VpD VbbD
We assume that the transistors are in saturation and M1
o)
S,

Vpp =-Vss=2.5V , thus VIéV_I
, KW " lour
loyr(sourcing) =—37 — [Vpp — vour— Vri1l2-Ip ovoUT
M3 [ M2 Ry
where vy is assumed to be equal to Vpp.
If Wi/L =10 and if voyr = OV, then Vss Vss = Fig. 040-01

V1 =1.08V = Ipyrequal to 1.11 mA.
However, as vpyr increases above OV, the current rapidly decreases.

Maximum Sinking Current:
For the current sink load, the sinking current is whatever the sink is biased to provide.

Ioyr(sinking) = I
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Efficiency of the Source Follower _
Assume that the source follower can Smaller RiL_\i\ r'e
swing to power supply: Vpp+ Vsl _»' Mini.mum Ry .for
RL maximum Swing
I /Larger Ry
| 0 -,
+—1gR;j—«—pR[—> " VDS1
Vsg 0 VDD Fig. 040-03
vour(peak)? vouT(peak)?
PRL 2R|, 2Ry vouT(peak)
Efficiency = p =Vpp-Vs9)lp = (Vbp-Vss\ =\ Vbp=-V.
Supply — (VDD-Vs$)IQ Voo 'VSS)[ Dg{ SS J DD*VSS
L

Maximum efficiency occurs when vogr(peak) = Vpp =

Comments:

|Vgsl which gives 25%.

e Maximum efficiency occurs for the minimum value of Ry, which gives maximum swing.
* Other values of Ry result in less efficiency (and smaller signal swings before clipping)

* We have ignored the fact that the dynamic Q point cannot travel along the full length of
the load line because of minimum and maximum voltage limits.
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Small Signal Performance of the Source Follower

Small-signal model:

..........

Page 040-6

..........

Vout 8ml

Eml

gmi1RL

Vin =

gds1 + 8ds2 + gml + &mbs1+GL — &m1 + 8mbs1*GL = 1 +gm1RL

If Vop = —VSS = 25V, Vout = OV, Wl/Ll = IO,umll um, W2/L2 = Lum/l um,

and Ip = 500 A, then

For the current sink load follower (R, = oo):

Vout

For a f1n1te load, Ry, = 1000€2:

Vout
Vo, = 0.512V/V
mn
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Small Signal Performance of the Source Follower - Continued
The output resistance is:

1
gm1 + &mbs1 + 8ds1 + &as2 + GL
For the current sink load follower:

Rour =

Rour = 830Q2
The frequency response of the source follower:
Vout(s) (gm1 +sC1)

Vin(8) = gas1 + gas2 + gm1 + gmbs1 + GL+5(C1 + C2)

where
C1 = capacitances connected between the input and output = CGsq
C2 = Cps1 +Cpap +Cggn(or Cgs2) + CL,

gml g8m1+GL
z7=- Cl and pP=- C1+C2

The presence of a LHP zero leads to the possibility that in most cases the pole and zero
will provide some degree of cancellation leading to a broadband response.
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EMITTER FOLLOWER

Voltage Transfer Characteristic
Limited to Vcc-Vpg(on)

YOUTy ifvin<Vee
Vee-Vegi(sat) : ¥
34— Ql _,
D VEE-VcE2(sat)+VBE] ' Saturated
+ ) l\ » VIN
oRLI <VEE Vei2(520 /1 vec-Vepi(san+Vag:
Ql cutoff 1 /| ToRL
Q2 saturated | VEE+VcEa(sat) Fig. 040-05

Maximum signal swings:
* voyr(max) = Vec-Vegi(sat)  or Vee-Vpg if viy(max) < Vee

o . . Vee-Veei(sa)
(The circuit driving the emitter follower must provide a current of BrR;

* voyr(min) = VEg-Vcga(sat) or voyr(min =-IgRy, (if IgR[I< VEE-V g2 (sat)
* ipyr(source) = Bripy
* igyr(sink) = Ip
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Efficiency of the Emitter Follower it
Assume that the emitter follower can Stmaller R _»\ Voo [Vord
swing to power supply: M AL o —CC;L EE
inimum Ry, for
aximum swing
L R
s Larger R,
i 0 ) .
«— IpRy, e IpRp, — i YCEl
Vi Ve Fie. 040-06
vourt(peak)? vour(peak)?
Pr; 2Ry, 2Ry, vouyrT(peak)

Efficiency = P Supply =~ (Vec-VEER)I 0 =

Maximum efficiency occurs when voyr(peak) = Voo =

Comments:

Vce ‘VEE)(

Vece-VEE
2Ry

|VEgEl which gives 25%.

(Vec- VEE)] - [

* Maximum efficiency occurs for the minimum value of R;, which gives maximum swing.

 Other values of Ry, will result in less efficiency (smaller signal swings before clipping)
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Power Considerations of the Emitter Follower
Waveforms of the transistor variables for maximum efficiency.
VCEI
DV e
cc f
Vom
oo N4 N _  Quiescent
vee / Voltage
0 >
< Quiescent
Current
pCl—VCEl icl Qu1escent
Vecloh-——- -
h \/\/\A/\ -
Fig. 040-07
. . . Vecl
Pcl =VCEllC] = [VCC(1+s1na)t)][IQ[l—sma)t)] =Vec IQ(I-SII’IZCOZ‘) =" (1+cos2wr)

ECE 6412 - Analog Integrated Circuits and Systems 11

© P.E. Allen - 2002




Lecture 040 — Followers (12/31/01) Page 040-11

Power Considerations of the Emitter Follower - Continued
Parabolas of constant power:

2 — T T L T %
r High
I Power
1.6 .. Disdipation
r [« R =0 /
1.2 -
ic1 | Rp=eo % 0
Ip L ' A
0.8 <
Low / 1
r Power he N
0.4 Dissipation
Ry for max. efficjency
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.4 0.8 yop 1.2 1.6 2

Vee Fig. 040-08
Comments:

* Maximum power dissipation occurs at the Q point for the R; corresponding to
maximum efficiency.

* For smaller values of Ry, the power dissipation can become very large.
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Example - Design of an Emitter Follower for Maximum Efficiency
The emitter follower shown has Voo = -VEg =5V, R] =

2.15k€Q, and Vcg(sat) = 0.2V. Find the value of Ry, for
maximum efficiency and find the value of this efficiency. +

Solution
The Ry, for maximum efficiency is found as,
Vece-Veg(sat)
Ry = ] 0
-VEE-VBE  5-0.7
lo=""R; =215kQ=2mA

5-0.2
R, =7mA = 2.4kQ

VEE Fig. 040-09

The efficiency can be found by calculating the power to the load and from the sources.

Vee-Vee(sat) Ylg
Pr(max) = 2 @ =0.5(4.8V)(2mA) = 4.8mW
Psupply = 2Vcclg = 2(5)(2mA) = 20mW
Pr(max) 4.8 o | |
M= "Poroiy = 20 = 0.24 or 24% which is close to the theoretical maximum.
Suppty
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Emitter Follower - Small Signal Performance

The small signal model of the emitter follower is: ﬂt
Rin=Rs+rp+ (1+Bp)RL Rs 1 i
Rout = Vg (excluding Ry) WV —
. in Ce 32 R Z33Vou
Vour = (8m + 8oVIRL = (8m + g iinrdRL AN - e A
Vin © | Figl. 04010
= (gm + gTL’) rﬂfR Ril’l
Vout (8m+ &n) rekL Rp
Vin T Rg+rg+(+ppRL” 1 Ks
L em™ Br
If Br =100, g, = 20mA/V, R;, = Rg = 1kQ, C;=5pF and Cf, = 10pF, we get
Vout 1kQ

Rip = 1kQ+5kQ+101kQ = 107kQ, R,y = 5092, Vin = 1KQ + 50Q + 9.90 = 0.943V/V
The transfer function assuming Rg = 0, is given as,

Vour gm+8n+sCr 8&m gm+GL
Vin = 8n+8n+GL+sCp+sCp, = Zero = - Cr and Pole ~ - Cr+CL

Zero = -4x109 rads./sec. and Pole = -1.4x109 rads./sec.
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SUMMARY

Requirements of Output Stages

» The objectives are to provide output power in form of voltage and/or current.

e In addition, the output amplifier should be linear and be efficient.

» Low output resistance is required to provide power efficiently to a small load resistance.

* High source/sink currents are required to provide sufficient output voltage rate due to
large load capacitances.

» Types of output stages considered:
Source and emitter follower (Class A)
* Did not consider the distortion analysis of GHLM, Sec. 5.3.2
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