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Power :

Total power from supplies = Py
Power into Load = P s

Efficiency = —&%R-(%)

SUPPLIES

Vout+ = desired plus
swing

Vout- = desired neg.
swing
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Typically output load is low impedance (but not always!) 03

If it is, a source follower is a possible output stage.
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VOUT. MAX — VDD - VT - VDSAT
VouanN = VDSAT + (_|VDD|)
- 7

0-4
Voo +
VDD - VTo - VDSAT‘
f
Voo Vi
' 1o,-R
Y?SN ________ L _|\Q/DD| Vosar Ves = Vs

are the absolute maximum swings in the positive and negative directions

Vout-, Vout+ are the desired positive and negative swings
They typically should be equal for symmetric outputs
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K (W) 2 Vours
- .| = . — — = 4+ —our+
2\, (Voo = Vour. —V5) Iy R,

VOUT+
21+ Yo )

@ (VIO - k'.(VDD—VwL—VT)Z

1

eg. R =300Q [Vour..

Voo = 5V I = 10ma Ry =

(qu - 920Xx110(;'(5—1 3y - P

(\A/) _ 2. (2x 107
L), ~ 90x10°- (5-3-0.7)

= |VOUT7| = 3V

3-0.7
10ma

= 263

0-6

= 230Q

EECS140 ANALOG CIRCUIT DESIGN LECTURES ON OUTPUT STAGES

0-5

To set (V_LV) use Vout-

2

VDSAT = (VDD_ |VouT- |)

® [ =G5 v

Find the W/L of M1:
Vour.
losy = lo+ 1. = 1o+ _——ORUI
EECS140 ANALOG CIRCUIT DESIGN LECTURES ON OUTPUT STAGES
4 0-7

C G R _Gu-R
CAIN = T e R " Trg, R

Row = Z IR,
On
—_ IW %_ -6 72%_ -3
gm-(Z»k-E»IDS) = (2x90x10° x 263 x 107)* = 22 x 10
1 0
On
R 300
GAIN = - = = 0.87
1,q 45+300

Ro = al-u R, = 451/ 300 ~ 400
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Power = 3V, - (CurrentOut)

Power@Vy,; = 0V DC Power without any Signal

Power = (_Ims) . (_VDD) + (_IMZ) : (_VDD) + (IMl) : VDD

= 3.1, Voo = 3-(10x107) -5 = 150mW

Average = 3-1,

0-8

Efficiency = Power to Load(%)
31y Voo
2-1,
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2lg+
V
—VOUT,l I IMl = I +IRL = I + =2
|; | Q\‘ } Q Q R,
IQRL |V0uT- | |VOUT+
+0
I
PSUPPLY = -? : J'(Ios(ml) . VDD)dt +2- IQ : |VDD|
Iy Voo
=3 1ly-Vyp = 150mW
. _ P oo _ 15mw _ .,
Bfficiency = I alPower ~ 150mw 0%
1 .
=.12.R
2 Q L _ 1 (I . RL) .
sTv.| T 6 —Q—VDD <16 % MAX
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VOFFSET = VINI\/szo\/ — 0_9
= |Q
1
21| (2x10x10*3
= = + = + | ——m—m = .
Vi = Veu = Voo oW 07 90 x 10° x 26 L6V
L
N
AV
Efficiency (Sine Wave)
\70 = PeakVoltage
PL = %.\’\/O.io = %.(|Q.RL).|Q = %.|é.RL
- %~10"’x300 = 15mw
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* reading file: /bobtools/commercial/hspice/hspice.ini w
* 2
.model nch nmos level = 1 tox = 170 vto = 0.7 kp = 90.0e-6 lambda = 0.01 m
+ gamma = 0.5 phi = 0.6 capop = 0 cgso=5.e-10 cgdo=5.e-10 cgho=4.e-10 cj=1e-4 w
i}
['4
.model pch pmos level = 1 tox = 170 vto = -0.7 kp = 30.0e-6 lambda = 0.01 =
+gamma = 0.5 phi = 0.6 capop = 0 cgso=3.e-11 cgdo=3.e-11 cgbo=4.e-10 cj=6e-4 m
.option nopage post=2 absi = 1e-10 reli = 1e-4 absmos = 1e-8 relmos=1e-4
+ absv=1e-6 relv=1e-4
.options nomod
w
*name drain gate source bulk model w
m1 vdd vin vout vout nch I=1u w=263u 3
m2 vout d3 vdd- vdd- nch 1=1u w=56u _c >
m3 d3 d3 vdd- vdd- nch I=1u w=56u Of
rref 0 d3 230 N\
*iload vout vdd- 1ma > .
= —l©
rload O vout 300 Q
~ m 1
i i +—
vin vin 0 16 c = ~ o
vdd vdd 0 5.0 o [ o =
vdd- vdd- 0 -5.0 O S > 9
Y- —
~ o o o
.dcvin-55.1 *sweep the input voltage - N o 1 —1=
.print dc i(m1) i(m2) i(m3) v(vout) @ o - > j=2}
- . B @ . TN o
.op *initial operating point m - o > o © -_
Af v(vout,0) vin o M_ | | © ©
.measure tot_power avg power *makes it do the power calculation & VM = ) 3 | 0 o
3] 4
= . Lo
i, 2 N ©
1 Vs . . 1
w ey —1© o o
z @ | = =
o > g I n c
bt | EING -
Small-signal transfer characterisitcs £ 3 > > V_ > .n
£
3 > : c @ >
v(vout)/vin =865.0433m & —I N [ ‘
input resistance at vin = 1.000e+20 o 1 " sy _ 1
output resistance at v(vout) = 38.2335 S x — 1 w
ANn 4 - Y— o ©
Z > o L -_ >
5
»
(8}
pr
w
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* reading file: /bobtools/commercial/hspice/hspice.ini
*

.model nch nmos level = 1 tox = 170 vto = 0.7 kp = 90.0e-6 lambda = 0.01
+ gamma = 0.5 phi = 0.6 capop = 0 cgso=5.e-10 cgdo=5.e-10 cgho=4.e-10 cj=1e-4

.model pch pmos level = 1 tox = 170 vto = -0.7 kp = 30.0e-6 lambda = 0.01
+ gamma = 0.5 phi = 0.6 capop = 0 cgso=3.e-11 cgdo=3.e-11 cgbo=4.e-10 cj=6e-4

.option nopage post=2 absi = 1e-10 reli = 1e-4 absmos = 1e-8 relmos=1e-4
+ absv=1e-6 relv=1e-4

.options nomod

*name drain gate source bulk model
*m1 vout vin vdd- vdd- nch I=1u w=34u
m1 vout vin vdd- vdd- nch I=1u w=34u
m2 vout vr vdd vdd pch I=1u w=166u
m3 vr vr vdd vdd pch 1=1u w=166u

rref vr 0 230
rl vout 0 300

*vin vin 0 sin(111)
vin vin 0 -415

vdd vdd 0 5.0

vdd- vdd- 0 -5.0

.devin-55.5

.print dc i(m1) i(m2) i(m3) v(vout)
*tran.11

*.print tran i(m1) v(vout) i is the ids of m1

.op *initial operating point

.t v(vout,0) vin *transfer function between v(rd) an vin
.measure tot_power avg power *makes it do the power calculation

*sweep the input voltage

.end
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INV.SWO
V(VOUT)

MOS INVERTER - GATE VOLTAGE SWEEP

S04k a4-2Z
______________________________________________________________________
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Class B : Push - Pull
VIN V‘!’ = VTO + Y ° (VDD)E
EECS140 ANALOG CIRCUIT DESIGN CURRENT SOURCES
Push - Pull (Cont.) 0-22
With Biasing - Remove Dead Zone which gives crossover distortion.
VDD
Simple
current —» V oenrs r
source °
T + VDSAT VOUT gm
+ VT + VDSAT
w5 g .
Va R On
V'q [Ml %
_VDD
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Push - Pull (Cont.)

Vour, issethy M1; Vour- by M2

R.

(\Ag = 2. VOUT’
L RL : k'n : (VDD _Voun - V'rn)2

(V_V) - 2-Vour
L RL . klp : (VDD - Voqu - V'n:)2

IDSI

N =
N
1=
—
<
o

o

|
<
[}

S

<
<
~

|
<

_VDD + VT
Crosover Distortion !
\ARS Vier 7 (Ves)
Y2 ¢+ V)= (2 60)"]
\_
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Push - Pull (Cont.)

Vdd

VA + VT + VDSAT
Level Shifter :
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0-24 Push - Pull (Cont.) 0-25
Efficiency with sine wave input :
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Push - Pull (Cont.)

VOUT 4 / ~
Ve Vo = Peak Voy
VDD - VDSATS - VTZ - VDSATZ
™ Te > Ave Current
‘\ —————— “ Loy = 1 [los(t)dt = 1.V = from each
: ~ Vo T ) T RL Supply
M3 on, M2 off | M2 ofi, M3 off ‘ =
| N A
: Set by \./._V IDS(Ml) PSUPPLV =2 VDD : ISUPPLV = 2 ’ \% ' Vo
L ) - )
: le — P i 1 . \L(Z)
: LOAD 2 RL
777777777 - - VDD + VTS + VDSATI + VDSATS IDS(MZ) ‘ Efficiency = PPLOAD = % . MQ :> 79 %
If Vo = Voo




