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Power :

Total power from supplies = Pyyqp.y
Power into Load = P,

Efficiency = M(%)

I:)SUPPLIES

0-2)

Vout+ = desired plus
swing

Vout- = desired neg.
swing
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Typically output load is low impedance (but not always!) O-3
If it 1s, asource follower is apossible output stage.
1
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max ¥ T
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__VDD
V
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VDD T

VDD _ VTo _ VDSAT'_

S yDSA—T ———————— | _|VDD| VDSAT — VGS _VT

VOUT, MAX — VDD - VT — VDSAT
VOUT,MIN — kVDSAT + (_|VDD|)J

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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o W
Q RL
RREF — VDD_VT_VDSATzVDD VT
I I
To set (\%/) use Vout-

VDSAT — (VDD _ |VOUT— |)

(3) (\%/) - (Zk'lg) | (VDD—I%/OUT_ )’

Find the W/L of M1:

VOUT+

— I | I - I |
Q L Q R
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4 0-6 )

kl (V\/> 2 VOUT+
_— | — . — — = + ——
2 L 1 (VDD VOUT+ VT) IQ RL

VOUT+
2- (1 + Y

@) (VEV) " K (Voo —Vour. —V,)?

1

e.g. R, =300Q [Vour:| = Vouro | = 3V

Voo = BV |, = 10ma  Ree = ig—rg'a? = 23002
(V—v) ) 920X><110c;6'(5—1 3y - P

(W) ~ 90 x 120.-6(-2(; i03z 07y - X
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— gm' (RLH ro) ~ gm’ RL
CAIN = T g R T+ R,

Ro = = IR,

On

— 1 W %_ —6 —2%_ —3
gm—(z.k.t.hs) = (2x 90 x 10° x 263 x 107?)° = 22 x 10
l:450
On
R 300

GAIN = . = = 0.87

gi+RL 45 + 300

R, = gin R, = 45| 300 ~ 40Q
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Power = Ve, - (CurrentOut)

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

Power = (_IMS) ) (_VDD) + (_IMZ) ) (_VDD) + (IMl) ) VDD

=3-1,- Voo = 3-(10x 10°)- 5 = 150mW

4.1,
/\ Average = 3- 1,

j Efficiency = Po:\glvelr to\l/_oad(%)
1o Vpp

2.1,




EECS140 ANALOG CIRCUIT DESIGN LECTURES ON OUTPUT STAGES

g ™~
VOFFSET - VIN|VOUT=0V 0'9
=l
Vi = Ve = Vog + | 20| = o.7+( 2x10x10 ) _ 46y
K. W 90 x 10 x 26
L
AV

Efficiency (Sihe Wave)

v, )
V, = PeakVoltage
1 5 0 1 1
VOUT! PLzé'Vo'Io:é'(IQ'RL)'IQzé'IQ'RL

= % 10™ x 300 = 15mW
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21, 1,
_VOUT-l IQ IMl = I+l
Vo l |
IQRL |VOUT— | - |VOUT+|
1o
_ 1
PSUPPLY - -'I-— ) I(IDS(ml) ) VDD)dt +2- IQ ) |VDD|
) I Vo, ’
= 31y Vp = 150mW
. _ Plow _ 15mw _ .,
Efficiency =+ lPower — 150mw ~ 0%
1
. 12.R
2 % " 1 (l -RL)
= =[] 16 9 MAX
3LVl 6 Ly, ) 1%

O-10
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. OUTPUT STAGE - SOURCE FOL LOWER ' O_ 1]?
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O-1

output stage - source follower

*kkkk*k

* 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 cgbo=4.e-10 ¢cj=1e-4

.model pch pmoslevel = 1tox = 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 cgho=4.e-10 cj=6e-4

.option nopage post=2 abs = 1e-10 reli = 1e-4 absmos = 1le-8 relmos=1e-4

+ absv=1e-6 relv=1e-4
.options nomod

*name drain gate source bulk model

m1 vdd vin vout vout nch [=1u w=263u
m2 vout d3 vdd- vdd- nch I=1u w=56u
m3 d3 d3 vdd- vdd- nch [=1u w=56u
rref 0 d3 230

*iload vout vdd- 1ma

rload O vout 300

vin vin 0 16

vdd vdd 0 5.0

vdd- vdd- 0 -5.0

.dcvin-55.1

printdci(ml) i(m2) i(m3) v(vout)
.0p

Af v(vout,0) vin
.measure tot_power avg power

*sweep the input voltage
*initial operating point

*makes it do the power calculation

Small-signal transfer characterisitcs

v(vout)/vin
input resistance at
output resistance at v(vout)

vin

865.0433m
1.000e+20
= 38.2335
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Bipolar version O-13
Bipolar :
+ |Vcc|
; | 5 P-WELL
Q O
+
VBE -
| | L |
I\iZE ‘ ‘ Ml RL VCC_VBE |
|
|
- |Vcc| :

V., Ve

|+ Vieesar — |Vcc| = 1,-R,

- /
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Bipolar (Cont.) O-14
VMAX — VCC_VBE — |VMAX—| for symmetry
1
P.=3- (VCC_VBE) . IQ - R,
2
: (Vee=Vee) - 1o - R
Efficiency = Z _ N . L — 1 (VCC_VBE)
3 IQ - Vee 6 Ve
- 1(5208) _ 15
~ 6 = 15%
Vee
IC — Is - € V-|-
VBE — VTh' |nll_ = 0.06 - IOgII—C
\
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M or e voltage range O-15
|nverter Output Stage: _} ________ Y,
VDSAT?
N_IQ ‘R
I
Voy I
I |VDD| +V; | +Voo
| | | _|VDD| OV :
M3 | l ® | M2 Vo[ +V |
- DD + DSAT1 | !
|Q . XOUT _|VDD| -1 l/'
M1 Linear
Ry
‘1 M1 R, = 300Q
_VDD
J
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21, 1
k' (VDD — VMAX+ )

. = 166

=
st

IQ ' RREF — VDD_VSG — VDD_|VT| _VDSAT —
VMAX+ |VT| 3-0.7
RREF - = _ = 230Q
2 I 10 30
— IO i RL_|VT| — RL_VTO
l l,

O-16

VDD - |VT| - (VDD - VMAX+ )
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g (Cont.) 0-17)

Let Ves = Voo

= k. (WY (v _V_Ds).
o = K- (1) (Vs Vo=22) v,

1

21, = k- (T) -(VGS—VT—(VDD_Q/OUT D). (Voo = Veur )

(%) -
L (VDD — |VOUT— |
2

)) ) (|VDD| - |VOUT— |)
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4 MOS INVERTER - GATE VOLTAGE SWEEP O- 1@
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* reading file: /bobtools/’commercial/hspice/hspice.ini

.model nch nmoslevel = 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 cgbo=4.e-10 ¢cj=1e-4

.model pch pmoslevel = 1tox = 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 abs = 1e-10 reli = 1e-4 absmos = 1le-8 relmos=1e-4
+ absv=1e-6 relv=1e-4

.options nomod

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

rref vr 0 230
r1 wvout O 300

*vin vin 0 sn(111)
vin vin 0 -4.15

vdd vdd 0 5.0

vdd- vdd- 0 -5.0

dcvin-55.5 *3sweep the input voltage
Jprintdci(ml) i(m2) i(m3) v(vout)

*tran.l11

*.print tran i(ml1) v(vout) * | istheidsof ml

.0p *initial operating point

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

.end
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Vi
% E M1
o Vow
e w
Voo

Class B : Push - Pull

V1 ), N VTO + Y : (VDD)E

0-20
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VOUT+ IS set by M1, Vout- by M2

VOUT+ K .

(\_/_V) — 2 - VOUT+
L RL ’ kln ’ (VDD _VOUT+ _VTn)2

(ﬂl) — 2-Vour
L RL ) klp ’ (VDD _VOUT— _VTP)2

Crosover Distortion

UQ

~
Push - Pull (Cont.) O-21

RL E (V_Ii/)l : (VDD_VOUT+ _VT) —Vdd

_________ - VOUT—

_VDD + VT

Vil = [Vioe +7 - (V)
Y- [(2 . ¢f + Vss)ll2 _(2 . (I)f)llz]

/
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VDD

Push - Pull (Cont.)
With Biasing - Remove Dead Zone which gives crossover distortion.

|+

- VT + VDSAT
+
\_/T + VDSAT

|v|5}

VIN Ml

)

M2

VOUT

.

_VDD

M3

0-22
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L evel Shifter :

Push - Pull (Cont.)

Vdd

0

L

VA + VT + VDSAT

Va

0-23
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Push - Pull (Cont.) O-24

VDD - VDSAT6 — VT2 - VDSAT2
Nl I

. M3 off

M3 on, M2 off

Setbyv—li/

Vy —» /

_________ - VDD + VT3 + VDSATl + VDSAT3
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Push - Pull (Cont.) O-25
Efficiency with sine wave input :
VOUT A \; ~
mo Vo = Peak VOUT
1 ™ 1 ¢ Ave Current
" lsuery = =« [los(t)dt = =- == =from each
A T T R gupply
A R, "
l,s(M1) m Poerry = 2+ Vg layppy = g . \-LQ-Q -V,
t R,
1V,
PLOAD = z.=
2 R,
A ..
1,.(M2) Efficiency = EPL—OA& = ﬁ-ﬁ:ﬂg%
U If V, =V,
\

/



