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Lecture 1,2 Principle of amplification and biasing

i . . . +
Modulation of power transfer Modulation of a current through a passive device: Vi
from power source to the load =
by the signal source | 7, /B/
A. SearCh fOr a deV|Ce: Trans_resistor g B
7. with voltage Vs 7,
Modulation . o . , . supply source
+ nput + mechanism 1. Two-terminal device with nonlinear v-i charcateristic
Vs N port 2. Two-port device with output v-i characteristic controlled by its
output input voltage or current Tr.ans-reS|stor
oort with current
+ + + supply source
VB<> porerl —pd Zy C. Create a current through this device Zs /%/IBT% ?Zz
f— PO er | T e
B trav;:sfer - 1. Apply a bias source at the output V. tP:F

Linearization in the operating point:
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No bias currents flow through the source and the load Biased amplifier stage _ _ _
(vs,ve), (vs,ie), (is,ve), (is,i¢) characteristics pass through the origin Bias power delivered by Igs and Ipg Maximum available power gain

of a unilateral linear resistive two-port:
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Lecture 2,3

Amplifying devices

Estimate amplifying capabilities and limitations
from device characteristics, geometry and operating conditions

fr(lgs)
60 %é—— ‘ ‘ Ids(vgs) l == ==
— 1—=Vp = 1.0e-03
| N Y51V = 2l0e-01 EKV model —— —
50
/ —Vp = 4.0e-01 —— —
150 _,—VD = 6.0e-01
T~ § —Vp = 8.0e-01 / —
_ 40 \ Vp = 1.0e+00 / Ir
N 125 4=V =1 2e+00 S D
z —Vp = 1.4e+00 / ~ fo! ‘o)
: 30 \C —VD = 1.6e+00 /
s \\ \ _5'3 = < 100 | —Vp = 1.8e+00
20 —Vp = - L Cut-off frequency i
\ _53 : 120 —4 //
10 ~_ —Vp = /’\ 50 o Inversion coefficient
—VeZ 100 _— l
Vo —= . .
0 °~ 3 5 f\ 25 — Transconductance efficiency B
0 25 50 75 100 125 150 < \
>
IS — gy . . . .
Ipsx1 [UA] S 6o A N\ 0 Critical inversion coefficient
\ \ 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
40 \ N Ve IV] 1/f noise corner frequency
1OV T ~
—V; = 8.0e-01 L L
20 N Vs = 1.0e+00 / .
125 -—:vG = %%12188 / .subckt CMOS18N drain gate source bulk W={W} L={L} ID={ID}
.model C18nmos nmos ( 0 —VG _ 166400 / * EKV model of transistor without bulk resistances
+Ie\{el=49 . . —_ —Vg = 1.8e+00 / * Voltage dependency of bulk capacitances not modeled
+noimod=1 version=3.1 tnom=27 tox=4.1E-9 xj=1E-7 nch=2.3549E17 vth0=0.362587 0 25 50 < 100+ / — * Operating in forward saturation region
+k1=0.5865832 k2=4.152205E-3 k3=1E-3 k3b=2.1824687 w0=1E-7 nIx=1.795622E-7 - / *
+dvtOw=0 dvtlw=0 dvt2w=0 dvt0=1.746117 dvtl=0.4409233 dvt2=-3.663487E-4 o /] M1 drain gate source bulk CMOS18N
+u0=262.117234 ua=-1.386325E-9 ub=2.284255E-18 uc=5.506514E-11 vsat=1.04174E5 a0=1.9287698 < 75 /
+ags=0.416466 b0=-1.536637E-9 bl=-1E-7 keta=-7.111387E-3 al=6.573435E-4 a2=0.8808358 / .model CMOS18N M
+rdsw=112.5093924 prwg=0.494777 prwb=-0.2 wr=1 wint=7.098292E-9 Ilint=1.120392E-8 50 / +gm = {g_m}
+x|=-2E-8 xw=-1E-8 dwg=-3.812756E-9 dwb=8.690068E-9 voff=-0.0878502 nfactor=2.2975194 / + go = {g B}
+cit=0 cdsc=2.4E-4 cdscd=0 cdscb=0 eta0=3.116078E-3 etab=1 +gb — {g_b}
+dsub=0.0226021 pclm=0.7222753 pdiblc1=0.2160258 pdiblc2=2.237807E-3 pdiblcb=0.1 drout=0.8036712 25 +cgs = {c_gs}
+pscbel=5.434136E8 psche2=1e-3 pvag=1le-12 delta=0.01 rsh=6.8 mobmod=1 prt=0 ute=-1.5 +cdg = {c_dg}
+ktl=-0.11 ktll=0 kt2=0.022 ual=4.31E-9 ubl=-7.61E-18 ucl=-5.6E-11 at=3.3E4 wl=0 win=1 ww=0 +cgb = {c_gb}
+wwn=1 wwl=0 lI=0 IlIn=1 Iw=0 Iwn=1 Iwl=0 capmod=2 xpart=0.5 01 +cdb = {c_db}
+cgdo=6.99E-10 cgso=6.99E-10 cgbo=1E-12 ¢j=9.840057E-4 pb=0.7342005 mj=0.3623465 J +csb = {c sb}
+Cjsw=2.405513E-10 pbsw=0.4681508 mjsw=0.1 cjswg=3.3E-10 pbswg=0.4681508 mjswg=0.1 000 025 050 075 100 125 150 175 * Parameters will be substituted if simType has been set to "numeric"
+cf=0 pvth0=-7.11401E-4 prdsw=-0.6661763 pk2=5.920718E-4 wketa=2.148339E-4 |keta=-0.0151118 Vp [VI .param
+pu0=3.3563216 pua=-1.30682E-11 pub=0 pvsat=1.25639E3 petaO=1E-4 pketa=6.507934E-4 * device equations EKV model
+kf=4.5E-29) * See Binkley: "Tradeoffs and Optimization in Analog CMOS Design"
+ IC_CRIT = {1/(4*(N_s_N18*U_T)*(Theta_N18+1/L/E_CRIT_N18))~2}
. +g.m = {ID/(N_s_N18*U_T*sqrt(IC*(1+IC/IC_CRIT)+0.5*sqrt(IC¥(1+IC/IC_CRIT))+1))}
Ips, Vps, W, L Cas: Cdgs Ym> Yo Sv, Si +90 = {IDVALNI1B/L}
— /-\+ + /-\— /-\ +gb = {(N_s N18-1)*g m}
o o o 11 o +cgs = {2/3*W*L*C_OX_N18 + CGSO_N18*W}
\_/ \_/ \_/ + N +cdg = {CGSO N18*W}
+cgb = {CGBO _N18*2*L+(N_s N18-1)/N_s_N18+C_OX_N18*W*L/3}
[ —— +c db = {CJBO_N18*W*LDS N18}
+csb = {CJBO_N18*W+*LDS N18}
I—l —_ +IC = {ID*L/W/I_0_N18}
+V.GS = {2*N_s_N18*U T*In(exp(sqrt(IC))-1)+Vth N18}
+fT = {g9_m/2/pi/c_iss}
+ c_iss = {c_gs+c_dg+c_gb}
(o) .ends
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Lecture 3,4 CS stage static

VgsQ VdsQ
0 016341 09

<«— V=631.547uV
IdsO VgsQ VdsQ
10u 0.643709 0.9
4) —~\T(1) )t ~(3)
ClSnmos Vi + IdsQ i
W = 220n 0 () TlOu Vo
L =180n - I_|

M1 J—

C18nmos
W =220n
L =180n

biased stage

15 Vo(Vi) characteristic

1.0

0.5

0.0

-0.5

-1.0
-0.10 —-0.05 0.00 0.05 0.10

Vi [V]

static voltage drive capability

lo(Vi) characteristic

10 —— T
T~ — I(Vo) [uA]
5
VgsQ VdsQ g
0.643709 0.9
(4) -\t (2)* (3) -5
+ EB +
Vi () TIdsQ () Vo -10
0\ H—| 10u 0
C18nmos
W = 220n -20
L =180n
T2%20 —0.15 —0.10 005 000 005 010 015 020
Vi [V]
static current drive capability
source intrinsic CS stage load

small-signal source-to-load transfer

(9) Cgd = Cgd!
+ I
Ugs 9Im 'Ugs
_I_ _I_

A
Cgs = Cgs’ + Cgb (S) Cds = Cd'b

small-signal model

small-signal transimpedance

and dynamic behavior

Study behavior

Find design parameters for performance aspects

Vo(Vi) Pulse Response

1.5
M]. I/"\- ‘\
C18nmos 2o— ,I
VgsQ W =220n VdsQ \
0.643709 L=180n 0.9
(4) — + (1) )t —(3) & cross-talk through c_gd:
+0—@—0—|_| = \ right half plane z¢ r\o /
() TIdsQ Vo 00—/ L -
10
S 9] ’ \ \
0 Pulse(-100m 100m 20p 2p 2p 98p 200p) s> V-
-1.0 =
0 50 100 150 200
Time [ps]
dynamic voltage drive capability
[T (2) 7

small-signal current gain

Signal source Gate series Input impedance RC loaded CS stage
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, resistance .
R, , ,

qungg — Cgd

small-signal voltage driven
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Lecture 4,5 CS stage stationary noise behavior

Study noise behavior for various source types

R1

{R_s} . .
v 0% —2% A1 inouce rary Find design parameters and show stopper values
value=0 ' ,",'3'\:;|%—}"°'se SLICAP.lib
noise={4*k‘3_‘|’_‘j§§(; - {ﬁ:{{\ll\c,;}} A2 Parameter definitions

L=} .param R_s=600 W=54.6u L=180n ID=6.15m IG=C(

Netlist: CS stage resistive noise Noise Figure versus width, fpj, = 200MHz

T T
=Imax = 2-0e+09
"CS stage resistive noise" _fmax = 4.0e+09
* gnetlist -q -g spice-nogsi -o CSresNoise.net CSresNoise.sch 3.0 4 =fmax = 6.0e+09
* SPICE file generated by spice-nogsi version 20130710 ' _f — 8 0 09
. . max .Oe+
* Send requests or bug reports to jpd@nogsi.com —f = 1 Oe+ 10
.INCLUDE SLiCAP.lib max .
X1 1 0 out NM18 noise ID={ID} W={W} L={L} IG={IG} 2 5 /
R1 2 1 {R s} . ~
V1 2 0 V value=0 dc=0 dcvar=0 noise={4*k*T*R s} /
.param R _s=600 W=54.6u L=180n ID=6.15m IG=0
.end /
E‘ 2-0 ” -
© .
_ — / _~ Source-referred noise spectrum
Operating parameters = e _— 107 - T TT —
1.5 —— B 110 L O O A A T M I
Device width: / / i TR SOt P R 0 9 0 PRSI SOPMORRS TS S0 DO 8 PRI SO NS SO O .
— -5 -//
W =5.4610 (1) Lo - //
Drain current for operation at critical inversion: /
&_.—/ .
N
Ip = 0.006169 (2) N — I
05 \ o~
The effective noise resistance Ry equals: T — E.
Ry = 52.39 (3) ey
25 50 75 100 125 2107161
The cut-off frequency fr equals: W [um] % 1
— 10 —_
fr=3.57710 (4) C
9]
()]
o
0n
10717

frequency [Hz]
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Lecture 5 CS stage active antenna

Find design parameters input and output stage

Static and dynamic voltage and current drive capability
Range for drain current, width and length

Noise performance

Range for drain current, voltage, width and length

If overlap, is single-stage solution feasible?

o Vs WL Gain accuracy?
€>_I' ~ Té J:' QTU Noise performance? | o Y
N f Drive capability? If OK implement biasing

Weak nonlinearity?
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Lecture 6

Balanced CS stages

Learn how to generate balanced configurations

Ax(t) + e(t)
x(t)—> > . L ) /
j)_ o Learn about error-reduction capabilities of balancing ///
y(t) = z(t /

0.5

— > = Learn how to relate amplifying capabilities and limitations /
of balanced configurations to those of unbalanced configurations
0.0
Anti-series connection D B e e pioe 1 s //%
Differential pair [ J ﬁ j | %_1 \_% ///
— — T _ll_l_ 2(Ips +Ic) 1008 o6 —04 —02 00 02 04 06 08
________ (A) (B) (C) (D) (E) Vdiff_in [V]
:[<_C_>_>]: OO+ OO Compressing odd characteristic
Vi 1 "V Vi ALn — e " "2
L E e, — O ,0 | —
: <é‘ 25) E BO _\/ l_(A+B,C,;)—| O_ c l_(A,zB,%aD:I_

100

=
Complementairy-parallel Ft f = 5 -
connection — TQ EAL E i i
e b

Push-pull stage fet %

|
! LI+ + L o
+ “lra BN L+ (A, B,C, D) (A, B,C,D)
JaR 1 1
| e )w | O Tt o Mo
— — D 1 2 ’
|, Al Y Il_ e B2 Il_ T H B2 wawanl r—
| S e S |
|
_ | (&3] + - ~ (4,B,C,D) (4,B,C, D) ol —
I + + T _/ LI+ ry LI+ + il Ina
: A 1B ! Viz Lo| —> T%Vng Ln| —> T%W
. <zc “b) : M-___- M- - n g
P A B C

— — -50
(A) (8) () (D) () ///

+

Vbs — VGS(

Vps — Vas

Il \t+

5

[©
2

-100

7

-200
-1.0 -0.5 0.0 0.5 1.0

Vin [V]

Expanding odd characteristic

(c) 2020 A.J.M. Montagne 7



Lecture 7

Feedback stages

Learn to predict the behavioral changes resulting from application of negative feedback

Unbalanced or balanced stages applied
as controller in feedback amplifiers

Nullor

in%?éout

NMOS CS stage

Complementary parallel CS stage

T
_Utﬂ\_h:ﬂ_t

Passive feedback stages; unbalanced controller

Nullor

afx

anti-series CS stages

2 o]
__l_lﬁ_+ __,_lﬁ_+

ZfV/

Z/V¢

Voltage follower (CD stage)

@m ¢OO i

i S SR EEDEEX L,
I Current follower (CG stage)

7 +

T“ i
1@ 1£Q

controller

Lt

Rgﬁ Cy

T

Eamk I
Vs Cgd Cgs Vgs l l To
Csb
- I T — 9mUgs 9ImbUbs T

asymptotic-gain feedback model

Bandwidth and

phantom-zero compensation

>> CDcompM18
GAIN
DC value = 7.281e-01
Poles:
RealPart

ImagPart Frequency Q

p_1 -9.2226e+08 1.1702e+09 1.49e+09 0.80779
p_2 -9.2226e+08 -1.1702e+09 1.49e+09 0.80779

Zeros:

RealPart ImagPart Frequency Q

z.1 -1.3667e+10 O 1.3667e+10 O

>>

Passive feedback stages; balanced controller

VAR VA Iﬁ
e

Indirect feedback stages
Current mirror

Balanced feedback stages

|

L

e,
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Lecture 8,9 Multiple-stage active antenna

Cascade connection of varous types of stages
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Lecture 10 Feedback amplifiers with multiple-stage controller

How many stages? n = mloglfﬂ—f}fg L Py
og E
How to interconnect the stages? | pen ez, | sooeen
Jnel| |6 _—g_ﬁ?ﬂ”)_ gl N 2T

What type of stages?

e What type of input stage?

eeeeeeeeeeeeeeeeeeeeeeeeee

CCCCCCC

What type of output stage?

aaaaaaaaaaaaaaaaaaaaa

What type of intermediate stages?

How to reduce the interaction between stages?

Maximization of contribution to loop gain-poles product
Minimization of Miller effect

A e
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Lecture 11

Active antenna with multiple-stage controller

C3

. . | |
Stepwise design of - 1 -
. - ca {-g_m1} - {g_m2}
Drive capability o | | = out
. value=0 > {C_A} ' * +
Noise performance de=0 — :L - J7 2R el
dcvar=0 C2 C1 -
. noise=0 {C_gs1} {C_gs2} -
Bandwidth

U2
CMOS18N
W=120u L=250n ID=1.5m

U1
CMOS18PN

W_N=90u L_N=180n ID_N={ID_N} W_P=329u L_P=180n ID_P={ID_P}
out

F1
{A_i/(1+s*tau_m)}

C1

Vi + — i+
value=0 cAy  yaue=(R _phz}
dc=0 g
dcvar=0
noise=0

& 1

.include SLiCAP.lib
.param ID_N=1m ID_P=1m tau_m=0 A_i=1 C_f={C_A*L_A} R_phz=0

#7109 Root locus A,
3 T T T
F
2 L _
1r i
~ .
E .
o O L : x Hoooooo .*H
© .
£ :
a1t 3
2t i
_3 1 1 1 F
-8 -6 -4 -2 0
Real [Hz] #10°

taum=0 PoIes:Ai = 1.0e-06
taum=0 PoIes:Ai = 1.0e+00
. taum=0 PoIes:Ai = 1.0e-06.. 1.0e+00
X fT_=2G Poles:A. = 1.0e-06
m I
4+ fT_=2G Poles:A. = 1.0e+00
m I
. ﬂ'm=ZG PoIes:Ai = 1.0e-06.. 1.0e+00
X ﬂ'm=2G, CA=0 PoIes:Ai = 1.0e-06
+ me=ZG, CA=0 PoIes:Ai = 1.0e+00
. me=ZG, CA=0 PoIes:Ai = 1.0e-06 .. 1.0e+00

4+ x

SN
o

N
o
T

o

magnitude [dB]
N
o

-40

-60

10°

107 108 10°
frequency [Hz]

o0

300

200

Asymptotic-gain model phase

100

-100

phase [deg]

-200

-300

-400

10°

10’ 108 10°

frequency [Hz]

o0

GAIN
ASYMPTOTIC
DIRECT
LOOPGAIN
SERVO

GAIN
ASYMPTOTIC
DIRECT
LOOPGAIN
SERVO
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Lecture 12,13

magnitude

Phantom zero compensation

Recap of concept EE3C11
Application in transistor circuits

Pole-splitting
"Miller compensation”
Pole-zero canceling

Resistive broadbanding
Bandwidth [imitation

Feedback model
T T T T T

10 ¢
GAIN
ASYMPTOTIC
0 LOOPGAIN
10 SERVO
DIRECT
10_2’ R R PR R S R | R | AR AR,
103 104 10° 10° 10’ 108 10°

frequency [Hz]

Frequency compensation techniques

Q1
Q2N3904

Vi +
value=0
dc=0
dcvar=0 C2
noise=0 ~ {C_c} +
N N
C1
{C_ell}
N

.model Q2N3904 QV gpi={g_m/beta_AC} gm={g_m} go={g_o} rb={r_b} cpi={c_pi} cbc={c_bc}

Jparam g_m=377m beta_ AC=323r_b=20 c_pi=145p c_bc=1.7p g_0=90.9u
Jparam R_s=200 C_ell=100p C_c=0

. #10’ Root locus compensated
4+
3 L
2 -
1t O LOOPGAIN Zeros
N X LOOPGAIN Poles
-; 0 0O x N % SERVO PoIes:grn = 0.0e+00
g 4+ SERVO Poles:gm = 3.8e-01
R R - SERVO Poles:g _ = 0.0e+00 .. 3.8e-01
2+
-3 F
4+
_5 1 1 1 1
-10 -8 -6 -4 -2 0
Real [Hz] #107
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Lecture 13,14

¢l R3
Vioy * value={R_pfz}

value=0 {CA devar=0 —

dc=0
dcvar=0
noise=0

.include SLIiCAP.lib

Active antenna design frequency response

CM
CMOSlSN
W=120u L=250n ID=1. 5m

U3
CMOS18P

Ul
CMOS18PN

W=20u L=180n ID=1.5m out

ST

.param ID_N=1m ID_P=1m tau_m=0 A_i=1 C_f={C_A*L_A} R_phz=0

#10°

Root locus Rph

W—20u L 180n ID=1.5m

80

: £

R4

05r

Imag [Hz]
o

Xoooooeceef

¥ 4+ GAIN PoIes:Rphz
. GAIN PoIes:Rphz

-2 -1
Real [Hz]

#10°

X GAIN PoIes:Rphz = 2.0e+01

2.5e+01

2.0e+01 ..

W_N=90u L_N=180n ID_N={ID_N} W_P=329u L_P=180n ID_P={ID_P}

2.5e+01

phase [deq]

Magnitude

magnitude [dB]
o

-10

-12

10°

10°

10’

108

frequency [Hz]

200

150

100

50

-50

10°

10°

10’

108

frequency [Hz]

10°

1010

GAIN

GAIN
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Lecture 15

l
/AR
N_J+

S

I | T T
2 M M e
Out+o L I_I o

- Mll: -

L —

Design of biasing concepts

Minimization of floating voltage sources FFU““ rﬁ”“”“ || Ll
. . I
Common mode biasing
Implementation of bias sources
Evaluation of biasing errors
Application of error reduction techniques T
1 Iblzlé i‘fe ?lii]lefv
M1 3
(1)
R1 3 R2
R : R
M2 (2)¢ (3)
wrdl Ol 8l ..n
l 1Fl ; i —|ng +
. Ok
Vo~ Vaop o
I Ivll-— I—Ciini ; —ioutg—
Vi — vc\if,?_.. £ \2
& g T +
A B v(D w% élB
r| g
Mr;:>< M4 | Lk |
—eT g
v4€> |2l$ élm
A

Biasing and design of bias sources

M5

M6

‘|_|j_|

=h

—

%]
D r—
=

M7

M8

—

ilr

sl e

—

T'I__%

i

_<l>_j
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Lecture 16

Completion design active antenna

c2
m 1]
11
3.5p
C18pmos C18pmos
Cl18pmos Cl18pmos C18pmos
— | }(>J M6 Mg
M5 M4 M1
Ccl L1 - V2
|_/\0’\°’\_/\/\/_. = ()
7 180n R4 R6
V3
AC1Q 6 & 18
kedd out
SINE(0 160m 50meg)
n
3 M3 M7 M9 R2
ACO00, 07 M2
C18nmos C18nmos C18nmos 50
1.5m » C18nmos
SINE(0 160m 30meg)
2
.lib CMOS18TT.lib R3
;tran 0 1u 500n 100p
;noise V(out) V3 dec 50 10k 100meg
.ac dec 50 100 10g 60Meg
;op 100
X DualSta .-.[Dll‘] B ‘-J'n'lz'l
WV(inoise |
44nVIHzY ; ~(noise} 0dB Mouty 0
40nV/Hz % E E 4dB- R W S
- : : 8dBH DualStageScaledMirrorBias.raw ) : .
JonVinzyz ' N ' -
: DualStageScaledMirrorBias.raw & Cursonl Viow) :
— ; e -12dB ! i
eIz : V(inoise) Freq: | 1.9037472KHz | Mag: | -2.9793563dB @ ' ~-150
28nV/Hz : RNEEEELGE  Vert: [6.5078557nV/Hz 2 -16dB Phase: | -11873317° O ' -
' : Cursor 2 o Group Delay: | 69.926057us | € ' -
) ! V(inoise) -20d B = 2 !
24nVIHz YA H V(out) * H ~-250
: Horz: | 998.12287KHz = Vert: [3.0825562nV/Hz ¥ - “
- ; Diff (Cursor2 - Cursorl) i Freq: | 16540903GHz ~ Mag: | -2.9776037dB @ P
InVIHz ' —— Ol -_300
: Horz: | 898.02888KHz  Vert: [3.4252995nV/Hz ¥ 2848 Phase: | -357.98079° C O ’
16nVIHz Y Siope: | -3.81424¢-015 Group Delay: | 17208202ps | € B | 2o
: -32dB Ratio (Cursor2 / Cursorl) v .
12nV/Hz YA : : - Freq: | 1.6540884GHz = Mag: | 17532085mdB | 400
: : -36dB Phase: | 12075238° S
8nV/Hz¥ ; 5 40P Group Delay: | -69.925885us P Laso
------------------------------------------ —_— :
anViHzY%A R e T e LS B T LA B e e
E E 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz 1GHz 10GHz
OnV/HzY: ——rrrry ——rrr . ——rrrr ———rrr
10KHz 100KHz 1MHz 10MHz 100MHz

EX DualSt

240mV+

180mV+

120mV+

60mV+

OmV+

-60mV

-120m V-

A A A A AR
DualStageScaledMirror.raw X
—Cursor 1
V(out)
Horz: | 56.173526ns  Vert:| 297.39345mV
—~Cursor 2
V(out)
Horz: | 10622914ns  Vert:| -292.38748mV
r~ Diff (Cursor2 - Cursorl)
Horz: | 50055617ns  Vert:| -530.38092mV

Freq:| 19.977778MHz  Slope:| -1.17945e+007

450ns

T AN
500ns

=10lx]

irror fft
9dB wlouty ,
.18dB~ K

.27dB~ . 5 ;
DualStageScaledMirror.fft (] : :
Cursor 1 1 1
36dB I Vout) : ;
Freq: | B0.04013MHz  Mag: | -19.153924dB & : :
| 454BH Phase: | 87.808798° 5 5
Group Delay: | 5.0222458ns | : :
—Cursor : :
-54d B < V(out) E E
Freq: | 79.922598MHz | Mag: | -79.368742dB © 5 ;
.63dB Phase: | -148.73541° C : f
Group Delay: | 1323%012ns | C ; ;
.72dBH Ratio (Cursor2 / Cursorl) é é
Freq: | 49.882469MHz  Mag: | -60.214818dB : :
s1a84 Phase: | 123.45579° i

Group Delay: | 127.36787ns :

—_— '
.90dBH : '
.99dB: : —_— : i "

'
10MHz

100MHz
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Lecture 17 Recap structured electronic design

order of independent

The House Of Quality designing performance aspects
an application of: 0‘
Quality ‘ ‘ & @ "
Function 1 type
Deployment 2 gain

3 noise

4 power efficiency

5 clipping

6 small-signal bandwidth

7 frequency response

8 weak nonlinearity

9 DC (temperature) stability

feedback network [<|<|<[<|<|<|<|X
controller input stage |<|<|<|<|<|<|X
controller output stage type |<|<|<|<|<|X

feedback configuration [<|<|<|<[|<|<|< <X
controller output stage biasing [<|<|<|<|X

loop gain poles product |<|<|<|X
frequency compensation [<|<|X

differential error to gain ratio |<|X

Orthogonal transistor-level design
of negative feedback amplifiers

over-all biasing [X

interaction
between
design aspects

@ positive
¥ negative
& positive or negative

design
aspects

Putting everything together
Mini masterclass

Design sequence and
flow chart amplifier design
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