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o SC Filters

o SC Oscillators

« SC PLL

Edgar Sanchez-Sinencio, ELEN 622 Analog and Mixed-Signal Center, TAMU



Examples of Analog and Digital Signals

I

I

I

Sampling : I

Low-Pass}—p»— Circuit Quantizer Decoder >

X1 T X2 Y1 : Yo

I

fe ,

_________________________________ J
X1 X5 Q% Yol'sandO's

- /
cT CT,

SD



Analog and Digital Signals and Systems Concepts

Types of signals

- Continuous-Time (CT)
--Continuous valuesin time
--Continuous values in magnitude

» Sampled Data (SD)
--Continuous values in magnitude
--Discretevaluesin time

e Digitd
--Discrete values in magnitude
--Discretevaluesin time

Mathematical
Description

Laplace

Z-Transform

Z-Transform



Examples of Basic Implementations

® First-order Low Pass (Continuous-Time)

V, o

K
H(s) = K ; LAC) = ; Wo(H) + WV, (t) = Kw, v (t)
1+ s/w, Vi, (s) s+w, dt
Continuous-time s-plane
Al
R
V- 1 ¥
—— C=— O —oo X » R
R/K C RWp VY e
MA—— - p
—o0 one zeroat - ¥
+ Vv
I 0 onepoleat- w,

Stability impliesto have polesin the
left-half plane (LHP)



Frequency Response

h(t)

h(t) = Ko € oot

> 1

|mpulse Response



o First-Order Low-Pass (Discrete-Time)
Sampled-Data (i.e., Switched-Capacitor) A

m
J
H(Z): Vo(z) - |_<11 — Klwpl_1 : () >< 1 > Re
Vo(@2) 1-z2%%wy wy-z Yw,
[Wpl- Z-l]vo(z): Kw 5V, (2) 2-plane Stability implies polesinside

unity circle
W V(2)- 20V, (2)= Ko, Vi(2) 4

Taking the inverse z-transform

w Vo (NT)- vy (n- DT = Kyw v, (NT)

Vo(n- DT - w v (nT)=- Kyw v, (nT)

This difference eguation represents the first-order low pass in the Z-domain.

Note that
Z'X (2)p X, (n- DT
Z°X (2)p x,(n- b)T



_— |

3¢
2

> f

Frequency Response (A periodic transfer function!)

KwyZ|  Kw,(coswT + jsinwT)

H(z) =

H(e")=

Kw

pl

C,

{tw,, coswT- 1) + snwT})”

1

F CirF

1

wg/jﬁji——t>
B

oV,

wuZ-1|  (w,coswT- 1)+ jsinwT

z=¢"

phase

AN
4 I
] : N
aw T - tan™ snwT U

wcoswT - 15

where
C
Klwpl— El
w_. =1+ &



What are the relationships between the s-plane and z-plane?

» There are a number of mappings between the two planes

» The most popular and exact is the bilinear mapping.

21-z' 2z-1 1+ (T/2)s
S=— == or z=—_— 127
Tl+z' Tz+1 1- (T/2)s

» The commonly used for high-sampling rateis:

11-z*' 1z-1
S=— =

T z! T 1

or

z=SIT+1

bilinear

pai
-1 \02—1

splane  forward  zplane




Example. Approximate afirst-order low-pass continuous-time to a
discrete-time low-pass under high-sampling conditions. (fs/f >> 1)

H(s) = _ Kw, 0
1+ g/w s+ W, 1 '6‘ Wy,
s=—(z-1 - W,
Kw T Kw T t
H(Z): Wp = Wp /\
z-1+w,T z-(1- w,T) g X
M‘(l- WpT)

What is the 3dB cut-off frequency in both domains?
fop =W CT

p

For H(z) is more complex than the computation of f5 5

W Kw_ T
Hie™)- coswT + jsinpr- (1- w,T)
W) - )
W = Wagg




Numerical example. Low-Pass (First Order)
w,=2p" 10°r/s

. 3
_2p° 10 ~ 0.1p

f =f_=20KHz ; T=1f_ ; T=
c S ]/S Wp 20, 103
K=2

For the continuous-time
fae = IKHzZ

H(jw) = % - 1.4142

W = W3
For the sample-data

2. 2w T- (w.TY
f3dB = fS COS'1 P (Wp )
2p 2(1- w

f.p @L.16KHZ

p



Switched - Capacitor Filters

o UseZ-transform mathematics

» Aredescribed by difference equations

* Time constants are proportional to capacitor ratios
« Best implementation for audio applications

* Originally the basic goal was to replace resistors by
switches and capacitors

e Thisdesign approach is one of the most popular in
the industry



Advantages

Reduced silicon area

Good accuracy. Time constants are
Implemented with capacitor ratios (~0.1%o)

Don'’t require alow-impedance output stage
(OTA’s could be used)

Could be implemented using digital circuit
process technol ogy

Very useful in the audio range




NOTATION

Switches L
. A R S, S
Representation
S Phase Period Representation
Network V|V f13 1 /3 n-1 n
T | | | | 4 [ | >t
With No E 0 T/n 2T/n  3T/n J%-Z)T (-7 T
T 2 2
Switches '_.Lf 14n x Clock Period X
L0
EXAMPLE n=2, NON-OVERLAPPING
1
>
A
2

: S N
T/2 T 37/2 2T 5T/2

PHASE PERIODS OF A CONVENTIONAL CLOCK SEQUENCE



Ya(®

S S S : » {
8T T 15T §2T§ 31 4T

viot )

or

Yo (1)

Yy(t) f

or L

Yl () |

S/H and its respective odd and even components

yu () =y )+ yq(t)

or

Yu(2)= YD) + YS (@)



Viq (Z)

Circuit

Vin(2) = Vin (2) + V2 (2)
Vo(2) = V5 (2) + V5 (2)

-1

CONVENTIONAL NOTATION FOR TRANSFER FUNCTION IS

N J
Vin (Z)
| and j can beeither “e” or “0”. 1,e,,
Vo (2)

H®(Z) =

Vin(2)



Two-PHAaSE CLock GENERATOR

SINGLE PHASE

=

NON-OVERLAPPING

fo

» 1




SWITCHED-CAPACITOR EQUIVALENT RESISTOR

Continuous (Conventional) Resistor

R:V1-V2:V2-V1p |2:V2'V1
l, I, R
V;and V, are constant voltage sources
11 I2
— <
E |
+ 1 +
Vi —C Va
|
A
Pl ] [ ] -t
O N D
. ? E ’ Lt ot

T2 T 3T/2 2T



Attime t = t, we apply the clocks.

At fq
(W
At f 2

<>\+/1 _ )32 Q(t, + T)=CV,- CV,

Q(t, + T) = C(V,- Vy)

—c (V2 QU+Ti2=cv,

For the next period, at f 1

(i e

ty + 3T /2 ty + 3T /2

Q1 = (‘)il(t)dt = (‘)il(t)dt

T to + T/2

Qt,+ 2) = C(V; - V)

0
dt

(o]



The average current 11 (ayer ) bECOMES
3T

Q(t, + )
| - 2
1 (aver ) T
1 t, + 3T /2
] (aver ) = o ip(t)dt
T t, + 3T /2
I _ C(Vl_ V2 — DQ
1 (aver ) 7 T Dt
or
T__ V-V,
C I1(a\/er)

Comparing with the continuous time resistor

@Rw:g:f;@

EXAMPLE. R = 250Kw, fc =128KHz

Ar c=—t - 1 .z
= = =31. pF
@32 Re,fc 2507 128° 10°

Ac

Continuous R “SC-R”
AREA 5,776 178.57 mils 2



ACCURACY OF TIME CONSTANTS

() CONTINUOUS TIME:

t = R1Co

a _dR;, 4G ® +40%® =+65%
t Ri Co

dt

Wheret— IS interpreted as the accuracy of .

TEMPERATURE DEPENDANT!

(v DISCRETE TIME:

- = T(D)
fcC C1

dt B dT+ dC2 dCl

t T Co

t

d—t @dC—Z- ﬁ® 0.1%
t CZ Cl



KCHL KIRCHOFF “CHARGE" LAW

n
a Q=0
i=1
Qj=CjVc
Ci
tl > O
Vs s
?_' _ t2 > tl
Ve,
a t=1,

Ve, = Vx(t2)- Vy(t2) - (Vx(t1) - Vy(t1))

Voltage across the capacitor V. = voltage difference (at present time) across the
capacitor minus initial condition’(at past time).



CHARGE CONSERVATION
ANALY SISMETHOD

q. (N =qayu(n-1)+qec(n)

%_

f
|

| |f1 2
| | | | >
n-1 n-}é N I’]+}/2
f

f2 _r

1
EXAMPLE ¥
V] —c,Tc, V2

for f o
ColVE(M) - VZ(n- 1)1+ CiIVE(m)- VP(n- 1)) =0

for fq
Co[VE(n- ¥))- VE(n- 1] =0p VI(n- ¥)=V35(n-1)




THEN

Cva(n)+ Cyova(n) = Covap(n- 1)+ Cyvi(n- 1)

(Cr+ Co)V2(2)- CZ'V3(2)= CV(2)Z !

ﬁz'l .
C Z
HOO(Z): 1 —
C+Cy Co 1 14a-azt
C1 Cq
&Z'l .
C Z
HOO(Z): 1 —
C1+C2 C251 1+a-azt
C Cq

V@) _VE@)Z

RS Vin(2) Vin(2)




V5(n)=V5n+ ¥)
CoAVE(n+ 1))- V9(n- 11+ Cvon+ 1))- vP(n- 1))
CAVS@NIZ2- 7 7214 cN2(2)2/ 2= NP2y

Co(1- Z 1)V§ (2)+ CIVo(2) = C V(D)2 7
VS (2) CiZ 1 CiZ 1

] V2(2) Cot- 2+ C,+Cy- CyZ L
Vi) o | C,
VP(Z) (Co+C)Z- Gy (Co+Cp)+(Ca+ CYST- C;
_ _ Z @1+ ST
For high-sampling rate wT<1
V3(2) Cy 1 1

VO(z) Ci+(C2+Cp5T 4, C2-Cuer "1+ 5 o
Z @1+ ST G o G

f3db@l" G —1fo

20 (Co+CPT 20 4, C2

C1
1.1 1.1 1 fg

x @— % = X
2p RiIC, 2p TG, 2p &
G G

Asde:

faqg @




Switched-Capacitor technigues advantages
« Reduced silicon area

« (ood accuracy. Time constants are implemented with
capacitor ratios (~0.1%)

e Don’'t require alow-impedance output stage (OTASs could
be used)

e Could be implemented using digital circuit process
technology

e Very useful inthe audio range



Switched-Capacitor (SC) Filters

How to design SC Filters ?

- Two basic approaches

Filter Specifications

il

Approximation Methods in the s-plane

‘4

]

H(s) = H(z) mapping

Select a RC-Active Filter Topology

Pick a SC Filter topology, and use coefficient Use a high-sampling rate and
matching to determine capacitor values substitute R's by SC resistors

SC Filter Implementation




Systematic SC Filter Design

Design specifications

q

Software tools:
Fiesta, Cadence, etc.

Block, circuit diagrams
Transfer function
Design equations

>

SC Filter Design

l

>

Simulate Filter
(SWITCAP, ASIZ, etc.)

Simulate SC at transistor
level (if possible)

Layout circuit

Additional specifications

Extract layout

Design amplifiers,
switches, etc.

Fabricate

Verify design

Test

doesn’t meet specs

does meet specs




What ar e the advantages and disadvantages of
thetwo filter design procedures ?
*Mapping Techniques
+ Systematic and well documented (see FIESTA-2)
+ It can use any sampling rate, including the (minimum) Nyquist rate.

- Difficult to implement by hand calculation

eTransforming R to SC resistors

+ It is, conceptually, easier to follow for analog designer
+ Itsdesign is straightforward

- Yields not an optimal design for area, imposed high sampling rate
Involves larger capacitor ratios.



Switched-Capacitor Filters Components

| » CrR [l

Basic Elements . % I I >
Capacitors ) ) —@ vo
e polysilicon 1 2 g
» metal 1-metal 2 L L J

» parasitics, clock-feedthrough

Switches Typica switched-capacitor integrator
* N-MOS

 Transmission gates

 Noise and on-resistance

OTAS

* DC-gain

e settling time (GBW, phase margin)
* Noise

Non-overlapping clock phases

TexasA&M University Analog Filter Design Thanksto Dr. Silvafor this material



Switched-Capacitor Filters: CAPACITORS

polysilicon

metal 1-metal 2

TexasA&M University

L e T i TR o TR T B O L s b T Tt
-:',*"3; Tl f‘rﬂ*n_. anhatiot "f‘"k:'?fﬁ.?-*n.. ekt
A ailopr i 2 IS R o e re A R T
S e W e it > 2 0
1" -!J o b o T ﬁ"._ L -.ls."‘i.'r B 2 AT R e ﬁ'-._ 1 :ls.

CP1, CP2'" are very small (1-5 % of C1)
CP2' isaround 10-30 % of C1

mggl 2

C,

Coi == metal _ _
—C,, Thick oxide

O T Ficl s . ] Ll T Tl
i:farf‘:}ﬂ:'“’?m"ﬁ.;'": H‘E “E' o "':‘u I‘J:T"-ﬁ 1-1"“7?“5"*"’ _q_!.—"" S
h i "r\-_?::@:!ﬁrlzai:ﬂ.q' "?"3 _:5 -"?-.I "J'.'l q" l‘5""-!i.'r.-|-|.'..'ﬂ J;;'j ‘:5

T - Ly b Rl e = | v H

Analog Filter Design JSM



SWITCHES

MOStransistorsbiased in
triode region, ~100-100 kw

Off resistances~G w 1 G
1 2
N-MQOS ® I ®

B

gwr

» Transmission gates 1 :

o
X

V
VDD

2

e

6 vss

TexasA&M University

Analog Filter Design

oV, V,<VgeVy (Vo ~1V)

L
MR Cox W(VGS -Vt )

e Ressance Rs@

» Small resistance for low voltages but
high resistance for large voltages

* Rail to rail operation, provided that
VDD and IVSSI > VT

» Smaller resistance (fast response)
» 2 clock phases

* More parasitics

JSM



Switched-Capacitor Filters. SWITCHES

Transmission gates
Rp
I VDD /
1 : 2 VSS
© VDDVSS @

TVSS

? A
Rn

VSS=-1V

TexasA&M University

Analog Filter Design

R, @ L
" mnCoxW(VDD - V1- V7)
RN For V1, V2=0, W/L=1, mCo, =10
RNlIRp R,=10k/(VDD-1)
V1V2
>
VDD
Rp If VDD, IVSSI<V, the
resistanceisextremely high!!!
| V1V2
| >
VDD=1V

JSM



Switches (continues)

QG
D —— =% 71 =— s *CGSand CGD arelLinear polysilicon
® v 5 capacitors, introduce offset voltage.
— B L *Cgs ps @renon-linear capacitors, introduce
harmonic distortion components.
Vs Ve P
*Mobile charge introduces gain errors and
Cesab = CoxWLp + %COX WL harmonic distortion components.
1 CjoWL
CgseD = 5T o " Cigs
1+ =—F
VS8 S G D
mobile- charge= Coy WL (Vgs- VT)
mobile charge
B

Texas A& M University Analog Filter Design JSM



Operational Transconductance Amplifier
PRACTICAL CONSIDERATIONS:

* DC-gain. Theinverting input isnot a
real virtual ground. v, =V /A4

invert

 Settling time. C1 must be

> “! 1 discharged during phase 1. The main
vi @ H : limitation is due to limited output
) ) ) 5 —O vo current and phase margin.
L L J *Clock feedthrough. Can be
aleviated by using especial clocking
schemes.

* Noise. In most of the practical cases
the dominant noise components are
due to the Switches!!!

Texas A& M University Analog Filter Design



Switched-Capacitor Integrator Analysis

1 —@ Vo
—T C1 +

V. v
Basic Stray-Sensistive Integrator

Charge conservation Principle:

Chargeinjected by C1isequal tothecharge
absorved by CF (DQ.,=DQcp)

DV oCF = -DQ¢;

Phaselt0<t£to+T/2

Phase2t )+ T/2<tetg+ T

<

Vi(t,+T/2)

K2 p—

DV,

Cl
DVO = - Evl (to + NT/2)

Texas A& M University Analog Filter Design JSM



Switched-Capacitor Stray-Sensitive Integrator Analysis

Phasel t0<t£t0+T/2

CF
Ver(t) = vi(t) Ver (1) = ver(to)
. ) | | Ver(to + NT72) = vi(tg+ NT/2) Ve (to+ NT/2) = vee (to)
vi @ -

1 —@ vo

—T— C1 Phase2 to+T/2<tetg+T

\V4 Charge conservation Principle:

_ v Chargeinjected by Clisequal tothe charge

Basic Integrator absorved by CF (DQ.,=DQp)

[0- 0)Cy - (vi(to+T/2)- O)G]+[(0- vo(1))Cs - (O- Vo(to+T/2))Ct]=0

Solving for phase 2 (t=t0+T)

Texas A& M University Analog Filter Design JSM/36



Switched-Capacitor Integrators: Stray-lnsensitivelntegrators

Cf

_ 1| Cf _ ||

1 Cin g i 2 Cin 1 A

vie— I _ vie—"—
] —@ Vo
—@ Vo 5
2 2 - 1
Er!.|;_ :r!.f_ :r!.f_ :r!-f_ :r!-f_ :r!q'.

Backward Integrator Forward Integrator
Charge conservation ==> Phase 1 Charge conservation ==> Phase 1

(vi (nT)- 0)Ci + [(vo (NT)- O)Ct - (Vo(nT- T/2)- 0)C¢]=0  (0- vi(NT- T/2))Cip +[(vo (NT))Cs - (Vo(nT- T/2))C¢]=0

Phase 2 Phase 2
0= (vo(nT - T/2)- 0)C; - (vo(nT - T)- 0)C; 0= Csvo(nT- T/2)- Cyvp(nT-T)
Vgn (NT- T/2)= Vi (NT- T/2)
Solving for phase 1
v; (NT)C;p, - [Vo(nT)- vo(nT- T)IC; =0 V;(NT - T/2)Cy, - [vo(nT)- vo(nT- T)|C; =0
HZ)=- ST H(z)- Cn 2
Cf 1-z Cf 1- Z'l

Texas A& M University Analog Filter Design JSM



Switched-Capacitor Backward I ntegrator

Ct
) ._/1 ||Cl 1 | | RN B
2 2 e XY
iy N

:

Backward Integrator

phase 2 phasel Ci, is charged (vg4=Vv;)
C, isdischarged (v=0)
and v, is constant DQcin =CinVi  DQct = Cs (Vo(NT)- Vo (nT - T/2))

(Vi (nT)- 0)Cjpy +[(vo(nT)- 0)Cs - (Vo(nT- T/2)- 0)C¢]=0

or

Vo (i) = Vg (1T - T)- Cc—i:vi (nT)

TexasA&M University Analog Filter Design JSM/38



Switched-Capacitor Backward I ntegrator

C;

, Gn ]
ie—— _ I_ B
, ) ) + —@ vo A

Backward Integrator

phase 1 phase2

Vo(NT) = vo(nT - T)- %vi (nT) Vo(NT +T/2) = vg(nT)
f

V'@ _ 2@ _ Gy 2
vi’@  vi°@ C1-z*

Hoozy= Vo@D o Cn 1 H®(2) =
vo(z Ci1 2zt

Texas A& M University Analog Filter Design JSM/39



Switched-Capacitor Integrators. Fundamental limitations

.
vv v

C, 1

H(z=1)=p

H(z=-1)=-Cin/Cf

H®(Z) =-
Ci 1- 71

éH(Z) behavesasan
integrator for f<fg/4

TexasA&M University

—

dcgan

Minimum gain

H(Z)~>

Fs/8 F94

Analog Filter Design

JSM/40



Backward (series) integrator: Why isstray insensitive???

. I Cf
1 Ciny |
vi @ H _ phase2
Cpﬂﬂ )\ O o -
2 Ciy, Cpy and Cp, aredischarged

; LS
y J7 J7 y J7 (initial conditons=0)

phase 1

C,, and Cp, are connected to Vi
NOTE THAT Cp, isconnected to thevirtual
«CP11SCHARGED BY Vi ground (initial conditons=0)

*CP2 ISCONNECTED TO GROUND OR
VIRTUAL GROUND (provided that the gain of the
OPAM islarge enough)

00 Vo'(z) C, 1
*BOTH CP1 AND CP2 DO NOT H™(2) = V:)O(Z) = C 1 71
INJECT ANY CHARGE TO CF.

Texas A& M University Analog Filter Design JSM



TexasA&M University

Analog Filter Design JSM/42

Why SC-Circuitsareimportant??

—@ Vo

L ittle sensitive to parasitics (dueto the
use of local feedback)

*High precision (0.2-1 %) (function of
capacitor ratios and clock frequency)

éChu 1
aCr g1- 21

H*°(2) = -

*Reduced Silicon-Area (double poly or
metal-metal capacitors can be easily
implemented in CMOS).

*OPAMPS (VCVS) ARE NOT
REQUIRED; OTASARE FASTER
(Resistors are simulated by switches and
capacitors).



Fully-Differential Filters: CMFB Principle

* A common-mode feedback loop

i Z
vinl 4 vol must be used.

vin2 Z;

Vo2 small impedance for the common-
mode signas but be transparent for
the differential signals.

Ze

O— -+> O

O— +o O *BASIC IDEA: A circuit with very
Ze

vCcm
vol vo2
-z © -z o Differential GBW similar to the
GBW of the CMFB
v = Jor* Vo
em 2 * Minimum power consumption

TexasA&M University Analog Filter Design JSM/43



Texas A& M University Analog Filter Design JSM /44

Fully-Differential Filters: CMFB Principles

vi O * A voltage controlled current sourcein a
’—b unity gain configuration represents a
- grounded impedance.
Zi

.1 R
Z':a J; i =-gmVi

BASIC PRINCIPLE:

 The loop works for the common-mode

| signals.
4 - * Idedlly, the differential signals are not
< gm sensed

J;-l_ écommon-mode impedance=1/gm




Fully-Differential Filters: CMFB Principles

[
Vg, IB v 1B Vo,
CMFB Characteristics:
I V1 4{ E j }‘ V2 I eTransconductance gain=g, /2
Zi M1 M1 4 o -
adominant pole at the output
\4 21B \4 P P
éAt least 2 additional polesin the loop
O aZcm reduces the OTA dc gain, affecting the
Zem Zcm differentia gain
M3 M3
|_{ eNOTE THAT Vecm ISFORCED TO THE
GROUND LEVEL.
Vem d
= grown éDC OFFSET IS AROUND I off/gm2
M2 M2
21B
CMFB

Texas A& M University Analog Filter Design JSM



Fully-Differential Filters: CMFB Principles

M3 \j LM| M3
— 11
v, BV vIB v,
8L e B
Zi M1 M1 4
W
1
Zem Zcm
|\/|3|1‘J L’:I M3
vem L | I— ground
M2 M2
2IB
T CMFB
o

TexasA&M University

Analog Filter Design

Common-mode stability:

1 poleat vem (RC)
* 1 pole at gate of M3 (9,,/Crs)
» 1 pole at the output (g,,/C,)

edcgain =g,,Ry
A /Domi nant pole

GBW

/.
First non-domi nmt/\

pole

JSM



Fully-Differential Filters: OPAMP

If DIB is positive transistors M3 eventually

M3 E M3Vb will be biased in triode region (small resistance)
IB+DIB ¥ v IB+DIB -(_?_(I:_Iglj:;;\i_nisdrastically reduced
v V.o v v . increases
o < o % > % * The common-mode output impedance is the parallel

of the equivalent output resistance (M1 and M3) and

v, 4{ E j }‘ v, the parasitic capacitors. For large dc gain, the output
impedance at nodesv0l' and v02' are further

Zy M1 M1 Zy increased.
21B

= DIB produces adc offset of R,,DIB.

TexasA&M University Analog Filter Design JSM/47



Fully-Differential Filters. OP AMP

Z, M1 M1 4
\4 2IB \4
-
Zem Zcm

T

Vecm _|
M2

TexasA&M University

The stability conditions ar e exactly the same
for OTA’sand OPAMP’s:;

1 poleat vem (1/RC)

* 1 pole at gate of M3 (9,,5/Crs)

« 1 pole at the output (g,,/C,)

* In OPAMP’ syou can useresistorsas

common-mode detector dueto the buffers
e dcgan=g,,Ry,

A «— Dominant pole

GBW

/

I ground .
v A
2IB First non-dominant
CMFB pole
Analog Filter Design JSM



Pseudo-Differential SC Amplifier
Vout=(C1/C2)VIN

-D/OCM
C 2,
| § b1 VouT/VIN=(C1/C2)/(1 + (C1+C2)/AC2)
(I) IPM
‘ ' (I) 2 C
(I) 1 Cl VOUT+ L
Y A —D
o, <
; \ Z:'I ' -A Voo € D
1 = C.
¢ IP pyd (I) 2
L |
C 5 /(I) 1
Y/ :
J— oou Clock Signals
¢ p : : |
b, I | |
¢,

— | " Period i‘



<~  A=-AAgmigm2/goigo2
le@

\Y ouT

4‘ ‘

\

CLS

Vs M R V|N’—{ M
(b) Capacitive level shifter

(a) Cascode transconductor with gain enhancement

Cascode transconductor with gain-enhancement



B V.
* " @
_/ q)
e Vour by g

B

I
| \
C:LS
L — ‘
(b)
@ <

Proposed capacitive level -shifting scheme



'

(@




(b)

Fig. 4 (a) Pseudo-Differential core amplifier and (b) the biasing circuit



TABLE
SUMMARY OF SSIMULATED PERFORMANCE

Power Supply 1.8V
Supply Current 1.25mA
Open-Loop Gain >100dB
U.G. Frequency 135MHz
Phase Margin 56°

Input Noise 22nV (Hz)V2
Closed-Loop Gain 2

Gain Error <.05%
Max. Sampling Rate S5M S/sec.

Differential Swing 1.6V
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