OPOW-PIXIN

> 1N arv

1449 ‘dSd

oury

IN1
o L

J <] o b— v/ diq
urewop Sopeuy : rensiq

Surduresdpn Burnduresumoqq MO ploy pue sjdureg
. Iy —— p—
w009
Ewﬂ JIINIDAUOI-Y/(I uanmwcc.mm J21IIAUOD-(J/Y L uﬂmaﬁ@oamhuﬂ-.m
£ Uy | < - \
)& | (m)¥y via ) dasa —| N} [ av [+ Hs | (mvH —0O)x

*s[euds snonunuos owrr) Jo Surssevory [eudig rensi(q “wreaSerpyoorg

Traditional view of the telecommunication system.
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DIGITAL PERFORMANCE METRICS

TIME DOMAIN

e CLOCK FREQUENCY

e NUMBER OF DIGITS

e POWER DISSIPATION

DESIGNOCTAGONE

NOISE <+—» LINEARITY
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INPUT AND OUTPUT IMPEDANCE, POWER SUPPLY VOLTAGE

/

NN\~

BANDWIDTH <+—» VOLTAGE SWING



BENEFITS OF SC-FILTER

A. SC-filters just require capacitors, switches (MOS-transistors) and operational
amplifiers.

B. Can be implemented in standard CMOS-processes or integrated circuits.

C. Coefficient values is determined by capacitor ratios, which can be imple-
mented with a higher grade of accuracy. (THE MAIN ADVANTAGE OF SC-

FILTERS)

DRAWBACKS OF SC-FILTER

A. Need linear capacitors, which require special CMOS-processes with addi-
tional poly-silicon layer.

B. Need good matching between capacitors which imply a large chip-area.

C. Operational amplifiers imply a lower limit on the supply voltage required.

SHORTCOMINGS THAT AFFECT Vgyr FROM AN SC-CIRCUIT

A. Parasitic capacitors.

B. Resistance in switches.

C. Finite gain of OP-amp.

D. Finite input-resistance of OP-amp.

E. Finite bandwith of OP-amp.

F. Input offset voltage of OP-amp. (Mismatch between transistors in the input
differential pair.)



CHARGE REDISTRIBUTION ANALYSIS
RULES:

A. Both plates of a capacitor always have the same amount of charge. (Positive
(+) on one plate and negative (-) on the other.)

B. Not connected capacitor plates will keep their charge.

C. If both plates of a capacitor are connected to the same potential, the capacitor
will be discharged.

D. Only the output of an ideal OP-amp (not the input) gives/takes charge; as
much as needed.

E. A switch-capacitor network without any DC-path to ground strives towards
equilibrium. (CHARGE CONSERVATION)

PARASITIC SENSITIVITY
RULES:

A. Parasitics continuousley connected to input voltage source (ideal) or to OP-
amp. (ideal) output do not affect H(z).
(Ideal sources can give/take as much charge as needed

B. Parasitics connected between ”ground-ground” or between “ground-virtual
ground” in both phases do not affect H(z).
(The capacitors charge is zero all the time.)

C. Parasitics that charge from a voltage source or from OP-amp. output during
one phase and discharge to ground during next phase do not affect H(z).

D. Parasitics connected to capacitor plates that are charging during one phase
and not connected during next phase do not effect H(z).
(Capacitors can not discharge.)

E. Parasitics that charge from a voltage source or from OP-amp. output during
one phase and discharge to a sensitive node (eg. another capacitor plate)
during next phase does affect H(z).



SUMMATORS (Not sensitive for parasitics.)

A. Integrator, summing, non-inverting. Phase 1:  Integrator, summing, non-inverting. Phase 2:

[1L.Cs [1.Cs
T B
o = ? - —
_==r° f '_ovout = ._OVout
Cl CZ _[- Cl Cz
Vio—o o—o V3 Vlz—oIoIo Va
Cy z71! Csy z~1
Vit = — ¢+ oV s .V
¢ C3 1—2z2—1 1(2) + Cg 1—2-1 Z(Z)

B. Integrator, summing and inverting. Phase 1:  Integrator, summing and inverting. Phase 2:

P —{}

r_[_O\ Ol
—"1"_-0 -y Vout - Vout
Cs C C

Cl 1 C'2
Vou e Vi(z) — ==+ ——e V(2
t= g 1 e g T eld)
C. Integrator, differens-counting. Phase 1: Integrator, differens-counting. Phase 2:

C, C
i =

—"-"-'rc f VOut =ri— 1 O Vout
Cy C

2 Cy C2
‘GO—O—[OIQL Va Vlr»—jmijo—o‘/z
C -1 C. 1
Vs = =2 . 2 Vi(z) — 22— V()



Integrator, differens-counting. Superposition.

I. V} included. V5 replaced by short-cicuit.

Phase 1: Phase 2:
[LCs
1
V:)ut = } V:)u.t
C, C,
Vio—o 3
II. V; included. V; replaced by short-cicuit.
Phase 1: Phase 2:
C'3 Cg
L°

Vout 3 } Vout
o C, C, Cs
¢ L Vo

E



Equivalent Circuit considering Offset Voltage

C,

-"-='-E_\ %ut

Equivalent Circuit considering Finite Gain
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Integrator(accumulator). Phase 1: Integrator(accumulator). Phase 2:

Cy Cs

=3 Vout -..-.'E—o ‘/:)ut
C 1 Cl

=
1\.—|
[
i

Integrator with parasitic capacitances

Top plate connection

Phase 1 Phase 2 | Affecting H(z)

Cpa

Chob

Cpa

‘/in O:-_—- Cpe

Top plate connection

Phase 1 Phase 2 | Affecting H(z)
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DESIGN OF LEAPFROG SC-FILTER

Passive reference filter
Order n

Ladder filter

¢ Introduce Iy, Vi, I, V3,---, I,
¢ Formulate equations for [, V;, Ir, V3, -+, I},

¢ Normalize all equations with constant R

e Draw a signal flow graph

¢ Propagate —1

e Modify signal flow graph. R/R, to the input

Leapfrog filter

-1
e LDI-transform. s = so =%

e z~1/2 »propagation”

’

¢ Introduce SC-integrators

o Identify coefficients

e Scaling sometimes

SC-filter

e Correction of C; and C,.. C; = Cy — 535, C,, = Co — 555
g 9
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IDENTIFYING COEFFICIENTS LEAPFROG SC-FILTER

1 z71 1 1 1 1
Vi = . Vi, — _y V- .
! soR,C; 1—z71 7™ soR,C], 1T—z-1 ' soRC; 1—271
4 04 2«'-1 C5 1 . CG 1
Vi = = V. - =S . — =5 - .
! C'7 1- Z""1 o 07 1-— 2_1 VI C7 1—2z"1
Identification gives:
Cy 1 B 1 B 1

6—; N SoRgCi SoRg(Cl - m) soRgCl - 0.5

Cs 1 1

C7 - SoRgcq SQRgcl -~ 0.5

Cs 1 1

C: _ soRC, s0R(C1 ~ 5577)

R 27t R 271
Vip = . .V R
i 80L2 1 - 2"1 I S()LQ 1— 21 VIU
’ Cs 271 ’ Cy z~1 '
Vv, = =5. Bt S 74
H Cio 1—z1 1ot Cyo 1—271 Hr
Identification gives:
G _ G _ R
Cio  Cio  sole
1 1 1 1
Virng= - —— ——— Vi1 — 7 Vi
m 50R03 11—zt i SoRLC3 1 -zt Hr
oo~ On 1, Ca L
rr — 013 1 — z—1 I CIS 1 — z—1 117
Identification gives:
Cy 1 . 1
013 SQRCé SQR(O3 - ,“2_3-51-1%—1:)
Cia 1 B 1 1

Cis  s0RiCy  soRu(Cs— i)  soRpCs—05

S = Wac
0= T
QSln%’Z

wae = cutoff-frequency for the analog reference filter.
w, = cutoff-frequency for the discrete-time SC-filter.



