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B Depending on the building-block:
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Amplifiers:

- Output swing

- DC gain

- Dynamic limitations (GB, SR)
- Thermal and 1/f n

- Gain non-linearity

Com parators:
;,,,,ystere&s

- Offset

' Caga(:ltors

- Non-linearity

Fully-diff SC schematic
of a 2nd-order *AM
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-DF-ZAMs:-Overview of nop-idealities = =

B Depending on their effect:

ERRORS DEGRADING NTF

B AMPLIFIER DC GAIN
CAPACITOR MISMATCH

INTEGRATOR SETTLING
v Amplifier GB

v Amplifier SR

v Switch R,

Impact depends Output ASD >

; on topology 4th order

e SINGLE-LOOP IAMSs
- Low sensitivity 3rd order

e CASCADE SAMs

) 2nd order

- Noise leakages
Imperfect cancellation of y, _— 1storder
low-order quantization errors -

0.5/0SR 0.5

> /£, (Iog)
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-DT-ZAMs:Overview of non-idealities  — =

B Depending on their effect:

ERRORS DEGRADING NTF MODELED AS ADDITIVE ERRORS
B AMPLIFIER DC GAIN B CIRCUIT NOISE
B CAPACITOR MISMATCH V¥ Thermal noise (switches, opamps, refs)

V¥ 1/f noise (opamps, refs)
B INTEGRATOR SETTLING

Y Auolifier GB B CLOCK JITTER
v Amplifier SR B DISTORTION
v Switch R,, ¥ Non-linear amplifier gain

¥ Non-linear capacitors
Impact depends 4

i on topology ¥ Non-linear settling

¥ Non-linear switches
e SINGLE-LOOP SAMSs
Front-end

- Low sensitivity dominates .
e CASCADE ZAMs
- Noise leakages

Imperfect cancellation of
low-order quantization errors

Similar impact on
different topologies
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Ideal SC integrator

»»_471-24:_!&;3952&0? leakage

B Effect of amplifier gain on the integrator transfer function:

SC integrator considering amplifier finite gain
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B Effect on single-loop SAMs: - Ideally: () =
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DT-ZANMs: ntegratot leakage

B Effect on cascade >AMSs: 2-1-1 3AM
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Mismatch between J
analog and digital /
filtering  /

Cancellation Logic

- ldeally: -
Y(z) = STF(2)X(z) + NTF,(2)E,(2) + - In practice: H(z} = -
+NTF,(2)Ey(z) + NTF4(2)E;(z)

e

STF(z) = z4
NTF (z) = 0 low-order

= NTF,(z) = 0 leakages
NTF;(z) = dy(1 -z 71)* (L,-1, L,-1, )
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-DF-ZAMs:Antegrator leakage |

Comparison of integrator leakage effect on 4th-order XAMs
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Amplifier DC-gain

- Sensitivity to int. leakages of cascades increases with OSR and L
- 1st-stage leakages dominate (L;-1 shaping)
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m Circuit primitive:

™

“"Analog” CMOS

- rotal thin Oxide m
k poly 2 ! I

4 FOX
' poly 1 —/ A

)]
L

Poly-poly T
Density | ——
Linearity I
Temperature ]
Parasitcs BE———— 1]
Matching

B Physical implementations:

Top I I Bottom
|7 ;|J+ p[i- ﬁ
T

Density N
Linearity 1
Temperature B ]
Parasitics NN |
Matching |

Density 5 D
Linearity |
Temperature I_________]
Parasiics BE—— ]
Matching m@r————

"Mixed” CMOS

topmost metal layers

FOX
| |
| M-i-M substrate
Density I |
Linearity I |
Temperature 1]
Parasics L1
Matching I
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D Z?Z'_ 4;1;:_ r mismatch ;.

C

= Coxe " (W-L)

Actual = ldeal

b Edge Errors

Local and global errors in:

» Area

» Capacitance per Unit Area

p Errors in thickness and dielectric constant
gradient o=

_,-—-\

Designed A Fabricated
SCintegrator ¢
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Centroid ftechniques
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B Effect on single-loop >AMSs:

2nd-order TAM

DAC

- In practice: g;ﬁ = gr(l + Egz)

o
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STF(z)=(1- {ggl_ - Eé?l‘ 3:-2 I
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Slight increase of error,
but shaping is preserved
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sacitor mismatch
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Y(z) = z2X(2) + (1 —z71)2E(2)
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Relative input amplitude (dBV)

12



€ 2-1-1ZAM
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- ldeally:
Y(z) = STF(2)X(z) + NTF,(2)E,(z) + - In practice: g;* = gi(1+&.)

+NTF,(2)E,(2) + NTF4(2)E;(z)
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e

low-order
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(L1, L, )
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B FEffect on cascade *AMSs:

100

SNDR (dB)

citor mismatch 3.
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B FEffect on cascade XAMSs:

\is-Gapacitor mismatch ;.

Capacitor mismatch, o (%)
o

—_
<
N

Required o for 1-bit loss in DR

-
o
o

V—v 2-2
+—+ 2-2-2
o—eo 2-1
—u 2-1-1
—e 2-1-11
.

Oversampling ratio, OSR

—100

Sensitivity to mismatch
rapidly increases with:

- Oversampling ratio
(OSR)

- Cascade order (1)

1st-stage leakages
dominate (L, shaping)
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-DT-ZAMs: integrator incomplete Sef

= The relationship between opamp input and output is non-
linear and dynamic
G
|
L% ¥
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1T~ R ~ %
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= = | = E _
— A =" 8, SR
O Integrator temporal evolution
¢ error due to amplifier finite bandwidth
¢ slew-rate limitation 9
3 Modulator output spectrum 3
¢ increase on the noise floor %
¢ harmonic distortion due to slewing

FELTTYELY.

02

[ Integration =l Sampling

Settling |
error

5 2

1'0 1I5
Frequency (MHz)

¥4

(0 SNDR degradation —————— % 245357540 50 4o 30 2010 o

Input Amplitude(dBV)
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Integrator temporal evolution: [Rio00]

» Both integration and sampling dynamics considered

» 1 pole model + SR limitation in amplifiers

» All parasitic caps taken into account
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DT-ZA/V_/S. In;t_egrator mcomp e; e sel

e

Integrator temporal evolution: [Rio00]
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DT-ZA/V/& Ir:tegrator mcomp ete sel

_ﬂ'

Inteqrator temporal evolution: [Rio00]
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e Sampling-Phase:
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e A

D7-ZAlVis: Integrator incomplete Set

Integrator temporal evolution: [Rio00]

INTEGRATION | SAMPLING |:>

GB AND SR LIMITATIONS
DURING BOTH CLOCK-PHASES

o(To)
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2 PARTIAL SLEW LINEAR C C
1 i
3 SLEW LINEAR Von= vo_n_1—c—( Vio-Vi)—..— C—( Vi, - Vip+
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6 SLEW PARTIAL SLEW »
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; PARl-T|I':\|IE.ASRLEW :t$ taken into account
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DT-Z'AMS‘- l;n;tegrator mcomp e te se

l Effect of the amplifier GB:
G - If only amplifier GB is considered
o I (assuming no SR limitation)
vma—f—[ Gs 62 »:\\ .ﬂs,.=f‘:—'" GE. = ffm
Vi o ) Kq., Gpi :/0{;5::* Vo og.d Ceg,s
I GLI z~ l'vm(z)—r”zvﬁ(z)

1—z1

)
£~ 6, [m{p(—(?ﬁ%ﬂ +e, [exp(—GBs%n +8,-6,

17T N S S S ST i
e " TR )
@ e frqtorder  _ Can be viewed as a
® — e e e oo 214 systematic error in the
o s~—on 2-2 . .
& integrator weight
o * #- # — . .
E — 83828 - Effect on ZAMs similar
< — 835 = éﬁ to a mismatch between
a — e — o — o analog and digital coeffs
- &8 — O 9 — o4
_ - It causes low-order noise
- Al U leakages in cascade AMs
0 05 1 15 2 25

Normalized amplifier GB




H Addltlonal effect of the ampllfler SR (+ GB):

Half-ecale SNDR {dB)

"Dominant” linear dynamics are not mandatory in order to fulfill specs

SR can be traded for GB
It can be used to optimize the power consumpti

on of amplifiers

INTEGRATION

" = = = Linear settling
—— Partial-slew
....... Full-slew

Deceurrence of the typas of sattling (%)

WO = e
a0 =" .. B s & S
' SAMPLING

8O-y === Linearseting T
ag—- .-t e —_— Parliakslew L
A Full-slew DR
GB mm 05 20-74- ""g"' ‘Hm_______....---—-'“"qm—' """"""""

05 1 15 2 25 3 35 4 45 & 0 100 200 300 400 500

Normalized amplifier SR, fo (A}

Non-linear dynamics cause distortion!

SR at the front-end integ must be carefully tackled
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Time (ns)

- Input is sampled with an error

o €oms = exp(_

1T
2R (*ST]

an

- Linear dynamics are slowed down

@ G5,,, - T+GE, 2R, Cy

GB,

1+GB,-2R,,.C.s

HOR

9 G‘TES. on =

- Slew time shortens
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DT-Z'AMS‘- Cuccuﬂ noise

2kT-2R,,

Switches for sampling Sg =

1
]. +5 " 21?:???{"‘5

Hg.}l{_ﬂ =

S 2BW, s . T .
‘R iy ks QP » Aliased
| N= S5 = Cyf,: component

B Noise contribution of the switches (input-referred): |

PRD x freg, bin W)

(
: : : : s
Main noise sources in SC integrators: Vin 160 Cs Sy :
4
m Switches - Thermal noise P - y
m  Amplifiers > Thermal and flicker noise Vrer S3(42) J_SZ @) '
B References - Thermal and flicker noise -
Gy
Sampling: sz cs Integration: o cs If
MA—]| _ o Vo
s — v
Vs Co| Yor — ]
Vi * Gm¥

T
m Sq)l(f) f ——sinc (nf/f )
|14:( S
-wm AT Y
(11l ity I | ‘l
ki .dﬂ!_l [|| I'll
TG | WAl iy
8% -JI ' \ |
geal . HePlos | Cs = 0.66pF
— Esiimation f, = 7T0MHz
= T
Freausncy (s
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DT-Z'AMS‘- Cuacuﬂ noise

.h.‘ Et —-L}‘
. . : . C
Main noise sources in SC integrators: Sy @0 he
m Switches - Thermal noise in—"— Cs 54@2)
B  Amplifiers = Thermal and flicker noise g | ) ksz'{d:? ; A
re 1 T
B References - Thermal and flicker noise Sa () |
i
Sampling: sz cs Integration: oz 1y

- =0 Vg
sz _: Vop Y _C
_@_*' Im¥Y

B Noise contribution of the switches (input-referred):

Switches for sampling S = 2kT'-2R,,:. Switches for integration

H (s) — l H N = 1 +Sj,:] _ gm = gm . Cuq‘fl 1
$60°0 T T+s-2R,, Cy 5,5 (I+s/ppll-s/py ' C "7c,, 777¢ /0
. _ . 2,0 _ l _ T ___2 |
BWy, 50, = r |Hse (N[ 4f 4-2R,Cq B, so, J. |50, }| AU =3 =73R Cs
0 an
g U)zmwﬂ S o k‘ I' FAPNTT 2BW,, S g 2""3&; """
sl 1, %oy, = s ek 7, TG,




-DT=ZANMs:Eireuit noise

B Noise contribution of the amplifier (input-referred):

Thermal + Flicker Thermal component
Soplf) & 7 1 . c 1
H o = . Sm e
\ Sm;(f) (m ‘}f’ﬁ 9‘”(;) (I +34;??T)(I +3-’{.ﬂ7) Py :rq! P2= (_'{ I 2R, C
t+oo
g”!
B _I (H,, () dr =2 Em
1 1 Lop 1] 2]
Sop(/) = Sop o ) 2 e
: » f (log) of EJ*‘« PR e— Al
fer, op kj"‘“p(f) ....... I s"P 2f, ‘5 c Oﬂlggﬁgnt

Flicker component

- B Low-pass filtered version

5:_% at the integ input:

2 S NH oy = S /]

-% ______ L ] ot u Folded tail_s are “submerged”

8 kN I component N0 the aliased thermal noise

=y
= (white) Sim, ﬂp(f )= S:’p KR

26 -2 16 1 U6 0 06 1 16 2 26
Normalized frequency, £/ f,

Similar treatment for the references




_DT-SAMs:-Cireuit noise n—— Y 1

Total noise PSD for the front-end integ:
2T | &

GB. f. .\ . (GB.. f.
Sq il f)Z o + 8 (—3+—“‘*."*")+.&. ( <L+ ‘“*.“‘f]
eg.inl/) Cef, “P\2fF,  |fl ref\ 2f, ¥
\ ) \ J \C
switches  amplifier references
Switches:

- kT/C is the ultimate limitation on the converter resolution
- It can only be decreased by increasing Cs and/or fs (it does not depend on Ron!)
- x2 in fully-diff implementations (3-dB increase, but signal power is 6dB larger!)

Amplifiers & References:
- GBs should be as low as settling errors allow (reduces folding!)
- 1/f contributions decrease with the corner frequency

GB. | f
o ref Jb W+ U .
+8 L —+2In[ = |(: +S, - f
S“?f 2 } ()S‘R ln(fo)( SOP‘)‘ cr,op S}ef cr, IL’f)

5]
JrC‘N,m= +S

2kT o OB,
Cg v 2

In-band error power due to circuit noise in the AM
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DT-Z'AMS‘- Cuacuﬂ noise

=l .

PSD x freq. bin (dB)

-120
-140
w/ Integ le
-160

SABO e Y R

__________________________________

' [ :
8O F -t e I B

BUTo0s ] IRUURUUEUNE AU R I A8 |

Sl e

er shaping

!
Al

..................................................................

Frequency (Hz)
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DT-Z'AMS‘- Cuccuﬂ noise

Effect of 1/f and thermal noise on the spectra of a 4th- order ZAM

(silicon results for several fs)

A Y A |

-90 | ]
-60 - ]

10 10 102 10° 104 10 08 o

Frequency (Hz) > Conzm‘)em

Be careful with Flicker models for transistors!
Front-end amplifier needed redesign!

29



DT—ZAMS GLech L’gter

- —— s e

m Sampling time uncertainty 4 clk AN

-
[Boser88]: i
dlk >
X (O o——T—ox Iy . L _ltlf)n uniform sampling of the input
= _: gmer
4 H - L
.. . i g \\ /:
> If jitter is modeled as random: Ty “M

i

' 2 2

P s A,2nf.6,) .

| S f, Ideal

A'r 50l o,= 0.1ns, f, = 125kHz
- = 0.1ns, f, = 500kHz
=

_dienfo) 3 -100
/2 OSR 8.
< -150
Error is larger, the larger input freq
: | -200 - : :
(wideband appsi) 0 5¢+05  le+06  1.5e+06  2e-06
Frecuency (Hz)




DT-Z'A/V/S Non Imeahty of capacl

9 In an ideal capautor dg = Cdv

- In practice: dg = C(v)dv, with C being voltage-dependent
Cv) = Cl+a,vt+a?+...)

- Considering the effect of the sampling cap only [Bran97]:

aq

vo,n = Vo,n—l + glvr'n, rr—l(l t jvin,n—l +

A, =Y 2\ o BD, = 20l0e, (24
2535154 = 2= 20810\ 74
....................................... az

- Even-order distortion cancels
w/ fully-diff

- Non-linearity of sampling cap
dominates

- Valid for weak non-linearities
(MOS caps are very non-linear!)

s 2

?virr, n—1
%= 500ppm/V, a, = 500ppm/V?
c T T
' | HD, = -94.0dB
L 5 HD; = -89.9dB
0 - HD;=-89.8dB
=1 r i
g
% -150 [ SN SN N S 8 —{ X
a | L
! | —— cs(integ1) |
-200 i) == Cgand C(integ1) |
! || == Cgand ¢ (all integ)
—250-

104 10° 106 107
Frequency (Hz)
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ar Amplifiers

DF=SAMS:

dB

Amplifier gain

4.0

2.0

Output voltage, V

Non-line

- Actual amplifier gain depends on output voltage:

Lo Vg

LAY

K

b2
1

£

by CS
T

¥

4

-)

Apevy) = Apel+y v, +Y,v2+.

500, y; = 10%/V (single-ended AM)
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E e
= — o
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. w 2=
&6 : &o o ns
\w E = Cm ° p..e
O i o
+1 & +] 4 = E€g
P St C) rm
Sl gl %0
N’
= = m; h...w..
b6 ) " .Tm
b m (v} - <
) & m © <
S8 & 2B
% = H <X+
SHE
] |

?
P e — = L] O
e Tk o
- | IR S ——— -——
|||||| P! R
8 IS SRR TR
Flew ewv ey |J1o_ 0@ _
MRS EE- R - R -
[aleNe] n [
a®mwo | ! o | <
" Elaonon ||__u|u|” e T e e e )
O F v@vave|_|.|.|H.|.|:u.|. |||||||||||||
| L - -y _L___'___1
| !
SR e
H Fr-——a- ===t ==
P P T |
o o o o o o o o o
(o] <t (o] @ o o~ <t w
_ . J — — -—
1

(ap) wq "bay x gSd

Frequency / Clock frequency
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DT—Z'A/V/S Non Ii

Half-scale SNDR (dB)

e o v f'—“,«:-

ar settlmg

O

SR at the front-end larger than settling requires

. . sl =R SR
- SR can trade for GB in the integrator settling, p o475 /2) (Ts)
but non-linear dynamics cause distortion: 041
C..' 03¢
—_ |
i = 02} | |
o |
A CS tha B 01} : !
¥y oY= | 0.0} | i -
TR + —Y 04} | PARTIAL SLEW Ji
4 L 0'2 ‘ |
o Sty 10 15 420 25 30
t (ns)
0 T . TR T 4 F Ebaran
200 [ spnromoa | HD; = -115.8dB
= ggs’;f,iﬁ;g 5 HD,, = -109.9dB
40| — SrShom s | HD = -90.9dB
5 . '
S 0
.
c -80
0
g -100
 -120
3
€ 140
160
g0 LV
05 1 15 2 25 3 35 4 45 & g o
Normallzed amp ifler SRy -200 i i i
107 10 19~

Frequency / Clock frequency
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S e

- Switches exhibit a
finite R,y which is

also non-linear:
¥D(®
Oo—

k

“DT-ZANMS:Nen-linear switch resistance

B Non-linear sampling [Geer02]:

S (04) R‘anj = f[Vm(tJ. Vb{t)] Cs

: C
Vin c.—/:lH S S84 (¢_2)_ i) Q—M Vp{f)—viee(t)
Ve ; +

S2(01 #
S5 (62) -
A Vel

Numerically
solved

Rsn,E 1

Switch or-resistance {£2)

= Vgna

- Distortion is dynamic (increases with input freqg!)

- Front-end switch dominates

- Rpn at the front-end smaller than settling requires
- Very important in low-voltage!

g 8 8§

2

-~ Ay : :
075 025 025 075 125

[x]]
-1.25

Commen-mode voliage (V)

Most suited sizing depends on
parasitics, Vref/Vsupply, ...
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Offset - Attenuated by
h the integrator DC gain

+, f £ — <
'TH_? @_’" J— ¥ /‘r / + Hysteresis = Shaped
v

------- similarly to quantization

/ f error [Boser88]

4
I
/

_ 2

P =4h
" (2L+1)OSR**!

|
iV
—Dll{ﬂ— nzl‘
offset

1-bit DAC - Inherently linear
B Multi-bit >AMs:

Effect of DAC errors on a 2nd-order 3-bit TAM

+ souu K '

[ 100
¥
Bhit DAC pa——r

90
Multi-bit ADC -> Errors attenuated/shaped 70 |

80 r

SNR (dB)

=—a(G3in error
r~—nOffset error

Multi-bit DAC - Non-linearity directly 60 | o—olNL
added to the input! 50 |
(A Y DEM techmiales 10°  10* 10% 102 107 10°
[Mede99]: o2 :_( . ) INL2 lique Error (LSBs)
2127 -1 Dual quantization
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D T—Z’A Ms Gase stu dy

A 2.5-V Cascade SDM in CMOS 0. 25um for ADSL/ADSL+
v
l' F l‘ |
41; )51 26\4 B" ¢1ﬂ_;ri:ilﬂg 0.8p
‘l'm J_)Eép ¢z_| |( I
X
. - 2P ] | ‘Pz
2-1-1 w/ dual quantization el e
| |
e e, *ﬂ;);(;
B Two different amplifiers: 2-stage OA in the 1st stage, v v vt 7 \ :
and 1-stage OA in 2nd and 3rd stages. -
L VA
B Standard CMOS switches (no clock-boosting). | f v Pl
— V) :
B Only 2-branch integrators and 2x16 unit capacitors (MiM). B'L D‘ﬁ“’ IK.T i
oasp | gy %)
B Comparators: regenerative latch + preamplification stage. | "« 3; &
045 I(th _ih:ﬁ 0.44p TE
B 3-bit quantizer in the last stage: 4 =) e
v (", o®
€ Resistive-ladder DAC (no calibration). Pl -
€ Flash ADC: Static differential input stage +
latched comparators.
b l| e
B Power-down control. Ly, l \
2 045
ol |5
g 7 :’!3
D.45p ‘r“h 41?‘ il ITE
——e ¥ —tﬁiﬁﬂ I/m
{;z_nv' Q‘?ic”mc-




Blocks Specs
EQUATION DATABASE

! L
A Typieal | G
Quantization noise -88.1dB | -86.2dB
Idgarner analysis: -90.3dB

DC g#h Idakslgand slow dqvices noglelss

Cap. MismiRBrPREAMYE range: [-40°¢, +110°C
(o, =.0558%00agigtion i e 4% s@&pﬁgB

DAC error -96.4dB

Thermal noise

kT/C noise

Amplifier noise

Clock jitter

In-band error power

Dynamic range

(13.5bit) | (13.1bit)

ERONT-END
INTEGRATOR

AMPLIFIER

COMPARATORS

Topology 2-1-1(3b)
Oversampling ratio 16
Reference voltage 1.5V
Clock frequency 70.4MHz
Clock jitter 15ps (0.1%)
Sampling capacitor 0.66pF
Cap. sigma (MiM, 1pF) 0.05%
Cap. tolerance +20%
Bottom parasitic cap. 1%
Switch on-resistance 150Q
DC gain 3000 (70dB)
GB (1.5pF) 265MHz
Slew rate (1.5pF) 800V/us
Output swing +1.8V
Input equivalent noise | 6nV/sqrt(Hz)
Hysteresis 20mVv
Offset +10mV
Resolution time 3ns
DAC /NL 0.5%FS
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D774/ Case study

_; = + + w ot
DeOSR| |[IBOSRITTH
_ GB _ GB
M=1+GB/f l+GB-2n-2R, Cg

an an

GB

-88.1dB | -86.2dB
-90.3dB

Quantization noise

-99.8dB

DC gain leakage

Cap. mismatch leakage
(6.,=0.05% | 0.1%)

DAC error

-95.40dB | -89.4dB

Thermal noise -84.8dB | -82.2dB

Clock jitter
82.8dB | 80.8dB
(13.5bit) | (13.1bit)

In-band error powe

Dynamic range

Topology 2-1-1(3b)
Oversampling ratio 16
Reference voltage 1.5V
Clock frequency 70.4MHz
Clock jitter 15ps (0.1%)

Sampling capacitor 0.66pF
Cap. sigma (MiM, 1pF) 0.05%

Hysteresis 20mVv
COMPARATORS | Offset +10mV
Resolution time 3ns

3-bit QUANTIZER § DAC /NL 0.5%FS
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Integrator Dynamics

B GB> 2.5fis ideally enough to limit settling
errors (this architecture w/ OSR = 16).

B Switch on-resistance slows down the
effective amplifier response:
. GB GB
(J’B ’f,{ = - - = - -
1+ GB/f | +GB-2n-2R,,Cy

an an

Standard switches GB = 265MHz
(no clock-boosting)  (assuming that 85% of
the clock cycle is useful)

B Slew rate must be large enough to let the
linear dynamic to correctly settle.

L SR/(V,p-f) = 6.5 {8 SR=800V/ps

B Partially slew-rate limited operation of the
front-end integrator introduces distortion.

In-band error power (dB)

In-band error power (dB)

Ropn=0Q  (fo ~ )
Rop = 15002 (fon ~ 11.4f,)
Rop = 300Q (fon ~ 5.7f)
Ropn = 5000 (fy, ~ 3.4f,)

4 5 6 7 8 9
SR/ (Vyer f5)

39



D7 za1/5- Case study -

Unit capacitor 0.66pF 0.45pF 0.45pF
DC gain 3000 (70dB) 600 (56dB)
GB (1.5pF) 265MHz 210MHz
Slew rate (1.5pF) 800V/us 350V/us
Output swing +1.80V +1.60V
Input equivalent noise 6nV/sqrt(Hz) 50nV/sqrt(Hz)
v v
OPA OPB

B SC CMFB nets

B pMOS input scheme

Cancelled body effect
(substrate noise coupling)

Smaller 1/f noise
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0.45pF

Unit capacitor 0.66pF 0.45pF

DC gain 3000 (70dB) 600 (56dB)
GB (1.5pF) 265MHz 210MHz
Slew rate (1.5pF) 800V/us 350V/us
Output swing +1.80V +1.60V
Input equivalent noise 6nV/sqrt(Hz) 50nV/sqrt(Hz)

ron

OPA 2-stage amplifier Telescopic 1st stage

B SC CMFB nets

B  pMOS input scheme

Cancelled body effect
(substrate noise coupling)

Smaller 1/f noise

2-path compensation

Typical
DC gain 78.6dB 73.5dB
GB (1.5pF) 446.8MHz 331.5MHz
PM (1.5pF) 64.0° 57.9°
SR (1.5pF) 1059V/us 883V/us
Output swing +2.09Vv +1.86V
Input eq. noise 5.1nV/sqrt(Hz) 5.5nV/sdft‘(kH‘i)w
Input capacitance 126fF 129fF
Power consumption 17.2mW 19.4m
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DT-ZANMS:

—
—

e i

Unit capacitor 0.66pF 0.45pF 0.45pF ® SC CMFB nets
DC gain 3000 (70dB) 600 (56dB) ® pMOS input scheme
GB (1.5pF) 265MHz 210MHz Cancelled body effect
Slew rate (1.5pF) 800V/us 350V/us (substrate noise coupling)
Output swing +1.80V +1.60V Smaller 1/f noise
Input equivalent noise 6nV/sqrt(Hz) 50nV/sqrt(Hz)
OPB folded-cascode amplifier

Typical Worst Case
DC gain 58.0dB 56.8dB
GB (1.5pF) 393.5MHz |.7MHz
PM (1.5pF) 70.3° 67.7°
SR (1.5pF) 377V/us 373V/us
Output swing +1.97Vv +1.72V
Input eq. noise 4.1nV/sqrt(Hz) | 5.1nV/sqrt(Hz)
Input capacitance 300fF 343fF
Power consumption 6.6mwW 6.9mW
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e

B Slow-down of the integrators dynamics * P 1500
B Incomplete sampling (RC time constant)
B Dynamic distortion (front-end integrator) Standard CMOS switches

B No clock-boosting
B No low-Vt transistors

250

200

150

100

50

Switch on-resistance (Q)

0
-1.25 -0.75 -0.25 0.
Voltage level

5 075 1.25
V)

—_ N
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DT—ZAMS Case study 3

Aﬁr——»‘

Dynamic distortion
evaluated through
electrical simulation

B Sinewave input

ETHD < -96dB

B DMT input

EMTPR < -81dB

0.85Vpd @ 366kHz
0 T ) T ! ' ' !
o e 1 15 z 28 3 a2 4
Frequancy (He] e
T T
-50 ‘
:;-; A (i II| I T
8 HHH‘ H‘H HHHHH ‘ H HHH H‘ ‘ H H H HH‘ H‘ HHHH‘ H H H
I .
g -150 ‘ Al III IH "'
A 0 =481.85dB
200 MTPF! 100 =-97.5dB
MTPR-150 =-81.58 dB
MTPR-200 =-97.556 dB
_26 | MTPR-OFB =-77.26 dB ! |
0 2 4 6 8 10
Frequency (Hz) %1 05
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DFZA

S R =

s Case study -

CMOS tech with
mixed-signal facilities

Thin oxide between
metal 4 and metal 5

Cap. matching 0.05% (1pF)
Bottom plate parasitic 1%
Cap. spread +20%

=® Integrators weights:

TOP
ms [ | | ]
thin
oxide™~L|
M4 | |
BOTTOM

M3 [

P Very good matching (0.1% assumed for 6-c design)

#» Helps to limit the capacitive load to integrators

B Front-end integ, 0.66pF: 27um X 27um

B Remaining integs, 0.45pF: 22um x 22um

#» Also MiM caps in OPA, in the SC CMFB nets, and in the anti-aliasing filter
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ﬁ T Comparator
b P :
¢2dH[i_,_F><i,_ijFo 2d Pre-amp + Regenerative latch + SR latch
So—o<7 4DO—O R
Ig * |: (Different supplies)
v, o Lo v, dog M P2d ¢
AT I — -
l—‘ |_‘ J_Il Hysteresis 127.5uV | Offset 6.3mV
}_>q Resolution time, LH| 3.9ns [ Resolution time, HL| 2.8ns
Input capacitance 100fF | Power consumption| 0.3mW
3-bit Quantizer
- - ! v,-"' v"- .
Resistive-ladder DAC Voacto

B 700-Q ladder between references +2V/+0.5V
(14x50€Q2, 3.21mW)

B Unsalicided r+ poly used in resistors

B References obtained from the on-chip analog supply

Flash ADC

B Static input scheme (no caps)

¢ Reduces capacitive load to 4th integrator
& Saves silicon area

o5 LE‘ & L& 3 L.P-L?-
S | \ X pil \ A X
AR Mﬂr""f\f‘rl—l"

B Extra differential pair in comparators

|
[“a




M.

o

2.78mm?2 w/o pads
CMOS 0.25um 44-pin plastic QFP

- B —
-\
e .
r T

4-layer PCB

TTITEITY (YT TITTTO AT,

-
O
-
i

g ]
[ |
.J+

-'L."S—J.E_:!CTEJ.‘JXIN

i

| ESe))
&)
S
w©
A
=
c
<L

Dedicated analog, mixed, and digital supplies
Guard rings with dedicated pad/pin
Increased distance among analog and digital blocks

Shielded bus for distributing the clock signals
Extensive on-chip decoupling

Pad ring divided blocking cells

Multiple bonding techniques

Layout symmetry and common-centroid techniques




PSD x freq. bin (dB)

D7 za1/5- Case study -

o -6dBV @ 160kHz 80 o A OsR-16 (ADSL+ band)
. _ 70F O—O OSR =32 (ADSL band)
sh A THD = -87dB | [
] 60 |
50 1 @ 5l
SFDR = 90dB =l
751 . % 40+ %
=
i “ 30t 3
-100 | A
F 20 7
-125 I
10} .
-150 L L 0 1 1 L ! ! ! ! 1
0.0 . 1.0 VH 2.0 80 70 60 50 -40 -30 20 -10 O
requency (MHz) Relative input amplitude (dBV)
S5T20190 Utopia ADSL2+
solution for CPE .
ST201 84 Meeting the triple-play demand for data, voice and video Par‘.r Of a Commer'C|G|

Filters

Splitter &
DFE

........

modem !

In mass production
(STMicroelectronics)
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