EE247

Lecture 18
ADC Converters

— Sampling (continued)
— Bottom-plate switching

— Track & hold
* T/H circuits
* T/H combined with summing/difference function
» T/H circuit incorporating gain & offset cancellation
» T/H aperture uncertainty

— ADC architectures and design
 Serial- slope type
» Successive approximation

» Flash ADC and its sources of error: comparator offset,
sparkle code & meta-stability
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EE247
Lecture 18

 Administrative issues

= Midterm exam on Thurs. Nov. 5th

o You can only bring one 8x11 paper with your
own written notes (please do not photocopy)
o No books, class or any other kind of

handouts/notes, calculators, computers, PDA,
cell phones....

o Midterm includes material covered to end of
lecture 14

EECS 247 Lecture 18: Data Converters- Track & Hold- ADC Design © 2009 Page 2




Avoiding Switch Charge Injection
Bottom Plate Sampling

¢1D ¢1
1w Gl
i Vo ol
V, J—CS o, 1
= ¢1~| M2 i

» Switches M2 opened slightly earlier compared to M1
- Injected charge due to turning off M2 is constant since its GS voltage
is constant & eliminated when used differentially

» Since C, bottom plate is already open when M1 is switched off:
- No signal dependant charge injected on C,
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Flip-Around Track & Hold
422 o 1|
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S2A 0 o1 | | l
1D
0| L[ 1
®1p C 0 S3
v
N oo |}—o0 5 .,
S1A S2 + Vour
0, ,O S1 « Concept based on bottom-
plate sampling

Vem
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Flip-Around T/H-Basic Operation
¢,~>high
% 0 i I I

S2A oo 111

¢']D
; o, | L | [
¢1D c q)‘z S3
v i i
e Vour
S1A S2
0 o= V€
b1 S1 Note: Opamp has to be
stable in unity-gain
Vem configuration
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Flip-Around T/H-Basic Operation
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Flip-Around T/H - Timing

o,
o 1 T 1 _
¢!D d1p | |

| |
ViN ¢g° ¢ S3 2 :

S1A S2 D Vour
S1 opens earlier than S1A

g ) $1 No resistive path from C
bottom plate to Gnd 2> charge
Venm €an not change
"Bottom Plate Sampling"

S2A
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Charge Injection

At the instant of transitioning from track to hold
mode, some of the charge stored in sampling
switch S1 is dumped onto C

« With "Bottom Plate Sampling", only charge
injection component due to opening of S1 and
is to first-order independent of v,y

— Only a dc offset is added. This dc offset can be
removed with a differential architecture
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Flip-Around T/H

0, ]
L _,_\_
S2A ol L1 |
1o
L o, | L1 L
d1p ¢‘2 S3
Vi c
S1A s2 . —
Oy S1 Note: Among all switches
! ,0 only S1A & S2A
experience full
Vem input voltage swing
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Flip-Around T/H

* S1is chosen to be an n-channel MOSFET

+ Since it always switches the same voltage, it's on-
resistance, Rgy, is signal-independent (to first order)

* Choosing Rg; >> Rgy4 minimizes the non-linear
component of R = Rgya*+ Rg;4

— Typically, S1A is a wide (much lower resistance than S1) &
constant Vg switch

— In practice size of S1A is limited by the (nonlinear) S/D
capacitance that also adds distortion

— If S1A’s resistance is negligible > delay depends only on S1
resistance

— S1 resistance is independent of V|, = error due to finite
time-constant = independent of V
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Differential Flip-Around T/H
Choice of Sampling Switch Size

g
Gircuit Cs ol Walue of Gyem
S, v
"‘ S cmit )
Vin 83 }i[ocx N
i [
S v E.
: s, cmi1 £
) £
Circuit =
110! A—
C,=7pF 0 10 200 300 400 500

Sampling Switch ¥idih {umj
» THD simulated w/o sampling switch boosted clock - -45dB
» THD simulated with sampling switch boosted clock (see graph)

Ref: K. Vleugels et al, “A 2.5-V Sigma—Delta Modulator for Broadband Communications
Applications “ IEEE JSSC, VOL. 36, NO. 12, DECEMBER 2001, pp. 1887
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Differential Flip-Around T/H

%]
i ama
a2
+ g “u
811 + LR
Vin VCM1 em > <21 Vout
+
i,
s12
T 2 o
[+
A

Offset voltage associated with charge injection of S11 & S12 cancelled by differential
nature of the circuit
During input sampling phase-> amp outputs shorted together

Ref: W. Yang, et al. “A 3-V 340-mW 14-b 75-Msample/s CMOS ADC With 85-dB SFDR at Nyquist Input,”
IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 36, NO. 12, DECEMBER 2001 1931
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Differential Flip-Around T/H

q) rogTTT g Y
N e
0 d - | I
q; | - 1
2
* Gain=1
» Feedback factor=1
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Differential Flip-Around T/H
Issues: Input Common-Mode Range

AV, cm=1-1.5= - 0.5V
* AVin-cm=Vout_com'vsig_com
—> Drawback: Amplifier needs to have large input common-mode
compliance
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Input Common-Mode
Cancellation
o

M3

—E-—v-——oel
.S’:r
L I
=

.
H

* Note: Shorting switch M3 added

Ref: R. Yen, et al. “A MOS Switched-Capacitor Instrumentation Amplifier,” IEEE JOURNAL OF
SOLID-STATE CIRCUITS, VOL. SC-17, NO. 6,, DECEMBER 1982 1008
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Input Common-Mode Cancellation

+1.2 - +01 -
1V+0.2V
Vi Il Vor c"_I_—" Vo1
Cq - % ¢, 1 I -0.1
v Il - -0+ =
2 11 0 VOZ voz
1v-0.2v ©C. —]—c C, +0.1
+0.38 - T I
Track mode (¢ high) Hold mode (¢ low)
Ver=Vin » VeV Vo1+Vey =0
V41=V2=0 Vo1-Vor= -(V11-Vi2)(C4/(C4+Cy))

-> Input common-mode level removed
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Switched-Capacitor Techniques Combining
Track & Hold with Other Functions

* T/H + Charge redistribution amplifier

* T/H & Input difference amplifier

* T/H & summing amplifier

+ Differential T/H combined with gain stage

« Differential T/H including offset cancellation
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T/H + Charge Redistribution Amplifier

S3
\
- ch o+
11
1
C
S1 ~Vei 4 +VOS_
VlN\o—¥I——"—— ()
c —° Vo
"
- T As>1

Track mode: (S1, S3 2 on S2-> off)
Ver=Ves—Vin 5 V=0
VO=VOS
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T/H + Charge Redistribution Amplifier
Hold Mode

Cy,, AQ
3| e
Ve —> Vos 1]
AVey =Vos— (Vos —ViN) = ViN Vos

C, + -
AQy=CyAVgy = CqiVin I——"—— O .
V, —0 Vo
AQz:CzAch = AQ1 - - Cl+
AQ1 = AQz =
AV (c‘)v v
c2 = (g,)Ve1 = Vez

Hold/amplify mode (S1, S3 = off S2-> on)

c1
Vo =Vea+Vos = (C_Z)VIN +Vos

- Offset NOT cancelled, but not amplified
- Input-referred offset =(C,/C,) x Vg, & often C,<C,
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T/H & Input Difference Amplifier

s3
AN
- Voo +
1l
s1 G
Vi o— “Vers | Vos
l -
I
Vi o c _ Vo
s2 s
s3
—
- Voo +
1l Sample mode:
s1 G
Vin Vers | Vos (S1, S3 >on S2-> off)
v cl O } v, Vo=V =V, V=0
I 1 —
20—52 vo Vos

EECS 247 Lecture 18: Data Converters- Track & Hold- ADC Design © 2009 Page 20




Input Difference Amplifier
Cont'd

Subtract/Amplify mode (S1, S3 >off S2-> on)

During previous phase: s3
Ve1=Vos —Vir » V=0 N
Vo=V - Vo2 +
m
s1 G
Vit o— -Ver 4 Vos
s _
Ve1=Vos—Vi2 -0 } .
Vi C — Vo
AVer=WNVos ~Vid)=(Vos =Vi)=Vin=Vip  *° g3 '

c c,
AVe, = (c_;)AVm = (c_z)(vh‘vm)

C
Vo = (C—D(Vu =Vi2) +Vog
->0Offset NOT cancelled, but not amplified
->Input-referred offset =(C,/C)xVg, & C,<C,
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T/H & Summing Amplifier

S5
Cs
i
s1 - Ves +
Vit o— [ Vos
O
s2 [ v
Viz o— Ver °Vo
s3 =
Viz o— C,
sa [
Vis 00— Vez
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T/H & Summing Amplifier
Cont'd

S5
i
Cs
i
S1 - Vgz +
Vit o—mdem- G Vos
o
s2 n O
Viz o—N\— Ve °Vo
s3 =
Vis o—mdam C,
s =
Vis o—N— Ve

Sample mode (S1, S3, S5>0n S2, S4-> off)
Veor1=Vos Vi1 1+ Veo=VoeVis, V=0
V0=VOS
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T/H & Summing Amplifier
Cont'd

S5
Amplify mode (S1, S3, S5>off, S2, S4-> on) Cs
11
]
s1 -V,
Viho—N— ¢ Vos o

Pt
s2 140

Vi o—maml Vi =0V
S3 =

Viz o—N— C,

Vo1 =Vos—Vi2 = AVg1 =V -V,

c1=VYos —Vi2 c1=Vin-Viz sa — -
Ve2=Vos—Vis = AVc2=Viz—Vig Vis o | Ve2
AQ3 = AQq +AQy = C1AVg + CoAV)

BV =, ™ (g—;)(vn -Vi2) +(g—§)(vls'vu)

Vo= (g—D(V" Vi * (z_;)(vls =Via) + Vs
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Differential T/H Combined with Gain Stage

¢1‘||f_c| ¢ EF‘”l %, %

@ =

1 . —

o “H #1418, [smoure —
% oAt OAIOUT- CM;ZAS j—] BIAS
_ ¢ { l—g OPAMP ="
é 2 0A OUT+

N = e - %, %1
— ac ! #,4[ )}, [smour- = ==
?, 2 2 FES

¢,+["—C* o ‘ﬁu, B

Employs the previously discussed technique to eliminate the problem associated
with high common-mode voltage excursion at the input of the opamp

Ref: S. H. Lewis, et al., “A Pipelined 5-Msample/s 9-bit Analog-to-Digital Converter” IEEE
JSSC, VOL. SC-22,NO. 6, DECEMBER 1987
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Differential T/H Combined with Gain Stage
01 - High

A A
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Ref: S. H. Lewis, et al., “A Pipelined 5-Msample/s 9-bit Analog-to-Digital Converter” IEEE
JSSC, VOL. SC-22,NO. 6, DECEMBER 1987
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Differential T/H Combined with Gain Stage
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* Gain=4C/C=4

* Input voltage common-mode level removed = opamp can have low input
common-mode compliance

* Amplifier offset NOT removed

Ref: S. H. Lewis, et al., “A Pipelined 5-Msample/s 9-bit Analog-to-Digital Converter” IEEE
JSSC, VOL. SC-22,NO. 6, DECEMBER 1987
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Differential T/H Including Offset Cancellation

2C

Sanicl ;

ouT+
| INAZ— SET
Caz )
T

ouT-
L 2c c L ‘ \
N AUXILIARY INPUT STAGE

* Operation during offset cancellation phase shown
* Auxilary inputs added with A_; /A, =10
* During offset cancellation phase:
* Aux. amp configured in unity-gain mode: = offset stored on C,, &
canceled during the signal acquisition phase

Ref: H. Ohara, et al., "A CMOS programmable self-calibrating 13-bit eight-channel data acquisition
peripheral," IEEE Journal of Solid-State Circuits, vol. 22, pp. 930 - 938, December 1987.
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Differential T/H Including Offset Cancellation
Onbperational Amplifier

vDD

* Operational amplifier > 1 = e
dual input folded-cascode ! ':] T
opamp BlAS 4 VP2 I h_ I {
* M3.4 auxiliary input, M1,2 ve3 LI l::‘ | :“_0 e
. T 1 M7 | ms | e
main mput H—Ai
* To achieve 1/10 gain ratio ::7 o a [t '—I Now
Wigs s =1/10x Wy 5 & o
current sources are scaled - fwaz- o———[¥s wa o our
by 1/10 POy
INAZH Qe |
*M35,6,7 2 common-mode VNS 5 JJ
VN2 1 | 1

control T T
BIAS
* Output stage = dual i Aﬁﬂ rj
cascode = high DC gain A h’l h’l }

Vaut:ng,Zro Vin] + gm3,4ro VinZ vss

Ref: H. Ohara, et al., "A CMOS programmable self-calibrating 13-bit eight-channel data acquisition
peripheral," IEEE Journal of Solid-State Circuits, vol. 22, pp. 930 - 938, December 1987.
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Differential T/H Including Offset Cancellation Phase

2¢ c Az
l—”—-{ = o
) N- I Snaz- P ]

T -
Caz —
gm0 :=E S3— (VL\'AZJr - VL\'AZ-)_ _gml,/gmj,4 Vt{[].'\'('t

OUT+

LT

ixj :

N
I__“__L = ouT—
=2 ¢ = Vpa \
AUXILIARY INPUT STAGE

* During offset cancellation phase AZ and S1 closed > main amplifier offset
amplified by g/, & stored on C,,
« Auxiliary amp chosen to have lower gain so that:
U Aux. amp charge injection associated with opening of switch AZ - reduced by
A/ Anain=1/10

Ulnsignificant increase in power dissipation resulting from addition of aux. inputs
» Requires an extra auto-zero clock phase

——
+
L

+ INAZ+ A,
I
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<<

VC LK

Track & Hold
Aperture Time Error

Time
— >

VCLK

M1 J_

Transition from track to hold:
Occurs when device turns fully off
2 Vo=Vt Ve

Sharp fall-time wrt signal change
- no aperture error
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Track & Hold

Aperture Time Error

Slow falling clock = aperture error
V., =A sin(2rf, t)
€= finXAX by /Verk

SDR= - 20loge - 4 [dB] (imperical see
Ref))

Example:
Nyquist rate /0-bit ADC & A=V /4
>SONR=62dB
for distortion due to aperture error
< quant noise
> b < 2x10°f;,
> Worst case: f,=f/2
2 by < X107,
2e.g f,;=1000MHz, t,<4psec

Ref: P. J. Lim and B. A. Wooley, "A high-speed sample-and-hold technique using a Miller
hold capacitance," IEEE Journal of Solid-State Circuits, vol. 26, pp. 643 - 651, April 1991.
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Track & Hold
Aperture Time Error

» Aperture error analysis applies to simple sampling
network

» Bottom plate sampling = minimizes aperture error
» Boosted clock - reduces aperture error

- Clock edge fall/rise trade-off between switch
charge injection versus aperture error

Ref: P. J. Lim and B. A. Wooley, "A high-speed sample-and-hold technique using a Miller
hold capacitance," IEEE Journal of Solid-State Circuits, vol. 26, pp. 643 - 651, April 1991.
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ADC
Architecture & Design
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ADC Architectures

Slope type converters
Successive approximation

* Flash
» Time-interleaved / parallel converter
 Folding
» Residue type ADCs
— Two-step
— Pipeline
* Oversampled ADCs
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Various ADC Architectures
Resolution/Conversion Rate
A
Oversampled
& Serial
Algorithmic
s e.g. Succ. Approx.
% Subranging
é e.g. Pipelined
Folding &
Interpolative
Parallel &
Time Interleaved
Conversion Rat;
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Serial ADC

Single Slope
VIN B B
Ramp VRamp —>+J—_ T1 .......... 1N
Generator sop L
g Counter
§ start T
+
” o —- Clock
/l Tim;
+ Counter starts counting @ Vg,m,=0
+ Counter stops counting for V\\=Vg,,
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Serial ADC
Single Slope
Vin - B B
Ramp VRamp —>+J—_ T1 .......... IN
o |Generator stop
Ea Counter
> - start :
Vin 0" Sl Clock

P>

T1 Time

* Note that dt is proportional to V,y

» Counter output proportional to T1=nT g,
-> Counter output proportional to V
> 2NxT, Vis

clock™
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Single Slope ADC

» Advantages:
— Low complexity & simple
— INL depends on ramp linearity & not component matching
— Inherently monotonic

* Disadvantages:
— Slow (2N clock pulses for N-bit conversion) (e.g. N=16
foc=TMHz - needs 65000x1us=65ms/conversion)
— Hard to generate precise ramp required for high resolution
ADCs

— Need to calibrate ramp slope versus V,

* Better: Dual Slope, Multi-Slope
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Serial ADC
Dual Slope

e By
v o Fooeeeeens t
A Integrator Vo I Counter
Ry ° & Timing
REF Clock
Flip
Flop

» First: V| is integrated for a fixed time (2NxT¢ )
> Vo= 2%Tgik VinTingg

* Next: V, is de-integrated with Vg until V =0
- Counter output = 2N V| Ve
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Dual Slope ADC

Vin _ VRer

TNt Toe-inT

(o) Tiwr = fixed

T R
O DE -INT VRer

I
a——Tint —»—Toe . inT —

Time

http://www.maxim-ic.com/appnotes.cfm/appnote_number/1041

* Integrate V,, for fixed time (T \), de-integrate with
Vrer applied > Tpe g ~ 2Tk XVin/Virer

» Most laboratory DVMs use this type of ADC
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Dual Slope ADC

+ Advantage:

— Accuracy to 1st order independent of integrator time-constant and
clock period

— Comparator offset referred to input is attenuated by integrator high
DC gain

— Insensitive to most linear error sources

— DNL is a function of clock jitter

— Power line (60Hz) xtalk effect on reading can be canceled by:
choosing conversion time multiple of 1/60Hz

— High accuracy achievable (16+bit)

+ Disadvantage:
— Slow (maximum 2x2NxT, per conversion)
— Integrator opamp offset results in ADC offset (can cancel)
— Finite opamp gain gives rise to INL
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Successive Approximation ADC
SAR

+ Algorithmic type ADC
» Based on binary search over DAC output

— T/H

Vi
R pac |

Set DAC[MSB]=1

0->MSB

Set DAC[MSB-1]=1
tt—t v "
Control 1>[MSB-1] W 0>[MSB-1]
Logic

Clock
Y
1>[LSB] 0->[LSB]
| DAC[Input]= ADC[Output] |
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Successive Approximation ADC
Example: 6-bit ADC & V| =5/8V e

. Voac!V,
Vi, @—L SCTRE ADC101000
+ 1]

\YA
REF ac |l I » 1 12 314 5/8 11/16 21/32 41/64
HH—t 58— ——To—- ——am==
\V4 | | | |
S LA
ogic
’ ] gﬁcut | } | |
Clock 1p i i i i -
Test Test Time / Clock Tick
MSB MSB-1

» High accuracy achievable (16+ Bits)
» Required N clock cycles for N-bit conversion (much faster than slope type)
» Moderate speed (highest SAR conversion rate 2Ms/sec & 18bits)
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Example: SAR ADC
Charge Redistribution Type

; CS,UP Comparator
Loc Lisc Loc J‘4C J‘ZC J‘-c J‘C I I
O v

‘ K ‘ switches
Vrer, LVm

« Built with binary weighted capacitors, switches,
comparator & control logic

* T/H inherent in DAC
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Charge Redistribution Type SAR DAC
Operation: MSB

1 W Vg2 Comparator
1 Out
32c 32¢ J-32c J-32c I 2]
b, MSB) | b b, by (MSB) | byb,
| Control
Virer = To Logic
switches
Phase 2

Phase 1

+ Operation starts by connecting all top plate to gnd and all bottom plates to V,,

* To test the MSB all top plate are opened bottom plate of 32C connected to V&
rest of bottom plates connected to ground -> input to comparator= -V;, +V /2

» Comparator is strobed to determine the polarity of input signal:
— If negative MSB=1, else MSB=0
* The process continues until all bits are determined
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Example: SAR ADC

Charge Redistribution Type
< 1
- reset =c, Comparator
‘ ‘ T Out
32¢ —L16C —Lxc ‘L4C J-2c J—C J—C In I
1 L 1 Fj i} ps il fz Er’ l!ﬁ,,_ Control
To Logic
5 switches

v,

REF,

7.

+ To 1%t order parasitic (C,) insensitive since top plate driven from initial 0

to final O by the global negative feedback
* Linearity is a function of accuracy of C ratios
» Possible to add a C ratio calibration cycle (see Ref.)

Ref: H. Lee, D. A. Hodges, and P. R. Gray, "A self-calibrating 15 bit CMOS A/D converter,"
IEEE Journal of Solid-State Circuits, vol. 19, pp. 813 - 819, December 1984.
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Flash ADC

« B-bit flash ADC:
— DAC generates all possible 25 -1

levels Veer Vv f;
— 26-] comparators compare ¥y to "!ﬁi\
DAC outputs — |
T o
— Comparator output:
If Voac<Viy 21 D U_ 28_198*
> V0 AT e Sigiat
— Comparator outputs form c
thermometer code ’—E— I
— Encoder converts thermometer to T
binary code —

» Application example: 6-bit Flash
ADC in Disk Drives with Gs/s
conversion rate
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Flash ADC Converter
Example: 3-bit Conversion

VIN VREF

VREF

0

Zhe,
7,
”’0’”6’19,.
C'ode
Binary
B-bits
o o—1
()
3
8 0
C
w1

.
Time

\
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Flash Converter Characteristics

VIN VRE F

* Very fast: only 1 clock cycle
per conversion
— Y2 clock cycle> V& Vpac
comparison
— " clock cycle> 2B-1to B
encoding

* High complexity:
2B-1 comparators

* Input capacitance of 28-1
comparators connected to the
input node:

- High capacitance @ input
node

/B-bits

Thermometer
code

Encoder
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Flash Converter
Example: 8-bit ADC Design Considerations

VREF \/|N fs
* 8-bit=> 255 comparators ri
«Veer=1V > 1LSB=4mV R
R
J_ —

- DNL<1/2LSB > : 5 | Do
Comparator input : g | Oueu
referred offset <2mV i i

* Assuming close to 100%
yield, 2mV =60 ¢

2 O preer < 0.33mV
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Flash ADC Converter
Example: 8-bits ADC (continued)

> 10'0}%,“ <0.33mV
« Let us assume in the technology used:

— Voffset-per-unit-sqrt(WxL)=3 mVx u

V= _033mp W xL=834

0 ffset \/m
Assuming: C, =9fF /1’ —Cye= %CMW X L =496 fF

— Total max. input capacitance: 255x0.496 =126.5pF'!
— Issues:

« Si area quite large

« Large ADC input capacitance

« Since depending on input voltage level different number of comparator input
transistors would be on/off- total input capacitance varies as input varies

-> Nonlinear input capacitance could give rise to signal distortion

Ref: M. J. M. Pelgrom, A. C. J. Duinmaijer, and A. P. G. Welbers, "Matching properties of MOS
transistors," IEEE Journal of Solid-State Circuits, vol. 24, pp. 1433 - 1439, October 1989.
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Flash ADC Converter
Example (continued)

Trade-offs:
—Allowing larger DNL e.g. 1LSB instead of 0.5LSB:
* Increases the maximum allowable input-referred offset voltage by
a factor of 2
» Decreases the required device WxL by a factor of 4
* Reduces the input device area by a factor of 4
» Reduces the input capacitance by a factor of 4!
—Reducing the ADC resolution by 1-bit
* Increases the maximum allowable input-referred offset voltage by
a factor of 2
» Decreases the required device WxL by a factor of 4
* Reduces the input device area by a factor of 4
» Reduce the input capacitance by a factor of 4
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Flash Converter
Maximum Tolerable Comparator Offset versus ADC Resolution

Assumption:
DNL=0.5LSB

-
o
N

Note:
Graph shows
max. tolerable
offset, note that
depending on min
acceptable yield,
the derived offset
numbers are
associated with 101
20to 60 offset 4
voltage

-
o
T

Maximum Comparator V e [MV]
T

0
ADC Resolution
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Flash Converter Sources of Error

» Comparator input:
— Offset
— Nonlinear input capacitance
— Feedthrough of input signal to
reference ladder
Dial — Kickback noise (disturbs
| Digital
Output reference)
I~ — Signal dependent sampling
time

Encoder

» Comparator output:
— Sparkle codes (... 111101000
)

— Metastability
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Typical Flash Output Encoder

é é é T ob
Thermometer ] b32 Binary
code I-of-n %5 bb1 B-bits
l code — bo

* Thermometer code

'l:‘: - 1-of-n decoding
1

= - Final encoding -
H IL:L'_‘ NOR ROM
| I i * Ideally, for each
! code, only one ROM
= row is on
- |
= b3 b2 b1 b0

Thermometer to Binary encoder ROM Output>0 0 1 1
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Sparkle Codes
é éVDD

Erroneous 0 3 bb?'z
(comparator offset?) bb10

Correct Output:
1000

Problem: Two rows

efe]
I'_l_‘ Erroneous Output:
b 1110
i
e > Upto ~%FS
= error!!
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Sparkle Tolerant Encoder

EOII_DO

B D i
Has=Pis=

[T =)y la |
= B

* Protects against a single sparkle.

 Possible to improve level of sparkle protection by increasing # of NAND
gate inputs

Ref: C. Mangelsdorf et al, “A 400-MHz Flash Converter with Error Correction,” JSSC February
1990, pp. 997-1002
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Meta-Stability

Different gates interpret
metastable output X differently

AN
= = Correct output: 1000
]
= = = Erroneous output: 0000
Solutions:
‘lq —Latches (high power)

= —Gray encoding

Ref: C. Portmann and T. Meng, “Power-Efficient Metastability Error Reduction in CMOS Flash
A/D Converters,” JSSC August 1996, pp. 1132-40
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Gray Encoding
Example: 3bit ADC

Thermometer Code Gray Binary
T7 TG T5 T4 T3 T2 T1 G3 G2 G1 BS B2 B1
0o o o 0 0 0 0|0 O Of|O O O — —
o o o o o o 1|0 O 1|0 0 1 Gl Ti TS + T5 T7
0O 0 0O 0 oO 1 1 0 1 1 0 1 0 _ T T
0o 0o 0 0 1 1 10 1 0|0 1 1 GZ — 276
0 0 O 1 1 1 1 1 1 0 1 0 O
0 o0 1 1 1 1 1 1 1 1 1 o 1 G3 E
0 1 1 1 1 1 1 1 0 1 1 1 0
1 1 1 1 1 1 1 1 0 O 1 1 1

Each T, affects only one G,
- Avoids disagreement of interpretation by multiple gates

» Protects also against sparkles
* Follow Gray encoder by (latch and) binary encoder
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Voltage Comparators

Vi+ O0—
Vout (Digital Output)
Vi o—

Play an important role in majority of ADCs

Function: Compare the instantaneous value of two analog signals &
generate a digital output voltage based on the sign of the

difference:
If Vi+ _Vi- >0 Vuut: 1
If Vi+_Vi—< 0> V(mt: 0
EECS 247 Lecture 18: Data Converters- Track & Hold- ADC Design © 2009 Page 61

Voltage Comparator

Architectures
Comparator architectures:

+ High gain amplifier with differential analog input & single-ended large
swing output
— Output swing has to be compatible with driving digital logic circuits
— Open-loop amplification> no frequency compensation required
— Precise gain not required

« Latched comparators; in response to a strobe (clock edge), input stage
disabled & digital output stored in a latch till next strobe
— Two options for implementation :
* Latch-only comparator
* Low-gain preamplifier + high-sensitivity latch

» Sampled-data comparators
— T/H input
— Offset cancellation

EECS 247 Lecture 18: Data Converters- Track & Hold- ADC Design © 2009 Page 62





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


