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» 12.2 Sampling switches

. Input ample econstruction Output
« 12.2.1 MOSFETS as Switches o Trmseoder | e [ e [
« 12.2.2 Speed considerations b)
. 1 2 . 2 . 3 P reCISlon CO n S | d e ratl O nS Figure 1.1. Block diagram of the basic functions of an A/D (a) and a D/A (b) converter.

« 12.2.4 Charge injection cancellation

« 12.3 Switched-Capacitor Amplifiers
« 12.3.1 Unity-Gain Sampler / buffer

« 12.3.2 Noninverting amplifier

« 12.3.3 Precision Multiply-by-Two Circuit

« 12.4 Switched-Capacitor Integrator
« 12.5 SC common-mode feedback
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Track (/sample-) and Hold capabilities of a sampling circuj

in "Razavi”)

(®)

Figure 12.10 Track and hold capabilities of a sampling circuit.

Gate

l Figure 2.1 Simple view of a MO3

Source ._TI'_. Drain  device.

8. februar 2011 4
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1/2 in "Razavi’)

Satu_raﬂun Region
—_— - V53

Vas1—Vru
VGS? - VTH --1:13' 6"1.0
Vasa=Vn

Figure 2.15 Saturation of drain current.

s Y

If Vipg = Vigs —
. we say the device operates in the “triode region.™ 8. februar 2011 6

CK goes high at t=t,. V,;&&
fort= 0. C initially has a
voltage equal to V.

At t=t, M, operates in
saturation, but falls into the
triode region after some time,
when V ;= V44— V1u-
Discharging continues until
V,, approaches zero.

Current when in saturation:
Ipi = (nCox /2XW/LYVpp — Vi)



/11 in "Razavi’)
ok Voo « CKgoes high at t=t,, when V_, =
1 CcK OV,and V4 ,=3V.
M, — , :
Vip=+1Vo— T ¢ o Vyuy 0— * M,’s source is connected to

Cy,and the transistor turns on

= - with Vs =3V, but Vpg =1 V.
(b) Thus, M1 operates in the triode
("linear”) region, charging C,,
until V,, appoaches 1 V.

ﬂ-:fv




A couple of observations regarding the MOS switch

( in "Razavi”)

(®)

Figure 12.10 Track and hold capabilities of a sampling circuit.

We have seen that a MOS switch
can conduct current in either
direction simply by exchanging the
role of the source and drain
terminals.

When the switch is on, V
V..

When the switch is off, V
remains constant (Fig 12.10 b)).

out follows



2WVryChy

Vppp —— n = .

W 4
CK e Ca I(Uﬂﬂ = Vel

i M enters the triode region, yielding a time-dependent current. We therefore write:

Voo
dV,
Vout Cu=—= = ~Ipi (12.10)
= 1w .
() = _EﬂncﬁxT[Z{VDﬂ — Vg Wouw — Vi Bigl 1 =1 (12110
Rearranging {12.11), we have
daV, 1 Cox W
aVour = o == 2, {12.12)
ll[Vnn - ]"r.'l"H]' - Fﬂﬂ.lh"'m: 2 Cy L
Solution bi _ . . . .
Before V,,; drops below Vpp — Vr g, M) is saturated and we have: which, upon separation into partial fractions, is written as
1 1 d v, Cox W
Ipy [— + } PR T (12.13)
Vou (1) = Vop = =~ Vour . 2VDD = VT H) — Vour | VD = Vrg "Cy L '
W 2 ¢ Th
= Vop = =pnCox—(Vpp — Vra)* —-. us,
DD = S oxL( pp — Vry) ch
Cox W ,
In Voue — In[2{¥Vpp — Vrg) — Vawl = —{Vpp — VTH]#a(._HT'[! =1, (12.14)
that 13,
V Cox W
In ol = —(Vop — Vg s —= —(t — ;). (12.15)
Wb — Vin)— Voo (Voo — Vrg i Cr LI; i} )

Taking the exponential of both sides and solving for V,y,, we obtain

O W
2AVpp — Vradesp | —(Vop — Vg i —— - —(t = 11)

Cy L
1,-’”“=

(12.16)

- C W
1+¢-“P|:—|:VDM - Vi i —— - —(t :.}:|
Cyp L

8. februar 2011 9



Maximum output of NMOS S/H

Figure 12.11 Maximum output level in an NMOS sampler.

CMOS Subthreshold Curves
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in "Razavi”, pp. 412)

Assume V, =V, (for the circuit4s
Fig. 12.9 b))

Vgs = Vdd, initially . Vg = Vpp =2
Vps 2 Vgs — Vo ; saturation

T goes, V,,; 2 Vpp — V 14 (since the
"overdrive” voltage vanishes and the

current available for charging C, go
to negligible values)

But: Given enough time, V
approach Vg, due to
currents conducted by the transistor.

Serious limitation: If the input signal
Is close to Vpp, the output provided
by an NMOS switch cannot track the
input (fast enough — remember
subthreshold conduction).

Similar problem with PMOS.

out Will

10



R, variation in sampling switch

Example 12.3

In the circuit of Fig. 12.12, calculate the minimum and maximum on-resistance of M. Assume
o Coe = 50 wANVE, WL = 10/1, Veyg =0TV, Vpp =3 V,and p = 0.

+3V

T

405V - 05V s
QL "B T O A.L

fin=10MHz ! : t
Figure 12.12

Solution

We note that in the steady state, M) remaing in the tricde region becanse the gate voltage is higher
than both Vg and Vi by a value greater than Vg IF fi; = 10 MHz, we predict that V., tracks
Vi with a negligible phase shift due o the on-resistance of M and Cgy . Assuming V., = ¥, we
need not distinguish between the source and drain terminals, obtaining

Ko =

(1227)

W )
ﬂnﬂuf—{vuu — Vi — V1wl

Thus, Ragi may = 111 K& and Baqpp mia = 870 £2. By contrast, if the maximurm input level is raised
to 1.5V, then Ragj max = 2.5 ki

in "Razavi”)

Time for the output to settle within a
given accuracy (ex. 0.1 %) depends
on the input voltage ( T= Ry\C).
MOS devices operating in deep
triode region are sometimes called
zero-offset switches to emphasize
that they exhibit no dc shift between
the input and output voltages.

Nonexistent in bipolar technolo
VVIUI W\ VI T INY

I INwv /N1

v/
IvVyYy,

the zero offset property proves
crucial in precise sampling of
analog signals.

8. februar 2011 11



Sampling speed considerations

Vop =
M, CK
Vin=0 1f ° Vout 0 —
K -
¢ Vout I"'THP|
-~
i
Figure 12.13 Sampling circuit using PMOS switch.
Voo
T CK
I M, 0 -' *.ﬁ v
Vin= Vino® +—= Vout Vi oooe UV, SO
+J_ Ing 3 E
* 0 fs t

?fgure 12.14 Definition of speed in a sampling circuit.

Speed: Time from zero to
maximum input level after the
switch turns on, or more relevant:
time to settle within a certain
“error band”, AV.

Sampling speed is given by the
on-resistance of the switch and
the value of the sampling
capacitor.

R,, depends on input level, giving
a greater time constant for more

positive inputs (in the case of
NMOS switches)

12



* In a DAC the settling time is
defined as the time it takes for
the converter to settle within
some specified amount of the
final value (usually 0.5 LSB).

* The sampling rate is the rate a

which samples can be
continously converted and is
typically the inverse of the
settling time.

 Different combinations of input
vectors give different settling

tl I I leS = Picture from "High-speed data converters fully integrated in CMOS”,
dissertation for the dr. scient. degree by Leif Hanssen, Ifi, UiO, 1990.

D/A (DAC) settling time and samplmg

Resistors

D




Complimentary MOS switch

) A

R on,N 5 R on,P

H - H
0 Voo-Ym 0 |Vyup|

=

n
(a) . (b)

Figure 12.15 On-resistance of (a) NMOS and (b) PMOS devices as a function of input
voltage.

R

on,eq

5 : -
K [Vruel Voo - Vi Vin

(a) (b)

Figure 12.16 (a) Complementary switch, (b) on-resistance of the complementary
switch.

Increases as the input
voltage becomes more
positive (and vice versa)

PMOS on-resistance has
the opposite behaviour
and decreases as the
iInput voltage becomes
more positive.

Combine PMOS and
NMOS for complementary
switches and rail-to-rall
swings (, when needed).

14



Complementary switches need complementary clocks

Run,P non,N

o

|Vine| Vop-Vau Vin

{a) (b)

Figure 12.16 (a) Complementary switch, (b) on-resistance of the complementary
switch.

CK

At

Figure 1217 Distortion generated if
ol complementary switches do not turn off
simultanecusly.

CK;,0—=s I

ing complementary clocks.

W CK . . L
Figure 12.18 Simple circuit generat-

The complementary switch revés
much less variation in on-resistance
than that corresponding to each
switch alone.

For high-speed input signals the
PMOS and NMOS switches must
turn off simultaneously. (If for
example the NMOS turns off At
seconds earlier than the PMQOS, the
output voltage tends to track the
input for the remaining At seconds,
giving rise to distortion in the
sampled value.)

Fig. 12.18 shows a complementary
clock generator for moderate
precision.

15



A BiCMOS Sample-and-Hold for satellite
communications

Snorre Aunet*, Leif Hanssen**

*Department of Informatics, University of Oslo, Norway
**Norwegian Telecom Research, Kjeller, Norway

Summary

70 MHz is a very commonly used intermediate frequency (IF) in satellite communication
systems. Direct conversion of this high frequency signal requires a very expensive ADC
capable of operation at a clock rate twice this frequency. However, a narrow band 68 - 72
MHz can be folded down to 4 - 8 MHz with a sample-and-hold clocked at 16 MHz, Such
undersampling allows conversion using a simple ADC with an accuracy of 6 - 8 bit, This
ADC can be realized in CMOS with low area- and power consumption.

This configuration puts heavy requirements on the sample-and-hold. Two factors needing
special attention are analog input bandwidth and aperture uncertainty (jitter). Other impor-
tant specifications include total harmonic distortion (THD), signal-to-noise-plus-distortion
ratio [S/(N+D)] and intermodulation distortion (IMD).

A traditional CMOS sample-and-hold contains an input MOSFET switch, a hold capacitor
and an unity-gain output buffer. The high analog input frequency makes this an inadequate
solution. The ON-resistance in the switch varies with the input level, resulting in variation
in magnitude and phase, hence distortion. Limited slew rate on the switch gate voltage

combined with a high dV/dt for the input signal also introduce aperture uncertainty (jitter).

BiCMOS offers the possibility of designing integrated circuits with speed-power-density
performance previously unattainable with either technology individually. A BiCMOS
sample-and-hold circuit has been made with a special attempt to overcome problems con-
cerning the high analog input frequency. The input switch is implemented as a diode
bridge using bipolar transistors. In sample mode this switch works as an input buffer.In
hold mode the capacitor is buffered and held by a feedback loop containing two of the
transistors in the diode bridge. The output buffer and the bias circuits have mainly been
implemented with MOSFETs. A 1 bit current-steering DAC switches between the sample
and hold modes. Tumning current sinks on and off is then avoided, resulting in increased
switching speed. With this configuration an input bandwidth of 100 MHz with a 2.5 PF
hold capacitor has been obtained. Input voltage swing is limited to about 1.2 V.. The cir-
cuit has been integrated in a 2 micron BiCMOS technology offered by Eurochip. The
active area is 0.16 mm? and the circuit has a single +5V power supply. Power consump-
tion has been calculated to less than 20 mW,

Vil"lc 3/’1‘.‘ # +

s, %CH

2 um BiCMOS, 1993

”...A traditional CMOS Sample-
and-Hold contains an input
MOSFET switch, a hold
capacitor and an unity-gain
buffer. The high analog input
frequency makes this an
Inadequate solution. The ON-
resistance of the switch varies
with the input level, resulting in
variation in magnitude and
phase, hence distortion. Limited
slew rate on the switch gate
voltage combined with a high
dV/dt for the input signal also
Introduce aperture uncertainty

Utten..." g fopruar2011 16



Charge injection due to channel capacitance

* When the clock signal goes
low, the charge is distributed
equally between the drain Ay — WLCx(Vop = Vin = Vi)
and source of M,. 2

Qch = WLCOI(VDD - an - VTH),

* is linearly related to V,,, ey WECaVop = Vi = Vi) 230
resulting in a gain error for ™ " Ch
the S/H.

There is also a linear
relationship to V;y, which is
nonlinearly related to Vin (
through Vsb ) resulting in
distortion for the overall S/H. AV

« Equal distribution (S/D) /\/ Fou f\/L
Imprecise; worst-case: all ;
charge to one node.

Figure 12.20 Effect of charge injection,



¥ L

/\/ Vino J_:l < Vout f\i
I }

Figure 12.20 Effect of charge injection.

With
Charge
Sampled f Injection

out

Figure 12.21 Input/output character-
istic of sampling circuit in the presence
of charge injection.

test

/"0'(3 S
In reality the fraction of charge that
exits through the source and drain
terminals is a relatively complex
function of various parameters
such as impedance seen at each
terminal to ground and the
transition time of the clock. No
good rule of thumb.

Most circuit simulators model
charge injection quite innacurately.

The assumed linear function of the
iInput voltage, leading to gain error
and dc offset (only) is imprecise,
due to nonlinear behaviour of V4,
upon Vin.

18



Clock feedthrough

Vek : .
‘\_ through gate-drain and gate-
\/i\/ ° source overlap capacitances.
Vin Vout . .
. ic « The error, AV, is independent
I H Figure 12.22 Clock feedthrough in a

- sampling circuit. Of the InpUt |€V€|, manlfeStlng
itself as a constant offset in the
input/output characteristic.

19



KT/C noise

Ran * A resistor charging a capacitor
Vmo—m—l—o Vou Vino “Yn*¥»  gives rise to a total rms noise
T ~ %Cﬂ voltage of SQRT ( kT/C).
Figure-12.23 Thermal noise in a sampling circllit. * The nOISe getS Stored on the

capacitor along with the
iInstantaneous value of the
z:izei Soz ttltllf ;;1]1:;1; }:fi?llzigg :.?:1 lt>§ prz\}e/dcth[z;t’t;lf rms voltage of the sampled noise in this Input Volta g e.

* |n order to achieve low noise
the sampling capacitor must
be sufficiently large, thus
loading other circuits and
degrading the speed.

20



Figure 12.24 Addition of dummy de-
vice to reduce charge injection and clock

l Electrons

L__l"-h
v.n»—czb—l——vvm

Figure 12.26 Use of complementary
switches to reduce charge injection.

Figure 12.27 Difterential sampling

charge is absorbed by the Iatter.O

Dimension W2 =0.5W1 and L1 =
L2. But: The approach is not very
attractive as the underlying
assumption of equal splitting
between S and D is generally
invalid.

Fig. 12.26: Attempts to match
dimensions leads to cancellation for
only one input level.

Better: differential operation (Fig.
12.27) Charge inj. Is common mode
disturbance. Nonlinearity of body
effect leads to odd order distortion.

Charge injection limits the speed
precision envelope in sampled-data
systems 21
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Some systems exploiting data converters, "A .
"Allen & I-Et&

Analog computer
Audio signals
Video signals
Power sources
Chemical cells
Synchros/resolvers
Pressure cells
Thermocouples
Strain gages
Bridges

Etc.

Transmission links
Magnetic tape

recorders _—-J

Computer memories
Paper tape recorders
Punched cards
Real-time processor !
Comparators .
System & process '
controls .
Numerical machine °

controls =

Minicomputers
Microcomputers

Figure 10.1-1
systems.

Multiplexer

Photomultiplier —

Digital
systems

(a) A/D converters and (b) D/A converters in signal processing

Sample
and
hold

D/A

converter

Reference

AlD

converter

Reference

(a)

Filter

(b

el

Digital
system

Amplifier
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RESOLUTION (Bits)

Different ADCs depending on needs

‘ 18 I I I I T
INDUSTRIAL
#~ MEASUREMENT b l I e Flaslj
241 16 F-——- A--m-- L----- ————- + - O Folding
VOICEBAND, A Subranging
i AUDIO L o= | [
22 & (L e i Sl el I—-— == +— - Two-Step 1
e — - X X | x Pipeline
20 ACQUISITION | _ |
HIGH SPEED: % 12 T ~ ==~ 7~ olnterleaved
18 7 INSTRUMENTATION, — I —Oversampled
VIDEOQ, IF SAMPLING, m 10 _ : Fom——— - — — — — -
16 4 SOFTWARE RADIO, ETC. AN . ) | |
Z v o ]
T = TR TS TET T
14 v ki | % | 0
\ 6 i _1 N N S
- §E: |
71 === currEnT % <
STATE OF THE ART 7 o —— -
10 - (APPROXIMATE) | o
3 T T T T T T T I‘ F 2 | |
10 100 1k 10k 100'{ 1M 10M 100M 1G 0.1 1 10 100 1000 10000 100000
SAMPLING RATE (Hz) Sample Rate [MHz]
Figure 1. ADC architectures, applications, resolution,
and sampling rates. Fig. 2. ADC sample rate vs. ENOB from 1987 to 2005.

Wh i c h A D c Ar c h i te ct u re IS R i ght IEEE 2005 CUSTOM INTEGRATED CIRCUITS CONFERENCE

for Your Application?

Scaling of Analog-to-Digital Converters into Ultra-Deep-Submicron CMOS

Y. Chiu ', B. Nikoli¢ *, and P. R, Gray *

! Electrical and Computer Engineering, University of lllinois at Urbana-Champaign

By Walt Ke ster [Walt- keSter@a na|0g-C0m] * Electrical Engincering and Computer Sciences, University of California at Berkeley



Main data converter types: ch

nano \z
P

— Nyquist-rate converters:
— Each value has a one-to-one correspondencewith a single input

— The sample-rate must be at least equal to twice the signal
frequency (Typically somewhat higher)

— Oversampled converters:

— The sample-rate is much higher than the signal frequency,
typically 20 — 512 times.

— The extra samples are used to increase the SNR
— Often combined with noise shaping
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NYQUIST
"bo |_OPERATION .~
OVERSAMPLING
+ DIGITAL FILTER
*“fﬁ + DECIMATION Vﬁ
ADC —| DIGITAL | pec |
OVERSAMPLING
+ NOISE SHAPING
Kfs + DIGITAL FILTER | fg
* + DECIMATION *
Y DIGITAL
mob [ FILTER -

QUANTIZATION
NOISE = q 2
ﬁq 1LSB
fs fg
2

DIGITAL FILTER
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2 2
REMOVED
NOISE

fs Kfg Kfs

[Kest05]

Straight over-
sampling
gives an SNR
improvement
of 3dB/
octave

fs > 2f, (2f, =
Nyquist Rate

OSR = f,/2f,

SNRmax =
6.02N+1.76+

10log (OSR)



The first documented flash converter was part of Paul M. Rainey's electro-mechanical
PCM facsimile system described in a relatively ignored patent filed in 1921 (Reference
5—see further discussions in Chapter 1 of this book). In the ADC, a current proportional
to the intensity of light drives a galvanometer which in turn moves another beam of light
which activates one of 32 individual photocells, depending upon the amount of
galvanometer deflection (see Figure 3.49). Each individual photocell output activates part
of a relay network which generates the 5-bit binary code.

—»
72 SERIAL DATA TO RECEIVER

STATIONARY

ELECTRICAL CONTACTS
PARALLEL BINARY 77
OUTPUT DATA
C
L5
_ RECEIVING
— PHOTOCELL
RELAY DECODING TRANSPARENCY ¥
LOGIC — (NEGATIVE) / -~ GALVANOMETER
&

\

L DEFLECTED
’

i LIGHT BEAM

0 /]6"7
é&‘(f é-‘ﬂ“— PHOTOGELL BANK (32)

=70

Figure 3.49: A 5-Bit Flash ADC Proposed by Paul Rainey
Adapted from Paul M. Rainey, "Facsimile Telegraph System," U.S. Patent
1,608,527, Filed July 20, 1921, Issued November 30, 1926



ldeal D/A converter

B\ e D/A - Vout

Vref T

B, = b2 45,27+ ...+ b2

N

Vo = VigfD2 +0,27 +..4b27)



Example : 8-bit C

An ideal D/A converter has

Vit = 2V
Find Vout when 1LSB = iN
B;, = 10110100 2
B, = 27 +2°+27 +27° = 0,703125
Vout
— . — Tef‘ /
Vout = VreBin = 3516 V i - 24itDAC
Find 3/4 |
21 N
VLSB 12 J VVLSB =}1 = 1LSB
14 | ] e
VLSB — 5/256 - 19v5 mV 0007“ o1 10 11 (1(;0) By,




in

V

ref

Vior(b127 #0270+ 427y = Vi + V,

where

1 1
_EVLSB <V < EVLSB




[ ] ®
|deal transfer curve for a 2-bit A/D converter ( Fig. %

Digital Output

0...101 —+ Midstep

S s I
' 0....100 + \ : . 35-45!
i . )

Step width (1 LSB=A)

|
!
0 A 2A 3A 4A 5A

| Analog Input
-

A range of input values produce the same output value (QA range of input
values produce the same output value (Quantization error)

*Different from the D/A case



Quantization noise ¢Jjam + “m’)

B V1
V. :
In AD » DA Digital Output
+ A
— A Quantization :
o, *VQ  noise 0...101 —- Midstep —
e B e s
\Y/ ' 0...100 \ . ' 3.5-4.55
V- R | H ]

n 1

e [ IV T

Step width (1 LSB=A)

y \ W VYV e omoro

e 2'LSB 0....001 —
0. 000 I I I Analoglnput
0 A 2A 3A 4A 5A
Quantization
Error
VQ — Vl—Vin A Quantization interval (+ 1/2 LSB)
+1/2
5 TR AN AN NN,

0

-1{2—51‘N3N4N5\4

LSB




nange \%
A Vo
Vin V]_
> > Vin + > Vi
Vi = Vip+Vo
Quantizer Model

*TThe model is exact as long as Vq is properly defined

*\/q is most often assumed to be white and uniformely distributed between +/-
Visb/2



Quantization noise

*The rms-value of the quantization noise can be shown to be:

VLSB

Nl

*Total noise power is independent of sampling frequency

VQ(r msy —

*In the case of a sinusoidal input signal with p-p amplitude of Viet/2

SNR

V. V 2./2
ZOlog[ mcrmSJ] _ 20 Iog( ref/( «/-)]

Vo(ms, Vi sa/(4/12)
6,02N + 1,76 dB

SNR



Quantization noise

SNR
(dB)

*Signal-to Noise ratio is highest for maximum input signal

ol 10-bit \
50 + Best possible SNR
404
304
201
(Vpp = Viep)
10 L Y
0 A »V. (dB
760 -50 -40 —30 20 —-10 O in(@®)

amplitude




Signed code
o S » Unipolar / bipolar

« Common signed digitakeg
sign magnitude, 1’s

. complement, 2’s compl.
Table 11.1 Some 4-bit signed digital representations .
Normalized Sign 1’s Offset 2’s ¢ Slgn- M-: 5:01 01 y -5:1 101
Number number magnitude complement binary complement t O f O 2N ,
g e v st e WO repr. OF O, 251 numb.
+5 +§18 0101 0101 1101 0101 o ’ .
ST . oy g 1's compl.: Neg. Numbers
2 2 .
toanle g o SR are complement of all bits
+0 +0 0000 0000 1000 0000 .
o by ey for equiv. Pos. Number:
=) L0y
A e ettt 5:0101, -5:1010
—4 —4/8 1100 1011 0100 1100
5 -5/8 1101 1010 0011 1011 .
iy — . i
Sk it oo 100 Offset bin: 0000 to the most
o = 0 1
s 8 sl neg., and then counting up..

+: closely related to unipolar
through simple offset



2's complement

A3a2ala0 Sign ud 2s complement 2 O
magnitude . —

0111 +7 +7 ¢ 510 . 0101 - 2 + 2

0110 +6 +6

0101 +5 +5

TR S + -5,,:(0101) +1=1010 + 1 =

0011 +3 +3

0010 +2 +2

0001 +1 +1 101 1

0000 +0 +0

1000 -0 -8

1001 -1 7

1010 -2 6

1011 -3 5

1100 -4 <

1101 -5 3

1110 -6 2

111 -7 1

« Addition of positive and negative numbers is straightforward,
using addition, and requires little hardware

« 2's complement is most popular representation for signed
numbers when arithmetic operations have to be performed



+

7,0-640 Via addition using two’s complement of -6

0000 0000 0000 0000 0000 0000 0000 0000 00111, =744

0000 0000 0000 0000 0000 0000 0000 0000 00110, = 6,4

Subtraction uses addition: The appropriate operand is negated
before being added

Negating a two’s complement number: Simply invert every 0 and
1 and add one to the result. Example:

0000 0000 0000 0000 0000 0000 0000 0000 0110, becomes
M1 111111111111 1111 1111 1111 1111 1001,
15

=111 111111111111 1111 1111 1111 1111 1010,

0000 0000 0000 0000 0000 0000 0000 0000 0111, = 744

+ 1111 1111 1111 1111 1111 1111 1111 1111 1010, =-64¢
- 0000 0000 0000 0000 0000 0000 0000 0000 0001, = 14,



performance limitations

Resolution

Offset and gain error

Accuracy

Integral nonlinearity (INL) error
Differential nonlinearity (DNL) error
Monotonicity

Missing codes

A/D conversion time and sampling rate
D/A settling time and sampling rate
Sampling time uncertainty
Dynamic range

NB!! Different meanings and definitions of performance parameters
sometimes exist. 2> Be sure what's meant in a particular specification or
scientific paper.. There are also more than those mentioned here.




Resolution

« Resolution usually refers to the number of bits in the

nano

input (D/A) or output (ADC) word, and is often different

from the accuracy.

« Analog-Digital Conversion Handbook, Analog Devices, 3rd
Edition, 1986: An n-bit binary converter should be able to
provide 2n distinct and different analog output values
corresponding to the set of n binary words. A converter that
satisfies this criterion is said to have a resolution of n bits.

A Cost-Efficient High-Speed 12-bit Pipeline ADC
in 0.18-pem Digital CMOS
je Nortvedt Andersen, Bjornar Hernes, Member, 1EEE, Atle Briskemyr, Frode Telsip

TABLE 1

Key DarA For THE ADC

Nominal sampling rate

110MS/s

Technology 0.18pum digital CMOS
Nominal supply voltage 1.8V
Resolution 12bit
Full scale analog input 2Vpp
Area 0.86mm”
Power consumption 97mW
DNL +1.2LSB
INL -1.5+1 LSB
SNR (fi,=10MHz) 67.1 dB
SNDR (f;,=10MHz) 64.2 dB
SFDR (fis=10MHz) 69.4 dB
ENOB (f,,=10MHz) 10.4 bit

0 40 80 120 160 200
Conversion Rate (MS/s)

Fig. 8. SFDR, SNR, and SNDR versus conversion rate. The input frequency
and signal swing is 10 MHz and 2V p_p ., respectively.



Litterature 'CB

« Johns & Martin: "Analog Integrated Circuit Design”
* Franco Maloberti: "Data Converters”
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Next week:

« Data converter fundamentals, among them some
principles especially relevant for your project.

 Messages are given on the INF4420 homepage.

* Questions: sa@ifi.uio.no , 22852703 / 90013264




Transistor stuff.

Writing

1 W
Ip = uaCox 7 (Vs = Vi)' (1 + 2Vps)

and A « 1/L, we note that if the length is doubled, the slope of 75 vs. Vpg is divided by four because
aIp/dVps o AJL x 1/L? (Fig. 2.26). For a given gate-source overdrive, a larger L gives a more

Vos  nel length.

Figure 2.12 Linear operation in deep triode region.

G

l Ves
SO—TLOD I:{> S»—tk—wD

current. With the condition Vs < 2(Vig5 — Vg ), we say the device operates in deep triode
region.

Figure 213 MOSFET as a controlled
linear resistor.

Figure 211 Drain current versus
drain-source voltage in the triode region.

Fig. 2.11 plots the parabolas given by (2.8) for different values of Vs, indicating that
the “current capability™ of the device increases with V5. Calculating 3/p /8 Vs, the reader
can show that the peak of each parabola occurs at Vpg = Vs — Vry and the peak current is

1 W )
Ipmar = Pl CorI(VGS = Vru). (2.9)

We call Vg5 — Vrg the “overdrive voltagc"‘ and W/L the “aspect ratio.” If Vips < Voo —
Vi, we say the device operates in the “triode region.™

In Saturation Region

Vasa

Vasz

(2.29)

Vasi °

Vas1 — V|-
VGSQ_ VTH -..w :.'...:
Vass = V|-

Figure 2.15 Saturation of drain current.

#  Figure 2.26 Effeci of doubling chan-

If in [28). VDS k<4 E(V{}.j - V]'H], we have

W
Ip = ppCox I(VGS = Vru)Vps, (2.10)
that is, the drain current is a linear function of Vps. This is also evident from the character-
istics of Fig. 2.11 for small Vps: as shown in Fig. 2.12, each parabola can be approximated
by a straight line. The linear relationship implies that the path from the source to the drain
can be represented by a linear resistor equal to

1

Rop = @11

W .
#quI(Vﬂs — Vru)

— NFET Vit=0.52V, T=25C

CMOS Subthreshold Curves

1.E-02

=PFET Vt=0.52V, T=25C

1.E-03

1E-04 / d °
1E-05

Traditional "ON"
uE" 1.E-06 / Operating Point
i LE07 / Subthreshold
Ol v "On" Operating
S 1E-08 A~ point for NMOS
= / and PMOS

"Off" Operating point
\— for NMOS and PMOS

1.E-12 =

0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 16 18
abs(Vgs) volts

Saturation..
Vgs = Vth. Vds
sufficiently
high so that
Vgd < Vth; Vds
= (Vgs — Vth)

Triode: Vgs
2Vth, Vds
sufficiently
high so Vgd <
Vth

Cutoff /
subthreshold:
Vgs < Vth
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