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Short summary/rewew of lect 8- s/h..

Cp =Ch

Slow clock Charge almost 0 Fast clock Charge split

Cp =Ch reduced charge Injection

Fast clock add short w/2

Source: C. Temes J
Technion 046188/20
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Which ADC to use and wh

miki Technion
ADC Architectures
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e
SAR ADC FOM History M

SAR ADCs FOM HISTORY
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0 \ | |
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Year

2006 =» 12b & 100Ks/s (180nm CMOQOS)
2007 =» 9b & 50Ms/s (90nm CMOS)

2008 & 9b & 40Ms/s (90nm CMOS)  Energy/Dedsion = Power
SamplingRate- 2™
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Generic ADC:
Vrefp Comparator
Vresidue
+
_ I
Vin -
—
Residue
Circuit
Control
< Digital Circuit
Vrefn Nout ‘

V residue is a function of Vin — Vref .

THE RESIDUE SETS THE SOURCE OF LINEARITY ERRORS
THE COMPARATOR SET THE SOURCE OF SPEED (Offset may be a problem )

Must check always:

Distortion (non linearity’s) and ckt noise.

Speed and Power

Technion 046188/2012
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Nar
Successive approximation ADC

If Ts is twice maximum BW

And if N =desire bits vin

It requires minimum of p= N XTs

>
]

passes to generate N bit .
Output words limiting the through put @ Ag;‘;ﬁi‘;in
It requires N-bit accurate DAC DAC Register [+
It requires faster settling elements N-bif (SAR)

Digital

Output

Strict timing is involved- transforming analog to digital each cycle

Comparator runs inside an open loop circuit
therefore stability and closed loop Band width is not an issue.
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Nawr
FLOW GRAPH OF SAR ADC M

Start
¢ Signed input
Sample Vi Voa =0, i =1
M
Vin = Vo o
Yes
v
b, = O
b,

Vioua —= Vg — ':""-"".na-1*""'2]+ 1y
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Naw
SAR ADC detalls

com parator
Vin(t) Vin(nT) .
BN . > Logic output
Filter *  T/H
Vdac
D2A converter

output registered

1/N+ A
4

Counters

A

increment pointer [*

NxClock (fast)

\ 4
\ 4

delay
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Voltage

A

Vin

Nar
SAR ADC timing look

Catching digital signal

At this time only
O/

V(T/H)

V dac

Catching digital signal
At this time only

NibV,
v,-;Z(’—.FSJ b =10, b, = 41
/
o\ 2
Vpac v,
VFS_/
Ves
2
0 1 010 1 1 0 iy
MSB — LSB .

Jose Silva-Martinez

«CYCLEl1 —™ «— CYCLE2 —*

Technion 046188/2012

v

Time axis

Lect 09



SAR Operation/Design

Cleg, J, R.‘g
SAR
Veg ¢ ——
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Naw
Time continuous SAR block

15t step sample and hold

l Ts clock
o L SAR

Covered in lecture 8
We know the errors,

We know the speed needed
We can proceed to build the block
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Nar
Example, SAR Analog loop

2"d step the sampled voltage part is being converted to |

-Vin(nT) Rf/Ri  + Idac x Rf

V{(”T) N / . Fast clock
T~
Ry — ﬂ' > SAR Logic

Ri
l ref

Idac F/B dac

Next how to build Idac
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Na

Example cont, SAR Idac feed back genearaition M

3'd step the lin and Idac is compared around the loop n times
-Vin(nT) Rf/Ri + Idac x Rf

«

Vin(nT)

eyl

!

Idac

Idac=Vpk(R3+R4 / (R1+R2+R3+R

Example at time i

Technion 046188/2012

)

ref

4))/Rdac

comp

/ substructor

/— Fast clock
SAR ——
Logic
Vpk/4
Vpk/2
Vpk

R1

R2

/ F/B dac

Vdac
(flash)

R3

R4

Lect 09



Naw
SAR DAC — use another alternative to R-Ladder

Go to DAC lecture pick another type ?
We got transistors they are small

Current is always easy to generate with transistors
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Nar
SAR DAC — another dac — speed and area improvment

-Vin(nT) Rf/Ri + Idac x Rf

Vin(nT)
\ Rf / — Fast clock
T D e =

comp Vpk/4

Vpk/2
Idac=Vpk_new (time code))/Rdac

v / F/B I daC Vpk_new
(Ck 0,vdd) \

Example at time i j': F }* EFEFE}_ }_ Rda
PP
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Nar
SAR DAC — another dac — speed and area improvment

Lets look at other DAC in SAR approach.

Speed issues: BW amplifier,
Subtraction with amplifier
s/h- or track and hold.

Area

Can we do it other way ?

Lead to a simpler architecture

No amplifiers !

With capacitors we can easily subtract
Speed per cycle may be faster

Technion 046188/2012 Lect 09



SAR - another dac — speed and area improvment

We want to generate

Vref/2.... 1st clock cycle
Vref/2 +/- Vref/4.. 2"d clock cycle
Vref/2 +/- Vref/4 +/-Vref/8 3 clock cycle
.. Etc...,,

So lets use capacitor DAC to do this.

Technion 046188/2012
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Charge distribution SAR DAC operation

Step 1.- clock n=1, reset everything to 0 point — “wasted state” but
needed because capacitors plates are held at a “value” for DC

2 switches

Vout(1T)

Ci2_| 1 C/2 X
Vref ( v/

Gnd=0v

switch

Vout = Ov all capcitors plates are shorted to 0
In reality after nRonC/2 time ( Ron=1/ucox(vgs-vt)(w/l)

Technion 046188/2012 Lect 09



Generate Vref/2 to compare M

Step 2.- clock n=2, generate vref/2 to compare with input

2 switches

Vout(2T)
C/2 C/2
p— — /4
A
Vref \ g 4
Gnd=0v
switch
Vout = 1/2vref at the end of the clock time
point A Vref
A
1 Vout(2T)= 0 + 1/S0.5C/(1/S0.5C+1/S0.5C) Vref
Gnd=0v Vout(2T)= 1/0.5/(1/0.5+1/0.5) Vref

Vout(2T)= Vref/2
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Compare to Vref/2 and generate Vref/2 + Vref/4

still In time = “2”

] .
/ Y

Vin(2T) f

2 switches

C/2 C/2

Z

Vref \ g 7

o

Vout(3T)

Gnd=0v
Vo =
intime =“3 " add ¥ vref

Re arrange C to units Vin(2T) X
f v >

2 switches 1)
Vout(2T

Cl4

Cl4
\:: /;{
A B
Vref < A
Gnd=0v

Technion 046188/2012
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Time “3” Generate Vref/2 + Vref/4

Cl2
Vref | |
b | Vout(3T)
C/4 \ T Cl4
?0.\“\6 Vref / Gnd
B 8
time the signal delta >
Gnd=0v delVout(3T)=(0.25C / C) Vref

Del Vout(3T)=1 /4 (time the signal delta)
Vout(3T)= Vref(2T) + 1/4 Vref

Vout(3T)= Vref/2+Vref/4

Technion 046188/2012 Lect 09



Generate the minus = Vref/2 - Vref/4

intime =“3 " let say we want to add -¥4 vref

2 operations vin@D 74 X

Y >
2 switches
Vout(2T)
Cla
Cla
2 JR
A B

Vref 4 \ 4 7

Gnd=0v

From Vref to gnd

delVout(3T)=-0.5+0.25 A C|:|/2
v < | | VOUt(BT)
Vout(3T)= V(2T) + -0.5+0.25 cla N _T_ Cl4
delVout(3T)= 1/4Vref ont® v Gnd
B A B
Gnd=0v
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Generate the minus of the input as well easily

Vout(1T)= Gnd=0v

X

T=1 Vin Gnd=0v Gnd=0v

Vout(2T)= 0-Vin

“ <

T=2 Vin Gnd=0v Gnd=0v

And on.. And on.. Until the number of bits M+1

Technion 046188/2012 Lect 09



.... Let look at Charges SAR

—» Vdac

C/2

Cl4

C/8

C/16

C/32

C/32

Vref l

Gnd=0v

Technion 046188/2012

5bit dac

Gnd=0v

Lect 09



Fring. caps-to improve area density..)
C=CL — C=C,WL+2C, (W +L)

Accuracy in silicon is low ~ +/-20% Co= 1-2 ff/uu if Metal to Metal sand witched

Low temperature/V dependency With Fringing effect into the picture:

Matched well. What about plate parasitic ?
Technion 046188/2012 Lect 09



Example: How low can the cap value be ? M

PERFORMANCE COMPARISOM.

[1] [5] [5] Thils work
Technology aonm 130mm &5 Fm Gonm
Power supply I 12V 1.2V I
Power G0 0.52m L 13mW 26,3 W
Sampling raie 1024 LSS S0MESS 1M S 10 24MSS
Ezsoluton &bt [Tl okt Bhilt
ENOB 7. 8bdt &5 T 7. 7hit
FoM 3OIWsEp S2lsep | IS5sep | 1HVstep

Fig. 3. 0.5fF unit capacitor implementation.

I‘Nhlﬂﬁjﬂ A 121J/Conversion-Step 8bit 10MS/s Asynchronous

SAR ADC for Low Energy Radios

Pieter Harpe, Cui Zhou, Xiaoyan Wang, Guido Dolmans, Harmke de Groot
Holst Centre - IMEC, High Tech Campus 31, 3656 AE Eindhoven, The Netherlands
tel: +31 40 277 4408, fax: +31 40 274 6400, pieter. harpe @ imec-nl.nl

Fig. 4. High-speed, low-leakage dynamic comparator.
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|
Fring. capacitors-parasitic errors..

substrate

Parasitic o
Par asitic /(
substrate

C parasitic ~0.1-0.05C total! — how to
design it out..

Technion 046188/2012 Lect 09



[
Silicon transistors as Capacitors

Capacitors from MQOS (transistor) —>be careful
- watch the plates potential.

In accumulation (off)------- 2> Vgs <Vt (nch) A
C=C,WL _
A 4 A 4
Co ~ 12ff if thin oxide is used ( 90nm) P can be in both
Cap is to the substrate ( N well probably) . v B
In depletion (on) --------- > Vgs >Vt e < 
p¥ |+ ++| p+[[ n+ C=Cox N
n-well \
p-substrate
NMOS / >
Cap is to the drain sources! Inversion Region VAB
Next to Vt — C drops to ~ 0.3 its max value

\')
It's a voltage dependent capacitor —

| "
¢ GND
doesn’'t work good with O volt across it (integrator and opamp) ]
[n

+ === n+” p+

p-substrate
Technion 046188/2012
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[
Silicon transistors as Capacitors

1.1
1=
~
0o N\ 17T |
The NMOS inan N
0.8 \ / / well capacitor is in
\ / :
\ I accumulation for
x 0.7 l\ }
o \\ / I V>0V.
O o6
© 0.5 \ {
' / The NMOS
0.4 // — capacitor is in
03 L— — —NmosinanNwel||  inversion for V > 0.
— NMOS
0.2 .

25 -2 15 1 05 0 0.5 1 1.5 2 25
Vbias[

Giovanni Anelli, CERN

Oh.. We got cap variable.. ? — ah.. Veractor..
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ERRORS IN SAR ADCs

Its an accurate structure

Subtraction using caps
Low/average power:. SH, one comparator, DAC, and Logic

8b-200msps is possible

But: Need Accuracy in the DAC.
Comparator offset < ~ 0.5 LSB — Easily calibrated

ACCURACY : FUNCTION OF DAC (CAPACITORS)
MATCHING

Technion 046188/2012 Lect 09



MATCHING

] 2 2 o]

oML RN CANEANES

Once again can correlate to area with good accuracy
How is it given

1. A deltaC/C is based on sigma of (deltaC / C)vs.  1/sqrt(WL)
typ. number 2fF/micron square

Technion 046188/2012 Lect 09



To get to the best matched number you need to :

Technion 046188/2012

+ Use identical geometries

+ Use large unity capacitance (minimize fringing)
+ Use common centroid arrangement

» Use dummy capacitors

+ Use shielding

» Account for the connections’ contribution

» Dont run connections over capacitor

+ Place capacitor in low stress areas

+ Place capacitors far from power devices

Lect 09



ON BOARD EXAMLE

Find the LSB capacitor size ( and total capacitors)

for a 12b SAR ADC Given that 10ff unit match to 0.8 %. (to 1 sigma)

o ey =
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Example of matching requirement on F. Scale (MSBs)

Capacitor Mismatch Requirement
28 1
% 2083
vi ‘\
— 1.5
B,
[
&
=R y 1 0
0.5 \ s
FILaﬂth
0 0 a0 4 g
5 f 7 a a 10 11 12
ADC bits

13

2tothe nx 2/3

(2/3 only as example not to give all the error to t

Technion 046188/2012

he linearity)

¥
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HOW TO BUILD ONE — WHAT TO LOOK FOR M

Fully
Differential

Poly-poly
capacitors

uty-cycling in

/ Bias current
e | ¢

COMP P
. __,__ > preamplifiers
L] /"!\ L V
[ 1] - autozero
Vin / /‘ﬁ clk
VREF 'y
So=Ss
CLK k
. SAR logic
START | and control \ —' DONE
NEXT
YoY,
l Full

custom
logic

Source: B. P. Ginsburg sept. 2005
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Design Examples:

C,,=2C, i=1,..,N-1

C.=C,
C.=2C, for V. =VDD/2

C=6C, forV, ,_ =VDD/4
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l
Key: Word on the references

References issues:

REFERENCE HOLDING BREF IS HARD TO DO:

During switching phase references

has to settle every clock (fast) They are op amp

driven therefore make the design almost as op-amp based

Also the comparator must settle every cycle. (faster)

1
o a
/%

Zout(f)

Technion 046188/2012 Lect 09



Nar
Summary- C or R dac

Most time absolute value can move =+/-15% to +/-20%
and does not significantly matter but ratio’s do

However, the bigger the area the better the matching
Typical values 30ff can match 3-sigma to better ~ 0.5%
Matching is area dependent generally by the root of (W x L)

In SAR there is contradiction large is good for matching however

speed is degraded a lot R switch x C and its multiplied N bit for a
complete cycle.

Technion 046188/2012 Lect 09



POWER/Analog componets

Without amplifiers power is set by S/H, References, 1
comparator, and digital blocks+clocks

Generally for lower number of bits — logic may be significant
Area. For many bits analog set the power waist.

Logic running multiple times for each conversion
and capacitor size (forcing a large drive current)

Power waist : S/H + Comparator + Refes+switching/logic

Good:

Lowest possible power- FOM
Fewer analog elements,

T/H or S/H drive low capacitance
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SAR- Key Points Y4

The Feed Back ADC (SAR) offers significant hardware savings
compared to flash ADCs because the coarse quantizer (comparator)
resolution m can be much smaller then the converter resolution. N

However, its suffer from drawbacks making it not suitable for many applications because:
It requires p= N/m passes to generate N bit output words limiting the through put

It requires N; bit accurate DAC

It requires faster settling elements

but No need amplifiers !

So if speed is a problem should we combine SARS in time ?7?
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