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Agenda

Technion 046188/2012

Part | : SAMPLE AND HOLD Basics

Part Il : Errors & Circuit Technigque
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Why we need it

Some ADCs can’t do without it

All-Digital
Antenna v
500Mhz,18bit
ADC Source: P. Grey

But
In high speed/accuracy it's the limiting elements in ADCs

It's the source of KT/C Noise Offset, Gain and Harmonics
It's one more source effected by clock jitter input

It's the source of Power consumption (maybe the highest)
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|deal

Sample-and-Hold Circuit

Tl'"-i '5 H : V,
circuit

|

L

S/H command

Block Diagram Idealized Response

Source: TAMU

SAMPLING:
The Sample and hold keeps the analog value fixed

for a clock duration.
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S/H—- Non ldeal M

Practical track and hold
circuits come with a
plethora of impairments:
» settling/tracking error:

* low pass characteristic
» switch settling
» pedestal error:

* charge injection

through * clock feed-through

L. - signal feed-through:
settling * parasitic capacitances
- droop

* leakage currents

signal feed-
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—
LI Aperture
delay

Lecture on Track and Hold, Edgar Sanchez-Sinencio 2000,
hitp://amesp02 tamu edu/~sanchez/689-Track-Hold PDF .

The sampling instance is
determined by the device
that turns off last.
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Off-Feed through: = (Cp/Cs+Cp ) Vin M

* Hold Mode Feedthrough: the percentage of the input signal that
appears at the output during the hold mode.

Parasitic capacitors

.'.' C ’ I\J’l i
iicp
1
(Vo) |
Source: TAMU ° °
‘_”_’
Key: Watch for routing metals over the switch transistor (L
L min and stack metal will add to Cp : :
Normally not a big issue....Cp is very small ~ 5-25e-15F =l I
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Summary lect. 1. The switch make up

LOUICE / / ‘ / drpify Ci= Cox WL
/ l:_""lJI_‘r‘i (.ﬂfj_ i‘jléc“ I / Caep = x.a:p wL
W Cas = Caeov + .
bulk (substrate) Cao = Cja + C%ep
capacitors Saturation Linear Off
Cgaeto S 2/3Cox+Cov | 1/2Cox+Cov | Cov
CgatetoD Cov 1/2Cox+Cov | Cov
Cgateto B 0 0 Cox//Ccb+..
CdraintoB | Cj(diode) Cj Cj Voltage
Csource B | CJ Cj CJ dependance

Technion 046188/2012

Source: T.H. Lee.
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offset error M

Clock and charge error

Clock feed-through: _
Offset-like

= Cov - . Total Error=sum of 2
AV toipongn = AVelk — = —vi

C

Cc (q )
_ ol 1/9channel
AV:’CT_[VH’VL]’Z cL |

/

Gain-like

Charge Injection (very simple model)
(Half the channel charge goes to C):

Source: P. Grey
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“Circuit solutions” Clock feed through improvement M

1. Dummy Switch Problem: No way to balance over

| | | | Clock fall time variations
1 1

Ics M2

3. Complementary NMOS, PMOS

M1

if M1=W/L use M 1=W/2L

"
- "
4. Get rid of offset- Go Differential 1
T ><
T Cs
\/ >
v t
9 Assume fast case
-4 V.=V (1:8):V 1 M e
T o1~ i1 0s1 EqCN’§‘VH‘|VTN|‘Vi’WNLNCoxN Key Point:
s @ I eV 1. Offsets Partially
Vi Cs Vo2 = Vi 148+ Vg2 1 1 Cancel
i = (V.-[Vop|-V, WL C
I quP 2 1 ‘ TP‘ L'"P-P~oxP 2. Gain errors ADD!!
-_\.V=,Vin|‘1+s.+V0s where:
Cc
wW_L,C W,L,C ‘ ol

P"P~oxP""'N™N
Cc

e oxN

Vos-Vosn-Vosp e,

L
Source: P. Grey
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Noise: Model M

KT/C Noise Limitation

_l_ —2
VA - 4KTRAf v,
in I I o
= f
2 kT
J[Vo ]df - C
Probability .
¢ J_ V2= 4KTR - = - ‘)T;(‘ — %
100pF 6.4uV
10pF 2uV Variance=KkT/C
i (||
1pF 64uV
100fF 210uV ~ -
10fF 0.64mV v Vsample

ADC-In class derivation: KT/C<LSB*LSB/12 (q > {)2.5 ‘LL 1
\ A e I/;-:Z
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Settling

Vclk

Vin } Vout Vin rAAAﬁ{-Vout
C

Vclk
Vin
Vout

A

Technion 046188/2012

Aquisition

Acquisition: for a step input_response is
Vout = (Vold-Vnew) (1-exp(-1/RsCh))

I max is at t=0 ant it is Vmax=Vin-V Ch
Imax = Vmax/Rs

Time needed

1% = 4.6 RsCh

0.1% = 6.9 RsCh = 10bit

0.01% =9.2 RsCh

If the input is emrent limited them the output is slweing at a rate of

dVout / dt= Tin/Ch

in reality the input is moving, BW liited, and it is not a step input- see next slide
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Settling time error input is changing M

Tracking/settling error calculation:
Vin(t) =Vem + 4sin(21f,,1)

EVout
Vin(t) =Vout(t)+ Ron-C cron

-

ot

Asin[27f, t— arctan(27f, R,,C)|

J1+472 2RI C?

Forced solution: Vout! (£) = Vem +

Homogenous solution: Vouth ()= B ¢ %o

Solution: Vout(t) = Vout O+ Vour! (@)

Set initial condition (determine B):

L

27f,t —arctan(27, R, C
B =TVout,, —Vem — ZE Eirc me 79:'” C) =
J1+472 fIRLC?

= o

R_

oR

® (no body effect)
L
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flg ]— arctan(27f,,R,,C)

} 4 sin[27f,t" —arctan(27f,,R,,C)|
JrarifIR2C? itz 2RI C?

= 2 - ; — 2 ; ﬂ
= J1+433f;.3R3 = co{dgﬂn[r 4)2@} arctan(-fg’;.anC)]sm[zﬁmpJ

1T oR

—-24
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Basic fast S/H ( Open loop)

VB -IE VBL,F

v, _&J__I Vi - T Caoc
h 1 C. I:L
1=

I
Co
Figurs §: Buffer directly connected to ADC, omitting the resistor. . .
T&H Circuit: Current-Mode

=) Current-Mode Architecture:

Advantages: high-speed (over 100MHz) and low voltage (<1.2).
The speed depends on the time constant given by:

[ Voo Cs

= {
é I AL Zm1

CK —

. . Ly I NN
Use differential structure.. > 2
= L o= SC s AW, L,

IHI A_—"["-

Jljek >
I
M M out W
ﬂ}— ) : Em1 = “COX f (VGS - VTn)
T*

Source: TAMU
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Boost the gate: Linearization design M

Linearized MOS Track and Hold

ewiteh Vot —1 Compared to simple Track

1 T - . N and Hold:
_' lcm vmveste )N * less signal

1 ~ dependent sampling

* less non-linear
charge injection
* signal dependent
clock feed-through

Vin*=Vin+Vthgamea(Vin) |
b

For the pseudo-differential structure, performance can be somewhat worse
than for the simple track and hold if there is not enough headroom.

Key: Qsf2 is P ch follower - on board operation..
Vcc of follower need higher voltage, speed of follo  wer high, more Idd..
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[
Boot strapping

IR
c) (
/ \
VCC
—/ s I—l
P1] 92 91
—/ -~
Vin 91 ™ ——
gnd=0v

( Abo and grey)

1) Short with 1 to vss and

2) Load Vcc and ground on C

3) Close 2 Load Vin were gnd was and
4) inject VCC+Vin on the gate

In class analysis
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