ditovomyanans wszsomndmanssly

NuTguazamyaalaelidammigasaziingiody

MeeATa N

A SAMPLE AND HOLD CIRCUIT USING MINIMUM FINDER AND
PEAK DETECTOR

\MWWIIMW

T117098

oUA  MAAIIND

AMATA LUANGPOL

mq '"""m b-;--.....‘..\‘\l\\\\l

m”'ﬂ"ﬂlﬂumm

!wﬂgu‘ﬂ. 2;& 8l g!- 4 ) PP sessesccasenre

3nu1ﬁwuf§nﬂud‘mwﬁwmmsﬁnmﬂmwé’ngﬂsﬂ?ngwg?mnssumamumﬁ’wﬁn
TUIVIAINTIUTZVUAIVYY
ARz InINT SNMEN]
aoumalulatwsseemndudigammsannizia
N.71.2553
KMITL-2010-EN-M-080-145



A SAMPLE AND HOLD CIRCUIT USING MINIMUM FINDER AND
' PEAK DETECTOR

AMATA LUANGPOL

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING IN CONTROL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOQY LADKRABANG
2010
KMITL-2010-EN-M-080-145



COPYRIGHT 2010
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



¢
AMZIAINITUATAS
amumalulagnszaomndudgammsaiansyis

[Y) =) a d
TuSusedinentinus

WideInniinug  vvsguuazasidyana Tasldfamamgaunzdansesuiveadayan

Thesis Title A Sample and Hold Circpit. Using Minimum Finder and Peak Detector
L% % . s ::WV e
Hindnm UWeUA AN T e
w al -
g o QU " ""; ﬂ\ﬁﬂ 2,
sradsedi 50060519 ol
a M & ) v a @ Xﬁ%“a
YIgan InssumTATUMITMA Y. ; %;2
0
i ( 3
MUIN Aranssussuunaugu v, .
- %
¢ A dJ gartt g %
e10138MSInuIneniivug 1fl.eis. b, a‘z; et
] &
< §¥
HINBRUINHNUT { mn-zolo-EwM 080- 145&&5;3 )
!?«
B i %u - ww % N S -
§ g
Az mmmﬁaammmﬂuﬁg 5 s
¢ “$iaw o s -
705, TN AR SAY -
= o ?‘ d% ) %
S.AT.INT NNOGITTUNT N
% ha& S
A3.0Y¥1 udaoge.
" 3% 1
= AT
A3.I3TUA _mysudlany:
y " o -
IFL.AT.IUBY 33N T~

’a’u/uﬁau/?]fﬁaau TUBIMTN 12 gaInn w.A. 2553 1741 13.00-15.00 .

aomnaey w 91M15 A Fu s Hesdszyuamenssumsdsedidaninms
o o oy 3/ 4 2
4 aouna Iy Tagnszaoumnadudmunmsanns 4

KING MONGKUT'S INSTITUTE OF TECHNOLC )GY l' ADKRABANG

.1
" pri=t

I3

r&" —— AR AaednInsTNmans
ﬁ‘,ﬁﬂ ¥ o we { o
o '“ sifivunazlsy UIBAD A9n. $udi 12 AMAN N9, 2553
Mn

b ammﬁmuwumummum
Wn.sladou. 0. NALED

]_ aud J/ Syt

:N

(=]

“one




o VY a a d
MIVDINYIUNUD

nvsguuazamdygulaslddmamganasdansandy

Aveadyy I
Tinfinen WWBNA NANWA
swainfnn 50060510
Wgan eNTsumMans UMl uga
VN WINTINTSUUAIVAY
A, 2553

da o a J v o £
f‘)‘lﬂ’l‘iﬂﬂ‘lﬁﬂﬂ‘l?ﬂﬂ’luwuﬁ IARIIUTY T3

UNAnL

o 4 w:{

Inniiwusatuiiuausnvsguuasasmdyunssud laslgdaviminssuadigan

[]
o v hd

¥ " Py 4 o " o i v
wihnguadgyaiaununmsguamuuaiIng uazld99505295Umseanssuaimifineg
Fyana Nesmiuausawisaanmnnuanaaiifannmsilendygriauiiniii naaoy
A5 TOULVDIN T UT U Tasms @ouuuun15euYe99sae Tusinsy PSPICE  Wams
= ° ) J a [~ [y d'
AUUNLUNSNIUY892995 dunsatuduldinsnesnuuuaeaadeaiiulianumdnnsi1ld
wuaue



Thesis Title A Sample and Hold Circuit Using Minimum Finder

and Peak Detector
Student Mr. Amata Luangpol
Student ID. 50060510
Degree Master of Engineering
Program Control Engineering
Year 2010
Thesis Advisor Assoc.Prof.Dr.Vanchai Riewruja
ABSTRACT

This thesis presents a current signal sample-and-hold (S/H) circuit using 0.5pum CMOS
technology. A current minimum circuit is used to sample the input signal in place of a sampling switch
used in the conventional S/H circuit. The current peak detector is used to hold the signal from the
minimum circuit in the "hold" state. The proposed configuration is adopted effectively to cancel switch
feedthrough error. The performances of the proposed circuit are demonstrated using the PSPICE analog
simulation. Simulation results verified the performance of the scheme are agreed with the expected

values.
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A13197 2.1 MINPUAVTAANG 103 10T FULAZAIM

Aperture Pedestal Error

Acquisition Droop Uncertainty (Voltage Offset
Time Rate or Current {ps,rms)  or Charge) vs.Temp.  Nonfinearity Technology
HTS-0010 14ns(0.1%) 100 uV/ps 5 SmvV 125uVPC  0.1% Hybrid
HTS-0025 250s(0.1%) 200 pV/ps 20 5mV 100 pVPC  0.1% Hybrid
HTS-0300A 150 ns(0.1%) 5 pVips 100 5mV 100 pv/°C  0.01% Hybrid
HTS-0500 700 ns (0.1%) 0.5 uV/us 60 SmV 100 pv/°C  0.01% Hybrid
AD346 1 ps (0.01%) 0.1 mV/ms 400 10mV - - Hybrid
AD389 1.5 us (0.01%) 0.1 pV/us 400 2mV - 0.001% Hybrid
ADS585 3ps(0.01%) 1 mV/ms 500 0.3 pC - - Monolithic
ADS583 4 ps (0.1%) S5pA 5,000 10 pC - - Monolithic
ADSHC-85 4.5 pus(0.01%) 0.2 mV/ms 500 1 mV 25pVrPC  0.01% Hybrid
SHA1144 6 1s(0.003%) 1 pV/ps 500 1 mV 30pvrPC  0.001% Module
AD582 6 ps(0.1%) 100 pA 15000 5pC - 0.01% Monolithic
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C,, fiesnnyinthasufiveanaeenlwd (Capacitance per unit area of gate oxide)
fio anunNadseanSnaveausuLua (Effective channel width)
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AUUANUAIUMIUYADDN 1, Hautu
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P1 — gml

= (3.15)
Con +Cpp
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9InauMsf (3.15) seiuldhdrdeanis Idesazteunszuariinuldnanndgassdes

Y o 'o -~ 9 a
ponuuy v Cp e Cpy umdmseldm g, Uaga

A, MIAATAMATINRANGIAYEIII0T
1Y &' Aa o v [ & -
nesazRounszuduuuuguiionsnsdwrhunssuammnuniialugln 3.
annsadouaunsanuduiusvessanuAanamlunisdsiunssuaduna ludanssua
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cC W
Ip = ﬁ'Ef_(Vc;s _Vm)2 =K(Vss —VTH)2 ) (3.19)

iie X fis w15 iiineTuean1n21ui1 (Transconductance parameter)

~ a d o ar ° [ P
91299514317 3.4 szdszneudrunsuFmaeis1uau 3n + 3 @9 d M5 n BuNA uaz

(R 1 o [ [ 4
unasnwnseua I, Taonesluuaazounn wwilszneudlonsuFanes M;,M,, uag
] a 4 ° { o o
M ; TUNIUFANeT M, uaz M, ndhiitiuesazReunssuauuvyan (Positive
. A o 1t | Y & [ a o
current mirror) NUBATINTAINUNTLUAINUNTL unAeIwNsTU [, 10N WTdnDS

M, midiAaussdu v, Sanlssinm
Ve =Vasn +Vaga +Vogs =3V (3.20)

o { ° ) [ 4 ° 1 °
usedu 7, nldiinsudomed M, M, uaz M, hanlugrvenvesnistngsue
-‘-'I ° 9 - 5 s v aq Y a ., a0 .'.'1
e nnszuadunans 2 autluuin Tasauualinssuadune i, Ya1gege ienssud
a R ] ) ° [ ' o 4
DUNRA || TnarunsmGaned M, Mlfussausgnvunatvnivesa Vg, ) uoy

o ar A X & o a o '
UIAU v, UAURUTU IHBINNVURALIDZNIFBITVDINIUTNRDT M, M, g M, Ao
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viuiu Mhldussduszninsunasunseiavemsudmass M, M,, uaz M, iian

IMINU AIEUNTS

Vasn =Vasa =Vosx (3.21)

VINAUNISH (3.19) uaz (3.20) sz l@nssuaiasuveanswdmand M, ,M,, uaz M, iim

N
I =lp, =ipy =ipy (3.22)

L3

L) ) :{ .
useAUBUYS v, rnsadiouaums ldaail
v, =Vos + Vo5 (3.23)
[ I'4 = o o [Y) J
VINMsABYINANDTVITE AvamsMTmand M,, uaz M,, yuwnu i ldusedusening
o ['4 a I ) 1 3 A’ o o)
vunanuvIseI eI Ndmasd M,, uaz M, daunuiuauussau Vi, Wuwald
= o t o o z a ' a0 [ K
nmdaaes M,, liiinssud aniunszsumasuvemsmdained M,, Tawnny
ipg =0 (3.24)
a ~ a o = o
wnsainlua v, nszumasuvemImTmaei M, aunsadoudunis 1Al

Iy = imz + iozz (3.25)

unuMINSTUAATUYRINI WFmADT M,, 9naunsh (3.24) asluaunish 3.25) 914

} a o d
nITUMATUYBIMI TR M, 1w
Ipy =ipp (3.26)
P o1
1INAUNTIA (3.22) iag (3.26) 93 14N

iy =lpy =ipy (3.27)
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vInauMsti (3.27) ua (3.28) widnszumering i fswiiy
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MNAUNITH (3.29) aunsanan 1dd1 2estugil 3.4 i lunismimiassuadunagega

SENINABIDUNA
Vo .
Y/
Ms LIM” @ ’
:—-]l i | ; Vs
) ¢D|z ) yﬂa
’_‘> v M, _‘7> v M, &i
. 1 | 2 max
l: ipx
FIM“ F-IEMN ||—_—‘ i

| l = {
Vx
My | My | z

7UN 3.4 nesmimnssuagaga 2 Buna
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Weuaums 1aith

min(i, i, ) = max(i,, i, ) (3.30)
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i, =I,~i, (3.31)
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n

3 -— ' — ° a o ' o < .
Wenszua i, faniuvin @ >0) ldniwmdmass M, hivhnszua iufie iy =0

o . gl " b A& J . P
AIUU AISUL @p), =1; WOUNUMNTSU ipy asluaunish 3.36) 9218
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A Current Signal CMOS Sample-and-Hold Circuit
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Abstract: This article presents a current signal sample-and-hold (S/H) circuit using 0.5um CMOS technology. A
current minimum circuit is used to sample the input signal in place of a sampling switch used in the conventional S/H
circuit. The current peak detector is used to hold the signal from the minimum circuit in the “hold” state. The proposed
configuration is adopted effectively to cancel switch feedthrough error. The performances of the proposed circuit are
demonstrated using the PSPICE analog simulation program. Simulation results show the sampling frequency up to

100MHz and high accuracy.

Keywords: sample-and-hold, minimum circuit, current-mode, peak detector

1. INTRODUCTION

The sample-and-hold or S/H circuit is one of the most
important circuit building blocks in electronic circuit
design. It can be found in many applications such as
video and audio systems, measurements and
instrumentations, and digital control systems. The S/H
circuit is used in the front-end element for the
interfacing device between analog and digital
environment. This interfacing device is known as an
analog-to-digital converter or ADC. The S/H circuit is
widely used to avoid the degradation of signal
conversion from ADC. Usually, the S/H circuit employs
a MOS switch to sample and hold an analog signal.
Using the MOS switch exhibits signal distortion at the
S/H output caused by the switch-on resistance, channel
charge injection, and clock feedthrough. These are
major factors that contribute to discrepancy from ideal
performances. In the past, the switch is implemented
by a single MOS transistor. Unfortunately, the
on-resistance of the switch is varied with the switched
voltage and dependent on the magnitude of control
voltage [1]. In order to minimize the switch-on
resistance, the bootstrapped switch technique and the
switch control-voltage boosted technique have been
proposed in literature [2-4]. The technique based on
bootstrapped switch generates the constant gate-source
voltage for the MOS switch to prevent the on-resistance
effects. For the boosted technique, the voltage multiplier
generates the control voltage in excess of the supply
voltage for the MOS switch to reduce the switch-on
resistance. The control voltage signal, which is usually
up to twice the supply voltage, may produce a
catastrophic failure caused by the voltage breakdown
across the gate oxide. It should be noted that the
sampling frequency can be varied in a narrow range due
to the specific on-chip capacitance value used in both
techniques. For charge injection and clock feedthrough
cancellation, a differential configuration technique and a
dummy transistor technique have been introduced [5-6].
However, these techniques have never completely
cancelled the effects of channe] charge injection and

978-89-950038-6-2-98560/07/$15 ©ICROS
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clock feedthrough. It is well known that the
current-mode ADC provides the high-speed conversion,
small in size, and low cost [8]. However, the input
signal is commonly the current signal. Therefore,
aforementioned S/H circuits are unsuitable for the
application because the circuits require the voltage
signal input.

The purpose of this article is to propose a CMOS
current-mode technique for realization the high-speed
and high accuracy S/H circuit. The proposed circuit
requires the current signal input and employs a
minimum circuit instead of the conventional sampling
switch, The errors due to the charge injection and the
clock feedthrough are minimized. The resulting
performances of the proposed S/H circuit show high
accuracy and high sampling rate up to 100MHz.

2. CIRCUIT DESCRIPTION

The block diagram of the proposed circuit is shown
in Fig. 1. The proposed circuit comprises of the
dual-output current follower (CF), the minimum
function (Min), the inverter, and two peak detectors
(PD, and PD;). The control signal, igy, sets the
operational state of the proposed circuit in sequence. If
isy is set to high, the input signal is sampled. Otherwise,
the last value sampled is held until the input is sampled
again. The operation of the proposed circuit can be
explained as follows.

r Peak
LI Y.
[ (PDD) .
i W Curent L]
d'::;o—’ Follower 1} .
©n Yo | Minimum | i, Peak | O
. cireuit Detector] cutput
SH _ im (Min) (PDy)
cuntrot -i::im spul
I I V,
| Inverter I b

Fig. 1 Block diagram of the proposed S/H circuit



The peak detector PD, is designed to operate even if
the signal igy is set to high. When the value of input
current is rising, the signal ipp, will be zero. The Min is
connected to determine the smaller current, i,,,, between
the input current i, and the control signal igy. The
minimum signal i, is fed to the peak detector PD,. If
ippz = 0, the output of the peak detector PD; becomes
the output signal of the proposed circuit i,,. Then the
output signal i, is followed the rising slope by the peak
detector PD,. When the input current i, reaches a peak
and reverses its slope, the peak detector PD;, will active
(ippz > 0) to lower the voltage across the capacitor of the
PD,. Then the current ipp, is decreased until its value
will be equal to the input current i,. For the next
holding state, the capacitor of the PD, is discharged, and
then the current ipp; is equal to zero again and the peak
detector PD, holds the last value sampled of input signal
I,

From the block diagram as shown in Fig. 1, the
proposed S/H circuit can be presented as shown in Fig.
2. Its operation can be explained as follows. Basically
design of the proposed circuit; all transistors are well
matched and operated in their saturation regions. The
drain current of transistor operated in saturation region
is expressed as

voltage, respectively. The dual output current follow,
from by the transistors M;-M,, transfers the input
current iy, to node A and the input minimum circuit. The
transistors Mg-M,, and the three bias current sources g
function as the current minimum selector for two inputs
current. The transistor M;; and the bias current Ip,
provide the bias voltage Vg, approximated 3Vr .
Therefore, the transistor M;, Mg, My, My, and M, are
forced to the edge of conduction to minimize the
crossover distortion. The transistor M,, acts as the diode.
The minimum operation based on the shared
gate-to-source voltage corresponding to the saturation
value imposed by the maximum input current can be
discussed as follow. The drain-source voltages v, and v,
of the transistors Mg and M, are established by the
input currents i, and iy, respectively. The input
currents i, and i;,; can be expressed as

by = Iy =i, V3]
3)

Since the gates of transistors Mg, M;,, M,,, and M,, are’
connected together, then their gate-source voltages can
be given by

i

iz = 1gy-igy

“@

Voss = Yasu = Yosnz = Yosu

Peak detector 1 (PDy)

ip =”n_CMZ(VGS - T)’ =K (vgs - VT)z Q) Based on Eq. (1) and Eq. (4), the transistors Ms, M),
2 L M,,, and M4 have the same drain current as
: Ipy =lpyy =ip =iy, (5)
Where K, vgs, and Vi are the device transconductance
parameter, the gate-source voltage, and the threshold
T T et Follower(CH) 1 VT T T T T T T T T Mintmum Cirit (Min) | Ves . :
. 1 i
! ! !
: | |1 lew }
| : al My :
i o ]
] | e |
1 1 2} {'l:; 1
: : o i— l“" My :
i
| | [ s :
T
| 1 ]
] 1

Fig. 2 The proposed S/H circuit
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In saturation, if we suppose that the value of current i,
is greater than iy, therefore the drain current ip; flows
through the transistor M, increasing the gate-source
voltage of the transistor M;,. The transistor M, is then
cutoff, and then the current ip,4 is equal to ij,;. Since the
current iy has two states, which are low and high, thus
the current ip;4 can be stated as

i = qu
o 1,,-i,,,

At node C, The minimum output current i,;, can be
stated as

for iy, = 'low'

for ig, = high' ©

Tow’
‘high'

for ig,

Q)

for ig,

The current iy, is fed to the peak detector PD,; to
generate the current i,,,. The transistors M;,-M;; form as
the unity-gain current mirror. The transistors M,s and
M;¢ function as the current follower to provide the
discharge current iy, and the charge current ic,.
Considering at node D, the gate-source voltages of
transistors M;; and M, are raised and held by the
capacitor C;. From Eq. (1), the output current i,,, can be
stated as

by =lpyy =ipy = K("cn -V )z ®
If iyyn = i1y and ig4; = 0, the voltage at node C, v, effects
the transistor M;¢ to conduct. The flow of the charge
current ic; through the capacitor C,, which is equal to
ips, increases the voltage vy, Then the transistors M),
and M,; are activated. When the voltage v, rises to the
steady state value that causes the transistor M) to
cutoff. The voltage v, still forces the transistors M;;
and My to conduct, thus iy, = ij. If iy, = 0, the peak
value of input current i, is less than that of the previous
input signal, and the current iy, is equal to zero, the
voltage vg is decreased. Therefore, the transistor M
still turn off and the voltage v¢; is unchanged. If the
input current i, exceeds the output current and the
current iz, is equal to zero, then the voltage vg is
increased and the transistor My, is active. The voltage
v is risen to force the output current equal to the last
sampled value. If the value of input current i, is less
than that of the previous input signal and the current i,
is greater than zero, the voltage vc; is decreased.
Therefore, the output current i, is forced to be tracked
the input current iy,

Base on the inverter, the current ip,4 can be state as

: — M )
for iy, = Tow

9
for ig, = ‘high' ©)

The operation of the peak detector PD,, can be
discussed as follow. Considering at node A in the
summing point scheme, the current i, can be written as

(10)
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The current iy, is fed through the peak detector PD,,
when the value of current i,, is greater than zero and
the current ipy, is equal to zero, the current iy will be
equal to ig,. Therefore, the current iz, can be expressed
as

i.n:b
i‘l' = 0

0

for ig, ='high' andi_, >i_
for iy, = high' and i, <i,

for ig, = Tow'

an

From above discussion, the waveform sketches relating
to various currents are shown in Fig. 3.
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Fig. 3 Waveform sketches of the proposed circuit

3. SIMULATION RESULTS

The performances of the proposed circuit were
studied by using PSPICE analog simulation program.
The BSIM MOS model of the 0.5um CMOS process
was used in the circuit simulation. The supply voltage
and the current source were chosen as Vpp =3 V, Ig; =
50 uA and Iz, = 10uA. The ratio of channel width and
length (W/L) of the devices are shown in Table 1.

Table 1 Devices aspect ratios.

Device W/L (pm/pm)

Mo, Mg 2/1

M7r MS, MIOr Mll) MIZI
M, Mys, M7, Mg, Mys,
Mas Mag, My,

4/1

er MZ’ M.’n M-4, MS: Mﬁy

M, M3, M5, M2, My, 10/1

M3 Moy, Mas, Mg, Mas
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Fig. 4 Input and output waveforms for 10MHz
sinusoidal input sampled at 100MHz.
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Fig. 5 Input and output waveforms for 10MHz
triangular input sampled at 100MHz.

The input and output waveforms as shown in Fig. 4,
the upper waveform is the sinusoidal input current of
+20pA amplitude at 10MHz and the lower is the output
current for the input current sampled at 100MHz. Fig. 5
shows the input and output waveforms, the upper
waveform is a triangular input current of +20pA
amplitude at 10MHz and the lower is the output signal
for the input current sampled 100MHz.
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4. CONCLUSION

This paper describes a current sample-and-hold
circuit using the current minimum function in place of a
sampling switch to avoid the clock feedthrough. The
PSPICE simulation results verifying the performances
of the proposed circuit are in close agreement with the
theoretical values.
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