


AninVoYANTI NITIOUNDTMANTZLY

29sdurazAIAINTIAiTINIaMIAnNRANA

NNADINT QY IMHIT

CLOCK FEEDTHROUGH CANCELLATION
FOR CURRENT SAMPLE AND HOLD CIRCUIT

o (Y d
IUAT BNYITUSIMNU

WANIDA AKEBURANAWAT

a a ‘d s T = =] [V a o Aa
Snenfinusilugunilaveamsanmimunangnsyaninnssumaasumunmn
v ivaanssa v
JuMnInenay

LY L] Yy v (¥
aoumalHlagNIZ0NIND UV IRUNKITAINNIZLN
.6, 2543

N

v
1OYNY ISBN 974-622-687-8

anzo.... 59439
i1, tnou, 1.5 A8 2563




CLOCK FEEDTHROUGH CANCELLATION
FOR CURRENT SAMPLE AND HOLD CIRCUIT

WANIDA AKEBURANAWAT

A THESIS SUBMITTED IN A PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’INSTITUTE OF TECHNOLOGY LADKRABANG
2000
ISBN 974-622-687-8



COPYRIGHT 2000
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



</ o a o/
UunaIngag

aotiumalulodnszeemndudigunmsmansziis

TuSusesineniinus
o YV a o d 1 1 P o w a s a o
AU INNHUNUS NITFUIazAImnITa i InIafvan AN inaINT YR
WM
CLOCK FEEDTHROUGH 'CANCELLATION FOR CURRENT
SAMPLE 'AND HOLD CIRCUIT
:é LY - ] P a a r'd
younAnM UNAIUAL - 190y TSI
sHailszand 40061030 -
ELTHIY InsIuEnaasUN TN
TN Srrangan ih i
d v o d s a
0191585M R dIneiNuE  SAAT.ABUT0  AYHIGY s
A
Py - = J g N oA
AMLATTUMITOUINNHUNUS agieYe
¥ ES s
3699 7Y 311N f =S=ss= g
IA.ENTHY oyufGuelye - -t %
=3 = aQ A( o -
HELATINYTAANA  ANIYTS ; )i
ar Q( (o)
7.05.4fnA Fagind
59.A5.NOUYY AV IRY

Sungow/l) figerr 7 Twpw 2543 A1 12.00-13.0Q U

Y a a o a 4 n’: 3‘1‘
i'{ﬂ'luﬁtﬁ)ﬂ l. ﬁ'mﬁammnuwuﬁ AULIAINTTUMTAT ﬁﬂ 12 ¥U ¥U 4 'P’Tlf]\‘l (E12-403)

.-*',:,’:T-.\\

1]
o

Fuf... 23 hou. B



WatoInendinus MNAsGuIazAIMnTELanTINTaiTaRURANIIA

Nifanndaguunn

Vnfnu W9 A enysusTand
sHadszdm 40061030

Uggan Fnssuenansumiung
MYIIN Franssu Wil

.9 2543

p1sEAIUNIINNTinNUE  3A. A3, NOUFY 1AMy

[ %4 1)
unnaee
ssvsduuazaamnszuagmimnldnunalumsdszuonadygnasuasnluvua
v o D an i ¥
aszud wu lursesudaedgygraoniasmtluataoalulnuanssus uaz9INTBVBTUM
Yoyalulnuanszus  cungndnvesnnuianmaluaesquunzasinszuafonanss Ny
» ] ¥ b4
Pndanuninn Feihldidenszsuafanaaniiasindyansndnitu Ingiwuiiteld
UBNTIBALLLTHaEAIMINSEHANmINsoMTAnNNAANawTINANINT YN 1Ay
[} o o 4 o o = Q’I’ ' 'lé’ 1 as 4 B
Wmdnasvesmsinannszumnldiiedifanszuaianmeansdiuivuegnudyausunm
] - 13 T o =y cs' ; 1 o3 ] 1 9
wazdui llusdfudyanaduwe  2esfiusiicnsoretiuansduiasasminazud 14
q’z’ o 1w a = (4::’ 3 o o ° P
nuvundumarazuuy linduwa Tudneninusi ldiinmsdmesnisihinuuesiesi
v
ruedae 151Ny PSPICE taziin1sAnnaesyuese uagninnan1s$1009nsiauyes
< 1 3 a oo o o - (Y ar
sausuaasliifiun aseshiauelinnugadesgs , [dddsaud  uashinuiiseauus iy

33 Thanld



Thesis Title Clock Feedthrough Cancellation for Current Sample and

Hold Circuit
Student Miss Wanida Akeburanawat
Student ID. 40061030
Degree Master of Engineering in Electrical Engineering
Programme Electrical Engineering
Year 2000
Thesis Advisor Assoc. Prof. Dr. Kobchai Dejhan
ABSTRACT

The current sample and hold circuit is widely used in current-mode analog signal
processing such as in current-mode analog to digital converters or current-mode sampled data
filters. The major source of error in current sample and hold circuit is clock feedthrough effect,
which causes clock feedthrough error current. This thesis presents clock feedthrough cancellation
for current sample and hold circuit. The current cancellation technique is used to cancel both
signal dependent and signal independent clock feedthrough current. The proposed circuit can be
connected as inverting and non-inverting current sample and hold circuit. In this thesis the
proposed circuit is simulated by PSPICE and implemented. The simulation results show that the
proposed circuit offers high accuracy, low power consumption and uses only 3.3 volts supply

voltages
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=Akp(W/L (Vg.\'Z(n)—VTp) ? - ( gs2(n) Vl ) 2 % (47)
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A CLOCK FEEDTHROUGH CANCELLATION TECHNIQUE
FOR .CMOS CURRENT SAMPLE AND HOLD CIRCUIT
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Faculty of Engineering and Research Center for Communications and Information Technology
King Mongkut's Institute of Technology Ladkrabang, Ladkrabang, Bangkok 10520, Thailand.
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E-mail : kobchai@telelan.telecom.eng.kmitl.ac.th

Chatcharin Soonyeekan
Faculty of Engineering, Kasem Bundit University, Patanakarn Road, Bangkok 10250, Thailand.

Abstract : This paper proposes a circuit technique for clock feedthrough cancellation for current sample and
hold <ircuit by using BiCMOS technology. All results have been carried out by simulation based on PSpice
using the ES2 transistor model. The results of proposed circuit compared with the previous result.

1. INTRODUCTION

This paper proposes a design of current
sample and hold circuit using the current

cancellation in order to eliminate the clock -

feedthrough for both signal dependent and signal
independent. The current mode circuits are widely
used in many applications because of the
advantages. The sample-data techniques use the
switch-current based on the gate capacitance of
MOS transistor, it is unnecessary to implement the
capacitor as the switch-capacitor technique. The
current sample and hold is basic circuit of switch-
current and widely used to convert analog signal to
digital signal. The main error of sample and hold
circuit occurs to the clock feedthrough for both
signal dependent and signal independent. The
previous papers [1-2] proposed to reduce some
error from clock feedthrough. This paper proposes
a new technique to eliminate all errors with 3.3
volts, lower voltage supply than the previous paper
[2).
2. THEORY

Fig.1 shows the conventional current
sample and hold circiit using the current mirror
technique. M1, M2, MS are sampling transistor,
holding transistor and switching transistor,
respectively. The sampling period for and sample
(n), the current relations are obtained.

1
T+1I(n)y="KkW/L)[V (n)-V /2 (D
’ 2 1 gl T
1
Al =1,(n) = ;Ak(w /LY [Vgy(n) - VT/2 (2)

Voo

M1 M2

MS Cg_[—
I

SR\ @
e

Fig.1 Current sample and hold circuit

k : transconductance parameter
V¢ :threshold voltage
V() : gate voltage at sampling period of sample

n

(W/L),: gate width to gate length ratio of transistor
M1

A : gain

As MS turns on, thus Vgi(n) = Vga(n).
Therefore, the output current I,(n) = -Ali(n). In the
holding time; (n + 1/2) the relation can be

obtained

11 1 2
Al =1,(n+=)="AK(W / LY[Vgy(n+ ") =¥7]
2 2 2

3)

At the starting of holding time, the clock

changes from high(Vy) to low (VL) in order to turn

off the transistor MS, the clock feedthrough

voltage (Vc) is occurred and changes the gate

voltage of transistor M2. The equation of clock
feedthrough voltage depends on Cc and C,.



Cc
Ye="_ (Vg -VL) O]
Ce
Cc : parasitic capacitance of transistor MS
Cs : gate capagcitance of transistor M2

The clock feedthrough effects with the
gate voltage, then

1
Vea(n +;) =Vee(n) - Ve =Va(n)- Yo 3
The output current with clock feedthrough effect
can be obtained. )
1 ; L.
lo(n+;) ==Al;(n)+ ch-(n-i-;')
* The clock feedthrough current (L9 is expressed as
in equation.
—:'Ak(W / L)VCZ- — AK(W L L)[Vg (n)=VT [V
Q)
The equation (7) shows that the clock
feedthrough current can be divided into two parts.
The first part depends on V¢ and the second part
depends on V¢ and Vy(n), The first and second
part are called signal independent and signal
dependent, respectively. i
The previous paper [2] proposed. a circuit
to cancel the clock feedthrough current for both
parts. The proposed method {2] is to use the output
current to have the opposite sign with the input
current, so called inverting current sample and
hold. As the output current has the same sign with
the input current, so called noninverting current
sample and hold. The other previous paper
proposed a compensation technique of clock feed
through for switch-current circuit {4}, the results
are carried out for 10 kHz. Another previous paper
(3] proposed to change the internal structure of the
circuit without increasing the transistor and can
obtain the noninverting current sample and hold.

Icf
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The proposed clock  feedthrough
cancellation circuit sample and hold circuit is
shown in Fig.2, this proposed circuit can be both
noninverting and inverting current sample and
hold.

The sampling time at n, the equation can
be obtained

1

w
Iy(n) = AT+ Al (m)==AK (—)IV _(n)-V |
i 2 n L7 gsl m

! id 2
Ig(n)=Al = ; Mp(?)lyxsz (n)- V(pl 6]
The holding time at (n+1/2), the
equations are as followed.
nenetya=ax Zyy m-v_-v i’
2 2 n L gsl = tn
v
Iy(n+ %) = ax (i:’—)n'g,l (="

1

1 w 2
Iatn+—=)=—AK (~)V .
3(n 2) 2/ p(L)[ gsz(n) . IP)I

v

; ull P 2
To(n+=)=AK (—)[V -V
4(n 2) p(L)I gsz(n) 2 :p)l

&)
where, k,, k, are transconductance parameters of
NMOS and PMOS, respectively.
Via, Vip are threshold voltage of NMOS
and PMOS, respectively.

1 w

! 2
Ii(n+T)="AK (VY -V
1(n 2) : n(L)/{ gn(") m}

-2V (10)

(n)-V W +V2[
gst tn cn cn

1 114
Iy(n+=)= AK (=Y _(m)~V }
2 n L gsl tn

on en
oy (my-v 3y (1
LROS A e i BCY

O

I

(-]

M3

]

|

ol

»
t o

A AI M9’T_\;;2 )
o F
. v
TAE
C Ms JM6 : G)

Fig.2 Proposed clock feedthrough cancellati_dn current sample and hold circuit
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Iy(n+) ax (& z
n+ = )V -V
3+ = A CLAY (=¥ )

v (m-v gy +vi] (12
gs2 p p @

Tyn+) = AKX (v v )?
4(n+7) p(L)l( gn(ﬂ)— ’p)
v V:P
-2V A0 et tow

( gsz(") (p) 2 v, 7 (3

where, Vo, and Vg, are clock feedthrough voltage to be
occurred at gate of NOMS and PMOS transistors,

respectively.
The output current can be rewritten as;
I,=1 -1 -1 +1 14
° 3 1 4 2 (4
, kv -xi?
w _po ncn P
]0=A1i(lx)+/l(L) 4 (13)

The equation (13) points out that the
proposed circuit can quite cancel the errors of clock

feedthrough current, Consider the  term
K viogv?
W p cp cn o, 2
A(—L‘) . is quite small about 200 pA and

can be neglected. Thus, the proposed circuit can
cancel all error. The advantages of the proposed
circuit when compared with the circuit of previous

Sous
» . //\Q(\-'
A0 A
ST .
.
7
’ !
Mv, . ’/.‘r--\ 1
XS /
~Sound R
’
i
H
H
3
e.8us 1. 0us 1.2us

e 1(1S) » I(VS)

81
paper [2] is the same biasing current equal to AL The
biasing current in reference [2] is 3Al, three limes

higher. )
3. RESULTS

All results have been carried out by
simulation based on PSpice with worst case transistor
model of European Silicon Structure (ES2), 2 pm,
level 2, 85°C. Table 1 shows the comparison of
proposed circuit when campared with the circuit of
reference [2). The output signal waveforms are
obtained at various current magnitude and various
frequencies, the phase shifis of the circuit are also
carricd out when compared with the frequency.

Characterisitcs . proposed circuit of ref.
circuit {2}
Output swing + 50 pA + 50 pA
Power supply 33V sV
Power dissipation 1.49 mW 2 mW
Phase-shift
at frequency
- 0.5 degree (delay) 54 kHz 47 kHz
- 1.0 degree (delay) 108 kHz 94 kHz
output error -0.147 pA 0.359 pA

Table 1 Compared results.

......................................

Fig.3 Output signal and input signal (50 pA, 1 MHz) for 10 MHz clock.
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Fig. 5 Simulated output signal for 0.2 MHz clock with input signal 10 kHz
(10nA, 50nA,100nA 500nAand 1uA, respectively ).

Fig.3 shows the 50 pA, 1 MHz input signal
with 10 MHz clock and the output signal. The output
signal is delayed. Thus, Fig.4 shows the delay (in
degree) versus frequency for the lower trace and the
upper trace shows the relation of the current versus
frequency for consideration the limitation. This paper
would compare the results with the previous paper [4],
thus the simulated output signal can be carried out
with 10 kHz input signal with 0.2 MHz at various
current 10 nA, 50 nA, 100 nA, 500 nA and 1 pA,
respectively, as shown in Fig.5.

4. CONCLUSION

This paper presents a clock feed through
cancellation technique for BiCMOS current sample
and hold circuit. The results is satisfactory when
comparcd with the previous paper. The proposed
circuit will be useful for applying with the other
circuits.
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Abstract

This paper presents a new design of current cancellation
technique for current sample and hold circuit. This proposed
technique can eliminate the error from clock feedthrough tor
both signal dependent and signal independent. The circuit
operates in current mode with 3.3 volts supply voltage lower
than the previous paper. All circuits are designed based on 2
um CMOS technology, the performances of the proposed
circuit have been carried out and compared with the
previous.

1. Introduction

This paper proposes a design of current sample and hold
circuit using the current cancellation in order to eliminate the
clock feedthrough for both signal dependent and signal
independent. The current mode circuits are widely used in
many applications because of the advantages. The sample-
data techniques use the switch-current based on the gate
capacitance of MOS transistor, it is unnecessary (o
implement the capacitor as the switch-capacitor techuique.
The current sample and hold is basic circuit of switch-
current and widely used to convert analog signal to digital
signal. The main error of sample and hold circuit occurs
from the clock feedthrough for both signal dependent and
signal independent. The previous papers [1-2] proposed to
reduce some error from clock feedthrough. This paper
proposes a new technique to eliminate all errors with 3.3
volts, lower voltage supply than the previous paper [2).

2. Theory

Fig.1 shows the conventional current sample and hold
circuit using the current mirror technique. M1, M2, MS are
sampling transistors, holding transistor and switching
transistor, respectively. The sampling period for and sample
(n), the current relations are obtained.

!

2
/'/(,)_—k(uluu (n)-:/r (h)
! ]
e A 1 . o b
Al =1 {n) = . Ak(W 1 [')1“'“2(”) -1y (2)
k D transconductance parameter
Vi threshold voltage

V(n) : gate voitage at sampling period of sample n
(W/L),: gate width to gate length ratio of transistor M1

®

J= %
!

Fig.1 Current sample and hold circuit

4}

b

As MS turns on thus 'Vg,(n) = Vg,(n). Therefore, the
output current I (n) = -Al,(n). In the holding time; (n + 1/2),
the relation can be obtained as follows;

1
Al-1, (n+")—'2‘Ak(WIL)l[ g2(n+ )—VT] 3)

At the starting of holding time, the clock changes from
high (V) to low (V) in order to turn off the transistor MS,
the clock feedthrough voltage (V) is occurred and changes
the gate voltage of transistor M2. The equation of clock
feedthrough voltage depends on Cc and C,,.
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C

C,: parasitic capacitance of transistor MS

C,: gate capacitance of transistor M2

The clock feedthrough effects with the gate voltage, then

1
ng(n-e-';):Vgs(n)-—VC =Vg’(n)—VC )
The output current with clock feedthrough effect can be
obtained.
i

1
1 =)= -4l I - 6
ofn+7) Alp(n)+ cf("+2) )

The clock feedthrough current (lo) is expressed as in
equation.
/

2 > . .
ly = ";Ak(W/ LVG = Ak(W / L)[Vgp(n) = V7 IVe

(7

The equation (7) shows that the clock feedthrough
current can be divided into two parts. The first part depends
on V¢ and the second part depends on V¢ and V(n), The
first and second part are called signal independent and signal
dependent, respectively.

The previous paper (2] proposed a circuit to cancel the
clock feedthrough current for both parts. The proposed
method [2] is to use the output current 10 have the opposite
sign with the input current, soO called inverting current
sample ‘and hold. As the output current has the same sign
with the input current, so called noninverting current sample
and hold. Another previous paper (3] proposed to change the

internal structure of the circuit without increasing the
transistor and can obtain the noninverting current sample and
hold.

This paper proposes a current cancellation technique as
shown in Fig.2.

CM : current mirror
Fig.2 Proposed cancellation technique.

The proposed clock - feedthrough cancellation  circuit
sample and hold cireuit is shown in Fig.3. this complete
proposed circuit can be both noninverting and inverting
current sample and held,

-

M7 Mi
N\,

M3 M10

u)
g

B BN
b
|

s et
=

St
LE‘

MS M5

Fig.3 Complete proposed clock feedthrough cancellation current sample and hold circuit

The sampling time at n, the equation can be obtained

1
1y(n) = TI3(n) = Al
RPN |7

1
I(n) = —2-14 (n) = Al + Al;(n)

®)

The holding time at (n+ 1/2) , the equation are as
followed.

-

1 ]
Ijtn+ =)= AL+~ AK(W 1 1.)VC2
2 2

! 1
Iylne)= Als Al;(n) +;Ak(W/ Lyl

1
In(n+=) =241 + Ak(W | LYV 12)2
LR c
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! 2
Ig(n+=) 2241 +241;(n) + Ak | LYV 12)
2

© = AW 1 LYV gs () - VT W

®
1 1 i
Igj(n+—")=1 (n+=)=1 (n+7)
P A M (10)
==Al;(n)+ Ak(W / L)[ng(n)—VT]VC
! 1 !
1 +—)=1 (n+~)=1 (n+7)
0z(" 2 3 : 2 4 2 (D

==24/ (n)+ Ak(W / L)[Vg5 (n) - "T}VC
Pagz (n) = V};j (n);

The output current can be rewritten as;

! 1 !
I,(n+;)=Inl(n+;)—102(n+_7)=—.4/,/::) (12)

The equation (11) points out that the proposed circuit can
cancel all errors of clock feedthrough current. The
advantages of the proposed circuit when compared with the
circuit of previous paper [2] is the same biasing current equal
to Al The biasing current in reference [2] is 3Al, three times
higher.

3. Results

Al results have been carried out by simulation based on
PSpice with worst case transistor model of European Silicon
Structure (ES2), 2 pm, level 2, 27°C. All transistors use the
same W/L = 40pm/10um, except the transistors-switches use
W/L = 4pm/4pum. Table | shows the comparison of proposed
circuit when compared with the circuit of reference [2]. The
output signal waveforms are obtained at various current
magnitude and various frequencies, the phase shifts of the
circuit are also carried out when compared with the
frequency. The proposed circuit operates with the 2um
worst case transistor model, the better performances should
be obtained for the other model and other design rule of
transistor.

Characteristics proposed circuit of ref.
circuit 2}
Qutput swing + 50 A *+ 50 pA
Power supply 33V SV
Power dissipation 1.49 mW 2 mW
Phase-shift
at frequency
- 0.5 degree (delay) 54 kHz 47 kHz
- 1.0 degree (delay) 108 kHz 94 kHz
output error -0.147 pA -0.359 pA

Table 1 Comparison results.

86

Fig.3 shows the output signal and input signal at S0pA, 1
MHz clock from the proposed circuit as shown in Fig.3, as
A=1. Fig.4 shows the response and delay phase-shift of the
proposed circuit. -Fig.5 shows the comparison' results, (a)
input current, (b), (c), (d), (e), (f) output current from Fig.1,
ref. [4], ref. [1], ref. [2], and proposed circuit in Fig.2,
respectively,

...............................

-Stuft 4
0.0y 1.0us
o I{15) o I(VS)

Fig.3 Output signal and input signal (50 pA, 1 MHz) for
10 MHz clock.

BBUA e neemmmm oo esecccccnsasetismamesssenasvasenavaroooonsuntasoas -
.
P S 0 O A P PR SRR P PP PP PRSP Y -
1{uR}
N. ,-..-.\-:~ ........... .:
\, H
AN
\\ .
..
stLs \
NOOU oocvevrnsmommeanoesceayanamsesamispesnnsassesqranaencnanspuasnassasen -+
ALt 10042 ARY L} 10K T0UKHZ 1.2 10z
€« pLI(uE))
freguency

Fig.4 Frequency response (upper trace) and delay phase-shitt
(lower trace)
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Fig. 5 The comparison of results, (a) input current, (b) output
current from Fig. 1, (c) output current from ref. [4],
(d) output current from ref. [1], {(e) output current
from ref. [2] and (f) output current from proposed
circuit in Fig. 2.

4. Conclusion

The proposed circuit in this paper is able to cancel the
current error from the clock feedthrough and not up to the
input signal. Most of errors can cancel except the constant
values depending on the transconductance parameters and
the clock feedthrough voltage difference of n and p channel
transistors which is very small and can be neglected. The
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proposed circuit operates with 3.3 volts supply voltage with
2.31 mW power dissipation.
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