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A 80 MSsS CMOS SAMPLE-AND-HOLD CURRENT MODE
CIRCUIT USING DOUBLE SAMPLING
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Abstiact, A full ciflerenti! CAOS sample and hotd cirewit (341 in cureenl m xle using double
sanpling technique s presented Double smupling technigque. gives a factor f tue “rooease  in the
sampling rate wish vaictaidng conpmsalls pover consumption and circuit complexits 0 compaiizon
with the conventiiaa’ o vonligmiarion v precise current miteor circuit with low s ut impedance is
adopred A fuily hiTerential conftearation B placing the switches were used 1o coucel the sampls
swilches ived-throuzh =iror Vs ihe clock enotiaie vz the sample swilches is boosted so as lo make their
an edistence low e Crerit o designed -neb simud-ted in 005 pm CMOS techiology using BSING3
device parameters Simnlation results <how 1 [7bit aperation af the sanpling rate of 87 k1 sanple/sec
with 10miV power dissipation at IV sepply

Keynords: Saimple and hold eireuits, cinrent nuele, Jdouble sampling
1
1. Tutroduction

In must Anaiog 1o Digital comverters A/Ds the front end sample and held block is very important, The
speed and accuracy ol the couvecter is highly dependent on he peiformance of the $/H circuil

The fastest S.id circuits operate in open toop o mode 1], 2] Hosvever, their accuracy tends Lo be
Timied Closed loop conliguration malk- o possible to aclieve higher resolution, but the required high
gain linits the speed ol the circuit

Fig | shows a hasic open loep sanple and hinld ciienit The gain of this 8/ circuit is one which is
silable for fom et cireuits The operation ol the cirenit consists of two phascs: the samyle phase and
the hold phase i the sample phase the inpet signal is sampled in the capacitor Cr through Lhe switch S,
In the Tiold phase (he switel is opest and the sample is held on the eapaciter, and bufTered through the
buffer 31 According 16 this disenssion he- Tidler, or the op angs, 1T closed loop gain is used, is not
optitnally uiitized since it 1s idlle during the cunpling perind  Douoble sampling effectively gives a factor of

Acuepled Decemnber 9. 2060}
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wo increase in the sampling rate coinpared to the basic S/H topology while maintaining better utilization
of the circuit components which in turn leads to an improved power consumplion,

Fig. 2 represents a double-sampled S/H circuit, while the sample is taken in the upper capacitor during the
period ¢, the lower one is connected in the hold configuration during the period g, and the vise versa.

Thus & nen sample can be read from the output twice every cloek cycle. The sampling rate is doubled but
the double sampling scheme introduces more switches which introduees sonie unwanted source of errors.

Source of errors in the switches and overcoming it will be discussed [ater.
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Fig. 1. A basic open loop smmple and hold circuil
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Fig 2. A double stpling 5/H circuit
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Because the sample and hold circud presented in this wark operates i the current mode, a precise high
performiance curreatl wirror is needed as an important part of the circuit and will be discussed in lhe

following seclion

2. High perlermanee cur, cal mirror eircuit

The current micror is dominant part of the current mode approach, in this work we adopted a circuit
presented in (3] Fig. 3. Shows a conventionl MOS current mirror circuit, In this circuit the drain or gate
vollage of M| ¢hanges when the ioput signal current 1, changes. Voltage change at the input node can be

expressed as,

a8 )
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where gin is (he transconductance of M1 This causes the drain to source voltage of ML to differ from that
of M2 as a result a currenl mismatch belween 1, atrd 1oy is introduced .

i
L\]I!
T | P
¢ ol
o L—-————_qu
Ves . 11 =58

[z 1 Conventional MOS current miirror

Similarly when ¥ g Clianges, L changes due (o ihe file output resistance of M2, it ca- ve uvpressed as
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g4 Bligh acenracy current muiror

Fig 4. Shows a cireuit that can minimize the dependence of the voltage chage on the current change at,
the input the voliage change is suppressed by liwe gain ol the ap-amp and becomes as [ellows:
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Fig. 5. Realization of the accurale cinrend mirror

Fr1. 5 shows the aclual realization of the suggesied current mirror presented conceptually in fig. 4
Tinsistors M3 through M5 and the bias current source 12 form the amplifier. Same technique can be done
at the vutput side (o enliance he output resistance of the current mirror in order o reduce the change in
Lh* output currenl Iy due to the change in the oulput vollage V.. This way an improved current mirror
can be achicved. In the following section a description of the design ol the S/H circuit will be presented.

3. Double sampling S/H circnit Design

—
A
Rin

i

Fiy (6) Curremt mode double spmpling SH cirenit
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lig. 6. Represents the design of a double sampling current mode S/H circuit by placing analog switches
MIT through MI4, derived Ly the clock phases gand ¢ |, and the holding capacitors Cw, Chz . At The
clock period ¢ transistor S) turns on allowing the capacitor Cpy to sample signal and allowing Cy; to be
i hold mode. At the cfeck pertod ¢, G becomes in hold mede and Chz in sample mode. As a result the
drzin source cirrent oF M10 or L is the sampled b, plus the constant current . Transisie: M6 through
MO are (he PMOR hased versicn of the circuit in fig. 5 required for enhancing the outmit wepedonce of
the current mirzor fo accurale current ratio. The analog switclies adds unwanted source +F civeis. i order
i reduce the switches Jeedf thro.g errors The complete sample and hold circuit is impleriertac in 4 fully
dilferentinl configuiit:en as shorvain Fig 7, where two syminietrical circuits similar to Y gt o f fig 4§
i contected ta tw 4 et oF a itk rential amplifier The first circoit passes current eqe ! == {11 <Al o
the differential amphil #r where the second cireuit passes current equal to T1+AL wnwez A the ermr
crrrrentt e to the sweachas [ecl though The output ol the differential amplifier cancels the errr
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Alsc the figuie shows Lhal the error due to switches feed through cancel each other, however, means for
redu ‘ing switches feed through errors needs to be addressed.

4. Sources for sampling ervor

One of tle most serious factors affecting the performance of the high precision CMOS sample-and-hold
circvits is charge injection due 1o clock feed through [4). Fig. 8 shows the effect of the charge injection
an P MOS switch, when the clock signal goes from Vdd to Vss the switch turns ofT at t; From ty to ty the
swit-h ts off and charge is injected into the S/H capacitor C,, from Cop ( the parasilic capacitor between
the ~ate and the drain of the switch). As a result, the voltage across the capacitor is decreased. This

intre-Juces a pedestal error 8V, which can be expressed as:

&, == i) (@)
CH' +( an

where V, is Ihe transistor’s Ihreshold voliage, Cp is the hold capacitor, Cep is the parasitic capacitor
betw een the gate and drain.

It cin be seen from (4) that the feed-through results in an oflset which is a serious problem in high
prectsion saimple and hold circuits. Several methods have been proposed to overcome this problem. These
includes charge cancellation by adding dummy MOS transistors, offset voltage cancellation by adding a
network [4], and by using miller hold capacitance [5], and by minimizing the dependence of the feed
throngh error on the input signal [6). However, charge cancellation methods are sensitive to device
parasneters. It is worth mentioning thal reducing the size of the switeh Lransistor leads to a small Cy
which resull in reduetion of the feed through error as seen in equation (2). In this paper, the differential
eonliguration is used to cancel the switch feed through.

Other source of error is the on resisiance ol the MOS switcl. In CMOS technology the switch can be
intpl-mented with a single NMOS or a single PMOS Iransisior. The NMOS switch olfers low on-
resistance when operated near the negalive supply voliage but the closer \lie input signal to the positive
supply voltape the less conduclive the switch beccies eventually it is cut off one threshold voltage below
the supply. The cperation of the PMQOS is just the opposite A CMIOS switch or transmission gate may be
used. it offers a finite on resistance in the whole vollage range belween the supplies. Another possibility
Lo ac hieve the same is to control the single transistor swit~h with a gate voltage greater in magnitude than
the supply voliage, thus a voltage boosting circuil is required.

5. Simulation Resulis

The esigned cireuit is  simulated using Spiee in 0.5 utn CMOS using BSIM3v3.t Device parameters.
Fig 8 shows the functional simulation of the double sampling current tnode S/H eircuit. The switches
used are NMOS 1ransistor with of W=10wum L=lum,aud aspect ratio=W/L=10, Cpy=Cy;=0.3pf The input
curr-nt was varied from —200uA to +200uA, the supply voliage is 3V, while the gate voltage s boosted to



Mansoura Engincering Journal, {MEJ), Vol. 25. No. 4. December 2000, E. 48

5% The outpul is olotted as stcwn in Fig. 9. The current error is calculated at different sample steps and
pintted as shown in fg 9. the fgare displays the maximum of .4BuA of error current for the various
sample sieps included it: the rising edge of the input, and 0.45 uA in the falling edge. The eifect of the
clock feed through is alncst conrpletely eliminated. The error signat becomes the half bit equivalent error
for 10-bit accuracy The orcuit t5 found to dissipate 10mw, the folded cascode configuratinn mekss the
circuit suitable for low voliage applications.
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Fip. 11. Frequency response of 1he 5/H

Fig 1isimutates the [requency response of the sample and hold ¢ircuit where the input curremt signal was
200uA peak to peak, the figure shows a 3db frequency bandwidth of 200 MHz for the circuil with boosted
gate vollage, while that lor the circuit with non bovsted gale voltage is 60MHz

6. Conclusion

Simulation results represeni that a double sample S/ circuit with 40 MHz clock, has a double sampling
rate of B0 Ms/s Results also shows error current suitable for 10-bit accuracy
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