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Introduction

The track-and-hold circuits (THC) operate in the fast
integrated analog-digital converters (ADC) as well as in
the conveyer-like high precision sigma-delta modulators.
The analysis in megahertz frequency range of such circuits
is presented in the references [1-2].

The THC dynamic errors in the signal tracking mode
for sinusoidal signal in a gigahertz frequency range were
analyzed and the output signal time diagrams depending on
the circuit internal and topological parasitic electrical
parameters were presented in this paper. The experience
gained in the earlier analysis of sample-and-hold circuits
[3-5] was used in this work. The influence of the signal
transfer lines with distributed parameters on the THC
precision, which is an urgent problem, was evaluated in
this paper [6-7].

The results of the simulation and the families of the
curves alow more optimal choosing of the THC
characteristics depending on the needed signal processing
frequency and the THC precision.

The smulation of the track-and-hold circuit with P-

Spice

The THC was simulated with P-Spice using models of
the 0.5 um integrated bipolar transistors technology. The
THC was simulated in the cases when ADC precision was
8 and 10 bits, with the parasitic inductances of 0.2 nH and
0.05 nH, and the clock frequency — 5 GHz. The parasitic
inductances correspond to the connection wires between
THC and the outside circuits, approximately 200 um and
50 pum in length. When designing the 8-bit THC, one least
significant bit (LSB) was 6.25 mV, and when designing
the 10-bit THC, 1 LSB = 1.56 mV. The analog input signal
dynamic range was 1.6 V, when the supply voltage was 3.3
V.

It is convenient to estimate the THC error, represented
by LSBs, in the middle point of the track mode. In the hold
mode, the errors appear when the voltage of the holding
capacitor is dropping. It is convenient to estimate such
errors at the middle point of the hold mode. When
measuring, the errors were estimated in both track and hold
modes, but for ssimplicity, only the major error was taken
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into account, which alowed us to get more reliable results
than those presented in [3].

The open-loop circuit with the diode bridge key was
chosen for simulation and it is presented in Fig. 1.
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Fig. 1. Simplified track-and-hold circuit

The simulation was performed for 4 cases — when the
ADC precision was 8 and 10 bit, and in each case L = 0.05
nH and L = 0.2 nH. Two of four cases are presented in
Figs. 1-2 because of the lack of place. The clock signal
with the decreased amplitude and shifted on the voltage
axis for better representation is presented in Figs. 1-2. The
hold time constant r was calculated by multiplying the
holding capacitance Cy by the fixed load resistance R = 1
MQ. The THC errors were calculated, trandated to LSB
units and they are presented in Fig. 4.
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Fig. 3. 10-bit THC time diagrams, when parasitic inductances L = 0.05 nH. Here CLK — 5 GHz clock signal, In —anaog input signal, 1
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Fig. 4. Dependences of THC errors on 7. Here curve 1 — 8 hit

ADC and L =0.05 nH, 2—-8bit ADC and L = 0.2 nH, 3 — 10 bit
ADCandL =0.05nH, 4—-10 bit ADCand L =0.2 nH
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We see in Fig. 4 that when the THC clock speed is 5
GHz, the minimal THC error is with 7 = (120-500) fs. In
this case, we have the THC precision of about 0.5 LSB for
the 8-bit ADC and about 0.75 LSB for the 10-bit ADC.
When L increased from 0.05 nH to 0.2 nH, the THC
precision decreased dightly. When L 0.2 nH, the
transient processes in the signal hold mode (Fig. 2) lasted
45 % of the whole hold time, and when L = 0.05 nH (Fig.
3), the transient processes lasted only 15 % of the whole
hold time. It demonstrates that it is important to choose
such an ADC clock signal that comparators could measure
the input signal at the correct time moment for better
precision.

By decreasing the THC clock speed or the number of
ADC bits, THC errors decrease even more. Another way
for improving the THC precision is to choose another
circuit, for example, with the closed-loop structure. New or
improved circuitry decisions are constantly proposed in the



new scientific literature [1-2], which alows creating
simple, precise and fast THCs.

When analyzing the THC errors, it is important to
evaluate what part of the error the THC contributes to the
whole ADC error, but to solve this problem more
investigations need to be performed.

Calculation of the relative dynamic error in the signal
track mode

The total relative dynamic error in the analog input

signal tracking mode in the Gauss signal case can be
calculated as[3]:

Odc = \/exp(— 2

U-—
x(2roAFG )2 +—2{
o2

X

T - TR
Te

|- Fol
:|2
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simplified:
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Here 7R is the amplifier recharge time constant for the
sinusoidal signal, which can be calculated by equation:
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The THC parameters can be presented as the signal /
noise and distortion ratio by equation:

SNR=10Iog(5d _2). 4

Here 7.is the equivaent time constant, AFg is the
Gaussian form signal average square deflection of the
frequency range, tUgis the linear part of the amplifier
transfer characteristic, oy is the analog signa level
average square deflection, 7 is the analog input signal
track time, 7 is the analog input signal hold time, g is
the average recharge time, F(Ug)is the integrated
probability distribution function, SNR is the signal/noise
and distortion ratio.

The dependences of the THC dynamic errors on the
analog input signal frequency, the equivalent hold time
constant and the amplifier transfer characteristic linear part
were calculated using software MathCAD. The obtained

characteristics are presented in Figs. 5-6. The dependences
of the THC dynamic error in the signal tracking mode on f
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are presented in Fig. 5 when 7 = 2 ps, U=1 V,
T =TH =50 ps.
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Fig. 5. Dependences of the THC dynamic error in the tracking
mode on f when Uy=0.01 V (curve 1); Uy=0.02V (2); Uy=0.05V
(3); Ug=0.1V (4); U5=0.2V (5)

The dependences of THC dynamic error on f are
presented in Fig. 6, when Uy=0.05 V, and 7¢ isdifferent.
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Fig. 6. Dependences of the THC dynamic error in the track mode
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We see in Figs. 5-6 that when the analog input signal
frequency increases, the THC precision decreases. For
example, when the linear part length of the amplifiers
transfer characteristic is Uy=0.05 V, in order to have the
analog input signal frequency of 1 GHz with 50 dB S\R,
7 = 0.2 ps needs to be chosen, and under the same

conditions when the frequency increases to 5 GHz, SNR
decreases to 38 dB. The following characteristics allow us
to practically choose the THC parameters for the needed
frequency and precision.

Conclusions

The track-and-hold circuit with the clock speed of 5-10°
samples per second was simulated in this work. The
parasitic parameters of the connection lines between the
THC and external circuits were evaluated. The equations



for the relative dynamic THC error calculation in the
signal track mode for the Gaussian signal were derived.

The optimal hold time constant for the 5 GHz clock
signal is (120-500) fs. In such a case, the THC precision is
about 0.5 LSB for the 8-bit ADC and about 0.75 LSB for
the 10-bit ADC. When parasitic inductances increased
from 0.05 nH to 0.2 nH, the THC precision decreased
dightly, but transient processes in the signal hold mode
lasted 3 timeslonger.

In order to obtain the needed THC operation frequency
and precision, the parameters of the THC, such as the
amplifier transfer characteristic linear part length and the
equivaent signal holding time constant need to be chosen.
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The dynamic errors of the track-and-hold circuit (THC) in the signal track mode for the sinusoidal signal were analyzed. The output
signal time diagrams, which depend on the parasitic electrical parameters of the internal and external circuit, were presented. The results
of the modeling, when the THC is intended for the 8 and 10-bit ADC with two different sets of the parasitic electrical parameters of the
THC, were presented. It has been determined that the best hold time constant is 120-500 fs for the THC clock speed of 5 GHz. In such a
case, the precision of the THC is about 0.5 of the least significant bit (LSB) for the 8-bit ADC and about 0.75 LSB for the 10-bit ADC.
When the values of the parasitic inductances increased from 0.05 nH to 0.2 nH, the THC precision decreased dlightly. When the linear
part length of the amplifier transfer characteristicis 0.05 V, in order to obtain the analog signal frequency of 1 GHz with the 50 dB SNR,
the equivalent holding time constant of 200 fs needs to be chosen. The results of the research allow us to choose more optimally the
THC characteristics depending on the needed signal processing frequency and the THC precision. Ill. 6, bibl. 7 (In English; summaries
in English, Russian and Lithuanian).

B. Siconnc, A. M. Mapuunksisu4ioc. MoieJIMPOBAHNE NEPEXOAHBIX TPOLECCOB B GLICTPOACHCTBYIONIMX CXeMAaX ClekeHHs
XpaHeHus // DIeKTpoHUKA U diekTpoTexHuka. — Kaynac: Texnosnorus, 2008. — Ne 3(83). — C. 59-62.

AHamm3upyloTcss IMHaMHYECKHE IIOTPEIIHOCTH  ycTpoiicTBa ciexkeHus u  xpaHeHms (YCX) g aHamoro-mudpoBbIX
npeobpazoBareneit (ALIIT) mmpokomoaocHEIX curHaioB. IIpencraBieHsl BpeMEeHHbIE JHarpaMMbl BBIXOJHBIX CHTHAJIOB B 3aBUCHMOCTH
OT CXCMOTEXHHYECKUX M TONOJOTMYECKUX KOHCTPYKTHBHBIX 3jekrTpudeckux mnapamerpoB YCX mms 8 um 10 paspagmerx AIIL
VYcraHoBieHO, YTO HpH dYacTtoTe kBaHToBaHWS 5 I'TI onTHMMaibHBIE Hpeness! MOCTOSHHOM BPEMEHH XpaHEHHs CerMEHTa CHIHala
cocrasisiet nopsiaka 150500 ¢c. IIpu strom Tounocts YCX - 0,5 mimagmero 3Hagammero paspsaa (M3P) st 8 paspsanoro AL u 0,75
M3P mna 10 paspsgaoro ALIL Ilpu 3Toif uwactoTe, M3MEHEHHE KOHCTPYKTUBHOH HHAykTUBHOCTH OT 0,05 nmo 0,2 nHanorenpu
HE3HAUUTENILHO BIMSAET HA TOYHOCTh MpeoOpa3oBaHus curHaia. [IpuBeneHsl pacyeTHbIE 3aBUCHMOCTUH OTHOCHTENIBHOW TUHAMUYECKOM
norpemHocTy YCX OT 4acTOTHI BXOAHOTO CHUTHAa MPU PA3NUYHBIX 3HAYEHHSAX JTMHEHHOTO ydyacTKa NepelaTOYHOH XapaKTepUCTUKU
I depeHIMaTbHOTO YCHINTEIIS U BEIMYMHBI OCTOSHHOI BPEMEHM XpaHEeHHs CUrHaja. B pesyibrare MCCIICNOBAHMS YCTAaHOBIICHO,
YTO JUIsl JINHEHHOTO yJacTKa IepeflaTOuHoH XapakTepucTuku qud ¢pepennuansaoro ycummreinst 0,05 B, mocTostHHOI BpeMeHN XpaHeHHUS
200 ¢c, mMakcuMmanabHON 4acToTe crekTpa BxogHoro curHanma 1 I'T'm, orHomenue curHan/mym coctaBisier 50 nb. Ilomydennsie
pe3yIbTaThl UCCIIENOBAaHMS IO3BOJIAIOT IpH pa3paborke ObicTponelcTByomux YCX 0ojee ONTUMAIBHO MOJ00paTh UX MapaMeTpHl B
3aBUCHMOCTH OT YacCTOTHI QHAJIOTOBOTO BXOIHOTO CHTHaja U HeoOxoxmmo# tounoctu ALIIL. Mn. 6, 6ubn. 7 (Ha aHTIHMICKOM SI3BIKE;
pedepartsl Ha aHIIIUHCKOM, PYCCKOM M JIUTOBCKOM $13.).

V. Jasonis, A. J. Marcinkevi¢ius. Pereinamyjy procesy modeliavimas spar¢iuosiuose sekimo ir laikymo grandynuose //
Elektronikair elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 3(83). — P. 59-62.

ISanalizuotos sekimo ir laikymo grandyno (SLG) dinaminés paklaidos sinusinio signalo sekimo veikoje. Pateiktos is¢jimo signaly
laiko diagramos, priklausancios nuo schemos vidiniy ir topologinio grandyno konstrukciniy elektriniy parametry. Pateikti modeliavimo
rezultatai, kai SLG skirtas 8 ir 10 bity ASK, esant dviegjy dydziy parazitiniy konstrukciniy parametry rinkiniui. Nustatyta, kad, kai SLG
tektavimo sparta 5 GHz, tinkamiausia laikymo trukmeés konstanta yra (120-500) fs. Tokiu atveju SLG tikslumas apie 0,5 maziausio
reikSminio skai¢iaus (MRS) 8 bity ASK ir apie 0,75 MRS 10 hity ASK. Padidinus parazitiniy induktyvumy vertes nuo 0,05 nH iki 0,2
nH, SLG tikslumas mazai pablogéjo. Kai stiprintuvy perdavimo charakteristikos tiesinés dalies ilgis yra 0,05 V, norint gauti analoginio
iéjimo signalo daznj 1 GHz, esant 50 dB signalo ir triuksmo santykiui, reikia parinkti ekvivalentine laikymo trukmeés konstanta 200 fs.
Gauti tyrimo rezultatai leidzia, kuriant sparéius ASK, optimaliau parinkti ju parametrus priklausomai nuo anaoginio jéjimo signalo
daznio ir reikiamo ASK tikslumo. 1l. 6, bibl. 7 (anglu kalba; santraukos angly, rusy ir lietuviy k.).
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