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Abstract—We develop analytic expressions for the impulse re- — ggﬂ‘;‘fﬁsci“;‘aelm
sponse and kickout pulses of a simple sampling circuit that incor- ’ ~ . current £
porate the nonlinear junction capacitance of the sampling diode. J_

We examine the effects of both the time-varying junction capaci- Strobe I G2

tance and conductance on the impulse response and kickout pulses,

and discuss their impact on the accuracy of the nose-to-nose cali- DC Input
bration technique. Output offset+ -

Index Terms—Analytic model, nonlinear diode capacitance, 2) @ Supplies v,
nose-to-nose calibration, sampling oscilloscope. - 2R,

Inverted 1
I. INTRODUCTION Strobe
‘|_ch/2

E DEVELOP a small-signal model for a balanced -\-/- ¢
two-diode sampling circuit and derive closed-form

expressions for the circuit's impulse response and kickout o o ' o
pulses. The small-signal model incorporates both the sampliflgf ;- | :‘é{‘}g'\'g‘?ges_g?aesmjgl'fad'agr"?‘m of the two-diode sampling cireyits

. . . . . . ge. Kickout pulses are generated when dc offset
diode’s time-varying junction capacitance and conductanGgiager. is nonzero. The solid arrows indicate the direction of the strobe
We examine separately the effects of the time-varying junctiearrent through the diodes. The dashed arrows indicate the direction of the
Capacitance and conductance on the impulse response MI-signal current due to a voltage at the input through the diodes.
kickout pulses, which we define later, and show that the non-
linear junction capacitance of the sampling diode affects tHEN capacitance acts as an additional source for the kickout
impulse response and kickout pulses in very different ways. WEISes, but leaves the circuit’s impulse response unchanged.
also examine the interaction of the external sampling circuith€ manner in which the diode’s junction capacitance affects
with the time-varying conductance, and show that the totthiese two functions results in additional differences between the
response of the sampler cannot be described as the convolulitsiout pulses and impulse response that are not corrected for
of two separate responses, one of the diode and one of Byethe nose-to-nose calibration procedure [6].
external circuitry. Finally, we discuss the implications of these
results on the accuracy of the nose-to-nose calibration, which is Il. NOSETO-NOSE CALIBRATION

based on the hypothesis that the impulse response and kickoutig 1 contains a simplified schematic diagram of a two-diode
pulses have the same shape. sampling circuit. The bias supplies shown in this figure place the

[1]-{3] developed analytic expressions for the impulse rjodes in a high-impedance reverse-biased state until the strobe
sponse and kickout pulses of sampling circuits with purely resigeg

tive diodes and constant junction capacitance. The authors cOngach time the strobe fires, the strobe pulse forward biases the
cluded that asymmetry in the small-signal diode conductanggy diodes, turning them on and lowering their impedances for
causes small differences in the kickout pulses and impulse gshort time. Since the large-signal strobe current is in the same
sponse that cannot be corrected for by the nose-to-nose calibfigsction (shown by solid arrows in Fig. 1) and the circuit is

tion. ) . balanced, the effects of the strobe current cancel at the input of
Here, we develop a small-signal model for the sampling Cifre sampling circuit.
cuit.of Fig. 1that incorporates atime-varying diode capac?tance.Wh”e the diodes are in their low-impedance state, a nonzero
Wh|le.t'h|s analytic modgl cannot account for the complicateghjtage at the input port of the sampling circuit causes a net
parasitics that may be incorporated in the SPICE models Q§rarge to flow from the input port through the diodes to the hold
scribed in [1] or [4]-[6], it does extend the analytic models &fapacitors. This small-signal current (shown by dashed arrows
[1]-{3], and offers a useful intuitive understanding of the roleg, Fig. 1) flows in opposite directions in the two diodes, and
of nonlinear diode junction capacitance and conductance asyjgys a net charge on the hold capacitors. The sampler digitizes
metry in sampler operation. In particular, the model demogxe ayerage voltage on the two hold capacitors after the strobe
charge transferred to the hold capacitor when the strobe fired,
Manuscript received July 12, 2000. and ideally will be proportional to the voltage at the input port
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v, (?) at input R, A input
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Fig. 2. Small-signal models for: (a) kickout generation, (b) sampling operation, (c) the diode, and (d) an equivalent model for both kickowthgamérati
sampling operation. In the equivalent model, = vpc for kickout generation and;,, = vs(t,7) = [Ri/(R. + R:)] 6(t + 7) when determining the impulse
response.

shape of an individual pulse from the input pulse train. This @scilloscopes, additional measurements, and complex analyses
accomplished by firing the strobe at a tid later than it fired to account for differences between the samplers, impedance
in the previous cycle of the input pulse train. In this way, thmismatches, and imbalances in the sampling circuitry [1]-[3].
strobe’s firing time slowly “scans” across the input pulse beingevertheless, the fundamental supposition of these practical
sampled. Since each successive digitized voltage sample cotineee-sampler nose-to-nose calibrations is still that the kickout
sponds to the input voltage at a timd¢ later than the previous pulses generated by the sampling diode have the same shape as
voltage sample, the shape of the pulses in the input pulse triie sampler's impulse response.
can be reconstructed from the digitized output voltage record.

For small input signals, the output of the sampling circuit lll. SMALL -SIGNAL MODEL

can be described as a convolution of the input signal and thq:ig_ 2 shows the small-signal model corresponding to the
“impulse response” of the sampler, which is carefully define

. ; . . . . gampling circuit of Fig. 1. The two balanced sampling arms,
and explained in [4]'. The first ijectlve Of_ this paper wil bee ch of which contains a single sampling diode, hold capacitor,
to develop an a_mal_ytlc expression for_the impulse responseQld pias circuit, have been combined, as was done in [2] and [3].
the Tlampllnlg cwgwttshown in (;:!g. 1t'm terms '(t)f tzg diode’s The small-signal model is based on the assumption that the
small-signal conductangg) and junction capacitandg(t). capacitancé’}, of the hold capacitor is large, and can be treated
Rushet al. [7] noted that when the dc offset voltagsc of 553 short circuit for all frequencies but dc. The resistafide
the sampling circuit of Fig. 1 is nonzero, it creates a train @(qual tol/(R + R.)~!, the resistance of the parallel com-
“kickout” pulses at its input port with a shape similar to that ofir5tion of thle sampling circuit's input resistanég and the

the circuit’s_impulse response. The_se pulses are gen_erateq,éystanceqe of its load, and is usually about 25. The two
current flowing from the hold capacitors through the diodes {§qqes of Fig. 1 appear in parallel in the small-signal model of

the input. Like the small-signal input due to voltages atthe inpyg;, 2, thus, the diode’s spreading resistafice time-varying
these currents are antiparallel. The nose-to-nose calibration | ductancg(t), and time-varying capacitan€&¢) are those
exploits the similarity of these kickout pulses and the circuit'ss the two diodés placed in parallel. That &, is one-half of

impulse response to derive an estimate of the impulse réSpPOfREspreading resistance of a single sampling diodegénand

from measurements. o C(t) are twice the small-signal conductance and capacitance of
To perform a nose-to-nose calibration, we set the dc offs@k individual diodes in the circuit.

voltage of one sampling circuit to a nonzero value so that it Fig. 2(a) and (b) shows small-signal models for kickout
creates a train of kickout pulses at its input port. These pU|S§é1eration and sampling operation. Both the junction capaci-
are fed into the input port of a second sampling circuit operatignce and conductance of the Schottky-barrier diodes used in
in its conventional sampling mode. real samplers change with applied voltage. The result is both a
When the two samplers are identical and impedance matchgghe-varying and generally asymmetric small-signal junction
and communicate through a transmission line of sufficieghpacitance and conductance. Fig. 2(c) shows a small-signal

length, the nose-to-nose calibration reconstructs the impulg@del for the diode that includes the time-varying conductance
response of the circuits as the inverse Fourier transform gid capacitance of the diodes.

the square root of the Fourier transform of their nose-to-noseBoth the small-signal kickout circuit of Fig. 2(a) and the
response. If the kickout pulses and impulse response haygall-signal sampling-operation circuit of Fig. 2(b) reduce to
identical sh.apes, the nose-to-nose calibration accurately recgier equivalent small-signal circuit of Fig. 2(d), with different
structs the impulse response of the sampler, as demonstrateghititation voltage;,. During both kickout generation and

[1]-[4]. sampling operation, Kirchhoff’s laws require that
In practice, the samplers are never identical, and the

nose-to-nose calibration procedure requires three sampling vin(t) = (R + Rs)ia(t) + va(t) (1)
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where the diode’s small-signal voltage and current are relatee substitute (4) into (7) to obtain
by

| e =1 — o [,
ia(t) =g(tyva(t) + % W =1-05 [ (fo) + /Szto sy ]
=g(t)va(t) + d(if“) :% + ﬁ / u(s)% G)ds (9)
du dc "t
=g(t)va(t) + C(t)d_td + Ud(t)ﬁ' () where we have chosen the timgto be a large negative time

. = . . . . whenwvqy = wpc. To obtain the second form in (9), we used
Here, ¢, the small-signal charge stored in the diode’s junctlocrllu/dt — au/C" and performed an integration by parts.

capacitance, is equal tBv,, the product of the junction capac-
itance and small-signal voltage across the diode junction. The
values ofg and C in (2) are determined by the large strobe
signal, and can be considered to be independent of the smalfo determine the impulse respongef the sampler at atime
input signaky,. On the other hand, the small-signal voltage +, we apply a Dirac delta function at the input of the sampling
and small-signal currery are the responses of the circuit to theircuit at timet = 0 and fire the sampler’s strobe at time- 7.
smallinput signal;,, and depend on the small-signal excitatioVe then integrate the total charge moved onto the hold capacitor

V. IMPULSE RESPONSE

of the circuit. during the sampling cycle to calculate the valuegfr).
Combining (1) and (2), we obtain the following differential This operation is equivalent to firing the sampling circuit's
equation invy: strobe at a fixed time and applying the Dirac delta function at
du Jc the input of the sampler at time= —~. Firing the strobe at a
(R + RS)C(t)d—t‘l + {1 + (R + Ry) <g(t) + E)} va(t) fixed time is more convenient to treat analytically, and we will

use this approach here. When the strobe is fired at a fixed time
=vin(t). (3) andthe delta function turns on attime, the small-signal input

This is a classic linear first-order differential equation, and hé’gltagevi“ is equal tovs, where

the solution [8] (t.7) I
U6 ’T =
Re + Ri

t w(s)vin(s)
va(t) = u(t) <u(t0)vd(t0) + /s:to (R + R,)C(s) ds) @ Here,—7 is the time at which the impulse is applied to the sam-
pling circuit, 7 is the time at which the impulse response is de-
termined, and is the Dirac delta function.
b 14 (R + R)(g(s) + dC(s)) The impulse responseg at timer is proportional to the extra
u(t) =exp / R+ R)C(s) ds charge stored on the hold capacitors due to the small-signal
° ' B input during one sampling cycle. That ig{7) is [2], [3]

o(t+ 7). (20)

where

=t,

"oals)
=exp / ds} (5) oo
[ s=to C'(5) ve(r) = Gyt / ia(t, 7)dt (11)
dC t=—o0
a(t) =1+ (R + R;) <g(t) + —)
dt whereiy(¢, 7) is the response to the input,(¢) = vs (¢, 7) and
dc’ Cy, is the capacitance of the hold capacitor
=1 / t 6 h p p . .
+ <g( )+ dt ) © To find the normalized impulse responsgedefined by
g @)= (R + Rs)g(t), C'(t) = (R + Rs)C(t), andtg is some B R.+ R,
initial time at whichv is known. v (t) = Ch(R/ + Rs) R vs(t) 12)
V. KICKOUT PULSES we substitutess from (10) into (4) and integrate to obtain
When the sampling circuit is generating kickout pulses, the R 1 0, t< —7
small-signal input voltage;,, is equal to the dc offset voltage va(t) = — { u(—7) > — (13)
vpe. The kickout voltage (¢) at the input port of the sampler Re + Riu(?) C'(—1)’

is
R We then substitute this expression fgrand the expression for
u(t) = Rlig(t) = WRS(UDC — vd(t)) (7) s from (10) into (1) to obtain
1 R;
whereu, is the voltage across the diode junction ands the iq4(t) = S )
current flowing through the diode junction. To find the normal- T s fle 04 0 f< _r
) . ; ) 1 ;
ized kickout voltagey;, defined by N <6(t - L { w(—7) . _T> .
. _R+R, u(®) | e =ry
Uk(t) = R'vpe Uk(t) (8) (14)
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Fig.3. Theimpulse response and a kickout pulse for a symmetric conductap@g 4. A normalized kickout pulse and the impulse response for an

and constant diode capacitance. In this case, the normalized impulse respaggtnmetric diode conductance and constant diode capacitance.
and kickout pulse are identical.

1.0

—— kickout pulse

Performing the integral in (11), we obtain theresut ~  —— = impulse response

v(r)=1- u(—) /Oo ds (15)

e u(s)

o
[y

and we have succeeded in obtaining closed-form expressions
for both the impulse response of the sampling circuit and the
kickout pulses it generates.

=]
T T

Normalized kickout pulse
and impulse response

positive negative
dCrde dC/di
VI. CONSTANT CAPACITANCE
. . 05 L I L I L I i 1 L 1 L
In simple cases, we can solve (9) and (15) analytically. As we 20 10 0 10 0 ks 40
shall see, this exercise is particularly insightful. Time (ps)

When C' is constant ang is symmetric(g(t) = g(—t)), ' _ _ _
vl’{(t) _ vg(t), and the nose-to-nose calibration Correctly reCOIjlzlg' 5. A normalized kickout pulse and the impulse response for the diode

. . . . conductance and capacitance plotted in Fig. 6. Wéset R, equal to 252.
structs the impulse response [1]-[3]. Fig. 3 illustrates this, and' P P g a

; , . . =
plots vj, andv; for the symmetrig;(¢) defined byg(f) = 0.2 S of 0.1 S during the time intervatt, /2 < t < 0, while the rate

when |t t./2 andg(t) = 0 elsewhere. For this example, i . . . .
It < ta/ 9(?) P at which the leading edge of the impulse response increases is

we set the capacitaneg(t) = 50 fF, R’ + R, = 25 2, and ;T . o
t, = 10 ps. The plot shows that, as [1]-[3] predict, the normag-eibz ret d/lgde s conductance of 0.4 S during the time interval
e/2.

ized kickout pulses and impulse response are equal. However; = . . . .
V(1) is not equal ta (—¢). This is true only whei€ = 0. Again, we see that th&®C time constant associated with

There i an neretng obseiaton to be made here: (1910 1 ode s ncton covactarce changes it tme
kickout waveform and impulse response rise rapidly to th ) . utp
Impulse response of even these simple sampling circuits as the

value g{ /(1 + ¢{) (see Appendix I) when the diodes turn on

att — —t,/2 — —0.5 ps, but decay more slowly to zero wherSonvolution of atime-varying aperture respop&e)/(1+9(t))

the diodes turn off again at= t,/2 = 0.5 ps. This shows that org'(=7)/(1+¢'"7) and the time-invariant transfer function
the RC time constant of the circuit changes when the dio ﬁfan extgrnaRchcwt, as mlght be expected. .Th's IS bec.:aus,e
conductance changes. the RC time cgnstant.assoc:{a.ted with chgrglng th_e dpdes
Fig. 4 plotsw], and v/, for the asymmetria(¢) defined by junction capacitance is modified by the 'tlme-varylng diode
g(f) = 0.1'S in the region—t,/2 < ¢ < 0, g(f) = 0.4 S in the condu_ctan_ceg(t_) and, thu_s, becomes a time-varying, ra?her
region0 < ¢ < /2, andg(t) — 0 elsewhere. For this example,than time-invariant, quantity. These conclusions are consistent

we setR’ + R, equal to 252, andt, equal to 10 ps and, to betterWlth those of [2] and [3].

illustrate theRCtime constants, the diode junction capacitance

C equal to 200 fF. This figure illustrates not only the time-re- VII. TIME-VARYING CAPACITANCE

versal of the impulse response predicted by [1]-[3] and inherentFig. 5 plots the impulse response and a kickout pulse for the
in the solution for the impulse response (15), but the differenceapacitance and conductance waveforms shown in Fig. 6. This
in theRCtime constants associated with the kickout pulses afidure illustrates the role of the time derivativk/dt of the
impulse response. It is evident that the leading edge of the idiede’s junction capacitanag, also discussed in Fig. 6. Notice
pulse response rises much more sharply than the leading etige the leading edge of the kickout pulse begins to rise as soon
of the kickout pulse. As the analytic solutions tabulated in AmsdC/dt becomes positive @t= —15 ps.

pendix | show, this is because the rate at which the leading edg&he effect of the change in diode junction capacitance on
of the kickout pulse increases is set by the diode’s conductaribe kickout pulse can be understood by considering the charge
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Fig. 6. Time-varying diode conductanceg(t) and capacitanceC(t)
corresponding to the normalized kickout pulse and impulse response plo

in Fig. 5.

Normalized kickout pulse and the impulse response for a zero diode
ductance and the capacitance plotted in Fig. 6 The circuit drawn in the figure

1017

corresponds to the small-signal model for sampling operation. The total charge
inside the dashed line is conserved. WeRet+ R, equal to 2572.

stored in the junction capacitance. When the strobe fires, the

diode is forward biased, and its depletion region narrows, igy,i normalized impulse response, and kickout pulse are shown
creasing the diode’s junction capacitance. Since the samplig=jy 7 charge conservation requires that the total charge on
circuit is balanced, these large-signal strobe currents cance{@t bottom plate of the diode’s junction capacitance and the top

the input. R _ _ plate of hold capacitor, which are enclosed by the dashed line in
However, as th? diode’s junction capaCItan_ce Increases St figure, be conserved throughout the sampling cycle. There
denly, the small-signal charga = Cv, stored in the junction

) X _ is nothing to prevent charge on these two capacitor plates from
capacitance is conserved. As a result, the small-signal V°|ta‘9,f%shing” back and forth between the two capacitor plates, gen-

va across the junction must decrease suddenly to COMpensgi&inq the kickout pulse shown in Fig. 7. However, charge con-
This sudden drop imq genergtesrthe early rse in the kickoukeryation does not allow the net charge on the two capacitor
pulse seen over the time regien5 ps <t < —5psin Fig. 5. 5 4165 t0 change during the sampling cycle. Thus, no net charge

Likewise, the n_egati_ve oyershoot (_)f the kickout ir_1 Fig. 5 is dUiE_ transferred onto the hold capacitor during sampling operation,
to the drop of diode junction capacitance back to its reversed—QHd the impulse response is identically equal to zero
ased value of’y over the time regiod ps< ¢ < 15 ps.

Fig. 5 also shows that the changifitj¢) does not affect the
impulse response over the time regie5 ps < t < —5 ps.
This is because the digitized voltage on the hold capacitor at the
end of the sampling cycle depends on the total charge movedVe have developed an analytic small-signal model of a
onto the hold capacitor during the sampling cycle, and the riglanced two-diode sampling circuit that includes time-varying
charge transferred to the hold capacitor through the diodedi®de junction capacitance and conductance. We used this
zero. model to explore the effects of the diode’s junction capacitance
This can be understood with the following argument. Duand conductance on the kickout pulses and impulse response of
to the time reversal in (15), the time regieril5 ps < ¢+ < the sampling circuit, which the nose-to-nose technique assumes
—5 ps of the impulse response corresponds to exciting the saare identical.
pling circuit with an impulsafterthe sampling diode has turned We found that when the diode conductance is symmetric
off. Since the diode has already turned off before the excitand the junction capacitance is either zero or constant, the
tion startsg(¢) has already returned to zero, and no extra elesormalized kickout pulses and impulse response are identical.
trons flow through the diode’s junction conductance due to tidowever, when the diode conductance is asymmetric, the time
small-signal excitation. reversal inherent in (15) leads to differences in the kickout
Not only are electrons unable to move across the diode’s junmlses and impulse response that cannot be corrected for by the
tion conductance, but they are also unable to move through these-to-nose calibration. These conclusions are consistent with
diode’s junction capacitance. Thus, the net charge transferreditose of [1]-[3].
the hold capacitor must be zero. In other words, while electronsWe found that it is not possible to express the kickout pulse
can be stored temporarily on the moving “plates” formed by thend impulse response as the simple convolution of an aperture
depleted region in the diode’s junction, resulting in short-livedrcuit function and a time-invariant response function of the
currents in the circuit, no net charge can be moved through tiernal circuitry. This is because the sampling diodes interact
junction capacitance to the hold capacitor. As a result, the imirectly with other circuit elements that are physically close
pulse response, which is proportional to thet charge moved enough to be affected by the diodes’ time-varying conductance
through the diode to the hold capacitor, must be zero. and capacitance during the sampling aperture [2], [3]. We con-
A sampling circuit withy(¢) = 0 and capacitanc€(t) shown clude that linear circuit elements in close proximity to the diode
in Fig. 6, illustrates this idea nicely. The circuit’s equivalent cirmay need to be included in nonlinear circuit models of the sam-

VIIl. CONCLUSION
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pling circuit, if the differences in the kickout pulses and impulse APPENDIX |l

response are to be precisely modeled. TIME-VARYING CAPACITANCE

We also saw that changes in the diode’s junction capacitanciy e 5150 obtained analytic solutions for the kickout pulses and

Elay a d'rtiCt krpl:(e mt Fhe genetr.at|or|1 IOfﬁ::'CtkOl:t pulses. TITIS \?npulse response when the diode conductance and capacitance
ecause the kickout Is proportional to istantaneousmall- - oo the form illustrated in Fig. 6. Here(t) equals zero for

signal current flowing through the diode, which depends on ;
: T ; < —tg/2, go for —t,/2 < t < t5/2, and zero again for
changes in the diode’s junction capacitance. On the other hap ' £,/2, while C(t) equalsCy for ¢ < —t_, increases linearly

the impulse response is related to tiet charge transferred to from Co to Co + AC over the region-t_ < t — £, /2, equals
the hold capacitor during a complete sampling cycle. Since eleéi}JrAC over the region-t,/2 < t < t,/2, decregse’s linearly

trons are unable to move through the diode’s junction capagi- :
) ) om Cy+ AC to Cy over the regiont, /2 < t < t, and equals
tance, all of this charge must move through the diode’s condug%g ot 0 giort, / + g

. . . ) , for t > t,. This case corresponds to the kickout pulse and
tance. Therefore, the junction capacitance has little effect on t P
. . X ulse response plotted in Fig. 5.
impulse response. These two contrasting physical phenomen
can give rise to significant differences in the sampler’s kickou{ Normalized Kickout Pulses
pulses and impulse response. As a consequence, we conclu f <y h /8y — 0. Inth on_t <<
that accurate models of the sampling circuitry must include the or¢ < —¢_, we havey () = 0. In the region—¢_ < ¢ <

: J ]
diode’s nonlinear junction capacitance. ~tg/2, the solution fory, is
1 cCH\
APPENDIX | v (t) = o [1 - <—Co ) (18)
CONSTANT CAPACITANCE
Here, we summarize the analytic solutions for the kickoﬁf‘fhere

pulses and impulse response when the junction capacifaree 14+ (R4 R)AC/(t- — (t4/2)) (19)
Cy is constant. The conductance functigf) is equal to zero T-= (R + R)AC/(t — (t/2))
for t < —t4/2, equal togy for —¢,/2 < t < 0, equal tog; for

0 < t < tg/2, and equal zero for > t,/2. These solutions In the region—t,/2 <t < t,/2, v is
correspond to the kickout pulses and impulse responses plotted , 1t d y
in Figs. 3 and 4. The solution for a normalized kickout pulsg/ (¢) = _90 {1 —exp < _1+g9 <t + ﬁ))}

v/ is shown in (16) at the bottom of this page, and the solution 1+4gp Co+AC 2
for the normalized impulse respongeis shown in (17) at the ] <_t_g> ex <_ 1+ g6 <t n t_g))
bottom of this page, whegg, = (R'+R;)go, ¢, = (R'+R.)g1, B2 C) + AC 2
andC) = (R’ + R,)Co. (20)
(0, t<-l=
gt ? 1+ g t
O,P—mp<— ,0t+§-ﬂ, —£<t<0
: (t) 1 —’_/g0 % / 2 / (16)
Yl = 1+ 1+
g g g t
1+;1P—4xp<— (%1t>}+vuoymp<— (%1t>, 0<t< %
t t— (ty/2) t
2 - £ NS
4 (3) o (5G)
( 0, T < —t—g
4 ’ 1+ 4} t t
1/ l—exp|— ,1 + £ , -2 <7r<0
') 1+g; Cy 2 2 17)
vAT) = / / /
g 1+g 1+g t
1+096 {1—exp - C(/)O } + v.(0) exp <— 0607> , 0<7< Eg
¢ T (ty)2) t
() () 3
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whereAC” = (R’ + R,)AC. Inthe regiont, /2 <t < t, v

is (1]
PP CH) \" 1|, [ C) \T

ul®) =u| 5 <00 TAC w1\ rac [2]

(21)
where [3]
_ 1 (B + R)AC/ (t4 — (t/2)) [4]

Y+ = ; (22)

(R’ + R)AC/ (ty — (t5/2))

Observe that, is not equal tey_. This is becausg_ describes 5]

the charging of the capacitor as its capacitance increases, while
~4+ describes the discharging of the capacitance while its capacts]
itance is decreasing. In the region> ¢

t—ty (7]
. 23
o ) (23) [8]

o(t) = vl (t4) exp (—

B. Normalized Impulse Response

In the regionr < —t,/2, v,(7) = 0. In this time region,
the impulse arrives after the diode conductance has reset itself
to zero, and the impulse response is zero. This region also
cludes the times < —¢, and, thus¢ does not play a role
in determining the sampler’'s impulse response. In the regi

—tg/2 < 7 < tg/2, VLS
te
%))

/ /
/ 9o 1+90
= 1— - AU
vg(T) T+, exp< LT AC <7’
(24)
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