
EP 0 630 502 51 Description Technical Field 5      The present invention
concerns an accurate timing model for logic simulation of Integrated
circuits. The timing model reflects the timing delays caused by input ramp
and output load of circuitry. Background Art 10     When designing an
integrated circuit, it is generally desirable to simulate the functioning
of logic circuitry within the integrated circuit. In order to accurately
access the performance of the circuitry, it is additionally de- sirable
that the logic simulation of logic Include an accurate assessment of timing
delays through the circuitry, at least in the critical paths. In general,
timing delays through circuitry are caused by propagation delays through
and between logic 15  cells which comprise the circuitry. The actual amount
of propagation delay through and between logic cells is generally dependent
on various capacitances within and between the logic cells, as well as the
current available to charge or discharge the capacitances. When developing
a timing model, it is desirable to take into account the time delay
introduced by charging the Input capacitance of logic cells. This time
delay is directly affected by the input current available to charge 20  the
input capacitance to the logic cell. This input current, in turn, is
directly affected by the fan outof the output of the logic cell providing
the Input current. In the prior art, timing delay caused by charging Input
capacitance was approximated as being directly proportional to the output
fan out of the logic cell providing current for the input. However, this
has proved to be an inaccurate modelling technique because propagation
delay through the logic cell is additionally influ- 25  enced by the shape
of the voltage input ramp of the input signal to the logic cell. The effect
of the shape of the voltage input ramp on the timing delay may be
approximated by using general piecewlse linear functions of the voltage
Input ramp and the output load. See for example, An-Chang Deng,
Plecewise-Linear Timing Delay Modeling for Dilgital CMOS Circuits.
lEEETransactionson Circuits and Systems, vol. 35, no. 10, October 1988, pp.
1330-1334. However, this approach does not easily lead to a practical
characterization system. In order 30  to obtain a fairly accurate timing
model, a circult simulation needs to be performed for every grid point of
the function. A sufficient number of grid points need to be selected to
obtain the desired accuracy of the timing model. This can require numerous
circuit simulations. Disclosure of the Invention 35 In accordance with the
preferred embodiment, the present invention provides a method running on a
com- puter for approximating propagation delay through a logic device, the
method comprising the steps of: (a) div- iding operation of the logic
device into a fast Input ramp region, wherein an input ramp to the logic
device is completely switched before the output signal wave form changes
significantly, and a slow Input ramp region, 40  wherein the Input ramp
switches so slowly that the output signal switches while the input ramp is
still switching, a boundary between the fast input ramp region and the slow
inputramp region being based on duration of input ramp to the logic device
and amount of capacitive load driven by the logic device; (b) when the
logic device operates In the fast input ramp region, using a first formula
to obtain a first value representing delay through the logic device, the
first formula varying the first value based on the duration of the input
ramp to the logic 46  device and the capacitive load driven by the logic
device; and (c) when the logic device operates in the slow input ramp
region, using a second formula to obtain the first value, the second
formula varying the first value based on the duration of the input ramp to
the logic device and the capacitive load driven by the logic device. For
example, the first formula may have a form as follows: DTo = AO + B *
(INPUT RAMP) + Do * (LOAD) 50  where DTo represents the first value, INPUT
RAMP represents duration of the input ramp, LOAD represents capacitive load
driven by the logic device, and AO, B and Do are coefficients determined
using circuit simula- tions. Similarly, the second formula may have a forrn
as follows: DTo = A0 + B * (CRITINRAMP) + Do * (LOAD) + Z * (INPUT RAMP -
CRITINRAMP) 55  where CRITINRAMP represents INPUT RAMP at the border
between the first region and the second region for the LOAD, and Z is
determined using circuit simulations. The above examples for the first
formula and the second formula use first order linear approximations for
the input ramp of the logic device. Alternately a second order
approximation of the input ramp may Include "tails" 2  



EP 0 630 502 13 of the input ramp. Using the second order model, the first
formula may have a form as follows: DTo = AO + FAT e B * (INPUT RAMP) + Do
* (LOAD) wherein DTo represents the firstvalue, INPUT RAMP represents
duration of the Input ramp, LOAD represents capacitive load driven by the
logic device, and A, B, Do and FAT are coefficients determined using
circuit sim- 5   ulations. Similarly, using the second order model, the
second order model may have a form as follows: DTo = DTO CRMNRWMP) + Z *
(INPUT RAMP - CRITINRAMP) wherein CRITINRAMP represents INPUT RAMP at the
border between the first region and the second region for the LOAD, Z is a
coefficient determined using circuit simulations, and DT(CRpTNRAMP) is the
first value when 10  the logic ramp has an input ramp equal to CRITINRAMP
and a load equal to LOAD. In the preferred embodiment of the present
invention, the method also includes calculating a next input ramp for a
next logic device coupled to an output of the logic device. When the logic
device operates in the first region, a third formula is used to generate a
second value representing duration from beginning of the input ramp of the
logic device to an end of an output ramp of the logic device. The second
value is based on 15  the length of the Input ramp to the logic device and
the amount of the load driven by the logic device. When the logic device
operates In the second region, a fourth formula is used to generate the
second value. The first value is then subtracted from the second value to
obtain the next input ramp. For example, the third formula may have a form
as follows: DT, = Al + B * (INPUT RAMP) + DI * (LOAD) 20  where DT1
represents the second value, and Al and DI are coefficients determined
using circuit simulations. Similarly, the fourth formula may have a form as
follows: DTI = Al + B * (INPUT RAMP) + DI * (LOAD). Alternately, using the
second order model which takes into account Italls" of the input ramp, the
third for- mula may have a form as follows: 25                        DT1 =
Al + FAT * B * (INPUT RAMP) + DI * (LOAD) wherein DTI represents the second
value, and Al and Di are coefficients determined using circuit simulations.
Similarly, using the second order model, fourth formula may have a form as
follows: DT1 = DTI(CRMNRAMp) + B * (INPUT RAMP - CRITINRAMP). The present
invention is advantageous overthe prior art in that It allows for a fairly
accurate timing model 3o  of a logic device with the need to perform only a
limited number of circuit simulations. The closest priorart is given by D I
(IEEE Trans. on Circuits and Systems, vol. 35, no. 10, Oct. 1988, N.Y.;
pages 1330-1334; An-Chang Deng: 'Piecewise-LlnearTiming Delay Modeling for
Digital CMOS Circuits"), dis- closing a timing model that divides the
operation of the logic device Into a first and second region, based on the
direction of the input ramp. However DI does not distinguish between two
different input ramps, whereby 35  the distinction is made due to the
behaviour of these input ramps with respect to the behaviour of the corre-
sponding output signals. Brief Description of the Drawings 40      Figure 1
shows an example of circuitry through which propagation delay may be
calculated. Figure 2 shows a graph on which is superimposed a ramp
waveform. Figure 3 shows a graph on which is superimposed a ramp waveform.
Figure 4 shows two operation regions for a logic device in accordance with
the preferred embodiment of the present invention. 45      Figure 5 shows a
graph on which Is superimposed an Input ramp waveform and a resulting
output ramp waveform in a first operation region shown In Figure 4 in
accordance with the preferred embodiment of the present invention. Figure 6
shows a graph on which Is superimposed an Input ramp waveform and a
resulting output ramp waveform in a second operation region shown In Figure
4 in accordance with the preferred embodiment of the 5s  present invention.
Figure 7 shows a circuit used for a second order model simulation in
accordance with the preferred em- bodiment of the present Invention.
Description of the Preferred Embodiment 55 There are many causes of
propagation delay through logic circuitry. For example, Figure 1 shows
circuitry 



which Includes a logic device 11, a logic device 12, a logic device 13, a
logic device 14, a logic device 15, a logic device 16, a logic device 17, a
logic device 18, a logic device 19, a logic device 20 and a logic device 21
3    EP 0 630 502 B1 connected as shown. For simplicity in the discussion
of the present invention, Inverters as used for the logic devices. However,
the present invention is applicable to all logic devices used in the
manufacture of integrated circuits. Causes for propagation delay through
the circuitry shown in Figure 1 include, for example, the time re- 5
quired to charge or discharge internal capacitance within each of logic
devices 11-21, the time required to charge or discharge Input capacitance
to each of logic devices 11-21, and the time required to overcome in-
ductance In the lines between logic devices 11-21. The present invention,
however, focuses on the effects that input transition time and output load
has on propagation delay. The input transition time of a logic device is
the time required to charge or discharge input capacitance of the logic
device. The output load is the total 10  amount of capacitance which the
logic device has to charge or discharge. The output load Is directly
affected by, for example, the fan out of the output of the logic device.
For example, as shown in Figure 1, logic device 11 has a fan out of two.
Logic device 12 has a fan out of three. Logic devices 13-17 have a fan out
of one. Because of the relatively large fan out of logic device 12, it is
expected that the output transition time of(and thus the propagation delay
through) logic device 12 will take 15  longer than, for example, the output
transition time of logic device 13, which has a fan-out of only one. Figure
2 shows a graph 129 on which is superimposed a ramp waveform 153 which
represents a voltage ramp during a transition period. A vertical axis 128
of graph 129 represents voltage at an input or an output of a logic device.
A horizontal axis 127 represents passage of time. Azero point 130 of graph
129 indicates zero voltage and the passage of zero nanoseconds. A point 141
on horizontal axis 127 represents the passage of 20  2.5 nanoseconds. A
point 142 on horizontal axis 127 represents the passage of 5.0 nanoseconds.
A point 143 on horizontal axis 127 represents the passage of 7.5
nanoseconds. A point 144 on horizontal axis 127 repre- sents the passage of
10.0 nanoseconds. A point 131 on vertical axis 128 represents 0.5 volts. A
point 132 on vertical axis 128 represents 1.0 volts. A point 133 on
vertical axis 128 represents 1.5 volts. A point 134 on vertical axis 128
represents 2.0 volts. A point 135 on vertical axis 128 represents 2.5
volts. A point 136 on 25  vertical axis 128 represents 3.0 volts. A point
137 on vertical axis 128 represents 3.5 volts. A point 138 on vertical axis
128 represents 4.0 volts. A point 139 on vertical axis 128 represents 4.5
volts. A point 140 on vertical axis 128 represents 5.0 volts. Ramp waveform
153 shows voltage verses time for a transition from low to high. Ramp
waveform 153 may be approximated by a waveform 154. Waveform 154
approximates as a straight line the transition of ramp wa- b0 veform 153
from a low voltage to a high voltage. The total transition time 155, or
ramp, of ramp waveform 153 is defined as the duration of time between a
time 151 (T5), which Is the point at which waveform 154 begins to increase
in voltage, and a time 152 (T1), which Is the point at which waveform 154
ceases to Increase in voltage. Figure 3 shows a ramp waveform 163
superimposed on graph 129. Ramp waveform 163 shows voltage 35  verses time
for a transition from high to low. Ramp waveform 163 may be approximated by
a waveform 164. Waveform 184 approximates as a straight line the transition
of ramp waveform 163 from a high voltage to a low voltage. The total
transition time 185, or ramp, of ramp waveform 183 is defined as the
duration of time between a time 11 (Toa), which Is the point at which
waveform 184 begins to decrease in voltage, and a time 162 (To), which is
the point at which waveform 164 ceases to decrease in voltage. 40      The
terminology introduced in the discussion of Figures 2 and 3 may be used in
the general description of Input and output transition timing for a logic
cell. For an input pin i (not shown) of a logic cell, the beginning of a
ramp is defined as Toj and the end. of the ramp Is defined as Tflc. For an
output pin j (not shown) of a logic cell, the beginning of a ramp Is
defined as T0j and the end of the ramp is defined as TFa Using this
terminology, 50%-50% propagation delay (Tau) between Input pin i and output
pin J. is given by the following Formula 1: 45
Formula I    Tautj = 1i2( nd  Tout) - 1i2(T1, g    Tof) While It is often
the case that propagation delay is calculated using Tau, for the present
invention, other calculated values may also be used. For example, the value
DT0 is defined as the difference in time between the beginning of the ramp
for the Input and the beginning of the ramp for the output More generally,
the value DTh between input pin i and output pin J is described by the
following Formula 2: 



50                                Formula 2     DTOh f Tojn -To., The value
DTc is defined as the difference in time between the beginning of the ramp
for the input and the end of the ramp for the output. More generally, the
value DTr between input pin i and output pin thi described by the following
Formula 3: Formula 3    DTIu o  TFor  - 3: 55      For the present
Invention, two regions of operation of a logic device are considered. These
regions are shown in Figure 4. In Figure 4,a vertical axis 171 represents
increases in output load for the logic device. An axis 172 represents
increase in time duration forthe Input ramp of the Input ramp. Afirnt
region 174 is referred to as the fast input ramp region because In this
region the Input ramp rises relatively fast in comparison to the 4    EP 0
630 502 B1 output ramp. A second region 175 is referred to as the slow
input ramp region because In this region the Input ramp rises relatively
slowly in comparison to the output ramp. Adividing line 173 between fast
input ramp region 174 and slow Input ramp region 175 may be determined
empirically as further discussed below. Figure 5 shows an example of an
input ramp 251 and a resulting output signal waveform 252 in fast input -
ramp regions 174. As may be seen from Figure 5, input ramp 251 falls at a
relatively fast rate as compared to the rate of the rise of output signal
waveform 252. Input ramp 251 and output signal waveform 252 are
superimposed on a graph 229. A vertical axis 228 of graph 229 represents
voltage. A horizontal axis 227 represents passage of time. A zero point 230
of graph 229 Indicates zero voltage and the passage of zero nanoseconds. A
point 241 on horizontal axis 227 represents 10  the passage of 1.67
nanoseconds. A point 242 on horizontal axis 227 represents the passage of
3.33 nano- seconds. A point 243 on horizontal axis 227 represents the
passage of 5.00 nanoseconds. A point 244 on hor- izontal axis 227
represents the passage of 8.67 nanoseconds. A point 245 on horizontal axis
227 represents the passage of 8.33 nanoseconds. A point 246 on horizontal
axis 227 represents the passage of 10.0 nano- seconds. A point 231 on
vertical axis 228 represents 0.5 volts. A point 232 on vertical axis 228
represents 1.0 15  volts. A point 233 on vertical axis 228 represents 1.5
volts. A point 234 on vertical axis 228 represents 2.0 volts. A point 235
on vertical axis 228 represents 2.5 volts. A point 236 on vertical axis 228
represents 3.0 volts. A point 237 on vertical axis 228 represents 3.5
volts. A point 238 on vertical axis 228 represents 4.0 volts. A point 239
on vertical axis 228 represents 4.5 volts. A point 240 on vertical axis 228
represents 5.0 volts. 20      Figure 6 shows an example of an input ramp
281 and a resulting output signal waveform 282in slow input ramp regions
175. As may be seen from Figure 6, Input ramp 281 falls at a relatively
slow rate as compared to the rate of the rise of signal waveform 282. Input
ramp 281 and output signal waveform 282 are superimposed on a graph 259. A
vertical axis 258 of graph 259 represents voltage. Ahorizontal axis 257
represents passage of time. Azero point 260 of graph 259 25  indicates zero
voltage and the passage of zero nanoseconds. A point 271 on horizontal axis
257 represents the passage of 1.25 nanoseconds. A point 272 on horizontal
axis 257 represents the passage of 2.5 nanosec- onds. A point273 on
horizontal axis 257 represents the passage of 3.75 nanoseconds. A point 274
on horizontal axis 257 represents the passage of 5.0 nanoseconds. A point
275 on horizontal axis 257 represents the pas- sage of 6.25 nanoseconds. A
point 276 on horizontal axis 257 represents the passage of 7.5 nanoseconds.
A 30  point 261 on vertical axis 258 represents 0.5 volts. A point 262 on
vertical axis 258 represents 1.0 volts. A point 263 on vertical axis 258
represents 1.5 volts. A point 264 on vertical axis 258 represents 2.0
volts. A point 265 on vertical axis 258 represents 2.5 volts. A point 268
on vertical axis 258 represents 3.0 volts. A point 267 on vertical axis 258
represents 3.5 volts. A point 268 on vertical axis 258 represents 4.0
volts. A point 269 on vertical axis 258 represents 4.5 volts. A point 270
on vertical axis 258 represents 5.0 volts. 35     In fast input ramp region
174, input ramp 251 is completed switched before output signal waveform 252
significantly changes. Fora CMOS technology implementation of an Inverter,
one transistorof the output buffer of the Inverter would be on in
saturation and the other transistor of the output buffer of the inverter
would be off during substantially all the time output signal waveform 252
switches. This is essentially equivalent to a constant current source
charging or discharging the load capacitance. In the preferred embodiment
of the pres- 40  ent invention, for fast Input region 174. value DTo and
value DT, are approximated using the following Formula 4 and Formula 5,
respectively: Formula 4    DTo = AO + B * (INPUT RAMP) + Do * (LOAD) 



Formula 5    DT1 = Al + B * (INPUT RAMP) + DI * (LOAD) In Formulas 4 and 5,
values AO, Al, B, Do and DI are coefficients which may be determined
empirically. 45     In slow input ramp region 175, input ramp 281 switches
so slowly that output signal waveform 282 switches while input ramp 282 Is
still switching. For a CMOS technology implementation of an inverter, both
transistors of the output buffer of the inverter are on when output signal
waveform 282 switches. In the preferred embodi- ment of the present
invention, for slow Input region 175, value DTo and value DT1 are
approximated using the following Formula 6 and Formula 7, respectively: S0
Formula 6     DTo = A0 + B * (CRITINRAMP) + Do * (LOAD) + Z * (INPUT RAMP -
CRITINRAMP) Formula 7    DT1 = Al + B * (INPUT RAMP) + DI * (LOAD) In
formula 8 the additional co-efficientZ is a proportionalityfactorcalculated
from the DCtransferfunction between the input voltage and the output
voltage. In the slow ramp region, a plot of DTo versus the input ramp is a
straight line for a given output load. Z is the slope of that line and can
be calculated from the DC transfer 55  curve. CRITINRAMP is the INPUT RAMP
foreach load which is along dividing line 173 between fast input ramp
region 174 and slow input ramp region 175. In the preferred embodiment of
the present invention, the CRIT- INRAMP (and thus dividing line 173) Is
defined to be at the pointforeach load where the end of the Input ramp
occurs at 50% of the output ramp. Since time 0 is considered to be at the
beginning of the input ramp, then 5    EP 0 630 5021B1 the end of the input
ramp occurs at INPUT RAMP. Therefore, CRITINRAMP occurs when INPUT RAMP
equals 112 * (DT0 + DT1). CRITINRAMP is therefore defined by the following
Formula 8: Formula 8    CRITINRAMP = 112 * (DTo + DT1) The
coefficientsfortheformulas may be calculated using circuit simulations.
First, three circultsimulations 5   are performed to determine values for
the coefficients (AO, Al, B, Do and DI) used In formula 4 and formula 5. In
the circuit simulations values for load and Input ramp are chosen so that
the three circuit simulations will all fall within fast input ramp region
174. Actually, initially the location of dividing line 173 is not known so
that the actual boundaries of fast input ramp region 174 are not known.
Therefore, later In the model it is necessary to perform a check to see If
the initial three circuit simulations were in fast input ramp region 174.
If not, the circuit lo  simulations are performed again using a faster
Input ramps and/or higher loads. For each simulation, using formulas 2 and
3, DTo and DT1 are found. Then using formulas 4 and 5, AO, A1, B, Do and D1
may be calculated. A first consistency check may be done by solving
formulas 4 and 5 separately for the coefficient B. If the coefficient B
does nothave thesamevalue, then atleastone of the circuitsimulations was
not in fast input ramp region 174. 15      From the calculated values for
coefficients AO, Al, B, Do and Di, using Formula 8, CRITINRAMP is calcu-
lated. Once CRITINRAMP Is found, the chosen circuit simulations may again
be checked to be sure they fall within fast Input ramp region 174. An
additional circuit simulation is performed to find additional points on the
DC transfer curve. From these points, the DCtransferfunction may be
approximated. Alinearapproximation of the DCtransferfunction yields 20  the
proportionality constant Z. In a manner similar to that described above,
coefficients are calculated for each logic device type in a logic device
library. Delay through a circuit built from logic devices In the logic
device library may then be calculated. Total propagation delay through a
circuit Is the total amount of time fora signal to propagate through the
circuit. The path of logic cells in a circuit through which a signal takes
longest to propagate is called the critical path 25  of the circuit. Total
propagation for a circuit may be calculated by summing up the total delays
through all logic cells in the critical path of the circuit. Formula 1, for
example, may be used to calculate delay through each logic cell.
Additionally, starting with the inputof the circuit and continuing through
to the outputof the circuit, the input ramp and the resulting output ramp
(DT1 - DTO) may be calculated for each logic device In the logic path. The
output ramp for one logic device 30  is the input ramp for the next logic
device. The output ramps are separately calculated for both rising inputs
and falling inputs. To more fully illustrate how the present Invention is
practiced, an example is given below for the case of an inverter. In the
example, three simulations are done with the input ramp and output load
(LOAD) listed In Table I below: 35 



INPUT  LOP                       AD .25 nS                      IPF' 40
.25 nS                       2 pF inS                       2pF For the
first two simulations Input voltage (VINPUT) is given by the following
Formula 9: 45 Eaormula VINPUT = 18.2 * TIME             For TIME < .25 nS
VINPUT = 4.55                          For TME > .25 nS 5s Similarly, for
the third simulation, input voltage (VINPUT) is given by the following
Formula 10: Formula 10 5V OUT=4.55 * TIME
For TIME < I nS VINPUT = 4.55                            For TIME > 1 nS 6
EP 0 630 5021B1 In the above Formula 9 and Formula 10, TIME is measured
from the beginning of the INPUT RAMP and VINPUT is measured in volts. For
each of the simulations, a linear approximation is made of the output of
the simulated circuit. The lin- earization is done by a two point fit
through times at which the output voltage is at 3.15 volts and at 1 A
volts. 5   In the simulation, the results of the linearization are given by
Table 2 below: Table Time when                Time when IN PUTS RAMPJDA
OUTPUT =3.1fiV    OUTPUT =1.4 V .25 nS           1 PF
1.027 nS                 2.107 nS .25 nS           2 pF
1.806nS                  3.911 MS 1 nS            2 pF
2.289 nS                 4.394 nS 15 Using linear approximation for the
first simulation gives an output voltage (VOUTPUT) for the first simu-
lation as given by Formula 11 below: Formula 1l VOUTPUT = 4.55
For TME < .163 nS VOUTPUT = 4.55 - 4.55 * (TIME - .163Y (2.971 - .163) For
.163 nS < TIME < 2.971 nS VOUTPUT = o                       For TIME >
2.971 nS 25 Using linear approximation for the second simulation gives an
output voltage (VOUTPUT) for the second sim- ulation as given by Formula 12
below: 30                                         Formula 12 VOUTPUT = 4.55
For TIME c.122 nS VOUTPUT = 4.55 - 4.55 * (TIM   - .122)/ (5.596 - .122)
For .122 nS   TIME< 5.595 nS 35            VOUTPUT = 0
For TIME > 5.595 nS Using linear approximation forthe third simulation
gives an output voltage (VOUTPUT) for the third simulation as given by
Formula 13 below 40 Farmula a VOUTPUT = 4.55                     For TIME <
1.251 nS VOU'TP1T = 4.55 - 4.55 * (TIM - 1.251)/ (6.724 - 1.251) For 1.251
nS < TIME < 6.724 nS VOUTPUT = o                        For TIME > 6.724 nS
Values for DTO and DT1 forthe three simulations are extracted from the
linear approximations as listed in Table 3 below: 



so Table INPUT RAMP LOAD                              MD
IQ .25 nS           I pF                   .163 S                  2.971 nS
.25 nS           2 pF                   .122 nS                 5.595 nS I
nS            2pF                   1.251 nS                 6.724nS Now
the values for DTo and DTI may be substituted into Formula 4 and Formula 5
to solve for coefficients 7    EP 0 630 502 81 AO, Al, B, Do and D1. For
example, substituting the values for INPUT RAMP, LOAD and DTo for the three
sim- ulations Into Formula 4 gives the following equations: .163 nS = Ae +
B * (.25 nS) + Do * (1 pF) .122 nS = Ao + B * (.25 nS) + Do e (2 pF) 5
1.251 nS = A0 + B * (1.0 nS) + Do * (2 pF) These three equations are solved
for AO, B, and Do to produce the following values: AO = .043 B = .844 Do =
-.041 10  Similarly, substituting the values for INPUT RAMP, LOAD and DTI
for the three simulations into Formula 5 gives the following equations:
2.971 nS = A, + B * (.25 nS) + DI * (I pF) 5.595 nS = Al + B * (.25 nS) +
DI * (2 pF) 6.724 nS = Al + B * (1.0 nS) + DI $ (2 pF) 16  These three
equations are solved for Al, B, and DI to produce the following values: A1
=.186 B = .644 DI = 2.624 The first consistency check is done by noting
that the coefficient B has the same value for the solutions of 20  both
Formula 4 and Formula 5. If two different values of B had been obtained, it
would imply that at least one of the original simulations was not In the
fast ramp region. The simulations would have to be redone with faster Input
ramps and/or larger output loads. Now that the coefficients have been
determined CRITINRAMP may be calculated from Formula 8. For example,
Formula 8 is simplified as below (remember that at CRiTINRAMP: INPUT RAMP =
CRITINRAMP): 26                               CRiTINRAMP = 1/2 * (DTO +
DTI) CRITINRAMP = 112 * DTo + 1/2 * DT1 CRITINRAMP = 1/2 * [AO + B * (INPUT
RAMP) + Do * (LOAD)] + 1/2 * [Al + B * (INPUT RAMP) I D* * (LOAD)]
CRITINRAMP = 1/2 * 00 + Al) + 1/2 * (Do + DI) * (LOAD) + B * (CRITINRAMP)
30                   CRITINRAMP = 112 * [AO + A1 + (Do + DI) * (LOAD)]/(1 -
B) Using the values for the coefficients AO, Al, B, Do and DI determined
above, CRiTINRAMP has the value given in Formula 14 below: Formula 14
CRITINRAMP = .322 + 3.628 * (LOAD) The second consistency check is done by
checking to see whether the three simulations fall within fast input 35
ramp region 174. For the two values for loads used In the three
simulations, CRITINRAMP is given by Table 4 below LOAD
DROIINAP 40                        1 pF                        3950 nS 2 pF
7.578 nS The first simulation was done with a I pF load and an input ramp
of .25 nS. Table 4 indicated this is within 46  fast input ramp region 174.
The second and third simulations were done with a 2 pF load and Input rams
of .25 nS and I nS, respectively. Table 4 indicates these are also within
fast input ramp region 174. An additional circuit simulation of DC transfer
curves and linear approximations is made to obtain the pro- portionality
constant Z. In the circuit simulation, DC input voltages are found which
cause output voltage to be 



3.15 volts and 1.4 volts. The circuit simulation yields the values given in
Table 5 below: 50 Table 5 Output Voltage                              Input
Voltage 56                     3.15 V
2.176V 1.40 V                                     2.298 V 8    EP 0 630
5021B1 Using linear approximations, the DC transfer curve is calculated as
given in Formula 15 below. Formula 15 a       VOUTPUT = 4.55
For VINPUT < 2.078 VOUTPIJT = 4.55 - 4.55*(VINPUT - 2.078)/(2.396 2.078)
For 2.078 < VINPUT < 2.396 10 VOUTPUT= 0
For VINPUT > 2.396 In the slow ramp region, a plot of DTo versus the input
ramp Is a straight line for a given ouput load. Z Is 15  the slope of that
line and can be calculated from the DC transfer curve. In determining
proportionality constant Z It is helpful to define the following
breakpoints. Breakpoint V + is the value for VINPUT at which VOUTPUT
reaches 0. Forthe present example, from Formula 15, itis seen that
breakpointV+ is 2.078 volts and breakpoint V- is 2.396. Thus,
proportionality constant Z may be calculated from Table 6 below: 20 Table 6
-  VINPUT              VYlUTzUI                        Z RISING
RISING           (V- - 0)/(4.55 - 0) RISING                  FALLING
(V+ - 0) / (4.55 - 0) FALLING                 RISING           (4.55 - V-)
/ (4.55 - 0) FALLING                 FALLING          (4.55 - V+) / (4.55 -
0) In the given example, the logic device Is an inverter with input rising.
Therefore, VINPUT is rising and 3o  VOUTPUT is falling. From Table 6, the
value of proportionality constant Is therefore: Z = 2.078)4.55 =.457 In the
logic device library for the logic device, the values for coefficients AO,
Al, B, Do and DI are stored. Ad- ditionally, the value for CRiTINRAMP from
Formula 14 Is stored and four values calculate from Table 6 are stored for
proportionality constant Z. When calculating propagation delay through a
first logic device, DTo of 3s  the first logic device Is equal to the
beginning of an input ramp fora second logic device following the first
logic device. Similarly the value (DTI - DT0) for the first logic device is
equal to the Input ramp for the second logic device. By determining DTo and
DTI for each logic device and by using the value (DTI - DTO) as an input
ramp for a next logic device, the total propagation delay through circuitry
Is accomplished In the above example, the linear approximations assumed
perfectly linear Inputs. However, tails in the in- 4o  put waveform were
not accounted for. The tall in the input waveform has a noticeable effect
in fast input region 174; however, the tail in the Input waveform has a
negligible effect in slow Input ramp region 174. To take ac- count of this
second order effect, two factors to adjust for the tails (FAT) may be
included, one for rising inputs and one for falling inputs. To take these
Into account, Formula 4 and Formula 5 are modified resulting, respec-
tively, in Formula 16 and Formula 17 given below: 45
Formula 16    DTo = AO + FAT * B * (INPUT RAMP) + Do * (LOAD) Formula 17
DT. = Al + FAT * B * (INPUT RAMP) + DI * (LOAD) As in the above example,
the value FAT may be determined by using circuit simulations. Figure 7
shows a model used for circuit simulations for the second order model.
Timing delay Is modeled for an inverter 30. A capacitor 36 connected
between an ouput 35 of inverter30 and a ground 37 represents output load of
Inverter 5o  30. Acapacitor 34 connected between an input33 of inverter 30
and ground 37 represents input load of inverter 30. An inverter 32 is used
in order to place on input 33 of Inverter 30 a realistic voltage, that is
an input voltage with a tail. Three simulations are performed using a
falling (linear) input on an Input 31 of inverter 32 with a ramp of .1 nS.
The simulations are performed as described in the prior examples, with the
exception each of the three 



55  simulations Includes a simulation of both Inverter32 and inverter 30.
In a first simulation, capacitance 34 (CInQ has a value of 0 pF and
capacitance 35 (Cout) has a value of I pF. The firstsimulation of inverter
32 and linear approximation yields the following voltage (Vint) at input 33
of inverter 30, shown by Formula 18 below 9    EP 0 630 502 B1 Formula 18
Vint = U                                     For TIME < .064 nS 6 Vmt =
4.55*(TIME - .064)/(.396 - .064)    For .064 nS < TIME < .395 nS Vint =
4.55                                  For TIME > .395 nS 10 The first
simulation of inverter 30 and linear approximation yields the following
voltage (Vout) at output 35 of inverter 30, shown by Formula 19 below: 15
Fang 19 Vout = 4.55                For TIME< .311 nS Vout = 4.55 - 4.55 *
(TIME -.311Y (3.126 -.311) For .311 nS < TM < 3.126 nS 20           Vout =
0                           ForTIME > 3.126 nS In Formula 18 and Formula
19, TIME is measured from the beginning of the ramp on input 31 of inverter
32. Inverter 30, therefore, on input 33 sees an input transition that
starts at .064 nS and ends at .395 nS. The output transition on output 35
of inverter 30 starts at .311 nS and ends at 3.126 nS. Thus the input ramp
on input 33 25  of inverter30 is .395 minus .064, thatis .331 nS. Using the
Formula 2, DTo is seen to be .311 minus .064, that is, .247 nS. Using
Formula 3, DTI Is seen to be 3.126 minus .064, that Is, 3.062 nS. Table 7
below summarizes the results of all three simulations: 30
Table 7 fiatA~                         INPUT RAMP   MO
ml O pF            1 pF             .331 nS        .247 nS            3.062
nS O pF            2 pF            .331 nS         .206 nS            5.686
nS .2 pF            2 pF            .826 nS         .826 nS
6.040 nS The above values are used to solve forthe coefficients ao, a,, b,
do and di in the following following Formula 20 and Formula 21: Formula 20
DTo = ao + b * (INPUT RAMP) + do * (Cout) 40                    Fofnula 21
DT1 = d1 + b e (INPUT RAMP) + d1i  (Cout) Formula 20 and Formula 21 uses
the coefficients ao, a,, b, de and d, because the values of the
coefficients sometimes varyfrom thevalues of the coeffiients %, Al, B, Do
and DI used In the first order model. As above, the values in Table 7
provideforthree sets of equations for Formula 20 and Formula 21. Solving
the three equa- tions yields the following values: 45        ao = .051 a1 =
.201 b = .715 do = -.041 d1 = 2.624 so      When these are compared with
the values for AO, A1, B, Do and D1 calculated above, it is seen that the
valuesfordo and d1 are equlvalenttothevalues for Do and D1, respectively.
The valuesforao and a1 vary slightly from the values for AO and Al,
respectively. The most significant difference Is between the value for b
and the value for B. The value FAT is obtained by the ratio of b to B, as
shown by Formula 22 below: Formula 22    FAT = b/B 55
= .715/.644 = 1.11 Once calculated, the value for FAT is stored In the
logic device library along with the values for the coefficients AO, Al, B,
Do and Di. The value for FAT is dependent on the process technology and
does not depend on the 10  



EP 0 630 502 B1 logic design of a logic cell. Therefore, a single entry for
the value of FAT may be obtained from characterization of a single logic
cell and stored for use for all logic cells in a cell library. The value
for CRITINRAMP for the second order model may be recalculated from Formula
8, to be as set out in Formula 23 below. 5          Formula 23
CRITINRAMP = 112 * [Ao + Al + (Do + DI) * (LOAD)1/(1 - FAT * B) Using the
values for the coefficients AO, Al, B. Do, D1 and FAT determined above,
CRITINRAMP has the value given in Formula 24 below: Formula 24
CRITINRAMP = .402 + 4.532 * (LOAD) Using the second order model, the
following Formula 25 and Formula 26 are used to calculate DTo and DT1 10
in slow input ramp region 175: Formula 25    DTo = DTo(cRmNpip) + Z *
(INPUT RAMP - CRITINRAMP) Formula 28    DTI = DTI(CPmnNRAMp) + B * (INPUT
RAMP - CRITINRAMP) In Formula 25, DToecpN-nNRimp) is the value of DTo at
CRITINRAMP. In Formula 28, DT1(CRITNRMP) is the value of DT1 at CRITINRAMP.
15      Once the logic device has been characterized, as above, it Is
possible to determine a value for DTo and DT1 for any Input ramp and load.
For example, suppose the load (LOAD) Is equal to .5 pF and the input ramp
is equal to .25 nS. Then, using Formula 24, CRITINRAMP has the following
value: CRITINRAMP = .402 + 4.532 * (LOAD) CRITINRAMP = .402 + 4.532 * (.5)
20                                    CRITINRAMP = 2.688 nS Since the Input
ramp (.25 nS) is smaller than the CRITINRAMP (2.868 nS), the example falls
in fast Input ramp region 174. Therefore, Formula 16 is used to calculate
DTo and Formula 17 is used to calculate DT1, as shown below: DTO = AO + FAT
* B * (INPUT RAMP) + Do * (LOAD) 25                          DTo = .043 +
1.11 * .644 e (.25) - .041 * (.5) DTo = .201 nS DT, = Al + FAT * B * (INPUT
RAMP) + D1 * (LOAD) DT, = .186 + 1.11 * .644 * (.25) + 2.624 * (.5) DT1 =
1.677 nS 90 As an alternate example, suppose the load (LOAD) is equal to .5
pF and the input ramp is equal to 3 nS. Then CRITINRAMP still has the
following value: CRITINRAMP = .402 + 4.532 * (LOAD) CRITINRAMP = A02 +
4.532 * (.5) CRITINRAMP = 2.668 nS 35      Since the input ramp (3 nS) b
now larger than the CRITINRAMP (2.668 nS), the example falls in slow input
ramp region 175. Therefore, Formula 25 is used to calculate DTo and Formula
28 Is used to calculate DT1. First DTozcIjTnNRAMP) and DT1icc nNR^mP are
calculated as shown below: DTotc~snNRFmP) = AO + FAT * B * (CRITINRAMP) +
Do * (LOAD) DTcR )NR  = .043 + 1.11 * .644 * (2.668) - .041 * (.5) 40
DTo(CRITnNRmp) = 1-.30 nS DTI(0CInNRAMP) = Al + FAT * B * (CRITINRAMP) + DI
* (LOAD) DTI(cRmNjRdmp) = .186 + 1.11 * .644 * (2.668) + 2.624 * (.5)
DTI(CpjnINRAmp) = 3A06 nS Once DT0(CRNRAMP) and DTi(c.lNR^mp) have been
calculated, Formula 25 is used tocalculate DT0and Formula 45  26 is used to
calculate DT1, as shown below: DTo = DTO(CFTINNRAMp) + Z * (INPUTRAMP -
CRITINIRAMP) DTo = 1.930 + A57 * (3 - 2.668) DTo = 2.082 nS DT1 =
DT(CaMINRMp) + B * (INPUT RAMP - CRITINRAMP) 50
DT1 = 3.408 + .644 * (3 - 2.668) DT1 = 3.620 nS As discussed above the
input ramp for the following logic device Is equal to DT1 - DTo. The
foregoing discussion discloses and describes merely exemplary methods and
embodiments of the 



present invention. As will be understood by those familiar with the art,
the Invention may be embodied in other 55  specific forms. For example, the
present invention may be Implemented by a computer.    *C   L  M S Claims
1. A method running on a computer for approximating propagation delay
through a logic device (30), the method comprising the steps of: 5
(a) dividing operation of the logic device (30) into a fast input ramp
region (174), wherein an input ramp (251) to the logic device (30) is
completely switched before the output signal wave form (252) changes
significantly, and a slow Input ramp region (175), wherein the Input ramp
(281) switches so slowly that the output signal (282) switches while the
Input ramp (281) is still switching, a boundary (173) between the fast
input ramp region (174) and the slow Input ramp region (175) being based on
duration of input 10        ramp to the logic device (30) and amount of
capacitive load (36) driven by the logic device (30); (b) when the logic
device (30) operates In the fast input ramp region (174), using
afirstformula to obtain a first value representing delay through the logic
device (30), the first formula varying the first value based on the
duration of the input ramp to the logic device (30) and the capacitive load
(36) driven by the logic device (30); and; 15        (c) when the logic
device (30) operates In the slow Input ramp region (175), using a second
formula to obtain the first value, the second formula varying the first
value based on the duration of the input ramp to the logic device (30) and
the capacitive load (36) driven by the logic device (30). 2. A method as in
claim I wherein the first formula has a form as follows: 20
DT = A + B * (INPUT RAMP) + D e (LOAD) where DT represents the first value,
INPUT RAMP represents duration of the Input ramp, LOAD repre- sents
capacitive load (38) driven by the logic device (30), and A, B and D are
coefficients determined using circuit simulations. 25  3. A method as in
claim 2 wherein the second formula has a form as follows: DT = A I B *
(CRITINRAMP) + D * (LOAD) + Z * (INPUT RAMP - CRITINRAMP) wherein
CRITINRAMP represents INPUT RAMP at the border between the fast Input ramp
region (174) and the slow input ramp region (175) for the LOAD, and Z Is a
determined using circuit simulations 30  4. A method as in claim I wherein
the first formula has a form as follows: DT = A + FAT * B * (INPUT RAMP) +
D . (LOAD) wherein DT represents the first value, INPUT RAMP represents
duration of the input ramp, LOAD repre- sents capacitive load (36) driven
by the logic device (30), and A, B, D and FAT are coefficients determined
using circuit simulations. 35 S. A method as In claim 4 wherein the second
formula has a form as follows: DT = DT(cpsnNmwjp) + Z * (INPUT RAMP -
CRITINRAMP) wherein CRITINRAMP represents INPUT RAMP at the border between
the fast input ramp region (174) and the slow input ramp region (175)
forthe LOAD, Z is a coefficient determined using circuit simulations, 40
and DT(C0 nNRAMP) is the first value when the logic ramp has an Input ramp
equal to CRITINRAMP and a load equal to LOAD. 6. A method as in claim I
wherein the method includes calculating a next input ramp for a next logic
device (30) coupled to an output of the logic device (30), the method
additionally comprising the steps of: 45        (d) when the logic device
(30) operates in the fast input ramp region (174), using a third formula to
gen- erate a second value representing duration from beginning of the Input
ramp of the logic device (30) to an end of an output ramp of the logic
device (30), the second value being based on the length of the input ramp
to the logic device (30) and the amount of the load driven by the logic
device (30); and; (e) when the logic device (30) operates in the slow input
ramp region (175), using a fourth formula to 50        generate the second
value; and, (f) subtracting the first value from the second value to obtain
the next input ramp. 7. Amethod as in claim 8 wherein the firstformula has
a form as follows: DTo = AO + B * (INPUT RAMP) I D0 * (LOAD) 55      where
DTo represents the first value, INPUT RAMP represents duration of the input
ramp, LOAD repre- sents capacitive load (36) driven by the logic device
(30), and AO, B and Do are coefficients determined 



using circuit simulations. 12    EP 0 830 502 01                   1 lflJ
JIIDJ 11111 IIlI 11 l1ll * C   L  M   S* 8. A method as in claim 7 wherein
the third formula has a form as follows: DTI = Al + B * (INPUT RAMP) + DI *
(LOAD) where DTI represents the second value, and Al and DI are
coefficients determined using circuit simula- tions. 5 9. A method as in
claim 8 wherein the second formula has a form as follows: DTo = AO + B *
(CRITINRAMP) + Do * (LOAD) + Z * (INPUT RAMP - CRITINRAMP) wherein
CRITINRAMP represents INPUT RAMP at the border between the fast input ramp
region (174) and the slow input ramp region (175) for the LOAD, and Z is
determined using circuit simulations. 10 10. A method as in claim 9 wherein
the fourth formula has a form as follows: DT1 = Al + B * (INPUT RAMP) + D1
* (LOAD). 11. A method as in claim 6 wherein the first formula has a form
as follows: 15                        DTo = AO + FAT * B * (INPUT RAMP) +
Do * (LOAD) wherein DTo represents the first value, INPUT RAMP represents
duration of the input ramp, LOAD rep- resents capacitive load (36) driven
by the logic device (30), and AD, B, Do and FAT are coefficients deter-
mined using circuit simulations. 20  12. A method as in claim 11 wherein
the third formula has a form as follows: DTI = Al + FAT * B * (INPUT RAMP)
+ D1 * (LOAD) wherein DT, represents the second value, and Al and D1 are
coefficients determined using circuit simu- lations. 25  13. A method as in
claim 12 wherein the second formula has a form as follows: DTo =
DTo(cJ'nNRAMp) + Z * (INPUT RAMP - CRITINRAMP) wherein CRITINRAMP
represents INPUT RAMP at the border between the fast Input.ramp region
(174) and the slow input ramp region (175) for the LOAD, Z is a coefficient
determined using circuit simulations, and DTJcpnFNR-mp) is the first value
when the logic ramp has an Input ramp equal to CRITINRAMP and a 30
load equal to LOAD. 14. A method as in claim 13 wherein the fourth formula
has a form as follows: DT1 = DTl(CWNRAMP) + B * (INPUT RAMP - CRITINRAMP).
35  15. A method as in claim 5 wherein In step (a) the boundary (173)
between the fast input ramp region (174) and the slow input ramp region
(175) occurs where for each value of the capacitive load (36), the output
ramp is one half complete when the input ramp is complete. 16. A method as
In claim I wherein in step (a) the boundary (173) between the fast Input
ramp region (174) <hS    40    and the slow input ramp region (175) occurs
where for each value of the capacitive load (36), an output ramp for the
logic device (30) is one half complete when the input ramp is complete.
Patentansprilche 45 1. Auf einem Rechner ablaufendes Verfahren zur
niherungsweisen Berechnung der Ausbreitungsverzoge- rung durch einen
Logikbaustein (30), wobei das Verfahren folgende Schritte umfal~t: (a)
Aufteilen des Betriebs des Logikbausteins (30) in einen schnellen
Eingangsrampenbereich (174), innerhalb dem eine an den Logikbaustein (30)
angelegte Eingangsrampe (251) vollstindig umgeschal- 50        tet wird,
bevor sich die Ausgangesignal-Kurvenform wesentlich Andert, und elnen
langeamen Emn- gangsrampenbereich (175), Innerhalb dem die Eingangsrampe
(281) so langsam umschaltet, daS das Ausgangssignal (282) umachaltet,
wlhrend die Eingangsrampe (281) immer noch umschaltet, wobei sin
Grenzbereich (173) zwischen dam schnellen Elngangsrampenbereich (174) und
dem langsamen Eingangsrampenbereich (175) auf der Dauer der an den
Logikbaustein (30) angelegten Eingangsram- 55         pe und der Gr8Be
einer durch den Logikbaustein (30) angesteuerten kapazitiven Last (36)
basiert; (b) Verwenden elner ersten Formel, wenn der Logikbaustein (30) In
dam schnellen Eingangsrampen- berelch (174) arbeitet, zum Berechnen eines
ersten Werts, der eine Ausbrekungsverz8gerung durch 



den Logikbaustein (30) darstellt, wobel die erste Formel den ersten Wert
entsprechend der Dauer der 13    * EP O 630 S02 Si                 1
l!1111! 111I1111111 II l ll  I! an den Logikbaustein (30) angelegten
Eingangsrampe und der kapazitiven Last (36), die von dem Lo- glkbaustsin
(30) angesteuert wird, andert; und (c) Verwenden einer zwelten Formel, wenn
der Logikbaustein (30) in dam langsamen Elngangsram- penbereich (175)
arbeltt, zur Berechnung des ersten Werts, wobei die zweite Formel den
ersten Wert 5         entsprechend derDauerderan den Logikbaustein (30)
angelegten Eingangsrampe und derkapazitiven Last (36), die von dem
Loglkbausbeln (30) angesteuert wird, andert. 2. Verfahren nach Anspruch 1,
wobel die erste Formel folgende Form aufweist: DT = A + B * (EINGANGSRAMPE)
+ D * (LAST) 10            wobei DT far den ersten Wert steht,
EINGANGSRAMPE fOr die Dauer der Eingangsrampe, LAST fOr die kapazitive Last
(36), die von dem Logikbaustein (30) angesteuertwird, und A, B und D
Koeffizienten sind, die durch Schaltungssimulationen bestimmt werden. 3.
Verfahren nach Anspruch 2, wobel die zweite Formel die folgende Form
aufweist: f8      DT = A + B * (KRITEINRAMPE) + D * (LAST) + Z *
(EINGANGSRAMPE - KRITEINRAMPE) wobei KRITEINRAMPE fOr EINGANGSRAMPE an der
Grenze zwlschen dem schnellen Eingangs- rampenberelch (174) und dem
langsamen Eingangsrampenberelch (175) fOr die LAST steht, und Z durch
Schaltungssimulationen bestimmt wird. 20  4.  Verfahren nach Anspruch 1,
wobei die erste Formel folgende Form aufweist: DT = A + FAT * B *
(EINGANGSRAMPE) + D * (LAST) wobei DT far den ersten Wert steht,
EINGANGSRAMPE fOr die Dauer der Elngangsrampe, LAST fur die kapazitive Last
(36), die von dem Logikbaustein (30) angesteuert wird, und A, B, D und FAT
Ko- offizienten sind, die durch Schaltungssimulatlonen bestimmt werden. 25
5. Verfahren nach Anspruch 4, wobei die zweite Formel folgende Form
aufweist DT = DT(  FTFNRAMpE) + Z * (EINGANGSRAMPE - KRiTEINRAMPE) wobei
KRITEINRAMPE fOr die Eingangsrampe an der Grenze zwischen dem schnellen
Eingangs- rampenberelch (174) und dem langsamen Eingangsrampenberelch (175)
fOr die LAST steht, Z ein Koef- 30      fizient let, der durch
Schaltungsaimulationen bestlmmt wird, und DT(KRTEINRAmm) der erste Wert
ist, falls der Logikbaustsin eine Eingangsrampe aufweist. die gleich
KRITEINRAMPE ist, und elne Last aufweist, die glelch LAST ist. 6. Vefahren
nach Anspruch 1, wobei das Verfahren die Berechnung einer nichsten
Eingangsrampefureinen 35      nachsten Log]kbaustein (30) einschlielt, der
an den Ausgang des Logikbaustein (30) angeschlossen Ist, wobel das
Verfahren zusaltzlich folgende Schrltte umfafit: (d) Verwenden einer
dritten Formel, wenn der Loglkbausteln (30) in dem schnellen
Elngangsrampen- bereich (174) arbeitet, zur Erzeugung eines zweiten Werts,
derdleZeltdauervom Beginn derEingangs- ramps des Logikbausteins (30) bis
zum End. einerAusgangsrampe des Logikbaustsins (30) darstellt, 40
wobei der zweibt Wert auf der LAnge der an den Loglkbaustein (30)
angelegtbn Elngangsrampe und der GrOae der kapazitiven Last, die vom
Logikbaustsin (30) angesteuert wird, basiert; und (e) Verwenden einer
vierten Formel zum Erzeugen des zweiten Werts, wenn der Logikbaustein (30)
in dom langsamen Eingangsrampenbereich (175) arbeitet, und (f) Subtrahieren
des ersten Werts von dem zwelten Wert, um die nichsto Eingangsrampe zu
erhalten. 45 7. Verfahren nach Anspruch 6, wobei die erste Formol foigende
Form aufweist: DTo = Ao + B * (EINGANGSRAMPE) + Do * (LAST) wobei DTo far
den ersten Wert steht, EINGANGSRAMPE fOr die Dauer der Eingangsrampe, LAST
ffir die kapazitive Last (36), die von dom Logikbaustein (30) angesteuert
wird, und AO, B und Do Koeffizi- 50      enten sind, die durch
Schaltungssimulationen bestimmt worden. 8. Verfahren nach Anspruch 7, wobei
die dritte Formel folgende Form aufweist: DTI = Al + B * (EINGANGSRAMPE) +
DI * (LAST) wobei DT, far den zweiten Wert steht und Al und DI
Koeffizienten sind, die durch Schaltungssi- 55      mulationen
bestimmtwerden. 



9. Verfahren nach Anspruch 8, wobel die zweite Formel foigende Form
aufweist: DTo = Ao + B * (KRITEINRAMPE) + Do * (LAST) + Z * (EINGANGSRAMPE
- KRITEINRAMPE) 14    wobel KRITEINRAMPE fOr EINGANGSRAMPE Im Grenzboreich
zwischan dem schnellen Ein- gangsrampenberelch (174) und dem langsamen
Eingangsrampenberelch (175) fOr die LAST steht, und Z durch
Schaltungssimulatlonen bestimmt wird. 5 10. Verfahren nach Anspruch 9,
wobel die vierte Forme folgende Form aufwelst DT1 = A + B *
(EINGANGSRAMPE) + Di * (LAST) 11. Verfahren nach Anspruch 6, wobei die
erste Formel folgende Form aufwelst: DTo = Ao + FAT * B * (EINGANGSRAMPE) +
Do * (LAST) 10           wobel DTo fOr den ersten Wert steht, EINGANGSRAMPE
fOr die Dauer der Eingangsrampe, LAST fOr die kapazitive Last (36), die von
dem Loglkbaustein (30) angestbuert wird, und AO B. Do und FAT Ko-
effizienten sind, die durch Schaltungssimulationen bestimmt werden. 12.
Verfahren nach Ansspruch 11, wobel die dritte Formal folgende Form
aufweist: 15                     DT, = Al + FAT o B * (EINGANGSRAMPE) + DI
* (LAST) wobel DT1 fOr den zwelten Wert staht, und Al und D1 Koeffizienten
sind, die durch Schaltungssi- mulationen bestimmtwerden. 13. Verfahren nach
Anspruch 12, wobel die zweitb Formal folgende Form aufweist: 20
DTO = DTO(MTEINRAMPE) + Z * (EINGANGSRAMPE - KRITEINRAMPE) wobel
KRITEINRAMPE fMr EINGANGSRAMPE Im Grenzbereich zwischen dem schneflen Ein-
gangsrampenbereich (174) und dem langsamen Elngangsrampenbereich (175) fOr
die LAST steht, Z ein Koeffizient lst, der durch Schaltungssimulatbonen
bestimmt wird, und DT(RTJNRAMPE) gleich dem erstan Wert let, falls der
Logikbaustaln sine Eingangsrampe aufwelst, die gleich KRITEINRAMPE lit, und
aine 25      Last aufweist, die glelch LAST lst. 14. Verfahren nach
Anspruch 13, wobel die vierte Formal folgende Form aufweist: DT1 =
DTI(mjTENRAmpE + B * (EINGANGSRAMPE - KRITEINRAMPE) 30  15. Verfahren nach
Anspruch 6, wobei In Schritt (a) der Grenzbereich (173) zwischen dem
schnellen Ein- gangsrampenberelch (174) und dem langsamen
Eingangsrampenbereich (175) auftritt, wenn far jeden Wert der kapazitiven
Last (36) die Ausgangsrampe zur Halfte vollstandig !st, wenn die
Eingangsrampe vollstandig 1st. 35  16. Verfahren nach Anspruch 1, wobei in
Schritt (a) der Grenzberelch (173) zwischen dem schnellen Ein-
gangsrampenbereich (174) und dem langsamen Eingangsrampenberelch (175)
auftritt, wenn f~r jeden Wert der kapazitiven Last (36) sine Ausgangerampe
fOr den Logikbaustein (30) zur Hfte vollstindig lat und wenn die
Eingangarampe vollstindig 1t. 40 Revendlcatlons 1. Proc6de fbnctionnant sur
un ordinateur permettant d'approcher le tmps de propagation par un
dispositif logique (30), caract6rIs6 an ce qu'l comprend les 6tapes
suivantes: 45        (a) la division du fonctionnement du dispositif
logique (30) en un domaina de ramp. d'entree rapida (174), caracterised par
le fait qu'une rampa d'entree (251) du dispositif logique (30) est
entierement commutee avant que la forme de I'onde du signal de sortie (252)
change de facon Importantb, et un domaine de ramp. d'entr6e lente (175),
caracterise par Is falt qua la rampe d'entr6e (281) commute si lentement
qua le signal de sortie (282) bascule lors de la commutation de la ramps
d'entree (281), 50        la delimitation (178) entre le domaina de rampe
d'entr~e rapida (174) etle domaine de rampe d'entr6e lenta (175) etant
bas6e sur la duree de ramp. d'entr6e du dispositif logique (30) et la
charge capacitive (36) commandee par le dispositif logique (30); (b)
lorsque le dispositif logique (30) fonctionne dans le domaino de ramps
d'entr6e rapid. (174), i'uti- lisation d'une pramiere formule permet
d'obtenlr une premiere valeur repr6sentant le retard par le dis- 55
positif logique (30), la premiAre formula falsantvarier la premiere valeur
basee sur la duree de la ramps d'entr6e du dispositif logique (30) et sur
la charge capacitive (36) commandes par I. dispositif logique (30) ; et (c)
lorsque le dispositif logique (30) fonctlonne dans Ia domaine de rampe
d'entr6e lentb (175), 'utili- 15 



* C   L  M   S sation d'une deuxibme formule permet d'obtenlr la premlere
valeur, la deuxieme formule faisant varier la promlere valour basee sur la
duree de la ramps d'entr6e du dispositif logique (30) et la charge ca-
pacitive (38) commandeo par le dispositif logique (30). a 2. Un proced6
selon la revendication 1, caractfris6 en co quo la premiere formule a la
forme suivante: DT w A + B * (RAMPE D'ENTREE) 4 D * (CHARGE) ob DT
represente la premibre valeur, RAMPE D'ENTREE repr6sente la dur6e de la
ramp. d'entr6e, CHARGE repr6sente la charge capacitive (36) commandee par
le dispositif logique (30), A, B et D sont des coefficients determines au
moyen de simulations de circuit. 10 3   Un procede solon la revendication
2, caracteris6 en ce quo la deuxibme formule a la forme suivante: DT w A+ B
* (RAMPE D'ENTRME CRIT) ' D*(CHARGE) + Z * (RAMPE D'ENTREE - RAMPE D'ENTREE
CRIT), caracterise en ce quo RAMPE D'ENTREE CRIT represente la RAMPE
D'ENTREE a la limits entre 15      le domains de ramps rapide (174) et le
domains de ramps lente (175) de la CHARGE et Z sst d6terminee au moyen de
simulations de circuit. 4.  Un proced6 solon la revendlcation 1, caractrbh6
en co quo la premiere formulo a la forms suivante: DT = A + FAT * B *
(RAMPE D'ENTREE) + D * (CHARGE) 20            caractirise on ce quo DT
repr6sente la premlere valour, RAMPE D'ENTREE repr6sente la durde de la
ramps d'entrde, CHARGE repr6sente la charge capacitive (36) commandos par
le dispositif logique (30), A, B. D, et FAT sont des coefficients
d6termines au moyen des simulations de circuit. 5. Un proc6d6 solon la
revendication 4, caractbris6 en ce quo la deuxieme fonmuls a la forme
sulvante: 25          DT w DTMpmpE WENTME pCn + Z * (RAMPE D'ENTiRE - RAMPE
D'ENTREE CRiT), caract6ris6 en ce quo RAMPE D'ENTREE CRIT represente la
RAMPE D'ENTREE a la limits ontre le domains do ramps rapide (174) etle
domainede ramps lente (175) de la CHARGE etZ eat un coefficient dtebrmine
au moyen de simulations de circuit, et DT(RAMPE D'ENTREE CRIT) eat la
premibre valour obtenue lorsque la ramp. logique a une ramps d'entr6s 6gale
a RAMPE D'ENTREE CRIT et une charge 30      6gale A CHARGE. S.  Un procede
solon la revendication 1, caractfrise en ce que le proc6d6 comprend le
calcul de la ramps d'entr6e sulvante du dispositif logique suivant (30)
coupl6 a une sortie du dispositif logique (30), le pro- c6d6 comprenant en
outre les etapes suivantes: 35        (d) lorsque le dispositif logique
(30) fonctionno dane le domaine de ramps d'entree rapide (174), I'uti-
lisation d'une troisieme formule permet de g6n6rerune deuxilme valour
repr6sentant la dur6e du debut d'une ramps d'entr6e du dispositif logique
(30) a la fin d'une rampo de sortie du dispositif logique (30), la deuxibme
valour 6tant bas6e sur la dur6e de la rampe d'entrde du dispositif logique
(30) at la charge commande par le dispositif logique (30) ; et 40
(e) lorsque le dispositif logique (30) fonctbonne dane le domalne de ramps
d'entr6e lente (175), I'utiR- sation d'une quatribme formulo permet de
g6n6rer la deuxibme valeur; et (f) la soustraction de la premiere valeur A
Ia deuxieme valeur permet d'obtbnir la ramp. d'entree sul- vantb; 45 7. Un
proc6de selon la revendication 6, caractirise en ce que la premibre formule
a la forms suivante: DTO w AO + B * (RAMPE D'ENTRtE) + De * (CHARGE) o0 DTo
reprdsente la premiere valeur, RAMPE D'ENTREE repr6sente la durde de la
ramps d'en- tree, CHARGE repr6sentb la charge capacltive (36) commandos par
le dibpositif logique (30), et AO, B et Do sont les coefficients d6termines
au moyen des simulations de circuit; 50 6. Un proced6 selon la
revendlcatlon 7, caract6rs6 en ce que la troisibme formule a Ia forme
suivantb: DT1 * A1 + B * (RAMPE D'ENTR9E) + DI * (CHARGE) ob DTI represente
la deuxibme valour et Al et DI sont lee coefficients d6termines au moyen
des simulations de circuit; 55 9.  Un proced6 selon Ia revendicaton 8,
caract6rise en ce que la deuxieme formule a la forme sulvante: DT0 - AO + B
* (RAMPE D'ENTREE CRIT) + Do ' (CHARGE) + Z - (RAMPE D'ENTREE - RAMPE 
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ce quo RAMPE D'ENTREE CRIT representb la RAMPE D'ENTREE A la limits entre
le domains de ramps d'entr6e rapide (174) et le domaine de ramps d'entree
lente (176) de la CHARGE et Z sat determin6 au moyen des simulations de
circuit; 5   10. Un procede selon la revendicatlon 9, caractrise en ce que
la quatrimern fonule a la forme suivante: DTI - Al + B *(RAMPE D'ENTREE) +
Di * (CHARGE) 11. Un procede selon la revendication 8, caractdrise on ce
que la premlbre formule a Ia foerm suivante: DTo a AO + FAT * B ' (RAMPE
D'ENTRE) + D0 * (CHARGE) 10            caract6rb96 en co quo DTo represents
la premiere valour, RAMPE D'ENTREE repr6sentb la dur6e de la ramps
d'entr6e, CHARGE repr6sente la charge capacitive (36) commandeo parle
dispositif logique (30), et AO, B, Do et FAT sont les coefficients
d6tormines au moyen des simulations de circuit; 12. Un proced6 solon la
revendication 11, caracteris6 on ce quo la trolsibme formule a la forms
suivante: 15                     DT1 w Al + FAT ' B * (RAMPE D'ENTREE) + D1
* (CHARGE) caracteris6 en ce quo DT, reprbsente la deuxieme valour et A1 et
D1 sont les coefficients d6termi- n6s au moyen des simulations de circuit;
13 Un procedb salon la revendication 12, caractbrsb on co quo la deuxieme
formuls a la forms suivante: 20       DTe a DTO(RAMPE D'ENTREE CRIT) + Z *
(RAMPE D'ENTREE - RAMPE D'ENTREE CRIT), caracterisb en co quo RAMPE
D'ENTREE CRIT represents la RAMPE D'ENTREE a la limits entre le domains de
ramps rapide (174) etIs domains de ramps lente (175) de la CHARGE etZ eat
un coefficient determinb au moyen de simulations de circuit, et DT(RAMPE
D'ENTREE CRIT) est la premiere valeur obtbnue lorsque la ramps logique a
une ramps d'entree egale A RAMPE D'ENTREE CRIT et une charge 25      bgale
a CHARGE. 14. Un proc6d6 solon la revendicatlon 13, caract6ris6 en ce quo
la quatribme formule a la forme suivante: DT1 a DT1(RAMPE D'ENTREE CRIT) +
B * (RAMPE D'ENTREE - RAMPE D'ENTREE CRIT) 30  15. Un procede solon la
revendicatlon 6, caractirlse par le fait que, dans l'etape (a), la
dillmitation (173) entre le domaine de ramps d'entr6e rapide (174) st le
domalne de rampe d'entrbe lente (175) se produit loreque, pour chaque
valour de la charge capacitive (38), la ramps de sortie est A moiti6
complbte au terme de la ramps d'entree. 35  16. Un proced6 solon la
revendication 1, caracterise par le fait quo dans l'etape (a), la
delimitation (173) entre Is domains de ramps d'entr6e rapide (174) et le
domains de ramps d'entr6e lente (175) se produit lorsque, pourchaque valeur
de la charge capacitive (38), une ramps de sortie du dispositif logique
(30) esta moltib complbte au terms de la ramps d'entree. 40 45 50 55 17    


