Design of the timing controller for automatic magnetizing system
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Abstract: In this paper a VLSI design for the automatic magnetizing system has been presented. This is the design
of a peripheral controller, which magnetizes CRTs and computers monitors and controls the automatic inspection
system. We implemented a programmable peripheral interface(PPI) circuit of the control and protocol module for
the magnetizer controller by using a 0.8um CMOS SOG(Sea of Gate) technology of ETRI. Most of the PPI
functions has been confirmed. In the conventional method, the propagation/ramp delay model was used to predict
the delay of cells, but used to model on only a single cell. Later, a modified "Linear delay predict model" was
suggested in the LODECAP(LOgic Design Capture) by adding some factors to the prior model. But this has not a
full model on the delay chain. In this paper a new "delay predict equation” for the design of the timing control block
in PPI system has been suggested. We have described the detail method on a design of delay chain block according

to the extracted equation and applied this method to the timing control block design.
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1. INTRODUCTION

The automatic magnetizing and inspection system
consists of CPU, RAM, ROM, PPI, key-boards, Led
displays, and input and output departments of the
magnet force, etc.[1]

To control these various peripheral devices properly,
72th bidirectional interface ports is needed, and signals
coming from the peripheral equipment such as a
keyboard which considered to real time. Generally, the
control method to control the interface ports is to
control input and output signals using the 8 bit data
bus structure. In this case, CPU has to check the status
of the interface ports always and take a lot of time
consuming. Especially, in case of controlling 12 to 16
bit structured peripheral devices, such a automatic
magnetizing and inspection system, the load increased
more and more. So, to lessen the CPU load there needs
a controller which can request a interrupt to the CPU
directly through the peripheral interface equipment,
and this controller can control directly the other
peripheral interface equipment by the interrupt enable
response from CPU. Also, a PPI controller which can
adapt bits of ports to the various port structure of the
peripherals is needed.[2]

This paper analyzed the propagation/ramp delay
modeling method on a CMOS inverter device,
compared this results with the analysis results of the
linear estimation model which was more advanced
one. We also proposed a new "delay predict equation”
for the design of the timing control block in PPI
system, designed a mnew delay chain using this
equation, and compared the designed delay values with
the post simulation results obtained after the placement
& routing( P&R).

Finally, we applied this delay chain to designing a
edge detected clock generator of the timing control
block, and described the design method of the timing
controller block in detail.
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2. CONFIGURATION OF AN EDGE
DETECTED CLOCK GENERATOR

PPI has to clock at the rising edge of read or write
signals coming from CPU. Edge detected clock
generator detects this rising edge signal, and have to
(1) store a control word to the register, (2) clear the
output ports, (3) generate a signal that has contents of
register come out through the bus line. This block
requires a waveform and AC characteristics as shown
in Figure 1.
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Figure 1. Waveform of an edge detected clock
generator

A data signal has to be detected at the start of the
rising time of write signal, and write into the control
word register between at the rising edge of write signal
and at the end of address hold time (twa). The
previous output of the ports must be reset within the
time (twg) while this output signal is maintained. And
the contents of control word register must be outputted
to the output port.

As a result, after detecting a rising edge of the read.
and write signal and delaying 20ns, the output reset
signal of 20ns width must be generated from the edge
detected clock generator. This signal is possible to
design by constructing the delay chain.



In the front-end design procedure, it is not easy to
decide what kind of devices and how many devices to
be used in the delay chain having a delay of 20ns.

The simulator for the front-end procedure can not
exactly predict a delay because it has a delay model
which has not a sufficient consideration about a
placement and routing process. But, in the back-end
procedure the simulator can model exact delay values
in the post simulation process, for it is a finished status
about a placement and routing. Therefore, the exact
delay value can be predicted after finishing the back-
end and have a problem of doing the front-end and the
back-end procedure repeatedly. To solve this problem,
we have to obtain delay values of the basic cell at the
start point of the design process.

The delay characteristics of CMOS gates can be
modeled in the various methods. '

Analytical expressions of the output waveform and
the propagation delay, including the effect of the input
waveform slope, was presented in,[3] which can model
in the two-dimensional gate delay table model which
has variables of the rising and falling time of the input
waveform and variables of the load capacitance at the
output.{4]

The effect of the interconnect circuit on the gate
delay time can be represented through the effective
capacitance concept,[5] and the effect of the gate[6] on
the interconnect circuit delay time can be represented
through the theoretic analysis of the driving
characteristics of CMOS gates, and on each MOS
consisting of an inverter a method predict the delay
time which take the output voltage by the time was
proposed.[7]

In this paper this VLSI was implemented using a
0.8um CMOS SOG technology. This COMS SOG
technique starts from the finished status(state) of the
layer process except contact, via, and metal layer
process.

As a result, starting from the confirmed status of
various parameters of the basic cells concerning the
delay model with various techniques, we need only the
analysis of the basic cell library which is provided
from the fabrication companies.{8]

In this paper, analyzing the method of calculating a
propagation delay predict time on inverters which was
adapted to the library, and revising this predict model,
we proposed a new "delay predict equation", and
implemented a delay chain block according to the
extracted equation.

Logic devices of the delay chain must be selected
considering following conditions. That is, a available
design rule must be selected, and lower power cells
and longer delay cells must be also selected. In this
paper, the delay chain is constructed using inverters,
which are the simplest cells. And delay times of this
delay chain composed of 0.5X and 1X inverters are
compared considering the delay effect.

3. EXPERIMENTAL AND DISCUSSION.

The propagation delay time is called the time
between the input transition and the output transition
time of the logic, and usually calculated from the
switching threshold level of the input to the switching
level of the output.

In the 0.8um SOG technology, propagation delay
model has been adopted, and 50% of the edge ratz
using the ISM(Input Slope Modeling) technique has
been modeled.

Total delay(tTOTAL) from the input pin to the outpit
pin in a single basic cell without in and out
connections was described as in equation (1). tTOTA L
has two values, one is the rising transition value and
the other is the falling transition value.

{TOTAL = tDELAY + tINT + tSLEW * Cld > (1)

The 0.8um CMOS inverter cell library adopted
equation (1) had been well described in the data book.

INOIDOQ is a inverter basic cell, has a driving
capability of 0.5X and INOID1 is also a inverter bas:c
cell, has a driving capability of 1X. Symbol I is tre
input pin capacitance. had 0.043pF for 0.5X cell and
0.087pF for 1Z cell. Symbol ZN is the output pin
capacitance. has 0.04pF for 0.5X and 0.043pF for 130
These values are very important factors for the delay
calculations.

Also, the performance equation at the rising transiticn
of the INO1DO shows 0.09ns of the internal delay of
the celltDELAY), 0.13ns of the delay due to the
intrinsic output capacitance(tINT), and 3.35uns/pF of
the slew rate of the output(tSLEW). All of these valucs
are expressed as the variables in the equation (1).
These values of the delay can.be modeled ard
described as in the figure2.
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Figure 2. tTOTAL of a basic cell

Figure 2 is a example for the rising. Total delay tae
specified input to the specified output(tTOTAL) is
expressed as the followings, (1) the internal delay of
the cell (tDELAY), (2) the delay due to the intrinsic
output capacitance (tINT), and (3) the wiring delay
which is the slew rate of the output (tSLEW)
multiplied by the load capacitance for each output
(C1d). This total delay is expressed as the equation (1).

Similarly, the total delay at the falling transition cin
be expressed such as

tTOTAL = 0.07 + 0.06 + 1.43 *Cld

469



For 0.5X and 1X inverters, when the standard load is
0.43pF, propagation/ramp delay's value becomes
0.51ns at the rising and 0.25ns at the falling, so a
tTOTAL of the inverter pair becomes 0.76ns.

As a result, the values of the propagation/ramp delay

is shown in the chart 1 and chart 2 according to the
number of cells composed of the delay chain for the
0.5X inverter and 1X inverter.

The wire capacitance and the delay caused by the
connections between the gates are no considered and
in the library provided by the wafer fabrication
companies, the load capacitance for each output (Cld)
in the equation(1) is not defined. This is why Cld value
varies as the process technology of the fabrication
companies, a kind of the gate base array, the length of
the interconnection, the number of the fanout.
Therefore pre-defined standard loads can be available
to calculate Cld, and there is a problem that we can't
calculate the delay of the inverter only from the library
provided by the fabrication companies.

4. ANALYSIS OF THE LINEAR DELAY
PREDICT MODEL CONSIDERED A
PROCESS PARAMETER, WIRE
CAPACITANCE AND
INTERCONNECTION CAPACITANCE

LODECAP(LOgic DEsign CAPture) uses all design
information in the format of the VHDL language.[9]

So, Basic cells were made by the VHDL linear delay
predict model. The LODECAP has a characteristic of
applying the predict model to the pre-simulation
procedure.

In this paper, we analyzed this predict model,
proposed the "delay predict equation", and then
adopted this equation to the design of the edge
detected clock generator.

Total delay is calculated as the delay value in the
equation (3) multiplied by the derating factor having
between 0.0 and 1.0. The delay value in the equation
(3) 1s composed of the internal delay (Dj,) and the
delay (Dj,) of the sum of the interconnection and
wiring. :

The derating factor is the modeling variables of the
factors obtained from the chip derating temperature.
power supply voltage, and the chip fabrication process
conditions. And the fewer the derating factor is, the
faster the circuit speed is. This value has a typical
value of 0.5. -
Total delay of the basic cell

= Delay * Derating_Factor 2)
Delay = Djy; +Diqc

= Dint + [Clinear * (sum of interconnection Cap. +

sum of wire Cap.)] 3)
sum of interconnection Cap.
= (each connection Cap.) 4)
sum of wire cap.
=Cestimation © nUmMber of connection +Cap0 (5)
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Wile Dy, is a fixed delay value which is decided
during the cell layout design, Dy, is a delay value
which is decided from the drive capability and intrinsic
capacitance of the cell. Intrinsic capacitance is a total
value which adds the wire capacitance in itself to the
sum of the capacitance for the gate pins on the one net
in the circuit.

Delay values becomes a linear function as an intrinsic
capacitance shown in the equation (3). The slew rate
and internal delay of the cell(D;,) which defines the
linear function are the proper values decided during
cell development procedure, and defined in VHDL
program. :

The sum of interconnection capacitance must be
calculated by the number of interconnections, the
length and shape of the poly and the metal connected
at one net. .

But, in the logic design step that a layout isn't
completed, we don't have the information on the
layout. This problem can be solved by using VHDL
linear delay predict model considered a process
parameter and wire and interconnection capacitance.

The LODECAP uses the interconnection capacitance
predict model linearly proportional to the pin
connected to the net for the basic cell's wire
capacitance. Slew rate of this linear model and cell
capacitance(Cap0) value of each device are different’
from according to the gate base array.

The gate base array model is named as "pred***"
which is a kind of wide range variable names(ex.
pred186) in the design flow manager. The value of the
base array has been defined in the file "checkRamp
Delay.Mcap" in each library directory on the file
system in the LODECAP.

This delay model has been defined in the VHDL
model of each basic cell, being simultaneously used
for the VHDL simulation, the ramp delay check and
the timing verification.

To design the delay chain accurately, for the inverter
cell of the main configuration, the
internal delay of the cell(Dy,)and the Slew rate(Ciiyear)
and the capacitance in the INQ1DO and INQ1D1 can be
defined as in tablel.

Table 1. The capacitances in the INO1DO and
INO1D1 .
RISE FALL Capacitance

Dint Clinear Dim Clinezu' CI CZN
INOIDO {0.09 |3.35 0.07 |1.43 10.043 |0.040
ns ns/pF | ns ns/pF |pF pF
INOIDI |0.11 |1.68 0.06 |0.71 10.087 {0.043
ns ns/pF | ns [ns/pF [pF pF

These values are only a single basic cell's ones, and
can not be applied as the same value in the delay chain
to implement in this paper. Some considerations of the
interconnection delay between the gates must be added.

For this, the estimated slew rate(Cegimarion) Of the
linear model and the cell capacitance of each inverter



must be known, which are obtained from the values of
the vgc400186 base array in the pvge450(0.8um SOG)
of the gate array base model defined in “check
RampDelay.Mcap" file in the LODECAP. Values of
the vgc400185 base array are 0.096pF and 0.029pF.

Using this value, Dint, the Slew rate(Ciipes,) and the
capacitance value on the input and output, total delay
value can be calculated by the equation (6) and (7),
and the inverter chain model of figure 3.
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Figure 3. Cap. values of an inverter chain model

Total delay of the inverter chain model =
2Dx * Derating_Factor (6)
Dx = Dyint + Dxine

Dx = Dyint + {Clinear * (Z(eaCh pin Cap) + (Cestimation *
number of pin + Cap0 )]} )

= Dlint +{Ciesr Of Rising * [(C1ZN +C2t) +
(Cestimation Of vgc400186 * number of pin + Cap0)}} =
0.09ns + {3.35ns/pF * [(0.04pF +0.043pF) + (0.096pF
* 2 +0.029pF)}} = 1.1084 s

D2 =D2int +{Cjipe, of Falling * [(C3ZN + C4t) +
(Cestimation of vgc400186 * number of pin + Cap0)]} =
0.07ns + {1.43ns/pF * [(0.04pF + 0.043pF) + (O 096pF
* 2 +0.029pF)]} =0.5047 ns

D3 = same with D1

D4 = D4y +{Clipear of Falling * {(C7ZN +CPZN) +
(Cestimation 0f vgc400186 * number of pin + Cap0)]} =
0.07ns + {1.43ns/pF * [(0.04pF +0.1pF) + (0.096pF *
1 +0.029pF)]} = 0.44895 ns

Total delay of the inverter chain model
= 2Dx * Derating_Factor
=(D1+D2+D3+D4)*0.5
=1.585225 ns

As a conclusion, the delay value of the VHDL linear
delay predict model which includes process
parameters. wire and interconnection capacitances
according to the interconnection number o the chain
for 0.5X and 1X inverters is depicted in Figure 4 and
5. And these values are compared to the delay values
after the post simulation.[10]

In this Figure, the propagation/ramp delay model and
the VHDL linear delay predict model which considers
process parameters, wire and interconnection
capacitances have an accuracy of 15% and 5% of the
relative error rate compared to the post simulation
result. And the delay effect for the 0.5X chain are
bigger than for the 1X chain.

5. PROPOSAL OF THE DELAY PREDICT
EQUATION

The linear delay predict model considered process
parameters, wire and interconnection capacitances can
be expressed by equation (8) compared to equation (1).

fTOTAL(Rise) = {t{DELAY + tINT + tSLEW * [load
Cap. + (Costimation * Relative fanout + Cap0)]} *
Derating_Factor -> 18)

In the above equation when the design rule have been
defined (0.8u SOG) and the base array have been also
selected(vgc400186), tTOTAL(Rise) and
tTOTAL(Fall) of the 0.5X inverter are become 0.5542
and 0.25235, as expressed in the previous section.
Finally, The delay value of the 0.5X inverter pair s a
sum of tTOTAL(Rise) and tTOTAL(Fall), and a delay
predict value can be calculated from equation
(9,10,11)
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Figure 4. Delay of the 0.5X inverter chain

Delay predict value(D(x)) = ({TOTAL(Rise) +

tTOTAL(Fall)) * number of pair(N) 9
0.5X inverter pair’s D(x) = 0.80655 * number of
pair(N) (10)
1X inverter pair’s D(x) = 0.514 * number of pair(M)
(11)
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6. DESIGN AND CONFIGURATION OF
TIMING CONTROL BLOCK

We Designed the timing control block as the
following procedure. (1) setting up the delay chain
model as shown in figure 6. (2) making the timing
diagram on "output data reset signal" in figure 1. (3)
calculating the delay value of each device and
connecting the cells as few as possible, (4) designing
as S&S(Schematic and Simulation).

In this paper, after applying the delay predict
equation, we connected 0.5.X inverters serially.

In Equation (1) supposed the target delay time
[D(X)] is 20ns, the required pairs becomes 24 (=
20/0.80655). Therefore S1 inverters are connected for
24.5 pairs of 0.5X inverters and D1 and D4. The
simulation result of the delay chain is shown in
figure7. Ins of the error in WRN and D2 resuylted from
the result of AND added. Equation (1) and the
simulation results are well matched. Timing control
block is designed as in figure 6 using S&S technique
including the edge detected clock generator including
the delay chain.
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Figure 6. The timing control block diagram
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Figure 7. Wave form of the simulation result
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7. CONCLUSION

We have designed and simulated ASIC for the
programmable peripheral interface controller to
control the input-output devices of the automatic
magnetizing and inspection system, and after
fabrication in ETRI confirmed the PPI function.

The final delay time of the designed delay chain,
using the VHDL linear interconnection capacitance
predict model is matched with the simulation results.

Implemented ASIC is perated at 50MHz, and
consist of about 6000 gates. This chip equipped in the
peripheral controller of the automatic magnetizing and
inspection system, is supposed to be customized.
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