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Abstract

Top-Down design of large digital system has many advantages over the conventional bottom up approach. However,
some important information about the components of the digital system at the bottom level is critical to satisfy design
and timing constraints. Thisis especially true when physical layout procedure and post-layout simulation tools are not
available. The layout of the pre-designed components, an inverter and a full-bit adder, based on the 0.5mm CMOS
technology, were completed. The extraction of their capacitance parasitic and propagation delay was also done. The
extracted time delay will be used in the VHDL description program of a multiplier. This approach is beneficial in the
case of the absence of a technology file linked to the available design tools. Therefore, the time delay and parasitic
parameters can only be estimated and not extracted from the postlayout simulation. The results of the extraction and
modeling of the time delay, along with the VHDL description of the multiplier and its testing will be presented.

[. Introduction:

Time to market, rapid technology advancement,
increase in chip size, and complexity of digital systems
are some of the factors that led to the development of
hardware description languages, (VHDL and Verilog)
along with the automated logic synthesistools. Thisis
a departure from the conventional bottomup design
approach, stressing more the system functions without
wasting time and effort on the basic components. The
VHDL program describing the digital system is
technology independent, but the synthesis tool that
generates the circuit requires a technology file attached
to it. The absence of such file causes the problem of
non-possibility of time delay extraction. In this work,
one of the suggested solutions, based on modeling of
the time delay in the VHDL description of a multiplier
circuit structure, will be presented. This requires
choosing specific (CMOS) technology.

CMOS Integrated Circuits are ideally designed for
high speed, low power, and minimum area. Such
requirements are conflicting and the design can be
optimized for only some of the above conditions. The
time delay due to metal interconnects of CMOS
technology is increasing as the device dimension is
shrinking [1]. The intermetal dielectric constant is
being lowered to reduce the capacitance parasitic by
choosing the proper material. Conventional approach,
the bottomup design starting from the transistor and
the logic gate, is being replaced by the top down
design as we are advancing to very large digita
circuits and systemon-chip technology. VHDL is a
powerful hardware description language used in the
top-down design and description of the digital system
under design. The time delay and the parasitic
capacitance and resistance are usually extracted at |ater
stage of the design, at the postdayout simulation.
However, it is beneficial to introduce such extraction
or estimation at earlier stage to reduce the number of
iterations to reach the optimum solution. It is also
necessary to find an alternative approach in caseof the

design tools don’t have a technology file on which it is
based the post-layout simulation extraction.

This project investigates top-down design of a
multiplier.  VHDL program will be used for the
description and testing of the circuit. However, some
of the characteristics of the components are needed in
the top-down partition of those circuits.  Such
parameters include the gate time delay which depends
on parasitic capacitances. The 0.5mMm CMOS
technology was chosen for the bottom up design of the
multiplier components, an Adder and an And gates.

[1. Modding of time dday :

Time delay (tg of adigital circuit depends mainly on
the load capacitance (CL) and the driving current. G
consists of the output capacitance of the driving gate,
the input capacitance of the driven gates, and of the
interconnect capacitance [2]. The driving current can
be controlled by choosing the width of the P- or N
M OS transistors depending on the design constraints (
area, speed, power dissipation). In thiswork, tq will be
extracted from layout of the gate using Cadence tool
and HSpice simulation. The 0.5mm CMOS technology
was attached to the Cadence tool for layout and
parasitic extraction necessary for tq calculation.
Estimation of tq of the basic components of the digital
system (4x4 multiplier) can be achieved in various
ways, some of which are:

* Bottom-up approach using Cadence tool for the
layout, parasitic extraction, then HSpice simulation to
compute tq (thiswork).

* MOSFET model using HSpice circuit simulator.
Such models are either available in the simulator or
can be locally developed. However the interconnect
capacitance [3] is often neglected resulting in an
underestimation of the total load capacitance and
consequently the delay time.

* Published data on some of the needed technology
parameters such that the gate length, electron and hole
mobility, oxide and inter-metal dielectric thickness.



* Analytical time delay models[2]

Three components (gates) with their extracted t will
be used in the bottom up design (using Cadence) and
top down design (using VHDL) of a4x4 multiplier.

[11. TheCMOSinverter timedday:

The design of the CMOS inverter is mainly choosing
the widths of the PMOS and the NM OS gates to reflect
the different hole and electron mobility. Thisis to get
the same electric current driving capabilities of the two
transistors (PMOS and NMOS) resulting in equal turn-
on and turn-off time of the inverter. W, and W, were
chose to be 2.6mm and 6.8vm respectively, the target
design constraint was minimum area. Table 1 shows
the propagation time delay (tg) of the CMOS inverter,
calculated from the layout-extracted-parameters. The
inverter was assumed driving a similar inverter to
obtain the above time delays results. The equivalent
output capacitance, driven by the inverter, and giving
the same above results was found to be 50pF using
HSPICE simulation.

In Out tg
0 [0.173 Table 1: time delay tg, in
011 [0.22 nS, of CMOSinverter

V. TheFull-bit Ripple Carry Adder time
ddays:

The layout of the Ripple adder circuit [2], as shown in
figure 1, was accomplished, based on the 0.5nm
CMOS technology. Only metal one and two were
used, metal three may be used for the optimization of
the design in terms of minimum area and parasitics (
by shortening the metal interconnects). Table 2 gives
the propagation time delays t 4 of the ripple carry adder.
Theinput signalsare (A, B, C), the output signals are (
S, Guw). A load of 50pF capacitance is connected to
each output. .

Table2: tq, innS, of the 1bit full adder

A B Gn S tq Com ta
0 |0 [O 0 - 0 [ -
1 ]1 1 1 054 |1 ]|03#4
0 |1 (1 0 05 |1 |-
0 |0 [1 1 08 [0 [055
1 [0 |1 0O 083 |1 | 053
0 |1 (O 1 081 [0 | 051
0 [1 1 0O 080 |1 | 049

The numbers in the table represents the bits ‘0" and ‘1’
except for thetimedday tq isin unitsof nS.

The widths of various gates were not optimized for the
adder performance by increasing the gate-width where
time delay isthe biggest resulting in asmall increase
inthearea. Inthiswork, all PMOS transistors width
are 6.8nm, and NMOS transistors width are 2.6 mm.
However larger widths can be used, while conserving
the W W , ratio, resulting in higher current and
conseguently shorter time delays but higher power
consumption

V. The AND gatetimedday :

The AND gate layout was carried using Cadence tool.
The gate time delay ¢d) in units on nS, computed
from Hspice simulation using the extracted parasitics
from the gate layout, are given in the table 3 below.

Xi and Y are the 1bit input signals, XY; is the 1bit
output with tqisthe time delay of the And gate.

Table3:tq (10° S) of AND gate

Xi Yi Xi Vi ta (NS)
0 0 0 S

1 1 1 0.39
0 1 0 0.32

VI. Thecombined (Adder — AND) gate
timedday :

The above two design, the 1hit full adder and the
AND gate were merged in one layout (needed in the
design of the 4x4 multiplier). Such gate had a time
delay (ty of the sum (S) and the carry-out (Co) bits,
as shown in table 4 below. (X;andY;areinputsto the
AND gate. XY;, S, and G are inputs to the adder,
and C, are the output sum and carry-out).

Table 4:t4 (10° S) of Adder-And gate

XYi [S|CG| S tq G 4
0 0 0 0f - 0 |-
1 1 1 11072 (1]053
0 1 1 [0]092 (1]-—
0 011 1]085 |0 | 056
1 0 1 0123 |1]091
0 110 1113 [0 [086

VI1. Bottom-up desgn of the multiplier:

A 4x4 Braun multiplier were designed using the
bottom-up approach by butting the previously
designed component [2], as shown in figure 2. Time
delay (tqin ns) of the three components were extracted
from layout. The time delay is summarized in table 5.

The parasitic parameters, giving rise to ty, will be very
close to those of its component if we neglect the metal
interconnect between its parts. Thismultiplier hastwo
4-hits input signals (X and Y), and an 8bits output
signal ( P= XY =PPsPsPPsP:PiPo)

Table5: Columns 3:10 are ty (nS) of output bit R

X Y PP P PsPs B [Py

1111 {1111 [0.40}—- [ |}— |-— [2.10]3.35[1.85

1110|1111 |047 [L46[— |- [2.10|2.33 |- |-

1100|1111 |- [1.24[2.10 |- |- |2.66|2.85}----

1000 1111 |---- |- [2.04 [2.75|-— |- [3.25]2.88

0000|1111 |-—-- |-— |- |2.83]2.82]2.00 [1.20 |----

0001 [1110 -~ [0.60/0.60 [0.60[— F— |— |—

oot [1100 [— [L15f— |— = = [— |—

0001 [1000 = [— [0.95|— [— F— [— |—

(—) means that the hit didn't change and conserved its
previousvaue ( bit O or bit 1).



The testing was not exhaustive and large glitches of
the output signal of this4x4 multiplier were observed.

VIII. VHDL-basad design of the multiplier

A VHDL program describing the structure of the 4x4
Braun multiplier (fig. 2) was written based on three
components : An (And) gate with table 2 giving its
corresponding time delay, an (Adder) gate with its tq
in table 3, and a combined (Adder + And) gate with its
ts in table 4. These three componenets were also
described with a VHDL program using behavior
architecture. The time delay of each gate was
modeled by delaying the output signal assignment by
tq depending on the current and previous values of the
input signals and possibly the previous values of the
output signal (carry-out signal of the adder). Such
values of tg, given in tables 2, 3, and 4 were calculated
from HSpice simulations using models based on the
parameters extraction from the corresponding layout
of each gate (using 0.5mm CMOS technology attached
to the Cadence design tool).

VHDL-based testing of the functionality and time
delay of the multiplier was carried-out, table 6 gives tq
for each output bit (P; withi=0to 7)

Table 6 : Columns 3 to 10 are tq (nS) of output bit P;
X Y Po [P [P2 |Ps P« Ps [Ps |P7
0000j0000f-— |- |[— |— |— -—
1111{11110.39 - |- [ [— 2.55[2.89(1.48
1110{1111(0.32[1.13}-— |- [1.681.97}-- [--
1100{1111 |- (0.86[1.69|-- [-- 2.24[2.53|---
1000{1111 |- [-- [140[2.25}--- --- 2.80(2.53
0000|1111}---- |- |-— [1.94]|1.94 1.40/0.86}----
0001|1110f--- [0.92[0.92|0.92}--- --—-
0001|1100|-— [0.72[— |-— |-— -—

0001[1000}---- |- [0.72}]---- |- ---- et
(-—-) means that the bit didn't change and conserved its
previousvaue(bit‘0’ orbit‘1’).

Comparison of table 6 (VHDL-based) and table 5

(Cadencedayout-based) shows that the difference

between the maximum time delay of the two

approaches ( 2.89 ns and 3.35 nsrespectively) is about
15%. This can be partly explained by the interconnect

parasitic capacitance neglected in the VHDL structure
description of the multiplier.

The behavioral description of the multiplier may be
done to describe the multiplier entity speed
performance after the modeling of the time delay using
the structural description. Such unit may be stored in a
library for further use in other larger digital systems.

V1. Implementation of the designed

multiplier on FPGA:

The top-down design of a 4x4 Braun multiplier using
VHDL structure description was implemented on
Xilink X40-Field Programmable Gate Array (FPGA).

The time delay model was not included in the
component behavioral description since there is a

technology file in the form of the X$S4010 FPGA
family attached to the Xilinx VHDL synthesis. A 4x4
Brute Force multiplier [5] was also designed for the
purpose of comparison. Table 7 gives the simulation
results in the form of maximum time delay (tg) and the
number of CLB used in the gate array (as a way to
monitor the area) of the Braun (1) and Brute-Force (1)
multipliers.

Table 7: FPGA implementation of the multiplier

Multiplierl [ Multiplier Il

Numberof CLBs | 14 (3%) [ 22 (5%)

Maximum tg 25.164ns | 28.61ns

X. Condusmn :

It is possible to check both the functionality and time
delay of VHDL-based design of a digital system even
in the absence of a technology file attached to the
synthesis tool. One needs only to find the time delay t4
of the basic components either analytically or by
extraction from layout. HSpice models, corresponding
to a specific CMOS technology, of the used transistors
can also be used to estimate tyg. Interconnects between
the components is usually small but can also be
calculated and included in the time delay modeling.
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Figure 2 : Braun Multiplier
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