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Abstract: Speed of any system depends on mainly two factors
known as frequency and parllel processing. Such high speed
processing systems are required in real time embedded systems.
The existed systems are operated with maximum of 2 to 3 GHz
The proposed 64-bit ALCCU is a high-speed processing system
that will perform arithmetic, logical and code conversion
operations. It is implemented in structural style with Verilog
Hardware Description Language. Thisdesign isa high speed, low
powered and will perform 32 operations. Its data size is 64_bit,
implemented on xc7a100tcsg324-1 which isan Artix 7, 100K gate
technology FPGA with a CSG 324 package. Satisfactory low
power (lessthan 1W) has been observed with varying clock rates
of ranging from 10 MHzto 20 GHz Theanalysisisdonewith Low
Voltage CMOS /O standards from 1.2 to 3.3V range. The
application of the proposed design can be used as an IP in high
speed processors and controllers.

Index Terms: Arithmetical, Logical and Code-Conversion Unit
(ALCCU), Field Programmable Gate Array, Hardware
Description Language, Low Voltage CMOS.

. INTRODUCTION

For the past five decades, various processors and controllers
were developed and are used in multiple applications. The
am of VLSl Design Engineer is to reduce power
consumption, improving the performance and reducing the
area. In the present scenario, there is a requirement of power
efficient 64-bit processorsin which 64-bit ALUs plays a vital
role. With this motivation, high speed, power efficient
ALCCU with 64-bit design is implemented. The operating
frequency of the proposed design is up to 20 GHz and power
consumption is less than 0.5W.

A. Literature survey

ALUs are designed with 8-bit to 64-bit with an operating
frequency of up to 5GHz. The proposed design is power
efficient than existed and can operate up to 20GHZ operating
clock speed.

B. Problem Statement

When Design of power efficient, high speed, multi-functional
64 hit processing unit known as ALCCU. This can be
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verified, synthesized and implemented using CAD tool and
FPGA.

II. DESIGN ANALYSIS

Thedesign of 64-bit ALCCU isdivided into 5 modules named
asAUL, AU2, LU1, LU2, and 4-input signal selector to select
one out of four functional module outputs. Thisdesignis able
to implement 32 operations and hence total five select signals
are used that are SO-S4. Each functional module will perform
eight different operations. Therefore, three select signals
S0_S2 are used to select one among them with S2 asM SB and
S0 as LSB. These three select signals are connected
concurrently to all four functional modules. The outputs of
four individual functional units hold the results of four
different operations according to their select signals
combination. Now, the selection signals S3 to $4 are used for
the selection of one output among four functional unit’s
outputs. It is a sequential design. In order to synchronise the
design, globa clock is given to al four functional units.
Bottom up approach is used in this design.

Coaa .ll.__il__:il. )

—) Ot

= |);-.—:

=
al_

1
=

WA ot

Fig. 1. RTL Design of 64 bit ALCCU

Table. | illustrates the functions implemented in the proposed
system. Hierarchical model of ALCCU consists of five sub
modules, four functional
modules and one multiplexer
module as shown in Fig.1.
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Thefirst arithmetic unit performs eight operations with 64-bit
datasizethat are: i) addition of two numberswithout carry, ii)
addition with carry, iii) subtraction, iv) subtraction with
borrow, v) multiplication of two numbers (16_bit numbers
with 32-bit product), vi) division operation, vii) increment
operation, and viii) decrement operations respectively. The
corresponding select signals SO to $4 values are 0 to 7, with
$4 as most significant bit and SO as least significant bit. The
logic of the design isimplemented in behavioural model using
switch type logic to select one among eight operations.The
second functional unit performs another set of eight
operations: i) negation operation (1’s complement), ii) 2's
complement, iii) modulus, iv) percentile, v) even parity
generation, vi) odd parity generation, vii) binary to gray
conversion and viii) gray to binary conversion operations.
The select signal values are 01000 to 01111 as shown in
Tablel. The second functional unit isfurther sub divided into
three sub modules. i) parity generation, ii) gray code
conversion from binary and iii) binary conversion from gray
code. This arithmetic unit2 is more complicated than
arithmetic uintl as it consists of parity generation and two
code conversions, binary to gray and gray to binary. These
three sub modules are implemented in gate level model and
instantiated in arithmetic unit2. The eight functions come
under this will be selected using case statement.The third
functional module is LU1 which performs. i) Transfer
Operation, ii) Inversion Operation, iii) AND, iv) OR, V)
NAND, vi) NOR, vii) XOR and viii) XNOR operations. All
these operations are bit wise logic operations. The
corresponding select-signal values are from 16 to 23 as
illustrated in Table 1. The logic of the logic unit1(LUL) is
implemented with non-blocking assignments, to provide
concurrent execution of all the logical operations specified
under this module.The fourth functional unit, LU2 performs
other eight logical operations: i) Logical-Shift-Left, ii)
Logical-Shift-Right, iii) Rotate-Left, iv) Rotate-Right, V)
Rotate-L eft with Carry,  vi) Rotate-Right with Carry, vii)
Arithmetic-Shift-Left and viii)  Arithmetic-Shift-Right
respectively. The corresponding select signal values are from
24to 3l asillustratedin - Table 1. Thelogic of this module,
LU2 is implemented in behavioura model with logical
operators and selection of the operation with a case statement.
In thisway, coding techniques are used in individual modules
to consume less power. The overal design, the top module is
implemented in structural model as specified in Fig.1The
specifications of the design, the data size is 64-bit, number of
control signals: five $4 to SO, number of operations; 32, status
of the result: Cout and ZF are the flag indicators to represent
carry out and zero flag as shown in Fig. 1.
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Table I: List of ALCCU operations and it’s
select-signal values

Opera- | Select Signals | Operation | Opera- | Select Signals | Operation
tion | {$4,53.52.51,50} | Name tion | {84,83,82,81,80} | Name
Num- | = Num- | =
ber ber
0 00000 Addition | 16 10000 Transfer/buffer
1 00001 Additionwith | 17 10001 Tnversion
carry
2 00010 Subtraction | 18 10010 AND
3 00011 Subtract with | 19 10011 OR
barrow
4 00100 Multiplica- | 20 10100 NAND
tion
5 00101 Division | 21 10101 NOR
6 00110 merement | 2 10110 XOR
1 00111 decrement | 23 10111 XNOR
§ 01000 Comple- | 24 11000 Logical Shift
ment Left
9 01001 s Comple- | 25 11001 Logical Shift
ment Right
10 01010 Modulus | 26 11010 Rotate Left
11 01011 Percentile | 27 1011 Rotate Right
12 01100 Even Panity | 28 11100 |Rotate Left with
Generator Carry
13 01101 0ddParity | 29 11101 Rotate Right with
Generator Canry
14 01110 Binaryto | 30 10 Arithmetic Shift
Gray Left
15 01111 GraytoBi- | 31 I Aithmetic Shift
nary Right

1. FUNCTIONAL VERIFICATION

After the design of ALCCU, testbench module is created. In
testbench module, ALCCU is instantiated as a module under
test. The testbench applies data to it, and monitors its output
using Xsim simulator tool. The advantage of the testbench is
used to reduce the testing time and also, the same testbench
can be used before and after the synthesis. Specific Test
vectors are driven by the test-bench module to the design, to
observe the functional behaviour of the ALCCU through
waveform result. One sample of simulation result for binary to
gray codeis shownin Fig. 2.
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Fig. 2. Simulated output when S =14 (gray code
conversion from binary)

The simulated results shown in Fig. 2 is gray code after
conversion from binary. Here, the given test vector isgivento

a’. The select signal value {S4, S3, S2, S1, S0} = 01110,=144
which represents gray code converted from binary (Table. 1).

Interpretation of the results shown in Fig. 2:

a=11110000101010114

= 0001 0001 0001 0001 0000 0000 0000 0000 0001 0000
0001 0000 0001 0000 0001 0001,

= 0001 1001 1001 1001 1000 0000 0000 0000 0001 1000
0001 1000 0001 1000 0001 10015

=1999800018181819 Gray code in Hexadecimal representation

V. SYNTHESISANALYSIS

In synthesis process, the elaborated RTL_design was
converted in to logic gate level netlist file [11-12]. In this
process, synthesis tool accepts a standard cell library, design
congtraints file and the RTL design as inputs and generates a
gate-level netlist file [11]. The resource utilization of the
ALCCU design using Artix 7 FPGA is 22.56% of LUT,
0.93% of Flip Flops, and4.17% of DSPs as illustrated in
Table. 11.The power analysis of ALCCU is performed with
LVCMOSI12 isillustrated in Fig. 3. This report is generated
on the basis of implemented netlist, constraint files and
simulation files. The dynamic power observed for this is
0.003W and static power of the device is 0.111W. As
illustrated in Fig. 3, 0.113W of total power on chip has been
observed with a clock constraint of 100MHz.

Tablell: Utilization Report of ALCCU

Resource | Utilization Available Utilization %
LUT 14306 63400 22.56
FF 1177 126800 0.93
DSP 10 240 417
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Power analysis from Implemented netist Acthity On-Chip Power

derived from constraints files, simulation files or

vectorless analysis Dynamic 0.003W

Total On-Chip Power. 0113W ocks:  0.001W
50% iy, A S

Design Power Budget: Not Specified gnals:  0.001W

Power Budget Margin: NA 98% b 0gic 0.001W

Junction Temperature: 5.0°C ( 0.000W

Thermal Margin 150°C(3173W 2% 0.000W

Effective SJ& 02'CW
Device Staic ~ 0.111W
Power supplied o off-chip devices: 0W

Fig. 3 Power report of ALCCU with 100M Hz Clock
for LVCMOS12

The total power on chip for various clock constraints
range, 10MHz to 20GHz for different input/output standards:
LVCMOS33, LVCMOS25, LVCMOS18, LVCMOS15 and
LVCMOSI12 are shown in Figure 4. Similarly, the total on
chip power with different clock constraints for LVCMOS12,
LVCMOS15, LVCMOS18, LVCMOS25 and LVCMOS33
areillustrated in Table.lll and Fig. 4.

Power analysis of ALCCU
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Fig. 4. Power analysisof 64-bit ALCCU with different
I/0 standardswith clock frequenciesranging from 10
MHz to 20000 MHz.

Tablelll: Power Analysisfor different clocksfor
different |/O standardsof LVCMOS

SNo |Frequency|] 33| 25 18 15 12
(MH2) Power | Power| Power| Pow Power

W) [ W) (W) | er(W] (W)

1 10 0.113| 0.141| 0.113| 0.113| 0.112
2 100 0.114 | 0.142| 0.114| 0.114| 0.113
3 500 0.119| 0.146| 0.119| 0.118| 0.118
4 900 0.123| 0.151] 0.123| 0.123| 0.122
5 1000 0.125| 0.152| 0.125| 0.124| 0.124
6 5000 0.173] 0.201] 0.173| 0.172| 0.169
7 10000 0.233| 0.261| 0.233| 0.232| 0.226
8 20000 0.353| 0.382| 0.353| 0.352| 0.339
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TablelV: Timing report of the 64 _bit ALCCU

Setup time Hold time Pulse Width
Worst Negative | Worst Hold Worst Pulse
Slack = Stack = Width Stack
25.175ns 0.005ns =15.250ns

The worst negative slack of setup time is 25.175ns, the worst
hold stack of hold time is 0.005ns and worst pulse width stack
of 15.250ns of timing report is shownin Table IV.

V. RESULTSAND DISCUSSION

The ALCCU consists of two 64-bit inputs. a and b, seven
scalar inputs: clk, cin, S0, S1, S2, S3, $4 and one 64-bit
output: ALU_CC, two scalar outputs: Cout and ZF. The total
number of inputs and outputs together are 201. Therefore,
virtual input and output core which is used to monitor and
drives FPGA internal signalsin thereal time[1].

t

Fig. 5. Interfacing of VIO and ALCCU(DUT)

Here, the two data inputs, a and b are of 64-Bit length and
select signals: $4, S3, S2, S1 and SO are the outputs of virtual
/O Block (actualy, these signals are actual inputs to
ALCCU). The outputs of ALCCU, ALU_CC, Cout and ZF
aregiven asinputsof thevirtual 1/0 block. The design module
and V10 block are used as sub components in top module as
shown in Fig. 5. To maintain synchronism, common clock is
given to both V10 and design modules.

Name Value Activity  Direction VIO

> 1§ 3[63.0] [H] 1111_0000_1010_1011  ~ Output hw_vio_1

> 15 b[63.0] [H]1010_1010_1010_1010 ~ Output hw_vio_1

> i ALU_CC[63.0] [H]1E1E_0000_1FEO_1FE1 Input hw_vio_1
la S4 [B10 v Output hw_vio_1
la 83 [B]1 v Output hw_vio_1
la §2 [B]1 v Qutput hw_vio_1
la §1 [B]1 v Qutput hw_vio_1
a 80 [B11 ¥ Output hw_vio_1
La cin [B]0 v OQutput hw_vio_1
s CF [B]1 Input hw_vio_1
o ZF [B]0 Input hw_vio_1

Fig. 6. Gray to Binary Operation for S=15 observed at
Hardware VIO Window
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The output results of Gray to Binary operation with a select
signal value S=15 obtained at the Hardware V1O Window, is
illustrated in Fig. 6.

TableV: Comparison of proposed work with existed

work.
Parameter References | Reference Proposed work
[4.5,6] [7]
Technology 28 nm | 28 nm 28nm CMOS
CMOS CMOS
Data Size 32-bit 32-hit 64-bit
Number of 32 32 32
Operations
Clock 10 MHz Upto Up to
Fregquency 5000MHz 20000MHz
Total on Chip | 0.123W 0.095W 0.353wW
Power

165

VI. CONCLUSION

The proposed 64 Bit ALCCU is successfully designed,
verified and implemented with low power. This design is
implemented with functional distributed modulesin structural
model and efficient RTL coding in each sub module of the
design to obtain low power. Satisfactory low power is
observed for clock frequencies: 10, 100, 500, 900, 1000,
5000, 10000 and 20000 MHz. All these clock constraints are
applied on different input/output standards: LVCMOS33,
LVCMOS25, LVCMOS18, LVCMOS15 and LVCMOS12
areasshownin Fig. 4. The proposed work can be extended to
128 bit and beyond 128-hit.
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