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Theory/Description:

In this circuit, a CRC (Cyclic Redundancy Check) decoder has been simulated, with data word
size (k) = 4 bits, and code word size (n) = 7 bits. This circuit can be used to decode serially
generated 4-bit data after transmitting it over an error prone channel. At the sender side, the
data word has to be encoded to detect any errors occurred during the transmission. On both
sender and receiver sides, a common divisor of size (n-k+1) = 4 bits is used for encoding and
decoding.

On the receiver side, the decoder generates a syndrome (remainder) of size (n-k) = 3 bits,
from the received code word. If this syndrome is zero, no error is detected in the received
code word and the extracted data word is accepted, otherwise error is detected and the
extracted data word is discarded. The extracted data word is essentially the first four bits of
the code word, starting from MSB.

In this decoder, the syndrome is generated using a shift register with three D flip-flops. The
7-bit code word is entered serially. Let this input be called ‘serial_in’. Let the outputs of the
first to last flip-flops be rmO0 to rm2, which are the syndrome (remainder) bits. Let the divisor
bits be dv3, dv2, d1 and dvO, where dv3 will always be 1. Now the states of the flip-flops —
rm2, rm1 and rmO — can be defined for each clock cycle by the following equations, where ‘&’
implies the AND operation, and ‘' implies the XOR operation:

e rmO (t+1) = [rm2 (t) & dvO (t)] ~ serial_in (t)
e rml (t+1) = [rm2 (t) & dv1 (t)] » rmO (t)
e rm2 (t+1) =[rm2 (t) & dv2 (t)] » rm1 (t)

At the 7™ posedge of the clock, if all the syndrome bits are 0, the ‘accept’ bit is 1, otherwise
it is 0, so we use a 3-input NOR gate. This NOR output undergoes the AND operation with a
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square pulse, which is 0 until the 7™ posedge, and 1 for the next clock cycle, so that the
‘accept’ bit can be 1 only in the 7t cycle.

This method is illustrated in Figures 1 and 2. The code words for the two cases are 1001_110
and 1000_110, and the divisor is 1011, same as that in the encoder. The 3-bit remainders in
both the cases are called syndromes. In case 1, since the syndrome is 000, the extracted data
word is accepted, while in case 2 it is discarded, since the syndrome is not 000.
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Figure 1: CRC (7, 4) Decoding Using Modulo 2 Division
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Figure 2: CRC (7, 4) Decoding with Serial Input — Working of the Circuit



Figure 3 shows the codebook for all possible 4-bit data words. Since the minimum Hamming
distance between any two code words is 3, this technique can detect errors of up to 2 bits.

Dataword Codeword Dataword Codeword
0000 0000000 1000 1000101
0001 0001011 1001 1001110
0010 0010110 1010 1010011
0011 0011101 1011 1011000
0100 0100111 1100 1100010
0101 0101100 1101 1101001
0110 0110001 1110 1110100
0111 0111010 1111 IRRA RN

Figure 3: CRC (7, 4) Codebook

Circuit Diagrams:

A 3-input NOR gate subcircuit is used, for which the schematic and symbol are shown in
Figures 4a and 4b respectively. Figure 5 shows the schematic of the main circuit.
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Figure 4a: 3-input NOR gate subcircuit schematic
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Figure 4b: 3-input NOR gate subcircuit symbol



dac_bridge_1 o

”“-d a 3 1 2
mzuie8611 WL g BUTE

LT e Rgm@ ........
L)

adc_bridge_3
-
1 Fs
. .. | plat_vl |-
z f\ L D.'.

INL ouTL o
-
GNE e
'ZZZZ?ZUZFZ.ZZZ

-~
=
!
.
=)
-

o

iz Yoo

N3 outs B

L

L

dyl

2
1

1712
DAJTnger

o
N e j N“"‘de IETNE T =R -
—=— Din = _D_out 219 o7 o

—
- . A . L adc_bridge_2Z [ _. ML o o 1 N
b Nzumdm —L { pin "
R d_dff -
B T ] s L
- . 2 2 5 DOk 2 Ndout B
Zohiw  E ger B85 k2 Ndout
=z
: o ; - :
=
=p ]

Figure 5: CRC (7, 4) Decoder for Serial Data - Schematic

Results (Input, Output waveforms):

The working of the circuit in Figures 1 and 2 has been demonstrated in the following results.
Both the cases in Figure 1 have been simulated. The divisor bits dv2, dvl and dvO have been
set to OV, 5V and 5V respectively, so that the divisor becomes 1011. A reset pulse for the first
5 seconds is used to reset the flip-flops initially. The clock signal is a square wave of period
20s with a 50% duty cycle. The signals ‘serial_in" are the serial input code words 1001_110
and 1000_110. The syndrome bits obtained from the outputs of the flip-flops undergo the
NOR operation. The final ‘accept’ bit is obtained at the rising edge of the 7t" clock pulse, i.e.,
at the 130 second. This can be sampled anytime from 130 to 150 seconds. The syndrome
bits for case 1 at each clock cycle can be verified from Figure 2, and the ‘accept’ bit after the
7™ posedge can be verified for both cases from Figure 1.
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Figure 6a: Analog signal for dv2
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Figure 6b: Analog signal for dv1

Figure 6¢: Analog signal for dv0
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Figure 7: Analog signal for reset pulse
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Figure 8: Analog signal for clock



CASE 1: Code word = 1001_110, data word is accepted, ‘accept’ bit is 1 at 7t" posedge.

v(serial_in)

Figure 9: Analog signal for serial_in (1001_110)
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Figure 10: Analog signal for ‘accept’

CASE 2: Code word = 1000_110, data word is discarded, ‘accept’ bit is 0 at 7t posedge.
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Figure 11: Analog signal for serial_in (1000_110)
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Figure 12: Analog signal for ‘accept’
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Figure 13: Analog signals for dv2 to dv0
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Figure 14: Analog signal for reset pulse

Transient Analysis
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Transient Analysis
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Figure 15: Analog signal for clock

CASE 1: Code word = 1001_110, data word is accepted, ‘accept’ bit is 1 at 7t" posedge.

Transient Analysis

'ﬁ‘ 6 9 *I" Q :_": l& = List of Nodes:
I:‘ accept N
[] clock _

54— [] dvo -

[J ava

[J ava

|:| net-_ul6-padl_

I:‘ reset I

34 serial_in _

List of Branches:

[] a15#branch_1_ 0

2 [] vi#branch

[ ] va#branch

[] va#branch

[] vs#branch

[] ve#branch

0- —— [] v7#branch

[] va#branch

Voltage(V)--=

0 20 40 60 80 100 120 140
time--> Flot

Figure 16: Analog signal for serial_in (1001_110)



Transient Analysis
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Figure 17: Analog signal for ‘accept’

CASE 2: Code word = 1000_110, data word is discarded, ‘accept’ bit is 0 at 7t posedge.

Transient Analysis
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Figure 18: Analog signal for serial_in (1000_110)



Transient Analysis
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Figure 19: Analog signal for ‘accept

Simulation Parameters for reference:

~ Add parameters for pulse source v3

Enter initial value(Volts/Amps):

Enter pulsed value(Volts/Amps): |5
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~ Add parameters for pulse source v¢

Enter initial value(Volts/Amps):
Enter pulsed value(Volts/Amps): |3
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Figure 20a
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~ Add parameters for DC source v5

Enter value(Volts/Amps):

I

~ Add parameters for DC source v6

Enter value(Volts/Amps):

~ Add parameters for DC source v7

Enter value(Volts/Amps):

~ Add parameters for pulse source vB

Enter initial value(Volts/Amps):
Enter pulsed value(Volts/Amps): |5
Enter delay time (seconds): 130.01
Enter rise time (seconds):

Enter fall time (seconds):

AT

Enter pulse width (seconds): 20
Enter period (seconds): 130
Figure 20b




-~ Add parameters for pulse source v1

-~ Add parameters for pulse source vi

Enter initial value{Volts/Amps):
Enter pulsed value(Volts/Amps):
Enter delay time (seconds):
Enter rise time (seconds):

Enter fall time (seconds):

Enter pulse width (seconds):

Enter initial value(Volts/Amps): |0
Enter pulsed value(Volts/Amps): |5
Enter delay time (seconds): -40
Enter rise time (seconds): 0
Enter fall time (seconds): 0
Enter pulse width (seconds): B0
Enter period (seconds): 100
Figure 20c: CASE 1
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Figure 20d: CASE 2
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