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1. Content-addressable memory (CAM)

CAM 7 5 % input 2 B output > ¥ e# i _§ ren = 1" bl p* ¢ 3
P~ memory array sPE T R din ' REF AR o 4%k 5 7 B address
ﬁ-@ﬁifiﬂdﬁﬁﬂzdout = % =~ fhaddress hit = 1" bl - § wen =
1" bl, ren = 1" b0 A4 din & i& memory array *® haddr =it o
CAM ¥ r2 & = 2 i# sequential circuit 4= 3 # combinational
circuit ° 2  sequential circuit 4 %] % & % positive edge
{ #7% B output dout frhit «niE& - 3 B combinational circuit
/%% 1 B 8-bit memory array ~ 1 ¥ comparator array v 1
priority encoder -
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Comparator(a, b, out);
[7:0] a, b;

out;
out = (a ==b) ? 1'b1 :
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Comparator array(16 comparators)

Comparator —— pr_endoder[0]
CAM[0] —T—»|

Comparator |————— pr_endoder|1]

CAM[1] ——»|

All 16" Comparator

Comparator |——— pr_encoder]14]
CAM[14}——7F—>|

Comparator ———— pr_encoder[15]
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Comparator array .+ 3 16 ¥ comparators - % — i comparator
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ﬁis?] Ui 4y = % pr_encoder[0] - % = % comparator B E_CAM[1]§2
din v ¥ s ﬁisa] ®4p T % pr_encoder[1] - % 1 % comparator
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) File Edit Selection View Go Run Terminal Help

@( clk)

dout <= next_dout;

hit <= next
({ren,wen}==2"'be@1)CAM[addr] = din;

(din, cAM[®@], pr_encoder[®@]);

(din, CcAM[1], pr_encoder[1]);

(din, CAM[2], pr_encoder([2]);

(din, cAM[3], pr_encoder[3]);

(din, CAM[4], pr_encoder[4]);

(din, CAM[5], pr_encoder[5]);

(din, CAM[6], pr_encoder([6]);

(din, caM[7], pr_encoder[7]);

(din, CAM[8], pr_encoder[8]);

(din, CAM[9], pr_encoder[9]);

(din, cAM[1@], pr_encoder[1@]);

(din, CAM[11], pr_encoder[11]);

(din, CAM[12], pr_encoder[12]);

(din, cAM[13], pr_encoder[13]);

(din, CAM[14], pr_encoder[14]);

(din, CAM[15], pr_encoder[15]);

(pr_encoder, tmp_dout, tmp_hit);

next_dout = (re 'bl) ? tmp_dout : 4'beeee;
next_hit = (ren==1'bl) ? tmp_hit : 1'be;

instance 16 # comparator '# din CAM % input pr_encoder =
output * % 1% Comparator Array
Priority encoder

Block diagram:
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£ Lab4_Team30_Content_Addressable_Memoryv X obrt
next_hit
ity ler(pr_encoder, next_dout, next_hit);

[15:@] pr_encoder; 6 "' bORBBO L XX XXX
[3:8] next_dout;
next_hit;

[3:0] next_dout;
next_hit;

8(*) 6' bOBOOBOT XXX XXXXXX

next_dout
next_hit = 1'b1;

(pr_encoder) t_dout =
il : next_hit = 1'b1;
next_
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next_dout
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next_hit 3 next_hit = 1'b1;
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- : .

fovd doid _ atbaoaa.
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CAM:

Block Diagram:

Content-addressable memory (CAM) design
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2.Scan Chain Design

Scan Chain Design ¢ 8 i Scan D-Flip Flop fv— ® 4bit
multiplier b’“rf#f:“ o
Scan D-Flip Flop

Block diagram:
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Scan DFF ¢ & B input signal rst_n{rscan_en ki =z ¥ A& E 5
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Scan Chain Design

Block diagram

Scan chain design
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scan_in 1 {[# bit 1 {{ bit {&/

HElE
i
eg [7:0] SDFF;
e 170 ma; 4 bit multiplier #Y output ##
FIIERY SDFF
scan_out <= SDFF[e];
SDFI;["] <= mul[7];
SDFF[6:8] <= mul[7:1]; . . .
scan_out <= mul[@]; 4 blt mU|tIp|Ier

gn mul = SDFF[7:4]*SDFF[3:0];

p: S )
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2. Built-in self test (BIST)

Block diagram:
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4. Mealy machine sequence detector

Block diagram:

nxt state
1
slale
MUX DFF
SO 0
ck  —
rst_n ;
n
MUX
Decoder
MUX dec

iz48 chmealy machine sequence detector & ] 0111 ~1001 ~1110
= ® sequence > I liéis?l ~w i input {é % ® F| initial state &
=i {7 B> input 3 clk~rst_n~in>output # dec > module p 3%
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module Mealy_Sequence Detector (clk, rst_n, in, dec);
input clk, rst_n;

input in;

output reg dec;

reg [3:0] state:

reg [3:0] nxt_state;

parameter S0 = 4'b0000;
parameter S1 = 4'b0001;
parameter S2 = 4'b0010;
parameter S3 = 4'b0011;
parameter S4 = 4'b0100;
parameter S5 = 4'b0101;
parameter S6 = 4'b0110;
parameter S7 = 4'b0111;
parameter S8 = 4'b1000;
parameter SO = 4'b1001;

State diagram:

st n




rst_n == 0 F¥ state € 3| SO0 » 7% f& B 4~3% 1< input sequence ¥ % ¥
clk %3 state 4% @ § v B state £ 3] 0111 ~ 1110 & 1001
3% € output 107 #.7 } chsequence B output 00 # %] % #_mealy
machine’output ¢ ¢ state fr input i+ <> #1714 ﬁa;l &_asynchronous
o #rT hELJTERE & 4 B cycle 2 (8 £ = w 3] S0 0 £ AT RIATD

4-bit sequence °

#A5 W
]

g dec

> W counter[3:0]

i«ﬁ‘ﬁ@’iﬁ* ppt Fm/ﬁ‘r]/#"" B H—Fl\ilﬁtq/‘ﬂi\ﬁ

edge clk)
ref (16) begin
counter[0];
sedge clk)
counter[1];
sedge clk)
counter[2];
dge clk)
counter([3];
@(posedge clk)
counter = counter + 1'bl;

edge clk)

endmodule
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5. Basic question 3 ~ 4

e Many-to-one LFSR

State diagram:

st n

e One-to-many LFSR

State diagram:
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