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: Step 2: State Table Example viog mux.v | module T_flip_flop(t, clk, reset, qg);
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endmodule

ModelSim and Other Lab Things
e FFGPA: Field Programmable Gate Array
e To repeat signals, use this syntax:
force {MuxSelect[2]} O Ons, 1 {4ns} -r 8ns

which starts at 0 at Ons, 1 at 4ns, and repeats
every 8 ns.

On the DE1-SoC board, hex thing is red if 0 and
white if 1.

Step 3: State Assignment Example

e Using one-hot encoding: Choose number of flip
flops: 7 (since 7 states)

e Choose state codes:

— A = 0000001, B=0000010, ..., G=1000000

Alternatively use 3 flip flops to represent state codes as
000, 001, 010, etc.

# add wave {/*} would add all items in

# top level simulation module

add wave {/*}

# set input values using the force command
# signal names need to be in {} brackets
force {SW[0]} O

force {sW[1]} 0

run 10mns

Resets
e Active High/Low: Resets when Signal is 1/0

e Synchronous High/Low: Resets during
positive/negative edge

~ o W

o]

(&)

always @(posedge clk or posedge reset) begin
if (reset) begin
q <= 1'b8; // Reset
end else begin
if (t) begin
q <= ~q;

the flip-flop to @

end
end
end

endmodule
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0 T o 1 o o o o end |/ it e 8 full_adder faz (a[2], b[2], fal.cout, s[2], c_out[2]): Thecrltlcal path, shown in b}lue, is the path from
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joke Vih 95 e sleck - 0.-0, 011 - SeloCh - d_alu_out input logic [1:0] Function, select is the sum of the propagation delays through each
k=S _ L olw-op=0, lol-c=t 5 output logic [7:0] ALUout );: element on the critical path. The contamination
o Suheet dadsn o @B 7 [ uXm resuhoualiol =« 16 o logic [5:0] and_result; ) delay is the sum of the contamination delays
Wby d-aly-put=o esolls - 28 logic [3:0] carry_out; apture carry-out from the addition through each element on the short path.
Load and St lu_select_a Xz _/ 3 rar Ripple Carry Adde o » " PR
tojes bt b~0 O ion wa, (00, fottent value at uddrs found ) part1 o ( T-cq > “Clock to Q" Propagation Delay in Flip Flop
dole. (A in Rb is loaded into register Ra. Then the [address] ) .a(A), T_su ->Set-up time - The data D must be stable
(71 2-3 is incremented by offset. b(B), during the set-up time
. s'rg Ra, [Rb], #offset: v;\llnj fulmdv in register c_in(8), T_h -> Hold time - The data D must remain stable
Ra is stored to [address] found in Rb. Then the . N
[address] is incremented by offset. .s(add_result), during the hold time
Byte Address Word Address Data Word Nur o LDR Ra, =LIST Makes Ra contain the address to data result .c_out(carry_out));
g O 00000000 7 the first element of the input variable. 5 Part 2 ultiplexer tc he outpL d on Functior To calculate “the clock- Maximum Clock
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’ ys_comb frequency results from a minimum time dela
Table 2: Register contents and control signals for computing A% + B ba i q y Y-
T | © | | 4 | 0x00000004 | Ft| Eglpolcc| Worot ( i be:::e (Function) Look for the longest path between 2 Flip Flops &
R | A ‘l ¥ | 0x00000008 kA 58 ac | PO w9 ok 2 = Reset i (2’ 12 (1) (; g (/] ) 9: ALUout = {3'b0, carry_out[3], add_result}; . includes the Sgt—upTlme
> ol G = = 7 3 l": . SRR — 20 1 ALUout = |(A | B) : // Part 3: OR Operation T_min =T_cq + T_logic (gates) + T_su
F D X O ()Y]O\’ ‘ data_mn bl ) - - - don t care. . _ N B A
.%O g Y2 3 c 2 2: ALUout = &(A & B); Part 4: Al
State 0]2[3[4([5] € 1 . . .
2 [ 2|1 ] o] 0x00000010 [ 0o | 00| 0o ot iy — oTETE s e T 2 3: ALUout = (A, B); Hold Time Violation - Shortest path between 2
iy olojol4a[4] 2] 2 ‘J’Efa“lti AlLUout = 8'b8; // Assuming 0 Flip flops, Data racing through the clock (set up
I Ry ofofofolo] o020 - time not used) To check for hold time violation
Wk\g“\“-k e 1d_a Tj{ojojof[T[o0]1 ’ f"d . use t_h + Delta <=T_cq + T_logic_min (short Path)
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e 1d_r o[o[ofofo[ 1[0 f ) ; ; At
..Load word instruction reads a data word from memory into a register Tdahont 01010 0 1] 0] 0 1= select alu outprt if doens’t balance...there is hold time violation
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a = memf21; > 53 gé%tsz§ # 57T = OXAASRC cTD alu_select_b 00000 T]0[1=selectB Setup T""? V'°la?'°“ - Logic too ?lOW for correct
! — alu_op 0j0fo[o[1] 0] 0]0=add, 1= multiply value to arrive at input to FF on right (D2) by T_su
oot 2 9 result_valid ofofofofo] o1 before clock edge.




