Review Problem: Basic Verilog

m Write the Verilog for a 2-input gate that 1s TRUE
when an odd number of inputs are true.

J/ VER\LeG FoR A®OB= AR+ AT

mo dule xoxi(x,AR)
cutput X ;
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Review Problem: flip-flops

m The following two flip-flops are subtly different,
but both useful. The difference in code 1s shown
in bold. What 1s the difference in their behavior?

module D FF1 (g, d, reset, clk); module D FF2 (g, d, reset, clk);
output g; output gy
input d, reset, clk; input d, reset, clk;
reg g; reg g;
always @ (posedge clk) always (@ (posedge clk or posedge reset)
if (reset) if (reset)
q <= 0; q <= 0;
else else
q <= d; q <= d;
endmodule endmodule
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Case Study: Seven Segment Display
m Chip to drive digital display
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C
ase Study (cont.)
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Case Study (cont.)

m Implement L5:

LE=R2+ B Bo« B2R0«B2TN

(B.c.TROMm K- MAP)
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7-seg display 1in Verilog

m Verilog RTL: just describe what you want

module seg’7 (bcd, leds);
input [3:0] bcd;
output reg [6:0] leds;

always @ (*)

case (bcd)
// 3210 6543210
4'p0000: leds = 7'b0111111;
4'pb0001: leds = 7'b0000110;
4'pb0010: leds = 7'b1011011;
4'b0011: leds = 7'b1001111;
4'p0100: leds = 7'b1100110;
4'p0101: leds = 7'b1101101;
4'b0110: leds = 7'b1111101;
4'pb0111: leds = 7'b0000111;
4'b1000: leds = 7'b1111111;
4'pb1001: leds = 7'b1101111;
default: leds = 7'bX;

endcase

endmodule



Review Problem

m Extend this Verilog code to also show the letter
“A” on mput pattern 1010 (ten) and “F” on pattern
1111 (fifteen).

G
0

module seg’/ (bcd, leds);
input [3:0] bcd;
output reg [6:0] leds;
always @ (*)
case (bcd)
. \\. // BCDI[] LEDS []
u‘b\O\Ot\Z“"‘?b“‘o‘ ] /7 3210 6543210
. C!D\. 4'pb0000: leds = 7'b0111111;
Wiz leds=TDWMOSS T 4150001: leds = 7'b0000110;
4'pb0010: leds = 7'b1011011;
4'p0011: leds = 7'b1001111;
4'pb0100: leds = 7'b1100110;
4'p0101: leds = 7'b1101101;
4'p0110: leds = 7'b1111101;
4'pb0111: leds = 7'b0000111;
4'p1000: leds = 7'b1111111;
4'p1001: leds = 7'b1101111;
default: leds = 7'bX;
endcase

endmodule



Flipflop Realities 1: Gating the Clock
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Flipflop Realities 2: Clock Period, Applying Stimulus
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m Flipflops require their inputs be stable for time i
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Timing Definitions

m T . :Time D must be stable BEFORE clock edge

setup®

m Adds to critical path delay

m Clk->Q: Time from clock edge to Q changing
m Adds to critical path delay

m T, Time D must be stable AFTER clock edge

m Scts minimum path from Q of one DFF to D of another
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Flipflop Realities 3: External Inputs

m External inputs aren’t synchronized to the clock

Loac¢e © Lo (€ |

METASTARLE

12



Dealing with Metastability

m Single DFF
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