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How fast can we compute?
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Timing Analysis - Latency and Throughput - Example ADC

▶ Maximum Conversion Rate 65 MSamples/s ⇒ Throughput ist 65 MHz

▶ I takes 7 clock cylces from analog in to digital out ⇒ Latency is 7 clock cylces
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Example circuit: Counter + Majority VHDL Code

1 architecture rtl of de1_sta is
2 function cnt_ones (x : unsigned) return integer is
3 variable cnt : integer range 0 to x’length;
4 begin
5 cnt := 0;
6 for i in x’range loop
7 if x(i) = ’1’ then
8 cnt := cnt + 1;
9 end if;

10 end loop;
11 return cnt;
12 end function;
13 signal sum : unsigned (47 downto 0);
14 signal res , res_reg : std_ulogic;
15 signal no_of_ones : integer range 0 to sum ’length;
16 begin
17 res <= ’1’ when no_of_ones > sum ’length /2 else ’0’;
18 res_reg <= ’0’ when rst_n = ’0’ else res when rising_edge(clk);
19 sum <= (others => ’0’) when rst_n = ’0’ else sum + 1 when rising_edge(clk);
20 no_of_ones <= cnt_ones(sum);
21 end architecture;

https://gitlab.elektrotechnik.hs-augsburg.de/haf/2023-vlsi-lab-problems/-/blob/main/

src/de1_sta.vhd

https://gitlab.elektrotechnik.hs-augsburg.de/haf/2023-vlsi-lab-problems/-/blob/main/src/de1_sta.vhd
https://gitlab.elektrotechnik.hs-augsburg.de/haf/2023-vlsi-lab-problems/-/blob/main/src/de1_sta.vhd
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Output is ’1’, if more than 1/2 of counter bits are ’1’
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Clock frequency limitations

What limits the maximum clock frequency?
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D-Flipflop Timings

Setup- and Holdtime
The D-Flipflop stores the data at the D-Input at a rising edge at the clock input. The signal at the D
input must be stable during an interval around the clock edge. The interval is defined by the setuptime
tSU and the holdtime tH. The setuptime is the time before the clock edge and the holdtime is the time
after the edge.

Clock to Output Delay
The state of the flipflop will be visible after the Clock-to-Output Delay tCQ after the rising edge of the
clock signal at the output Q.
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Simple Circuit - slack and maximum clock frequency

tp,Inverter = 4ns, tCQ = 2ns, tsetup = 1ns, thold = 1.5ns, fclk = 100MHz
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▶ Maximum clock speed depends on combinational delay of the logic, Clock to output delay and
Setup time of FF.

▶ The signal at the d input of a FF has to be stable for the setup time before the next clock edge.

▶ The slack is the margin until a timingviolation will happen. Here the slack is 3ns.

▶ Minimum possible clock period 7ns (slack = 0ns). Maximum clock frequency: 142 MHz.
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FPGA - Logic Elements
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Timings of the Cyclone II FPGA
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FPGA - Logic Elements + Routing
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Timings of the Cyclone II FPGA
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Technology Map Viewer after synthesis
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Synopsys Design Constraints file *.sdc

1 create_clock -period 20.0 -name CLOCK_50 [get_ports CLOCK_50]
2 set_input_delay -clock CLOCK_50 2 [all_inputs]
3 set_output_delay -clock CLOCK_50 2 [all_outputs]

▶ Define 20 ns clock period = 50 MHz for CLOCK 50 port

▶ Constrain inputs and outputs with ”virtual” registers clocked with CLOCK 50
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SDC file - Primary Inputs and Outputs Example
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▶ Almost all paths are constrained by defining the clock period of CLOCK 50

▶ The paths from the primary inputs (here en i) ending at the D inputs of the flipflops are missing.

▶ The paths from the Q outputs of the flipflops to the primary outputs (y[63..0]) are missing

▶ Idea: ”virtual” flipflops clocked also with CLOCK 50 and input/output logic delay
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SDC file - Constraining primary outputs
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1 set_output_delay -clock CLOCK_50 2 [all_outputs]

▶ set output delay defines ”virtual” flipflops clocked with CLOCK 50 and a ”virtual” logic with 2ns
propagation delay

▶ The flipflops are virtually connected at all outputs.
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SDC file - Constraining primary inputs
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1 set_input_delay -clock CLOCK_50 2 [all_inputs]

▶ set input delay defines a ”virtual” flipflop clocked with CLOCK 50 and a ”virtual” logic with 2ns
propagation delay
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Quartus Static Timing Analysis for 50 MHz clock frequency - o.k.
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Quartus Static Timing Analysis for 100 MHz clock frequency - violated
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Clock frequency limitations

Increasing clock frequency by pipelining
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Clock frequency limitations

Idea: Reduce logic depth by introducing a register in the middle
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Introduce Pipeline Register
1 architecture rtl of de1_sta is
2 function cnt_ones (x : unsigned) return integer is
3 variable cnt : integer range 0 to x’length;
4 begin
5 cnt := 0;
6 for i in x’range loop
7 if x(i) = ’1’ then
8 cnt := cnt + 1;
9 end if;

10 end loop;
11 return cnt;
12 end function;
13 signal sum : unsigned (47 downto 0);
14 signal clk , rst_n : std_ulogic;
15 signal res , res_reg : std_ulogic;
16 signal no_of_ones : integer range 0 to sum ’length;
17 signal no_of_ones_l , no_of_ones_u ,
18 no_of_ones_l_reg , no_of_ones_u_reg : integer range 0 to sum ’length /2;
19 begin
20 res <= ’1’ when no_of_ones > sum ’length /2 else ’0’;
21 res_reg <= ’0’ when rst_n = ’0’ else res when rising_edge(clk);
22 sum <= (others => ’0’) when rst_n = ’0’ else sum + 1 when rising_edge(clk);
23 no_of_ones <= no_of_ones_l_reg + no_of_ones_u_reg;
24 no_of_ones_u <= cnt_ones(sum(sum ’high downto sum ’length /2));
25 no_of_ones_u_reg <= no_of_ones_u when rising_edge(clk);
26 no_of_ones_l <= cnt_ones(sum(sum ’length /2-1 downto 0));
27 no_of_ones_l_reg <= no_of_ones_l when rising_edge(clk);
28 end architecture;
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Count Ones with Pipelining

▶ Result is still computed for every clock cycle ⇒ Throughput identical

▶ Result is delayed by one clock cycle ⇒ Latency increased by one clock cycle
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Timing Analysis with Pipeline Registers at 100 MHz - Slack 1.35 ns
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Timing Analysis with Pipeline Registers at 116 MHz - Slack 59 ps
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Timing Analysis 48 Bit Counter at 166 MHz - Slack 37 ps


	Timing Analysis

