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module adc (in, out); ��)�
 parameter integer bits = 8 from [0:inf); ��*�
 parameter real fullscale = 1.0; ��+�
 parameter real dly = 0.0; ����
 parameter real ttime = 10n; ����
 input in; �� �
 output [0:bits-1] out; ��$�
 electrical in; ����
 electrical [0:bits-1] out; ��'�
 localparam thresh = fullscale/2.0; ��(�
 real sample, value; ��)�
 genvar i; ��*�
  � +�
 analog � ��
  sample = V(in); � ��
 �  �
 generate � $�
  for (i = bits - 1; i >= 0; i = i - 1) � ��
   analog begin � '�
    if (sample > tresh) begin � (�
     value = fullscale; � )�
     sample = 2.0 * (sample – thresh); � *�
    end �$+�
    else begin �$��
     value = 0.0; �$��
     sample = 2.0 * sample; �$ �
    end �$$�
    V(out[i]) <+  �$��
     transition(value, dly, ttime); �$'�
   end �$(�
 endgenerate �$)�
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endmodule // adc ��+�
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module pipeline_adc (in, out) �''�
 parameter integer bits = 8 from [0:inf); �'(�
 parameter real fullscale = 1.0; �')�
 parameter real dly = 0.0; �'*�
 parameter real ttime = 10n; �(+�
 inout in; �(��
 inout [0:bits-1] out; �(��
 electrical in; �( �
 electrical [0:bits-1] out; �($�
 real value; �(��
 �('�
 analog begin �((�
  if (V(in) > fullscale/2.0) �()�
   value = fullscale; �(*�
  else �)+�
   value = 0.0; �)��
  V(out[bits-1]) <+ transition(value, dly, ttime); �)��
 end �) �
 �)$�
 generate �)��
  if (bits > 1) �)'�
   begin �)(�
    electrical n1; �))�
 �)*�
    analog �*+�
     V(n1) <+ �*��
      2.0 * fullscale * (V(in) - value); �*��
 �* �
    pipeline_adc �*$�
     #(.bits(bits-1), .fullscale(fullscale)) �*��
     section (n1, out[0:bits-2]); �*'�
   end �*(�
 endgenerate �*)�
 �**�
endmodule // pipeline_adc �++�
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module race (out); $�)�
inout [0:1] out; $�*�
electrical [0:1] out; $ +�
real x; $ ��
 $ ��
 analog $  �
  begin $ $�
   x = 1.0; $ ��
   V(out[0]) <+ x; $ '�
   x = 2.0; $ (�
   V(out[1]) <+ x; $ )�
  end $ *�
 $$+�
 analog $$��
  $strobe(•x = %g•, x); $$��
 $$ �
endmodule // race $$$�
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module rerace (out); $(��
inout [0:1] out; $( �
electrical [0:1] out; $($�
 $(��
 analog $('�
  begin : block1 $((�
   real x; $()�
   x = 1.0; $(*�
   V(out[0]) <+ x; $)+�
   x = 2.0; $)��
   V(out[1]) <+ x; $)��
  end $) �
 $)$�
 analog $)��
  $strobe(•x = %g•, block1.x); $)'�
 $)(�
endmodule // race $))�
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module cap_switch (n1, n2); �()�
inout n1, n2; �(*�
electrical n1, n2; �)+�
parameter real cap = 12f from (0:inf); �)��
parameter integer isOn = 0 from [0:1]; �)��
 �) �
 analog �)$�
  if (isOn) �)��
   V(n1, n2) <+ 0; �)'�
  else �)(�
   I(n1, n2) <+ 0; �))�
 �)*�
 analog �*+�
  V(n1, n2) <+ idt(I(n1, n2), 0)/cap; �*��
 �*��
endmodule // cap_switch �* �
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module multiphase_osc (out, out_q); ) (�
 parameter integer stages = 5 from [0:inf); ) )�
 parameter real fullscale = 1.0; ) *�
 parameter real dly = 0.0; )$+�
 parameter real ttime = 10n; )$��
 localparam integer odd = (stages-1)%2.0 from [0:1); )$��
 output [0:stages-1] out, out_q; )$ �
 electrical [0:stages-1] out, out_q; )$$�
 )$��
 genvar i; )$'�
  )$(�
 generate )$)�
  for (i = 0; i < stages; i = i + 1) )$*�
   begin : stage )�+�
    real value; )���
 )���
    analog begin )� �
     value = )�$�
      transition(stage[(i-1)%stages].value, )���
       dly, ttime); )�'�
     V(out[i]) <+ fullscale - value; )�(�
     V(out_q[i]) <+ value; )�)�
    end )�*�
   end )'+�
 endgenerate )'��
 )'��
 analog // Initialization )' �
  @(initial_step) )'$�
   stage[0].value = fullscale; )'��
 )''�
endmodule // multiphase_osc )'(�
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 analog // Initialization )()�
  @(initial_step) )(*�
   (* race_condition *) ))+�
    stage[0].value = fullscale; ))��
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module adc (in, out); )*$�
 parameter integer bits = 8 from [0:inf); )*��
 parameter real fullscale = 1.0; )*'�
 parameter real dly = 0.0; )*(�
 parameter real ttime = 10n; )*)�
 input in; )**�
 output [0:bits-1] out; *++�
 electrical in; *+��
 electrical [0:bits-1] out; *+��
 localparam real thresh = fullscale/2.0; *+ �
 real sample, value; *+$�
 genvar i; *+��
  *+'�
 analog *+(�
  sample = V(in); *+)�
 *+*�
 generate *�+�
  for (i = bits - 1; i >= 0; i = i - 1) *���
   concatenate analog begin *���
    if (sample > tresh) begin *� �
     value = fullscale; *�$�
     sample = 2.0 * (sample – thresh); *���
    end *�'�
    else begin *�(�
     value = 0.0; *�)�
     sample = 2.0 * sample; *�*�
    end *�+�
    V(out[i]) <+  *���
     transition(value, dly, ttime); *���
   end *� �
 endgenerate *�$�
 *���
endmodule // adc *�'�
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module adc (in, out); * ��
 parameter integer bits = 2 from [0:inf); * '�
 parameter real fullscale = 1.0; * (�
 parameter real dly = 0.0; * )�
 parameter real ttime = 10n; * *�
 input in; *$+�
 output [0:bits-1] out; *$��
 electrical in; *$��
 electrical [0:bits-1] out; *$ �
 localparam real thresh = fullscale/2.0; *$$�
 real sample, value; *$��
 genvar i; *$'�
  *$(�
 analog *$)�
  begin *$*�
   sample = V(in); *�+�
   begin : genblk1[0] *���
    if (sample > tresh) begin *���
     value = fullscale; *� �
     sample = 2.0 * (sample – thresh); *�$�
    end *���
    else begin *�'�
     value = 0.0; *�(�
     sample = 2.0 * sample; *�)�
    end *�*�
    V(out[0]) <+  *'+�
     transition(value, dly, ttime); *'��
   end *'��
   begin : genblk1[1] *' �
    if (sample > tresh) begin *'$�
     value = fullscale; *'��
     sample = 2.0 * (sample – thresh); *''�
    end *'(�
    else begin *')�
     value = 0.0; *'*�
     sample = 2.0 * sample; *(+�
    end *(��
    V(out[1]) <+  *(��
     transition(value, dly, ttime); *( �
   end *($�
  end  *(��
 *('�
endmodule // adc *((�
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module adc (in, out); *) �
 parameter integer bits = 8 from [0:inf); *)$�
 parameter real fullscale = 1.0; *)��
 parameter real dly = 0.0; *)'�
 parameter real ttime = 10n; *)(�
 input in; *))�
 output [0:bits-1] out; *)*�
 electrical in; **+�
 electrical [0:bits-1] out; **��
 localparam real thresh = fullscale/2.0; **��
 real sample, value; ** �
 genvar i; **$�
  **��
 concatenate analog **'�
  sample = V(in); **(�
 **)�
 generate ***�
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  for (i = bits - 1; i >= 0; i = i - 1) �+++�
   concatenate analog begin �++��
    if (sample > tresh) begin �++��
     value = fullscale; �++ �
     sample = 2.0 * (sample – thresh); �++$�
    end �++��
    else begin �++'�
     value = 0.0; �++(�
     sample = 2.0 * sample; �++)�
    end �++*�
    V(out[i]) <+  �+�+�
     transition(value, dly, ttime); �+���
   end �+���
 endgenerate �+� �
 �+�$�
endmodule // adc �+���
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module adc (in, out); �+���
 parameter integer bits = 8 from [0:inf); �+�'�
 parameter real fullscale = 1.0; �+�(�
 parameter real dly = 0.0; �+�)�
 parameter real ttime = 10n; �+�*�
 input in; �+ +�
 output [0:bits-1] out; �+ ��
 electrical in; �+ ��
 electrical [0:bits-1] out; �+  �
 localparam real thresh = fullscale/2.0; �+ $�
 real sample, value; �+ ��
 genvar i; �+ '�
  �+ (�
 analog �+ )�
  concatenate begin  �+ *�
   sample = V(in); �+$+�
  end �+$��
 �+$��
 generate �+$ �
  for (i = bits - 1; i >= 0; i = i - 1) �+$$�
   analog �+$��
    concatenate begin  �+$'�
     if (sample > tresh) begin �+$(�
      value = fullscale; �+$)�
      sample = 2.0 * (sample – thresh); �+$*�
     end �+�+�
     else begin �+���
      value = 0.0; �+���
      sample = 2.0 * sample; �+� �
     end �+�$�
     V(out[i]) <+  �+���
      transition(value, dly, ttime); �+�'�
    end �+�(�
 endgenerate �+�)�
 �+�*�
endmodule // adc �+'+�
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module adc (in, out); �+'*�
 parameter integer bits = 8 from [0:inf); �+(+�
 parameter real fullscale = 1.0; �+(��
 parameter real dly = 0.0; �+(��
 parameter real ttime = 10n; �+( �
 input in; �+($�
 output [0:bits-1] out; �+(��
 electrical in; �+('�
 electrical [0:bits-1] out; �+((�
 localparam real thresh = fullscale/2.0; �+()�
 genvar i; �+(*�
  �+)+�
 analog �+)��
  begin : body  �+)��
   real sample, value; �+) �
   sample = V(in); �+)$�
  end �+)��
 �+)'�
 generate �+)(�
  for (i = bits - 1; i >= 0; i = i - 1) �+))�
   analog �+)*�
    concatenate begin : body  �+*+�
     if (sample > tresh) begin �+*��
      value = fullscale; �+*��
      sample = 2.0 * (sample – thresh); �+* �
     end �+*$�
     else begin �+*��
      value = 0.0; �+*'�
      sample = 2.0 * sample; �+*(�
     end �+*)�
     V(out[i]) <+  �+**�
      transition(value, dly, ttime); ��++�
    end ��+��
 endgenerate ��+��
 ��+ �
endmodule // adc ��+$�
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module adc (in, out); ���'�
 parameter integer bits = 8 from [0:inf); ���(�
 parameter real fullscale = 1.0; ���)�
 parameter real dly = 0.0; ���*�
 parameter real ttime = 10n; ���+�
 input in; �����
 output [0:bits-1] out; �����
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 electrical in; ��� �
 electrical [0:bits-1] out; ���$�
 localparam real thresh = fullscale/2.0; �����
 real sample, value; ���'�
 genvar i; ���(�
  ���)�
 analog ���*�
  begin : stage �� +�
   sample = V(in); �� ��
  end �� ��
 ��  �
 generate �� $�
  for (i = bits - 1; i >= 0; i = i - 1) �� ��
   analog �� '�
    begin : continue stage �� (�
     if (sample > tresh) begin �� )�
      value = fullscale; �� *�
      sample = 2.0 * (sample – thresh); ��$+�
     end ��$��
     else begin ��$��
      value = 0.0; ��$ �
      sample = 2.0 * sample; ��$$�
     end ��$��
     V(out[i]) <+  ��$'�
      transition(value, dly, ttime); ��$(�
    end ��$)�
 endgenerate ��$*�
 ���+�
endmodule // adc �����
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module adc (in, out); ��'+�
 parameter integer bits = 8 from [0:inf); ��'��
 parameter real fullscale = 1.0; ��'��
 parameter real dly = 0.0; ��' �
 parameter real ttime = 10n; ��'$�
 input in; ��'��
 output [0:bits-1] out; ��''�
 electrical in; ��'(�
 electrical [0:bits-1] out; ��')�
 localparam real thresh = fullscale/2.0; ��'*�
 real sample, value; ��(+�
 genvar i; ��(��
  ��(��
 concatenate ��( �
 ��($�
  analog ��(��
   sample = V(in); ��('�
 ��((�
  generate ��()�
   for (i = bits - 1; i >= 0; i = i - 1) ��(*�
    analog begin  ��)+�
     if (sample > tresh) begin ��)��
      value = fullscale; ��)��
      sample = 2.0 * (sample – thresh); ��) �
     end ��)$�
     else begin ��)��
      value = 0.0; ��)'�
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      sample = 2.0 * sample; ��)(�
     end ��))�
     V(out[i]) <+  ��)*�
      transition(value, dly, ttime); ��*+�
    end ��*��
  endgenerate ��*��
 ��* �
 endconcatenate ��*$�
 ��*��
endmodule // adc ��*'�
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module adc (in, out); ��+$�
 parameter integer bits = 8 from [0:inf); ��+��
 parameter real fullscale = 1.0; ��+'�
 parameter real dly = 0.0; ��+(�
 parameter real ttime = 10n; ��+)�
 input in; ��+*�
 output [0:bits-1] out; ���+�
 electrical in; �����
 electrical [0:bits-1] out; �����
 localparam real thresh = fullscale/2.0; ��� �
 real sample, value; ���$�
 genvar i; �����
 ���'�
`default_analog concatenate ���(�
  ���)�
 analog ���*�
  sample = V(in); ���+�
 �����
 generate �����
  for (i = bits - 1; i >= 0; i = i - 1) ��� �
   analog begin  ���$�
    if (sample > tresh) begin �����
     value = fullscale; ���'�
     sample = 2.0 * (sample – thresh); ���(�
    end ���)�
    else begin ���*�
     value = 0.0; �� +�
     sample = 2.0 * sample; �� ��
    end �� ��
    V(out[i]) <+  ��  �
     transition(value, dly, ttime); �� $�
   end �� ��
 endgenerate �� '�
 �� (�
`default_analog concurrent �� )�
 �� *�
endmodule // adc ��$+�
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