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Soft-Ground Inverter: 
NAND design: 
 

 
Figure A.14: Transient Simulation, NAND Design 

 
 

 
Figure A.15: Static Power Consumption, NAND Design (A=0, B=0, Y=1) 
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Figure A.16: Static Power Consumption, NAND Design (A=0, B=1, Y=0) 

 
 
 

 
Figure A.17: Static Power Consumption, NAND Design (A=1, B=0, Y=1) 
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Figure A.18: Static Power Consumption, NAND Design (A=1, B=1, Y=1) 

 

Soft-Ground Inverter: 
 

 
Figure A.19: Transient Simulation, SG-Inverter 
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DC Analysis: 
 

 
Figure A.20: Static Power Consumption, SG-Inverter (A=0, B=0, Y=1) 

 
 
 

 
Figure A.21: Static Power Consumption, SG-Inverter (A=0, B=1, Y=0) 
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Figure A.22: Static Power Consumption, SG-Inverter (A=1, B=0, Y=1) 

 
 
 

 
Figure A.23: Static Power Consumption, SG-Inverter (A=1, B=1, Y=1) 
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Summary 
All of the simulations results from figures A.4-A20 are summarized in table A.2. It shows the 
comparisons between standard designs and the new designs. The bold values show the lowest 
power consumption for the given input combinations, as well as their sums. 
 

Table A.2: Static Power Consumption Summary 
Inputs NOR Design SS-Inverter NAND Design SG-

Inverter 
A = 0, B = 0 15.58nW 6.442nW 11.51nW 21.09nW 
A = 0, B = 1 21.10nW 6.855nW 24.01nW 8.783nW 
A = 1, B = 0 7.415nW 8.781nW 11.51nW 24.82nW 
A = 1, B = 1 16.15nW 23.02nW 15.23nW 14.75nW 

SUM 60.25nW 45.10nW 62.26nW 69.44nW 
 
The soft-supply inverter shows a reduction of about 25% in average static power 
consumption. Note that when both A and B the power consumption is much higher than for 
the other input combinations. 
 
The soft-ground inverter shows an increase of about 11.5% in average static power 
consumption. 
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Dynamic Power Consumption 
The different designs were simulated by putting several circuits in a loop. Initial conditions 
were placed so that the circuit would begin oscillating once the simulation started. Here, all 
elements share the same supply voltage (1V). 
Because of the different logical behaviors, the simulation setup had to be different for each 
design. 

NOR Design 
The setup for simulating the dynamic power consumption of the NOR design is shown in 
figure A.24 below. 

 

 
Figure A.24: Setup for Dynamic Power Consumption, NOR Design 

 
The input B on the gate is set to a constant high input value while input A will continuously 
change as the circuit oscillates. 
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Figure A.25 shows the transient simulation. 

 
Figure A.25: Dynamic Power Consumption, NOR Design 

 
5 elements in oscillation 

 

 
Figure A.26: 5 elements oscillating, NOR Design 

 
The power consumption was –36.51uA. 
A period took –0.156ns. 
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3 elements in oscillation 

 

 
Figure A.27: 3 elements oscillating, NOR Design 

 
The power consumption was –34.01uA. 
A period took –0.081ns. 
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Soft-Supply Inverter 
The setup for simulating the dynamic power consumption of the soft-supply inverter is shown 
in figure A.28 below. 
 

 
Figure A.28: Setup for Dynamic Power Consumption, SS-Inverter 

The input B is set to a constant high input value while input A will continuously change as the 
circuit oscillates. That way, the inverter inside the design will also be used in every loop. 
Figure A.29 shows the transient simulation. 

 

 
Figure A.29: Dynamic Power Consumption, SS-Inverter 
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5 elements in oscillation 

 

 
Figure A.30: 5 elements oscillating, SS-Inverter 

 
The power consumption was –79.09uA. 
A period took –0.178ns. 
 
3 elements in oscillation 
 

 
Figure A.31: 3 elements oscillating, NOR Design 

 
The power consumption was –72.33uA. 
A period took –0.096ns. 
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NAND Design 
The setup for simulating the dynamic power consumption of the soft-supply inverter is shown 
in figure A.32 below. 
 

 
Figure A.32: Setup for Dynamic Power Consumption, NAND Design 

 
The input B is set to a constant high input value while input A will continuously change as the 
circuit oscillates. 
Figure A.33 shows the transient simulation. 

 

 
Figure A.33: Dynamic Power Consumption, NAND Design 

 
The power consumption was –44.22uA. 
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Soft-Ground Inverter 
The setup for simulating the dynamic power consumption of the soft-supply inverter is shown 
in figure A.34 below. 
 

 
Figure A.34: Setup for Dynamic Power Consumption, SG-Inverter 

The input B is set to a constant high input value while input A will continuously change as the 
circuit oscillates. 

Figure A.35 shows the transient simulation. 
 

 
Figure A.35: Dynamic Power Consumption, SG-Inverter 

 
The power consumption was –56.28uA. 
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Summmary 
 
Because the results from simulating the soft-ground inverter revealed little to no 
improvement, it was not of any interest to experiment more with it. 
 
The simulations are summarized in table A.3 and A.4. 
 

Table A.3: Dynamic Power Consumption Summary 
# Elements NOR Design SS-Inverter NAND Design SG-

Inverter 
5 36.51uA 74.09uA 44.22uA 56.28uA 
3 34.01nA 72.33uA - - 

 
Table A.4: Period of oscillation 

# Elements NOR Design SS-Inverter NAND Design SG-
Inverter 

5 0.156ns 0.178ns - - 
3 0.081ns 0.096ns - - 

 
It would seem that the soft-supply inverter is slower than the conventional design. 
Additionally, the dynamic power consumption is about twice as much (table A.5). 
 

Table A.5: Dynamic Power Consumption 
# Elements NOR Design SS-Inverter 
5 5.70fJs 13.2fJs 
3 2.75fJs 6.94fJs 
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Appendix B – VerilogA Scripts 
Here are the VerilogA codes used in the work. 

B.1 DAC 
 
// VerilogA for SAR_ADC, DAC, veriloga 
 
 
`include "constants.vams" 
`include "disciplines.vams" 
 
module DAC(CLK, Vn, Vp, Mux_A, Mux_B, Vcm, Vinn, Vinp, Vrefn, Vrefp, 
sample); 
output Vn; 
electrical Vn; 
 
output Vp; 
electrical Vp; 
 
input CLK; 
electrical CLK; 
 
input [0:7] Mux_A; 
electrical [0:7] Mux_A; 
 
input [0:7] Mux_B; 
electrical [0:7] Mux_B; 
 
input Vcm; 
electrical Vcm; 
 
input Vinn; 
electrical Vinn; 
input Vinp; 
electrical Vinp; 
 
input Vrefn; 
electrical Vrefn; 
input Vrefp; 
electrical Vrefp; 
 
input sample; 
electrical sample; 
 
parameter real delay = 2n; 
parameter real trise = 1n; 
parameter real tfall = 1n; 
 
//Output from DAC 
real VN, VP; 
 
//Temporary values used for bit-cycling 
real VIN, VIP; 
 
//Input pins 
real vn0, vn1, vn2, vn3, vn4, vn5, vn6, vn7, 
 vp0, vp1, vp2, vp3, vp4, vp5, vp6, vp7; 
 
analog begin 
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// Sampling 
@(cross( V(sample) - 0.5, -1)) begin 
 VIN = V(Vinn); 
 VIP = V(Vinp); 
end 
 
 // Bit0 
 if ( V(Mux_A[0]) < 0.5 ) begin 
  if ( V(Mux_B[0]) < 0.5 ) begin // AB = 00; 
   vn0 = 0; 
   vp0 = 0; 
  end else begin    // AB = 01; 
   vn0 = 0; 
   vp0 = 1; 
  end 
 end else begin 
  if ( V(Mux_B[0]) < 0.5 ) begin // AB = 10; 
   vn0 = 1; 
   vp0 = 0; 
  end else begin    // AB = 11; 
//   VN = V(Vinn); 
//   VP = V(Vinp); 
  end 
 end 
 
 // Bit1 
 if ( V(Mux_A[1]) < 0.5 ) begin 
  if ( V(Mux_B[1]) < 0.5 ) begin // AB = 00; 
   vn1 = 0; 
   vp1 = 0; 
  end else begin    // AB = 01; 
   vn1 = 0; 
   vp1 = 1; 
  end 
 end else begin 
  if ( V(Mux_B[1]) < 0.5 ) begin // AB = 10; 
   vn1 = 1; 
   vp1 = 0; 
  end else begin    // AB = 11; 
//   VN = V(Vinn); 
//   VP = V(Vinp); 
  end 
 end 
 
 // Bit2 
 if ( V(Mux_A[2]) < 0.5 ) begin 
  if ( V(Mux_B[2]) < 0.5 ) begin // AB = 00; 
   vn2 = 0; 
   vp2 = 0; 
  end else begin    // AB = 01; 
   vn2 = 0; 
   vp2 = 1; 
  end 
 end else begin 
  if ( V(Mux_B[2]) < 0.5 ) begin // AB = 10; 
   vn2 = 1; 
   vp2 = 0; 
  end else begin    // AB = 11; 
//   VN = V(Vinn); 
//   VP = V(Vinp); 
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  end 
 end 
 
 
 // Bit3 
 if ( V(Mux_A[3]) < 0.5 ) begin 
  if ( V(Mux_B[3]) < 0.5 ) begin // AB = 00; 
   vn3 = 0; 
   vp3 = 0; 
  end else begin    // AB = 01; 
   vn3 = 0; 
   vp3 = 1; 
  end 
 end else begin 
  if ( V(Mux_B[3]) < 0.5 ) begin // AB = 10; 
   vn3 = 1; 
   vp3 = 0; 
  end else begin    // AB = 11; 
//   VN = V(Vinn); 
//   VP = V(Vinp); 
  end 
 end 
 
 // Bit4 
 if ( V(Mux_A[4]) < 0.5 ) begin 
  if ( V(Mux_B[4]) < 0.5 ) begin // AB = 00; 
   vn4 = 0; 
   vp4 = 0; 
  end else begin    // AB = 01; 
   vn4 = 0; 
   vp4 = 1; 
  end 
 end else begin 
  if ( V(Mux_B[4]) < 0.5 ) begin // AB = 10; 
   vn4 = 1; 
   vp4 = 0; 
  end else begin    // AB = 11; 
//   VN = V(Vinn); 
//   VP = V(Vinp); 
  end 
 end 
 
 // Bit5 
 if ( V(Mux_A[5]) < 0.5 ) begin 
  if ( V(Mux_B[5]) < 0.5 ) begin // AB = 00; 
   vn5 = 0; 
   vp5 = 0; 
  end else begin    // AB = 01; 
   vn5 = 0; 
   vp5 = 1; 
  end 
 end else begin 
  if ( V(Mux_B[5]) < 0.5 ) begin // AB = 10; 
   vn5 = 1; 
   vp5 = 0; 
  end else begin    // AB = 11; 
//   VN = V(Vinn); 
//   VP = V(Vinp); 
  end 
 end 
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 // Bit6 
 if ( V(Mux_A[6]) < 0.5 ) begin 
  if ( V(Mux_B[6]) < 0.5 ) begin // AB = 00; 
   vn6 = 0; 
   vp6 = 0; 
  end else begin    // AB = 01; 
   vn6 = 0; 
   vp6 = 1; 
  end 
 end else begin 
  if ( V(Mux_B[6]) < 0.5 ) begin // AB = 10; 
   vn6 = 1; 
   vp6 = 0; 
  end else begin    // AB = 11; 
//   VN = V(Vinn); 
//   VP = V(Vinp); 
  end 
 end 
 
 // Bit7 
 if ( V(Mux_A[7]) < 0.5 ) begin 
  if ( V(Mux_B[7]) < 0.5 ) begin // AB = 00; 
   vn7 = 0; 
   vp7 = 0; 
  end else begin    // AB = 01; 
   vn7 = 0; 
   vp7 = 1; 
  end 
 end else begin 
  if ( V(Mux_B[7]) < 0.5 ) begin // AB = 10; 
   vn7 = 1; 
   vp7 = 0; 
  end else begin    // AB = 11; 
//   VN = V(Vinn); 
//   VP = V(Vinp); 
  end 
 end 
  
 VN = VIN - vn0*pow(0.5,1)*V(Vrefp) 
    - vn1*pow(0.5,2)*V(Vrefp) 
    - vn2*pow(0.5,3)*V(Vrefp) 
    - vn3*pow(0.5,4)*V(Vrefp) 
    - vn4*pow(0.5,5)*V(Vrefp) 
    - vn5*pow(0.5,6)*V(Vrefp) 
    - vn6*pow(0.5,7)*V(Vrefp) 
    - vn7*pow(0.5,8)*V(Vrefp); 
 
 VP = VIP - vp0*pow(0.5,1)*V(Vrefp) 
    - vp1*pow(0.5,2)*V(Vrefp) 
    - vp2*pow(0.5,3)*V(Vrefp) 
    - vp3*pow(0.5,4)*V(Vrefp) 
    - vp4*pow(0.5,5)*V(Vrefp) 
    - vp5*pow(0.5,6)*V(Vrefp) 
    - vp6*pow(0.5,7)*V(Vrefp) 
    - vp7*pow(0.5,8)*V(Vrefp); 
 
V(Vn) <+ transition( VN, delay, trise, tfall ); 
V(Vp) <+ transition( VP, delay, trise, tfall ); 
 
end //analog end 
endmodule 
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B.2 Comparator 
 
// VerilogA for SAR_ADC, Comparator, veriloga 
 
`include "constants.vams" 
`include "disciplines.vams" 
 
 
module Comparator(vn, vp, clk, out); 
input vn, vp, clk; 
output out; 
 
electrical vn, vp, clk, out; 
 
parameter real supply = 1.0; 
parameter real delay = 2n; 
parameter real trise = 1n; 
parameter real tfall = 1n; 
 
integer VOUT; 
 
analog begin 
 
@(cross( V(clk) - 0.5, -1)) begin 
 if ( V(clk) < 0.5) begin 
  VOUT = supply*( V(vn) < V(vp) ); 
 end 
end 
 
if ( V(clk) > 0.5) VOUT = 0; 
 
V(out) <+ transition( VOUT, delay, trise, tfall ); 
 
end //analog end 
 
endmodule 
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B.3 Ideal ADC 
 
// VerilogA for SAR_ADC, Ideal_ADC, veriloga 
 
`include "constants.vams" 
`include "disciplines.vams" 
 
module Ideal_ADC(Input, Done, Output); 
 
input Input; 
electrical Input; 
 
input Done; 
electrical Done; 
 
output [0:8] Output; 
electrical [0:8] Output; 
 
parameter real trise = 1n; 
parameter real tfall = 1n; 
parameter real delay = 2n; 
 
real sampl; 
 
integer Vout[0:8]; 
integer i; 
 
analog begin 
 
@(cross( V(Done) - 0.5, -1)) begin 
 sampl = V(Input); 
 for ( i=0;i<=8;i=i+1) begin 
  if( (sampl-pow(0.5,i+1)) > 0 ) begin 
   Vout[i] = 1; 
   sampl = sampl - pow(0.5,i+1); 
  end else begin 
   Vout[i] = 0; 
  end 
 end 
end 
 
V(Output[0]) <+ transition(Vout[0], trise, tfall, delay); 
V(Output[1]) <+ transition(Vout[1], trise, tfall, delay); 
V(Output[2]) <+ transition(Vout[2], trise, tfall, delay); 
V(Output[3]) <+ transition(Vout[3], trise, tfall, delay); 
V(Output[4]) <+ transition(Vout[4], trise, tfall, delay); 
V(Output[5]) <+ transition(Vout[5], trise, tfall, delay); 
V(Output[6]) <+ transition(Vout[6], trise, tfall, delay); 
V(Output[7]) <+ transition(Vout[7], trise, tfall, delay); 
V(Output[8]) <+ transition(Vout[8], trise, tfall, delay); 
 
end //analog 
 
endmodule 
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B.4 Ideal ADC 
 
// VerilogA for SAR_ADC, Ideal_DAC, veriloga 
 
`include "constants.vams" 
`include "disciplines.vams" 
 
module Ideal_DAC(Input, Done, Output); 
 
input [0:8] Input; 
electrical [0:8] Input; 
 
input Done; 
electrical Done; 
 
output Output; 
electrical Output; 
 
real OUT; 
real v0; 
real v1; 
real v2; 
real v3; 
real v4; 
real v5; 
real v6; 
real v7; 
real v8; 
 
parameter real tfall = 1n; 
parameter real trise = 1n; 
parameter real delay = 2n; 
 
analog begin 
 
v0 = V(Input[0]); 
v1 = V(Input[1]); 
v2 = V(Input[2]); 
v3 = V(Input[3]); 
v4 = V(Input[4]); 
v5 = V(Input[5]); 
v6 = V(Input[6]); 
v7 = V(Input[7]); 
v8 = V(Input[8]); 
 
@(cross(V(Done) - 0.5, +1)) begin 
 if (V(Done) > 0.5) begin 
  OUT = 0.5*v0 + pow(0.5,2)*v1 + pow(0.5,3)*v2 + pow(0.5,4)*v3 + 
pow(0.5,5)*v4 + pow(0.5,6)*v5 + pow(0.5,7)*v6 + pow(0.5,8)*v7 + 
pow(0.5,9)*v8; 
  //$display("", v0, v1, v2, v3, v4, v5, v6, v7, v8); 
 end 
end 
 
V(Output) <+ transition(OUT,trise, tfall, delay); 
 
end // analog 
 
endmodule 


