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def get_phase_max(duty_cycle_signal, duty_cycle_ref_signal, phase_state, ref_signal_phase): 

    if (phase_state == 1): 

        phase = ref_signal_phase + 0 - self.delta 

    elif (phase_state == 2): 

        phase = ref_signal_phase + 0 + self.delta 

    elif (phase_state == 3): 

        phase = ref_signal_phase + self.Tper*duty_cycle_ref_signal - self.delta 

    elif (phase_state == 4): 

        phase = ref_signal_phase + self.Tper*duty_cycle_ref_signal + self.delta 

    elif (phase_state == 5): 

        phase = ref_signal_phase + self.Tper - self.Tper*duty_cycle_signal - self.delta 

    elif (phase_state == 6): 

        phase = ref_signal_phase + self.Tper - self.Tper*duty_cycle_signal + self.delta 

    return phase 

  

def shift_signals_max(signal, signal_idx, ref_signal, ref_signal_idx, ports, phase): 
    phase_shift_max = [''] 

    for phase_state in range(1, 7): 

        phase[signal_idx] = get_phase(duty_cycle[0], duty_cycle[0], phase_state, 

phase[ref_signal_idx]) 

        if (signal_idx < len(ports)-1): 

            for i in range(0, signal_idx+1): 

                shift_signals(ports[signal_idx+1], signal_idx+1, ports[i], i, ports, phase) 

        else: 

            phase_list.append(phase) 

            for item in phase: 

                phase_shift_max.append(item)  

    return phase_shift_max 
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def get_phase_min(duty_cycle_signal, duty_cycle_ref_signal, phase_state, ref_signal_phase): 

    if (phase_state == 1): 

        phase = ref_signal_phase 

    elif (phase_state == 2): 

        phase = ref_signal_phase + Tper*duty_cycle_ref_signal 

    elif (phase_state == 3): 

        phase = ref_signal_phase + Tper - Tper*duty_cycle_signal 

    return phase 

 

def shift_signals_min(signal, signal_idx, ref_signal, ref_signal_idx, ports, phase): 
    phase_shift_min = [''] 

    for phase_state in range(1, 4): 

        phase[signal_idx] = get_phase(duty_cycle[0], duty_cycle[0], phase_state, 

phase[ref_signal_idx]) 

        if (signal_idx < len(ports)-1): 

            for i in range(0, signal_idx+1): 

                shift_signals(ports[signal_idx+1], signal_idx+1, ports[i], i, ports, phase) 

        else: 

            phase_list.append(phase) 

            for item in phase: 

                phase_shift_min.append(item) 

    return phase_shift_min 
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********************************************************************* 

***    Switch 

********************************************************************* 

.param rsw_l=100 

.param swvolt_l=-0.0001 

.param tswd_l=100p 

************************************* 

 

vswitch_l master_in sw1_l swvolt_l 

rsw1_l    sw1_l     sw2_l rsw_l 

gswitch_l sw2_l     master_out VCR PWL(1) clksw 0 0,100meg vdd,1m 

 

************************************* 

.param rsw_h=1000meg 

.param swvolt_h=0 

.param tswd_h=100p 

************************************* 

 

vswitch_h master_in sw1_h swvolt_h 

rsw1_h    sw1_h     sw2_h rsw_h 

gswitch_h sw2_h     master_out VCR PWL(1) clksw 0 0,1m vdd,100meg 

************************************* 

 

vclksw clksw  0 pwl (1p vdd '1p+tswd_l' vdd '2p+tswd_l' 0) 

 

********************************************************************* 

***    Measures       

********************************************************************* 

.param A = 28 

.param B = 2 

 

.meas tran time_1_1 WHEN PAR('v(master_out)-v(master_in)')='vdd/B' td=100p 

.meas tran time_2_1 WHEN PAR('v(master_out)-v(master_in)')='vdd/A' td=100p 

.meas tran tau_1_m    param='(time_1_1-time_2_1)/log(A/B)' 

********************************************************************* 

.meas tran time_1_2 WHEN PAR('-v(master_out)+v(master_in)')='vdd/B' td=100p 

.meas tran time_2_2 WHEN PAR('-v(master_out)+v(master_in)')='vdd/A' td=100p 

.meas tran tau_2_m    param='(time_1_2-time_2_2)/log(A/B)' 

********************************************************************* 
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DFFX1 DFFX2  
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.subckt SYNC_DFFX1 clk d q meta_out_b 

xp4 fb1 clkn vdd vdd p105 w=0.3u l=0.03u nf=1.0 m=1 

xpc1 clkn clk vdd vdd p105 w=0.74u l=0.03u nf=1.0 m=1 

xpc2 clkp clkn vdd vdd p105 w=0.74u l=0.03u nf=1.0 m=1 

xp1 d1 clkp d2 vdd p105 w=0.40u l=0.03u nf=1.0 m=1 

xp01 d1 d vdd vdd p105 w=0.45u l=0.03u nf=1.0 m=1 

xp10 fb4 clkp vdd vdd p105 w=0.3u l=0.03u nf=1.0 m=1 

xp2 d3 d2 vdd vdd p105 w=0.70u l=0.03u nf=1.0 m=1 

xp12 d5 d4 vdd vdd p105 w=0.70u l=0.03u nf=1.0 m=1 

xp14 qn d4 vdd vdd p105 w=0.80u l=0.03u nf=1.0 m=1 

xp13 q d5 vdd vdd p105 w=0.80u l=0.03u nf=1.0 m=1 

xp7 d4 clkn d3 vdd p105 w=0.40u l=0.03u nf=1.0 m=1 

xp11 d4 d5 fb4 vdd p105 w=0.3u l=0.03u nf=1 m=1 

xp5 d2 d3 fb1 vdd p105 w=0.3u l=0.03u nf=1 m=1 

xnc1 clkn clk vss vss n105 w=0.4u l=0.03u nf=1 m=1 

xnc2 clkp clkn vss vss n105 w=0.4u l=0.03u nf=1 m=1 

xn2 d3 d2 vss vss n105 w=0.35u l=0.03u nf=1 m=1 

xn01 d1 d vss vss n105 w=0.25u l=0.03u nf=1.0 m=1 

xn12 d5 d4 vss vss n105 w=0.35u l=0.03u nf=1 m=1 

xn10 fb5 clkn vss vss n105 w=0.3u l=0.03u nf=1.0 m=1 

xn14 qn d4 vss vss n105 w=0.42u l=0.03u nf=1 m=1 

xn13 q d5 vss vss n105 w=0.42u l=0.03u nf=1 m=1 

xn1 d1 clkn d2 vss n105 w=0.30u l=0.03u nf=1.0 m=1 

xn7 d4 clkp d3 vss n105 w=0.30u l=0.03u nf=1.0 m=1 

xn5 d2 d3 fb2 vss n105 w=0.3u l=0.03u nf=1.0 m=1 

xn4 fb2 clkp vss vss n105 w=0.3u l=0.03u nf=1.0 m=1 

xn11 d4 d5 fb5 vss n105 w=0.3u l=0.03u nf=1.0 m=1 

 

xmp1 net364 cap vdd vdd p105 w=0.70u l=0.03u nf=1.0 m=1 

xmp2 xor_out d3 net364 vdd p105 w=0.70u l=0.03u nf=1.0 m=1 

xmp3 net361 net364 vdd vdd p105 w=0.70u l=0.03u nf=1.0 m=1 

xmp4 xor_out net364 d3 vdd p105 w=0.40u l=0.03u nf=1.0 m=1 

xmp5 d1 clkp cap vdd p105 w=0.40u l=0.03u nf=1.0 m=1 

xmp6 meta_out_b bias vdd vdd p105 w=0.70u l=0.03u nf=1.0 m=1 

xmp7 bias vss vss vdd p105 w=0.35u l=0.03u nf=1.0 m=1 

xmp8 net346 xor_out vdd vdd p105 w=0.70u l=0.03u nf=1.0 m=1 

xmn1 net364 cap vss vss n105 w=0.35u l=0.03u nf=1 m=1 

xmn2 xor_out d3 net361 vss n105 w=0.35u l=0.03u nf=1 m=1 

xmn3 xor_out net361 d3 vss n105 w=0.30u l=0.03u nf=1.0 m=1 

xmn4 net361 net364 vss vss n105 w=0.35u l=0.03u nf=1 m=1 

xmn5 d1 clkn cap vss n105 w=0.30u l=0.03u nf=1.0 m=5 

xmn6 meta_out_b net346 vss vss n105 w=0.35u l=0.03u nf=1 m=1 

xmn7 net346 meta_out_b vss vss n105 w=0.35u l=0.03u nf=1 m=1 

.ends SYNC_DFFX1 



- 132 - 
 



- 133 - 
 



- 134 - 
 



- 135 - 
 

 

 

 



- 136 - 
 

 

 

 

 

 

 



- 137 - 
 

 

 

 

 

 

 

 

 



- 138 - 
 

 

 

 



- 139 - 
 

 

 

 

 

 

 

 

 

  

 

https://www.synopsys.com/content/dam/synopsys/verification/datasheets/hspice-ds.pdf
https://www.cadence.com/content/cadence-www/global/en_US/home/training/all-courses/85051.html
https://www.cadence.com/content/cadence-www/global/en_US/home/training/all-courses/85051.html
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https://www.synopsys.com/verification/simulation/vcs.html
https://www.synopsys.com/content/dam/synopsys/implementation&signoff/datasheets/primetime-ds.pdf
https://www.synopsys.com/content/dam/synopsys/implementation&signoff/datasheets/primetime-ds.pdf
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https://www.cadence.com/content/cadence-www/global/en_US/home/tools/digital-design-and-signoff/silicon-signoff/tempus-timing-signoff-solution.html
https://www.cadence.com/content/cadence-www/global/en_US/home/tools/digital-design-and-signoff/silicon-signoff/tempus-timing-signoff-solution.html
https://www.synopsys.com/dw/ipdir.php?ds=dwc_standard_cell
https://www.cadence.com/content/cadence-www/global/en_US/home/alliances/standards-and-languages/ecsm-library-format.html
https://www.cadence.com/content/cadence-www/global/en_US/home/alliances/standards-and-languages/ecsm-library-format.html
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