FET Based Master Slave Negative Edge Triggered Flipflop Using
Sky130PDK

Theory:

A negative-edge triggered D type master-slave flip-flop consists of a pair of D-latches, positive
latch (master) and negative latch (slave) connected in series. The latches are designed using
mux by giving feedback from output to one of the inputs of 2:1 mux in. The mux is constructed
using the transmission gates. The transmission gate is a bidirectional circuit which is made by
connecting the pfet and nfet in parallel. The clock is given to the select lines of the mux so that
the entire circuit behaves as the master slave negative edge triggered flipflop. During the high
level of the clock, the master samples the input and the slave retains the previous output through
feedback. At low level of the clock, the slave will go to transparent mode and samples the
output of the master and the master will go to the hold mode, retaining the previous value.
Thus, the output of master slave negative edge triggered flipflop changes once in one clock
cycle during the high to low transition of clock. The transistors for designing all the circuits

were used form the SKY130PDK library in eSim.

Schematic Diagram:

The circuit schematic of the FET based master slave negative edge triggered flipflop using

sky130pdk in eSim is as shown below:



T I i 3 I T I 5 I

T =
Master. Slave Negative Edge: Triggered Flipflop

Mazier Stage | Positive Latch ) Slave Stage.( Negative Latch )

=
©
=]
o
£
Q
"

|$4:0e_pter 018 ot
ﬁo "E

$3h EJ. LAt

koy3h
[Vdd)

"’ 2by330.)

_(L #ya30.|

B30 a.ov_..mnéf o
5036
Em— steran ot dilgw

A
43

ShyL30.H4, _,rrmg,# .

SK1130.54 ors ntet

Clork Circutt

Rlot. Functipns.

plet.vi [olol_v1olotvd Tpiel vl [olotvi

E el Sheel: 7
a a Filgz me_if:sch
Title:
Size; A Daie: [ Few:
¥iCed € DA eeschems & 0.7-¢r2-£376570bun vl 6,04 1 [ e 1A
3 T 7 T k] T T T ¥ T

Figure 1: Schematic of the Master Slave Negative Edge Triggered Flipflop
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Figure 2: Clock Circuit




Simulation Results:

1. Ngspice Plots:
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Figure 3: Clock Signal
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Figure 4: Clock bar Signal
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Figure 6: Master Output
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Figure 8: Combined Waveforms of the Master Slave Negative Edge Triggered Flipflop
using SKY130PDK



2. Netlist

ms_ff.cir.out = @ &3

* /lhome/kanish/fet-based-master-slave-negative-edge-triggered-flipflop-using-sky130pdk/ms_ff/ms_ff.cir
.include "/usr/share/local/sky130_fd_pr/models/sky130_fd_pr__model__linear.model.spice"
.include "/usr/share/local/sky130_fd_pr/models/sky130_fd_pr__model__diode_pd2nw_11v0.model.spice"
.lib "/usr/share/local/sky130_fd_pr/models/sky130.lib.spice" tt

.include "/usr/share/local/sky130_fd_pr/models/sky130_fd_pr__model__inductors.model.spice"
.include "/usr/share/local/sky130_fd_pr/models/sky130_fd_pr__model__diode_pw2nd_11v0.model.spice"
.include "/usr/share/local/sky130_fd_pr/models/sky130_fd_pr__model__r+c.model.spice"
.include "/usr/share/local/sky130_fd_pr/models/sky130_fd_pr__model__pnp.model.spice"
v2 vdd gnd dc 1.8

v3 clk gnd pulse(0 1.8 0.1m 0.1m 0.1m 1m 2m)

xscl clk_bar clk vdd vdd sky130_fd_pr_ pfet_01v8_hvt

xsc2 clk_bar clk gnd gnd sky130_fd_pr_ nfet_01v8_Ivt

xsc17 net-_sc17-padl_ clk_bar net-_sc13-padl_vdd sky130_fd_pr_ pfet 01v8_hvt

xsc19 net-_sc17-padl_ clk net-_scl5-padl_ vdd sky130_fd_pr_ pfet 01v8_hvt

xsc7 net-_scl0-pad3_ clk net-_sc5-padl_vdd sky130_fd_pr_ pfet 01v8_hvt

xsc9 net-_scl0-pad3_ clk_bar net-_sc10-padl_ vdd sky130_fd_pr_ pfet_01v8_hvt

xsc8 net-_sc5-padl_ clk_bar net-_sc10-pad3_ gnd sky130_fd_pr_ nfet_01v8_Ivt

xsc10 net-_sc10-padl_ clk net-_sc10-pad3_gnd sky130_fd_pr_ nfet 01v8_Ivt

xsc18 net-_sc13-padl_ clk net-_scl7-padl_gnd sky130_fd_pr_ nfet 01v8_Ivt

xsc20 net-_sc15-padl_ clk_bar net-_sc17-padl_gnd sky130_fd_pr_ nfet 01v8_Ivt

xsc4 net-_sc10-padl_d gnd gnd sky130_fd_pr_ nfet 01v8_Ivt

xsc3 net-_scl0-padl_d vdd vdd sky130_fd_pr_ pfet 01v8_hvt

xsc6 net-_sc5-padl_qgm gnd gnd sky130_fd_pr_ nfet_01v8_lvt

xsc5 net-_sc5-padl_qm vdd vdd sky130_fd_pr_ pfet 01v8_hvt

xscll gm net-_sc10-pad3_ vdd vdd sky130_fd_pr_ pfet 01v8_hvt

xsc12 gm net-_sc10-pad3_gnd gnd sky130_fd_pr_ nfet 01v8_Ivt

xsc21 q net-_sc17-padl_vdd vdd sky130_fd_pr_ pfet 01v8_hvt

xsc22 q net-_sc17-padl_gnd gnd sky130_fd_pr_ nfet 01v8_Ivt

xsc15 net-_sc15-padl_qgm vdd vdd sky130_fd_pr_ pfet 01v8_hvt

xsc16 net-_sc15-padl_qgm gnd gnd sky130_fd_pr_ nfet_01v8_lvt

xscl13 net-_sc13-padl_q vdd vdd sky130_fd_pr_ pfet_01v8_hvt

xsc14 net-_sc13-padl_q gnd gnd sky130_fd_pr_ nfet 01v8_Ivt

vl dgnd pulse(0 1.8 0.1m 0.1m 0.1m 4m 8m)

*ul dplot_ vl

*u2 clk_bar plot_vl

*u3 clk plot_vl

*u4 gm plot_vl

*u5 qplot vl

*scmode

.tran 1e-03 50e-03 0e-00

* Control Statements

.control

run

print allv > plot_data_v.txt

print alli > plot_data_i.txt

plot v(d)+6 v(clk_bar)+9 v(clk)+12 v(gm)+3|v(q)

write ms_ff.raw all

.endc

.end

Save and Exit

Figure 9: Netlist

3. GAW - Gtk Analog Wave viewer Plot
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Figure 10: Combined Waveform in GTK Analog Viewer



Conclusion:

Thus, we have implemented the FET based master slave negative edge triggered flipflop using

Sky130PDK in eSim and the appropriate waveforms are obtained.
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