FEAS B ESE HW2

1. Please design an inverter with (W /L)y = 1.8 um/0.2 um.

a. Find and report the PMOS size such that the transition point happens at
V.

out

= 0.5-Vpp when V;, isalso 0.5-Vpp.

Ans. (W/L)p = 6.07 um/ 0.2 um

b. What is the ratio between PMOS and NMOS? Why?

Ans. The ratio between PMOS and NMOS is (W/L)p/(W/L)n = 6.07 um/ 1.8 um =

3.37 - when Vin = Vout = 0.5VDD, NMOS and PMOS are in Saturation region, and
ld,n =Id,p. BRZFLZRZE - 10 : y, Cox, (Vgs-Vth), (1+ AVds) - Houpy s e E
AERK - uKZURI3ME - (1+ AVAs)WEERNRLIEL S - &R
(W/L)p/(W/Ln BEEEE3MIT - 559) - Beta ratio#974$0.906 -

C.

Simulate and plot the DC voltage transfer curve of this inverter as V,,;
vs. V.

0
1

. 0.6 0.8
(I S E— T S T R [ E— [— TE -
1.8t

1.2
T -

1.6

1.4

1.2

slope_half_vdd= -20.1862

T i T U T T T i T T T T 1] T T T T _|
VOLTS(volt) (lin) 0.2 0.8

T oo L L |
1.6 1.8
d.

Find the values of V;;, Voy, Viy, and Vjy, at points with slope of —1.
Vi =0.7554V VoL =923 mV
VIH = 1035 V VOH = 168 V

Fimeasure B #RlZslope = -1f9value

meas DC VIL when deriv('V(VOUT)')=-1 fall=1l
.meas DC VOH find V(VOUT) when deriv{'V{(VOUT)')=-1 fall=1l

meas DC VIH when deriv('V(VOUT)')=-1 rise=]

meas DC VOL find V(VOUT) when deriv('V(VOUT)"')=-1 rise=1



e. What are the noise margins NM; and NMj of your design?

NML = V||_ - VOL = 07554 - 00923 = 06631 V
NMH = VOH - VIH = 168 - 1035 = 06450 V

f. Complete the layout (including DRC and LVS). Show figures of your layout
with DRC and LVS reports.
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2. Please design a NAND3 gate with all 3 NMOS sizes of 5.4 um/0.2 um.
a. Connect all three inputs together and design the PMOS sizes such that
the transition point happens at V,, = 0.5-Vpp when Vj;,, is 0.5 Vpp,

the same as the inverter in Q1. All three PMOS sizes should be the same.

Ans. All PMOS sizes will be (W/L)p = 2.218 um/ 0.2 um
b. What is the ratio between PMOS and NMOS? How is it compared to the
answer to Qlb and why?

Ans. The ratio between PMOS and NMOS is (W/L)p/(W/L)n = 2.218 um/ 5.4 um =
0.411 - ratioQ1/ratioQ2=3.37/0.411=8.2E#3191Z - S X7E8 ~ IZ 2@ - FQLlMWinverter
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c. Simulate and plot the DC voltage transfer curve of this inverter as V,,;

vs. Vi, (with all three inputs tied together).
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d. Find the values of V,;, Vyy, Viy, and V,, at points with slope of —1.
V, =770.115 mV VoL =96.412 mV get the values
Viy =1.0209V Vou =1.6937V by meas. Method

e. What are the noise margins NM; and NMy of this design? How are
they compared to those of the inverter in Ql? Explain reasons for the

difference.

NM, =V, - Vo =0.770115 - 0.096412 = 0.673703 V

NMy =Voy - Vg =1.6937-1.0209 =0.6728V
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3. Simulate the above NAND3 gate with (j,,q4 ©of 100 fF at the output. Consider

input signals that go between 0V and VDD with both the rise and fall time of 100
ps. Furthermore, only one of the three inputs is switching at a time.

Explanation for Q3 a, Q3 b




7K Explanation for Q3 a, Q3 b

In worst case rising, more capacitors need to be charged.
In worst case falling, more capacitors need to be discharged.

In best case rising, less capacitors need to be charged.
In best case falling, less capacitors need to be discharged.



a. Simulate the contamination delays for both rising and falling output. For
both rising and falling cases, explain the input pattern that results in this

shortest delay.

TT 25C

vivout) Y 1,8 in)
vivinl) hv

L R | EASRSRSRCEECSTRRTTPITTRETURETPRURI SEPRTERES B

10T =t

0.4

0.2

T ' T ' 0 v v v i
TIME(sec) (lin) 0 Sn 10n

FF -40C

vivout) FJFY 1.g (lin)
vivinl) h

sn 1(]Jn

1.6

L2

Rise Delay

0.8

0.6~

0.2

L4 o k)
T v v v v T v v T v v v v T v v T
TIME(sec) (lin) 1] 5n 10n 15n 20n




SS 125°C

' ' f i 1 ' ' ' f n L ' ' ' ' L '

Sn

v(vout) h
vvinl) h

lin)

1.8

e

I |

0.8 fef oo

0.6]---------{----

R

0.2

Fall Delay

TIME(sec) (lin)

0

SE25C

0

v(vout) hy
vivinl) h

lin)

1.8

o

Rise Delay

TIME(sec) (lin)

o]

ES 25C

v(vout) M
v(vinl) h

Uin)

1.8

1.6+

1.2+

0.6

0.2+

Rise Delay

TIME(sec) (lin)

0




nand3.sp for tcdr and tcdf
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* auCdl Netlist:

*

* Library Name: HW2_3

* Top Cell Name: NAND3

* View Name: schematic

* Netlisted on: Oct 17 23:44:57 2019
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* BIPOLAR

* RESI = 2000

* RESVAL

* CAPVAL

* DIOPERI

* DIOAREA

* EQUATION

* SCALE METER

* MEGA

.PARAM width = 0.25u
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* Library Name: HW2_3
* Cell Name: NAND3

* View Name: schematic
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.SUBCKT NAND3 GND VDD VIN VOUT VIN1

* PININFO GND:1 VDD:I VIN:l VOUT:O

MMS5 VOUT VIN1 VDD VDD P_18 W="'width' L=200.0n m=1
MM4 VOUT VIN VDD VDD P_18 W="width' L=200.0n m=1
MM3 VOUT VIN VDD VDD P_18 W="width' L=200.0n m=1



hw2_3.sp for tcdr and tcdf

** design nand3 ***
.prot

dib "cicO18.I" TT
.unprot

.inc "nand3.sp"
.option post=1
.option accurate=1

.param width = 2.218u

x1 GND VDD VIN VOUT VIN1 nand3

Cout VOUT 0 100f

vlivDDO01.8

v2GNDOO

v3VINO 1.8

v4 VIN1 0 PULSE(0 1.8 1ns 100ps 100ps 4900ps 10ns)
.tran 1ns 21ns

.temp 25

.probe V(VOUT)

.op

.alter
Jib 'cic018.I' ff
.temp -40

.alter
ib 'cic018.1" ss
.temp 125

.alter
ib 'cic018.I' sf
.temp 25

.alter
Jdib 'cic018.1' fs
.temp 25

.end



b. Simulate the worst-case propagation delays for both rising and falling

output. For both rising and falling cases, explain the input patterns that

result in this worst-case propagation delay.
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nand3.sp for tpdr and tpdf
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* auCdl Netlist:

*

* Library Name: HW2_3

* Top Cell Name: NAND3

* View Name: schematic

* Netlisted on: Oct 17 23:44:57 2019
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* BIPOLAR

*.RESI = 2000

* RESVAL

* CAPVAL

* DIOPERI
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.PARAM width = 0.25u
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* Library Name: HW2_3
* Cell Name: NAND3

* View Name: schematic
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.SUBCKT NAND3 GND VDD VIN VOUT VIN1

* PININFO GND:I VDD:1 VIN:I VOUT:O

MMD5 VOUT VIN VDD VDD P_18 W="width' L=200.0n m=1
MM4 VOUT VIN VDD VDD P_18 W="width' L=200.0n m=1
MM3 VOUT VIN1 VDD VDD P_18 W='width' L=200.0n m=1
MM2 net20 VIN1 GND GND N_18 W=5.4u L=200.0n m=1
MM1 net24 VIN net20 GND N_18 W=5.4u L=200.0n m=1
MMO VOUT VIN net24 GND N_18 W=5.4u L=200.0n m=1
.ENDS



hw2_3.sp for tpdr and tpdf

** design nand3 ***
.prot

dib "cic018.I" TT
.unprot

.inc "nand3.sp"
.option post=1
.option accurate=1

.param width =2.218u

x1 GND VDD VIN VOUT VIN1 nand3

Cout VOUT 0 100f

vivDDO0 1.8

v2GNDOO

v3VINO 1.8

v4 VIN1 0 PULSE(O 1.8 1ns 100ps 100ps 4900ps 10ns)
.tran 1ns 21ns

.temp 25

.probe V(VOUT)

.op

.alter
ib 'cic018.I'" ff
.temp -40

.alter
ib 'cic018.1' ss
.temp 125

.alter
ib 'cic018.I' sf
.temp 25

.alter
ib 'cic018.I' fs
temp 25

.end



