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Problem 1

ANS: W/L = 6.07u/0.2u

ANS:

ANS:

hspice code

ANS:

ANS:

        NML = 0.755-0.092 = 0.663

        NMH = 1.675-1.034 =  0.641

(𝑊𝑊𝐿𝐿 )𝑝𝑝

(𝑊𝑊𝐿𝐿 )𝑁𝑁
=3.37, and assume β = 1 (transiton point is 0.5VDD). So, the 

ratio 
(𝑊𝑊𝐿𝐿 )𝑝𝑝

(𝑊𝑊𝐿𝐿 )𝑁𝑁
= 𝜇𝜇𝑛𝑛
𝜇𝜇𝑝𝑝

, consisiten with the fact 

𝜇𝜇𝑛𝑛 𝑖𝑖𝑖𝑖 2~3 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝜇𝜇𝑝𝑝



layout

DRC:

LVS



Problem 2

ANS:

        W/L = 2.217u/0.2u

ANS:

ANS:

ANS:

        Use the same hspice code in Q1

(𝑊𝑊𝐿𝐿 )𝑝𝑝

(𝑊𝑊𝐿𝐿 )𝑁𝑁
=0.411, the ratio in Q1b is 3.37. 0.411/3.37=0.122≈1/9. 因為

兩題的β ration都假設為1。且NAND3一個NMOS width變成原本的3倍(根

據題目)，但因為串聯，所以等效(指:3個NMOS一起看)length也變3倍，所

以等效上Q1b的NMOS一樣。為了維持跟Q1b一樣的beta ratio且NAND3並聯3

個PMOS，所以一個PMOS width會變成原本的1/3(length固定的情況下)，

且，所以單獨看一個NMOS跟一個PMOS比例會變成原本的(1/3)/3 = 1/9。

但因為並聯3個PMOS跟PMOS直接width*3有些微差距(NMOS串聯同理)，以及

受到CLM的影響所以有誤差。



ANS:

        NML=0.772-0.093=0.679         NMH=1.6912-1.0235=0.667

Problem 3

TT 25°C
 (a), (b)的input patterns are explained after part(b)

FF -40°C

Difference:  According to *.lis file in hspice, beta ratio gets closer to 1. And I noticed 
that the DC transfer curve's slope gets steeper(-20 inQ1b, -27 in Q2) around Vgs = 0.9, 
noise margin becomes larger.

fall delay rise delay

rise delayfall delay



SS 125°C

SF 25°C

FS 25°C

rise delayfall delay

rise delayfall delay

rise delayfall delay



TT 25°C


FF -40°C

SS 125°C

rise delayfall delay

rise delay
fall delay

rise delay
fall delay



SF 25°C

FS 25°C

rise delayfall delay

rise delayfall delay



Input pattern explained!!





#NAME?

NAND3 sub-siccuit for both contamination and propagation delays

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

* auCdl Netlist:

* 

* Library Name:  VLSI

* Top Cell Name: NAND3

* View Name:     schematic

* Netlisted on:  Oct 18 00:00:07 2019

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

*.BIPOLAR

*.RESI = 2000 

*.RESVAL

*.CAPVAL

*.DIOPERI

*.DIOAREA

*.EQUATION

*.SCALE METER

*.MEGA

.PARAM width = 2.217u

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

* Library Name: VLSI

* Cell Name:    NAND3

* View Name:    schematic

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

.SUBCKT NAND3 VDD Vin_8 Vin_7 Vin_6 Vout gnd



*.PININFO VDD:I Vin:I Vout:O gnd:O

MM6 Vout Vin_6 VDD VDD p_18 L=200.0n w='width'

MM7 Vout Vin_7 VDD VDD p_18 L=200.0n w='width'

MM8 Vout Vin_8 VDD VDD p_18 L=200.0n w='width'

MM2 net24 Vin_8 gnd gnd n_18 W=5.4u L=200.0n

MM1 net28 Vin_7 net24 gnd n_18 W=5.4u L=200.0n

MM0 Vout Vin_6 net28 gnd n_18 W=5.4u L=200.0n

.ENDS

*.sp file for Contamination delays 

.prot

.lib 'cic018.l' TT

.unprot

.option post

.inc 'nand.spi'

X1 VDD Vin_8 Vin_7 Vin_6 Vout gnd NAND3

*voltage source

v1 VDD 0 1.8

v2 Vin_8 0 1.8

v3 Vin_7 0 1.8

VPULSE Vin_6 0 PULSE 0 1.8 100p 100p 100p 1900p 4n

*capacitor

C1 Vout gnd 100f

*analysis

.tran 0.01n 12n

.meas tran fall_delay Trig V(Vin_6)=0.9 rise=2 Targ V(Vout)=0.9 fall=2

.meas tran rise_delay Trig V(Vin_6)=0.9 fall=2 Targ V(Vout)=0.9 rise=2

.op

*different condition

.alter 

.lib 'cic018.l'ff

.temp -40

.alter

.lib 'cic018.l'ss

.temp 125

.alter

.lib 'cic018.l'sf

.temp 25

.alter

.lib 'cic018.l'fs

.temp 25

.end

*.sp file for propagation delays 



.prot

.lib 'cic018.l' TT

.unprot

.option post

.inc 'nand.spi'

X1 VDD Vin_8 Vin_7 Vin_6 Vout gnd NAND3

*voltage source

v1 VDD 0 1.8

VPULSE Vin_8 0 PULSE 0 1.8 100p 100p 100p 1900p 4n

v3 Vin_7 0 1.8

V4 Vin_6 0 1.8

*capacitor

C1 Vout gnd 100f

*analysis

.tran 0.01n 12n

.meas tran fall_delay Trig V(Vin_8)=0.9 rise=2 Targ V(Vout)=0.9 fall=2

.meas tran rise_delay Trig V(Vin_8)=0.9 fall=2 Targ V(Vout)=0.9 rise=2

.op

*different condition

.alter 

.lib 'cic018.l'ff

.temp -40

.alter

.lib 'cic018.l'ss

.temp 125

.alter

.lib 'cic018.l'sf

.temp 25

.alter

.lib 'cic018.l'fs

.temp 25

.end
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