ELE 539 Analog Integrated Circuit Design Fall 2009

Homework 1

1) Sheet Resistance

2)

3)

a)

b)

c)

Calculate the sheet resistance of the n+ layer if the layer depth is 1 um and the
doping concentration is 2x10* m™ (assume p,=2x107 m%/Vs).

Using a minimum width of 0.9 pm, what is the required total layer length if you
are asked to implement a resistor of 10 kQ?

Would you be better off using the p+ layer to realize the above resistor? Explain!

MOS Capacitance

a)
b)

c)

Calculate the zero-bias junction capacitance between p+ diffusion and n-substrate

if the substrate doping concentration is Newp=10" m™.

How much (in percent) would the junction capacitance Cjo change if the
substrate doping concentration Ng,, were to double?

What is the total capacitance between the p+ layer an n-substrate if the diffused
area measures 1.2x2.7 um” and features an average depth of 1 pm?

MOS Transistor

A CMOS process features substrate and well doping concentrations of Na=1x10"m"
and ND=3x1023m'3, respectively. Furthermore, €0x=3.6x10'“As/Vm and ni=2x1016m'3.

a)
b)

c)

Determine the n-channel Fermi potential @, at room temperature (300°K).

The n-channel flat-band voltage is Vgg,=—0.6 V. Calculate the gate oxide
thickness t,x such that Vi;=0.8 V.

How much does the n-channel threshold voltage V¢, change if Vgg=1V?



SPICE BSIM3 VERSION 3.1 PARAMETERS
. MODEL nfet NMOS (

+VERSI ON = 3.1
+XJ = 1.5E-7

+K1 = 0.8857752
+K3B = -7.6711263
+DVTOW =0

+DVTO = 2.7950058
+U0 = 453. 2010286
+UC = 2.022743E-11
+AGS = 0.1151449
+KETA = -1.371458E-3
+RDSW = 1. 319508E3
+WR =1

+XL =0

+DVB = 4.946821E- 8
+WaT =0

+CDSCB = 0

+DSUB = 0.1945608
+PDI BLC2 = 2. 440187E- 3
+PSCBE1 = 5. 348212E8
+DELTA = 0.01

+PRT =0

+KTIL =0

+UBL = -7.61E- 18
+WL =0

VAN =1

+LLN =1

+LWL =0

+0E0 = 2.12E-10

+CJ = 4. 279445E- 4
+CISW = 3.492439E- 10
+CISWG = 1.64E-10

+CF =0

+PK2 = -0. 0350028

*

. MODEL pfet PMOS (
+VERSI ON = 3.1

+XJ = 1.5E-7

+K1 = 0.5429357
+K3B = -0.8567156
+DVTOW =0

+DVTO = 2.530444

+U0 = 220. 9301068
+UC = -5.63429E- 11
+AGS = 0.1506017
+KETA = -2.819843E-3
+RDSW = 3E3

+WR =1

+XL =0

+DVB = 1.788287E-8
+WaT =0

+CDSCB =0

+DSUB = 0.7658995
+PDI BLC2 = 4. 521707E- 3
+PSCBEL = 1. 25116E10
+DELTA = 0.01

+PRT =0

+KTIL =0

+UBL = -7.61E- 18
+WL =0

VN =1

+LLN =1

+LWL =0

+0GO = 2.25E-10

+CJ = 7.308538E- 4
+CISW = 2.852637E- 10
+CISWG = 6.4E-11

+CF =0

+PK2 = 3.73981E- 3
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