ECE 113A
Professor Burke (15400) Section A
Homework #2 Solutions and Grading Criteria

1) A thin metal resistor as shown in the figure below has a resistance of 1kO. Itis 1mm long, 10 um wide, and 1 um thick.
a) Calculatetheresistivity (?), in units of O-m. (10 ptstotal)

2pts A=W

2 pts = (10pumx 1um)(1n?/102 pnf)=1x10n?
2pts ?=RA/

2 pts = [(10000)( 1x10™ )]/ (Lmm)(1m/1000mm)]
2pts = 1x10° O-m

b) Now expressthe resistivity in units of pO-cm, a more common unit (10 ptstotal)
2pts 10=10°pO

2pts  1m=10*cm

4pts  ?= (10" O-m)(10° pO/O)( 10°cm/m)

2pts = 1x10° pO-cm

2) For Si at 300K, do the following: (Use cm® as your units.)
a) Np=10""cm®; Na<<Np. Calculate the equilibrium electron concentration (n) and hole concentration (p).
(15 ptstotal)
Since Na<<Np and n<<Np:
6pts n=Np=10"cn®
6pts p=nIn
3pts = (10%%m®%10Yem?® = 10°%cm®

b) Np= 10°cm?®; Na<<Np. Calculate the equilibrium electron concentration (n) and hole concentration (p).
(15 ptstotal)
Since Na<<Np and ni<<Np:
6pts n=Np=10%cm®
6pts p=ni¥n
3pts = (10°%m3%10%cm?® = 10°cm®

c) Na=5x10"cmi®; Np<<N4. Calculate the equilibrium electron concentration (n) and hole concentration (p).
(15 ptstotal)
Since Na<<Np and n<<Np:
6pts p= Np=5x10"cm®
6pts n=nIp
3pts = (10%m®?/5x10t em® = 2x10Pcm®

d) Na= 10*cm®; Np<<Na. Calculate the equilibrium electron concentration (n) and hole concentration (p).
(15 ptstotal)
Snce Na<<Np and ni<<Np:
6pts p=Na=10%cm®
6pts n= niZ/P
3pts = (10°%m?%10%cm?® = 10Pcm®

3) For thesilicon sample at T = 300K shown below, given Np = 10" cm®, Na << Np,
a) Findtheresistivity ? of the Si to within 10%. For units, use O-cm. (10 ptstotal)
10pts Off thegraph: ?= 7.8x102 O-cm
Allowed values are (7.41-8.19x10 O-cm)
Full credit also received if resistivity is calculated from the equation.

b) Calculate the resistance Rag in units O, for the following geometry: (10 ptstotal)

2pts A=W

2pts = (Ammx250pm )(1cm/10mm) (1cnv10* pm)=2.5x103 cn?
4pts  R= ?I/A= (7.8x102 O-cm)(1cm)/( 2.5x10° cnf)

2pts =31.20

Range of R excepted is. 29.6-32.8 O dueto errorsfrom graph readings.



