EE 40

Homework #8 Solutions and Grading

For each problem, deduct 5 points for each “reasonable” error. If the solution method is
completely wrong, award 0 points (the minimum score for each problem).

Problem 1 Answer: 25 Total Points

When V|N =15 V, VOUT =15V.

VGS(N) =Vn=15V VDS(N) =Vour=15V
VGS(p) = VIN_VDD =15V-5VvV=-35V VDS(p) = VOUT_VDD =15V-5Vv=-35V
low * lo@y =0 => " o) = -lop

Both transistors are in saturation, so Ip = lpsar for each transistor. Substitute into Ipn) = -lp) :

W W
IDSAT(N) = —IDSAT(P) = ﬁUNCox (VGS(N) - VT(N))2 = ﬁUPCox (VGS(P) - VT(P))2
Wy 4 2 5x1019F 2
—— N 500x10""m* /(Vs) 17(1 5V-1V)
2x1.5x10 8m 10712 m?2
-6 -15
= L06250x10‘4m2 /(Vs) %(— 35V --1V)? Wy = 125 pm
2x1.5x10 °m 107 "“m

Problem 2 Answer: 25 Total Points

Propagation delay from high to low involves Rp1, Cpgn1), Cosp1), Cesnz), Cospz), and C,.

To find Rp4, take the average of Vpgse1y/lpe1) When Vpse) is at full voltage and when it has
transitioned halfway. That is:

R :1( -Vpp +—VDD/2J: -0.75Vpp
2|lpsaT(Ppr) IlpsaTPry) _ Wei Hp1 Kox&o (VGs(p1) —VT(p1))2
2L py tox
_ -0.75x5V =883 0
= 5 12 -
2x2x10™%m 10x10" " m

Note that we do the calculation for Vggpy) after the transition has taken place, so:

VGS(P1)=V|N—VDD=0—5V='5V



Compute Cggp2) and Cggny) Using parallel place capacitance:

12
CeB(p2) = k‘t”‘EOWPLp = 4"8'?(‘:”‘11(;)_9 FIM (12510 8 m)(2x10 8 m) = 85 fF
OX X m
12
CeB(N2) = k‘t’xso WNLN = 4X8'fo5x11§_9 FIM 6x1076m)(2x10~8m) = 42.5 fF
OX X m

Compute C, using parallel plate capacitance:

_Koxo = 4x8.85x10712F /m

5 (30x10 % m)(1x10%m) = 106 fF
tox 10x10™7m

Ci

With Cpge1) = Cpginiy = 50 fF, we can now compute the time constant
(all the capacitances are in parallel):

1= Rp1(CDB(p1) + CDB(N1) + CGB(pz) + CGB(NZ) + C|) =883 Q (50 +50+85+425+ 106) fF =295 ps

The propagation delay is 0.69 1 : t, = 207 ps

Problem 3 Answer: 25 Total Points

Low to high transition:

to = 0.69 1 = 0.69 Rn1[Cpge1) + Cosnt) + N(Cosez) + Caanz) + Ci)] <20 ns
0.69 x 3000 Q [50 + 50 +n(50 + 75 + 100)] fF < 20 ns

n<42

High to low transition:

t, = 0.69 1 = 0.69 Rp1[Corp1) + Cosniy + N(Carp2) + Caoanz) + C1)] <20 ns
0.69 x 2000 Q [50 + 50 +n(50 + 75 + 100)] fF < 20 ns

n<63

Conclusion: Fan-out is 42 gates.

Deduct 5 points unless both transition directions are considered (high to low and low to
high) or an argument is given as to why low to high has longer propagation delay.



Problem 4 Answer: 25 Total Points

Draw the circuits for the attached NAND and NOR gates. Note that the output of the inverter
splits into four lines, and each line is attached to a PMOS and an NMOS transistor—just like an
inverter input. Therefore, we can model these two gates, in terms of capacitance contributed to
propagation delay, as four inverters (each gate is 2 inverters).
| did not specify whether to allow one interconnect capacitance per gate or per input, so:
One Possible Answer:
Using one interconnect capacitance per gate:
Low to high transition:
t, = 0.69 1 = 0.69 Rn1[Cpgr1) + Cosnnt) + 4(Coepz) + Casnz) + 2 CJ]
= 0.69 x 3000 Q [50 + 50 +4(50 + 75) + 2(100)] fF = 1.66 ns
High to low transition:
t, = 0.69 1 = 0.69 Rp1[Copgp1) + Cosni) + 4(Corp2) + Caanz) + 2 CJ
= 0.69 x 2000 Q [50 + 50 +4(50 + 75) + 2(100)] fF = 1.10 ns
The Other Possible Answer:
Using one interconnect capacitance per input:
Low to high transition:
t, = 0.69 1 = 0.69 Rn1[Cpge1) + Cosnni) + 4(Cospz) + Canz) + 2 C|]
= 0.69 x 3000 Q [50 + 50 +4(50 + 75) + 4(100)] fF = 2.07 ns
High to low transition:
t, = 0.69 1 = 0.69 Rp1[Cogp1) + Cosni) + 4(Corp2) + Carnz) + 2 CJ

= 0.69 x 2000 Q [50 + 50 +4(50 + 75) + 4(100)] fF = 1.38 ns



