EECS16A Review: Equivalence in Series/Parallel, Resistive Touch Screen
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7. Fun With‘Cin:uits (14 points) (All subparts of this problem can be solved independently. )r"d Fﬂﬂ IGI Q 7

In his spare time Professor Boser invents new cireuits. The cireuil schematic below shows his lalest ereation
that uses a voltage controlled voltage source.
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(1} Equivalent Resistance (8 points)
Analyze the circuit above and model it with an equivalent resistance R, as illustrated below. - V = L. u z
The I/V curves of the original and equivalent circuit should be identical. Use the following values: Vﬂ* - U uﬁ I A
A, =3, R = 1kQ, and Ry = 4 kQ. Show your calculations.

Recall that a resistor is just a model of the IV dependence of a circuit element; you may get a positive
or 4 negative answer for your equivalent resistance.
Hint: Apply a test voltage (or current) and compute the resulting curvent (or voltage).
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11. Flash Memory (16 points)

Solid state drives depend on charge to store information, In several integrated circuil applications, the charge
is stored on g foating nede of a transistor, A cartoon of such a transistor and its cormesponding cireuit model
are shown below. Newe: You do not need lo wnderstand transistors in order to do this problem.
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(a) Assuming that the floating gzate node (Veg) has no net charge (O = 01, Find Vgg; in terms of V. Cg.
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Figure 3: Transistor schematic for flash memory.
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Figure 4: Corresponding cirevit model for flash memory transistor from Figure 3.

Depending on the amount of charge on the floating node, the transistor is either storing a “0" bit or a *1"
bit, In order o write a bit, electrons are added or removed from the “Aoating gate node” (labelled by Ve
in Figure 4), which is capacitively coupled to the gate and the source of the tansistor as shown in Figure 3.
Therefore, during transistor operation, there can be a net charge Qr at the node Vi !

In each part of the problem, the values of each parameter do not change. and are given in the table below:

Compoenent Parameters
Via 2.0V

Co 35.0pF

Cs 3.0pF

B 300.0pAY !
Rr. 350k

(a) Assuming that the floating gate node (Vpg) has no net charge (@7 = 0). Find Veg in terms of Vip, Co.
and Cy, and then plug in values from the table.
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(b} Now let’s assume there is a net charge of Or = —20.0pC on the floating gate node. Find Vig as a
function of Cy;, Cy, Viy, and @ and then plug in the numerical values, (Hint: Use conservation af
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and Cy, and then plug in values from the table.

(b} Now let’s assume there is a nel charge ol @y — —20.0pC on the Noating gate node, Find Ve as a
function of Cg. Cy. Vi, and @y and then plug in the numerical values. (Hine: Use conservation af
charge. )
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5. Next-Phone (15 points) MTZ F,a l q Q g—

You have been hired by “Next-Phone”, a promising startup that has developed a 3D printer to produce
individually customized smartphones.

2 - e : : a) Draw an equivalent circuit diagram of Figure 5.1 consisting of sources, resistors, etc.
Only one problem remains: designing accurate position sensing for the printhead. “No problem,” you tell @ 4 & & &

boss, “T’1l tak f that!” . . . .
your new boss ake care of tha (b) Derive algebraic expressions for V44 = V4 — Vyr and Vg = Vg — V' as a function of x ;.

Figure 5.1 shows your design. The printhead is supported by two rollers that move the head in the x direction.

Each roller runs on two conductive tracks with resistivities pi and py, respectively, length L, and cross- (¢) Find the value of voltage Vap(Xpos) = Va — Vi for Vs = 10V, p; = 1Qm, p> = 2Qm, L = 200mm,
sectional area A. The rollers are made of metal electrically connecting the strips. The printhead is an A = lem?, and xpps = SOmm.

insulator (i.e. nonconductive material) so it can be modeled as an open-circuit. Roller 1 and Roller 2 are

disconnected by the non-conductive Print Head. You connect two voltage sources of voltage V; as shown in

Figure 5.1. You then measure voltage Vap = V4 — V3 to sense position x.
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Figure 5.1: 3D printhead position sensor (top and side views)

(a) Draw an equivalent circuit diagram of Figure 5.1 consisting of sources, resistors, etc.
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(b) Derive algebraic expressions for Vyq = V4 — Vy and Vg = Vg — V' as a function of x ;.
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(c) Find the value of voltage Vag(xpos) = Va — Vp for V; = 10V, p; = 1Qm, p; = 2Qm, L = 200mm,
A = lem?, and xp; = S0mm.
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