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Figure 1: Reference current source circuit; +Fpp =5V, ~Vig = ~5 V, Vagp=1 Vi M, and M, are two identical
NMOS transistors; in the active/saturation region the drain current is given by: Ip = K(Vgs — )%, where
V=1V, K=100 pA/V*,

(a) [1] In Fig.1, label + and - inputs of the op-amp so that the circuit operates as a reference current source.
(b} [2] Assuming that all components are ideal and that A, and M operate in the active/saturation region,

find an expression for fper. Find K so that Tger = 100 pA, Loy = Veee /@
Vegs Sinee M, , H, ore m ach/act.
’I‘KEF = me—— R = \O ko m - it M = Mo %;w..s
Teer = Ioy
(¢) 12] Suppose that all components are ideal, except that the op-amp input offset voltage is Vos= +5 mV,
Find the relative tolerance Alger/Irer
Vexs +Vas pTace B Fhe s o I =V v o5
= S Veer AV

Lt = R ' Tere Vaer  Vos
(d) {2] Suppose that temperature drifts in all components except R can be neglected. Assuming

Uloer BR R %" AR = =T (R) =

TCH Ry = +2000 ppm/’“ C, find Tes(Trer)
IS VWA N
% RS »T = — 2000 MV

N - bTaer s R Zlee
TCe (Taer) = T ET T Vere 2R
(e) {1] Is it necessary for the op-amp in Fig. | to have a rail-to-rail output voltage swing? (Just answer YES

or NO, there is no need to justify the answer)
(chs = Vp+ \™ = 2V | Se N is wetd above —Vgg amd well befow +Vip

No .
(f) [1] Is it necessary for the op-amp in Fig. 1 to have a rail-to-rail input common mode voltage range? (Just

answer YES or NO, there is no need to justify the answer)
NO. V) =VE)s B well obore ~Vsg and well below + Vo

(2) [1] Find the maximum value of R, such that fper = 100 pA. ' v @ _
~Vsg +Ngg = —Ves ¥ VETNT
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