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Figure 15.37 Development of the BICMOS inverter circuit. (@) The basic concept is to use an additional bipolar transistor to increase the output current drive of each
of Qn and Op of the CMOS inverter. (b) The circuit in (@) can be thought of as utilizing these composite devices.

(c) To reduce the turn-off times of Q; and Q,,""bleeder resistors” R; and R, are added. (d) Implementation of the circuit in (€) using NMOS
transistors to realize the resistors. (€) An improved version of the circuit in (€) obtained by connecting the lower end of R; to the output node.
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Figure 15.38 Equivalent circuits for charging and discharging a load capacitance C. Note that C includes all the capacitances present at the output
node.
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Figure 15.39 A BICMOS two-input NAND gate.
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For the above BiCMOS circuit, estimate the time t; that it takes to dis-
charge C'r, from its initial voltage vyt ; (the largest value of vy, that the circuit
can reach) to vyyt /2. Assume that vgg = 0.7V and S = 20 for the bipolar
transistors, k, = 300uA/V? for Qn and k, = 100uA/V? for Qp. For both
MOSFETsSs the threshold voltage is |[Vio| = 0.5V and v = 0. Use v;y = 3V.



|, FInd Vout,

ic1=0—11 =0 —1p p = 120k0

| 1 o 3V —
L 1oF e (0,1mA/V2) (2(3V — 0.5V)vps,p — Vb p)
| 20k ’ ’
gV iop p i 2
; = dUps,p — VUpg,p

vgp,p = 9.2V,|029V | = |voyr = 3V — 03V — 0.7 =2V

2. Find the Initial capacitor current

The initial voltage across the capacitor is | voyut,; = 2.0V | At point 1, voyr =

2.0/ and

UDS,N
vGgs,N — Vo
1D1

11

= B(ip1 — 0.7V/20kQ) + ip1 = 20(0.897mA — 0.035mA) + 0.897 =

= 2.0V -0.7V = 1.3V
= 3V —-0.7V —-05V =18V
= (0.3mA/V*)[2(1.8V)1.3V — (1.3V)?] = 0.897mA

18.147TmA




3. Find the capacitor current when Vout = Vout, /2

At point 2, vy = 2.0V/2 = 1.0V and

vpsny = 1.0V —0.7V =0.3V
vas N —Vio = 3V —0.7V — 0.5V = 1.8V
ips = (0.3mA/V?)[2(1.8V)0.3V — (0.3V)?] ~ 0.3mA
is = Blips —0.7V/20kQ) + ips

= 20(0.3mA — 0.035mA) + 0.3mA =|5.6mA

& Piricl 1. and 4

e 18.15mA + 5.6mA

iav 2 e 119mA
1.0V
e, |




The threshold voltage of the BICMOS inverter of Fig. 15.37(e) is the value of v, at which both
0, and Q, are conducting equal currents and operating in the saturation region. At this value of
v,, O, will be on, causing the voltage at the source of O, to be approximately 0.7 V. It is required
to design the circuit so that the threshold voltage is equal to V,p/2. For V,, =5V,
0.6 V, and assuming equal channel lengths for O, and O, and that &, = 2.5 g, find the I'EE]Ull'Ed
ratio of widths, W, /W,.
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Ans. |

Vr = 2.5V

Vs Ps |V;5‘ =5V — 25V - 0.6V =19V
UGSN—V;;_25V—O7V—O.6V:1.2V
2.5u,Cox W, ppCox Wi
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