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

(c) To reduce the turn-off times of Q1 and Q2, “bleeder resistors” R1 and R2 are added. (d) Implementation of the circuit in (c) using NMOS  
transistors to realize the resistors. (e) An improved version of the circuit in (c) obtained by connecting the lower end of R1 to the output node.



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.



Figure 15.39 A BiCMOS two-input NAND gate.
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For the above BiCMOS circuit, estimate the time td that it takes to dis-
charge CL from its initial voltage vout,i (the largest value of vout that the circuit
can reach) to vout,i/2. Assume that vBE = 0.7V and � = 20 for the bipolar
transistors, kn = 300µA/V 2 for QN and kp = 100µA/V 2 for QP . For both
MOSFETs the threshold voltage is |Vt0| = 0.5V and � = 0. Use vIN = 3V .
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vSD,P = 5.2V, 0.29V � vOUT � 3V � 0.3V � 0.7 = 2V

1. Find vout,i

2. Find the initial capacitor current

The initial voltage across the capacitor is vout,i = 2.0V . At point 1, vOUT =

2.3V and

vDS,N = 2.0V � 0.7V = 1.3V

vGS,N � Vt0 = 3V � 0.7V � 0.5V = 1.8V

iD1 = (0.3mA/V 2)[2(1.8V )1.3V � (1.3V )2] = 0.897mA

i1 = �(iD1 � 0.7V/20k�) + iD1 = 20(0.897mA � 0.035mA) + 0.897 = 18.147mA

0



3. Find the capacitor current when vout = vout,i /2
At point 2, vout = 2.0V/2 = 1.0V and

vDS,N = 1.0V � 0.7V = 0.3V

vGS,N � Vt0 = 3V � 0.7V � 0.5V = 1.8V

iD2 = (0.3mA/V 2)[2(1.8V )0.3V � (0.3V )2] � 0.3mA

i2 = �(iD2 � 0.7V/20k�) + iD2

= 20(0.3mA � 0.035mA) + 0.3mA = 5.6mA

4. Find iave and td

iav =
18.15mA + 5.6mA
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td = 1pF
1.0V

11.9mA
= 84.2ps





vI = 2.5V

vSG,P � |Vt| = 5V � 2.5V � 0.6V = 1.9V

vGS,N � Vt = 2.5V � 0.7V � 0.6V = 1.2V
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