
EE 330 Midterm Exam #03 
 

Name:      Score    
 
Instructions:    
 

• The exam is for 50-minute individual work, with closed book and closed-notes. 

• There are 5 problems, each worth 20 points. 

• A simple calculator, with no wireless capability, is allowed. 

• Two sheets of formulas of US letter size are allowed. No other papers allowed. 

• Write brief solutions in the space provided on this exam. If necessary, you can write 
on the previous page backside, but clearly mark the question numbers. 

• Specific parameters are given in the problem statements. Extra process and device 
parameters are attached at the end of the exam.  

• If you need any other parameters, clearly make an assumption and proceed. 

 
  



1. Assume the capacitors are very large, the BJT is in forward active, and VM is small. 
a) Draw the simplified quiescent circuit and fine the quiescent value of VC.  
b) Draw the small signal equivalent circuit. 
c) Determine the small-signal voltage gain from v(t) to vout. 
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2. Determine the small signal output voltage if the small signal input voltage is a sinusoidal 
1 KHz signal with 0-P amplitude of 10mV.  
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3. Assume two unilateral amplifiers are cascaded.  The first amplifier has small-signal 
amplifier parameters of AV1 = −10, RIN1 = 4K and Ro1 = 500Ω.  The second amplifier has 
small-signal amplifier parameters of AV2 = −20, RIN2 = 2K, and Ro2 = 1.5K.  Assume a 
capacitor coupled load of 500 Ω is placed on the second amplifier output and the first 
amplifier input is driven by a voltage source with an source impedance of 1000Ω.    
a) Draw the small signal model of the chain from the source to the load. 
b) Determine the voltage gain from the source voltage to the load voltage. 
c) Determine the percentage gain loss from the ideal gain of AV1AV2.  



4. Assume MOSTs are all in saturation and BJTs are all in Forward Active.  
a) Determine the voltages V01 and V02 in terms of the MOS device dimensions, W and 

L, the emitter areas, and the resistor variables R1, R2, and R3.  
b) If R1=100K,  AE1=AE2=200µ2, AE3=50 µ2, AE4=300 µ2 ,W5=10µ, L5=1µ  ,W6=20µ, 

L6=1µ, Determine R2 and R3 so that V01=6V and V02=3V.  
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5. Assume the biasing voltages have been selected so that the quiescent current is 1 mA and 
that all transistors are operating in the forward active region.  Determine the small-signal 
voltage gain and Ro for the following two circuits. Assume β = 100 and VAF = 130V for 
all transistors. 
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• Here are some rounded-off parameters in case you prefer:  
µnCOX=350µA/V2, µpCOX=100µA/V2, VTNO=0.5V, VTPO= -0.5V, COX=8fF/µ2, 
λ=0.1/V, no Vbs effect (γ=0) 

• Default values for diode/BJT: JS=9.5*10-16A/µ2, AE=100µ2, NPN β=100, PNP β= 25, 
k/q= 8.61*10-5 V/K, kT/q=26mV, JSX=0.37A/µ2, VG0=1.17V, and m=2.     

 
MOSIS WAFER ACCEPTANCE TESTS 

                                          
          RUN: T68B (MM_NON-EPI)                      VENDOR: TSMC 
   TECHNOLOGY: SCN018                           FEATURE SIZE: 0.18 microns 
     Run type: SKD 
 
 
INTRODUCTION: This report contains the lot average results obtained by 
MOSIS from measurements of MOSIS test structures on each wafer of        
this fabrication lot. SPICE parameters obtained from similar               
measurements on a selected wafer are also attached. 
 
COMMENTS: DSCN6M018_TSMC 
 
 
TRANSISTOR PARAMETERS     W/L       N-CHANNEL P-CHANNEL   UNITS 
                                                         
 MINIMUM                  0.27/0.18                      
  Vth                                    0.50     -0.51   volts 
                                                         
 SHORT                    20.0/0.18                      
  Idss                                   547      -250     uA/um 
  Vth                                    0.51     -0.51    volts 
  Vpt                                    4.8      -5.6     volts 
                                                         
 WIDE                     20.0/0.18                      
  Ids0                                  14.4      -4.7      pA/um 
                                                         
 LARGE                    50/50                          
  Vth                                    0.43     -0.42     volts 
  Vjbkd                                  3.1      -4.3      volts 
  Ijlk                                   <50.0     <50.0    pA 
                                                         
 K' (Uo*Cox/2)                           175.4     -35.6    uA/V^2 
 Low-field Mobility                      416.52     84.54   cm^2/V*s 
                                                         
COMMENTS: Poly bias varies with design technology. To account for mask 
           bias use the appropriate value for the parameters XL and XW 
           in your SPICE model card. 
                       Design Technology               XL (um)  XW um) 
                       -----------------                   -------  --- 
                       SCN6M_DEEP (lambda=0.09)        0.00    -0.01 
                                    thick oxide        0.00    -0.01 
                       SCN6M_SUBM (lambda=0.10)       -0.02     0.00 
                                    thick oxide       -0.02     0.00 
 
 
FOX TRANSISTORS           GATE      N+ACTIVE   P+ACTIVE  UNITS 
 Vth                      Poly         >6.6     <-6.6    volts 



 
 
 
 
 
 
PROCESS PARAMETERS    N+    P+   POLY   N+BLK PLY+BLK   M1   M2  UNITS 
 Sheet Resistance    6.7   7.8   8.0    59.7  313.6  0.08  0.08 ohms/sq 
 Contact Resistance  10.6  11.0  10.0                      4.79 ohms 
 Gate Oxide Thickness 41                                       angstrom 
                                                                       
PROCESS PARAMETERS     M3   POLY_HRI  M4    M5    M6    N_W     UNITS 
 Sheet Resistance     0.08           0.08  0.08  0.03   930     ohms/sq 
 Contact Resistance   9.24           14.05 18.39 20.69           ohms 
                                                                        
COMMENTS: BLK is silicide block. 
 
 
CAPACITANCE PARAMETERS N+ P+  POLY  M1 M2 M3 M4 M5 M6 R_W  D_N_W M5P N_W  UNITS 
 Area (substrate)     942 1163 106 34 14  9  6  5  3         123    125 aF/um^2 
 Area (N+active)              8484 55 20 13 11  9  8                    aF/um^2 
 Area (P+active)              8232                                      aF/um^2 
 Area (poly)                       66 17 10  7  5  4                    aF/um^2 
 Area (metal1)                        37 14  9  6  5                    aF/um^2 
 Area (metal2)                           35 14  9  6                    aF/um^2 
 Area (metal3)                              37 14  9                    aF/um^2 
 Area (metal4)                                 36 14                    aF/um^2 
 Area (metal5)                                    34              984   aF/um^2 
 Area (r well)         920                                              aF/um^2 
 Area (d well)                                        582               aF/um^2 
 Area (no well)        137                                              aF/um^2 
 Fringe (substrate)    212  235    41 35 29 21 14                        aF/um 
 Fringe (poly)                     70 39 29 23 20 17                     aF/um 
 Fringe (metal1)                      52 34    22 19                     aF/um 
 Fringe (metal2)                         48 35 27 22                     aF/um 
 Fringe (metal3)                            53 34 27                     aF/um 
 Fringe (metal4)                               58 35                     aF/um 
 Fringe (metal5)                                  55                     aF/um 
 Overlap (N+active)             895                                      aF/um   
 Overlap (P+active)             737                                      aF/um 
                                                                            
 
 
CIRCUIT PARAMETERS                            UNITS       
 Inverters                     K                          
  Vinv                        1.0       0.74   volts       
  Vinv                        1.5       0.78   volts       
  Vol (100 uA)                2.0       0.08   volts       
  Voh (100 uA)                2.0       1.63   volts       
  Vinv                        2.0       0.82   volts       
  Gain                        2.0     -23.72              
 Ring Oscillator Freq.                                    
  D1024_THK (31-stg,3.3V)             300.36    MHz         
  DIV1024 (31-stg,1.8V)               363.77    MHz         
 Ring Oscillator Power                                    
  D1024_THK (31-stg,3.3V)               0.07    uW/MHz/gate 
  DIV1024 (31-stg,1.8V)                 0.02    uW/MHz/gate 
                       
 


