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1) 
 
(a)  
 
At time t1, transistors M1, M5 and M9 have the same bias point. The drain-source 
voltage drop is therefore equal for all three transistors. The source-gate voltage for 
transistor M2, M6 and M10 are therefore identical. With (λ = γ =0), the current through 
the transistors M2, M6 and M10 will therefore be identical. ID for M10 = Iref => ID for 
M2 = ID for M5 = Iref. In a similar manner, transistor M4 and M8 will have identical 
bias points at time t2, resulting in identical gate-source voltages for transistor M3 and 
M7 giving that ID for M3 = ID for M7 = ID for M6 = Iref. 
 
So Iout at time t1 = -Iref = -10 µA and Iout for time t2 = Iref = 10 µA. 
 
(b)  
 
When the down signal is high, transistor M1 will be in the linear region. From (a) we 
know that the current ID will be 10 µA. 
 
Transistor equation for a NMOS transitor in the linear region: 
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Transistor M10 is always in saturation. VGS is then given from:  
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which is also the VGS for transistor M2. 
 
Transistor M2 is in saturation as long as (VGS > VTN) and (VDS > VGS - VTN) 
VDS = VGS –VTN = 0.4683V – 0.4 V = 68.3mV  
The minimum output voltage is then VDSM1 + VDSM2 = 0.83mV + 68.3 mV = 69.1mV 
 
The same calculation as for transistor M1 gives for transistor M4: 
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The same calculation as for transistor M10 gives for M7 
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VVSG 6466.0=   which is also the VSG for transistor M3. 
 
Transistor M3 is in saturation as long as (VGS > |VTP|) and (VSD < VSG - |VTP|) 
VSD = VSG –|VTP|= 0.6466V – 0.55 V = 96.6mV 
The maximum output voltage is then Vdd - VSDM4 - VDSM3 = 3.3 – 1.697mV – 96.6 mV = 
3.202V 
 
The output range of the charge pump is thus 69.1mV < Vout < 3.202 V. 
 
2) 
 
Start by deriving an expression for each output voltage, Vout1 and Vout2, as a function of 
the input voltages Vin1 and Vin2. 
 

( )PinDmout VVRgV −−= 111  

( )PinDmout VVRgV −−= 222  

 
The voltage at node P is equal to the voltage drop over RSS generated by the total drain 
current of the two transistors. 
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The voltages at outputs, Vout1 and Vout2, can then be found by substituting VP for the 
expression above and simplifying: 
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Now we need to find the gain for the two different input configurations shown below: 
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Differential mode: 
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We insert Vin1=Vidm/2 and Vin2=-Vidm/2 into the expressions for Vout1 and Vout2 above to 
get: 
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Now we find the differential gain as: 
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Common mode: 
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We insert Vin1=Vin2=Vicm into the expressions for Vout1 and Vout2 above to get: 
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Now we find the common-mode gain as: 
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So the common-mode rejection ratio is: 
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3) 
 
(a) Small-signal model: 

gm1Vin gm3VX CX gm5VX CL RL

VoutVX

 
 
Write the nodal equations for the circuit: 
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KCL @ Vout:  X
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The transfer function is then found to be: 
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(b) We rewrite the transfer function in terms of the DC gain, A0, and the two poles ωp1 

and ωp2. 
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The phase margin is defined as )(180)(180 uu jHjHPM ωωβ ∠+°=∠+°=  if β=1. 
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So the phase margin is 
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4) 
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Replacing the values for rc, d and tp results in: 
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Since the line is non-inverting then we choose 6=m .                                                 
 
 
5) 
 
a) Initially we assume that Vout=0 and there is no charge on C. M3 is off and M2 is on 
and M1 charges the capacitor. Then VDS1=3 and VGS1-|Vt|=1.5 and M1 is in saturation: 
 

25.2)5.02(104050
2

1 26
1 =−××××= −I  mA 

 
M1 will be in saturation region until VDS1=VGS1-|Vt|=1.5 V or the voltage on capacitor is 
1.5 V which is the switching threshold for the coming stage. To get this point: 
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From this point on, after 200+225=425 ps Vout goes 1. Now we should calculate the 
time in which the output of the first stage reaches to VDD. When M1 enters the linear 
region, to have a rough estimation about the charging time we can assume that the 
capacitor is charged with a constant current which is the average of the currents in the 
beginning and end of the transition. Then: 
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Since 200 ps is less than the total propagation delay in the second and third stages (425 
ps) then the voltage at the output of the first stage reaches VDD before the next 
transition. 
 
When Vout goes high, M3 is on and M2 is off and C is discharged by M4. To reach VDD/2 
which is the switching point for the coming stage: 
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M4 will be in saturation region until VDS4=VGS4-V t=1.5 V or the voltage on capacitor is 
1.5 V which is the switching threshold for the coming stage. To get this point: 
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From this point on, after 425 ps Vout goes low. Using a similar method we can be sure 
that the capacitor is completely discharged before the next transition. Then Vout is 
425+50=475 ps at high and 425+100= 525 ps at low. The period is 475+525=1000 ps=1 
ns and the oscillation frequency is 1 GHz. 
 
 
 
6)  
 

 
 


