Guided exercise_ 2: 
Dimensioning, simulation and basic parameters estimation of simple current mirror

Exercise_ 2.1: Consider the current mirror shown in Fig.2.1., where:
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	Fig.2.1. Basic NMOS current mirror.


Iref=20µA;
Wr/Lr =2µm/2µm; 

Wo/Lo=5µm/2µm.
Given that:

µnCox=100 µA/V2;
VTN0=0.5V;

λno=0.01 V-1,
find:

A. the value of the current Iout;

B. the minimum output voltage Vmin;

C. the small-signal output resistance rout;

D. the change in Iout for a 2.5V change in the output voltage.
Solution
A. The value of the output current Iout can be found by using the basic equation

(2.1)
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Thus, we have
(2.2)
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B. The minimum output voltage Vmin is given by
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The difference 
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 can be computed by using the simplified equation for the MOS transistor in saturation

(2.3)
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Hence, the result is
(2.4)
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C. The equation for small-signal output resistance is 

(2.5)
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D. The change in Iout for a 2.5V change in the output voltage can be found using

(2.6)
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(2.7)
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Exercise 2.2: Consider the current mirror shown in Fig.2.2, where:
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	Fig.2.2. Basic PMOS current mirror.


Iref=10µA;
Iout=40µA;
VDD=3.3V.
Given that:

µpCox=40 µA/V2;

VTP0=-0.6V;
Minimal length of the channel for used technology - 0.35µm.
Find:

A. the values of Wr and Lr;

B. the values of Wo and Lo; 
C. the minimum output voltage Vmin;
D. the range of the operating voltage Vload (see the figure).
Solution
A. We can size the dimensions of the transistor Mr by using basic simplified equation of the MOS transistor in saturation

(2.8)
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Then, we have

(2.9)           
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Note that 

 (2.10)
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where Veffr is the effective voltage of the transistor (should be higher than 0.1V in order to guarantee the operation of the transistor in strong inversion).
Finally we can find

 (2.11)
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Fig. 2.3 shows graphically the Equation (2.11), as well as the Table1 presents some of the values of Wr/Lr and Veffr that fulfill the same Equation.
Table 1

	Veff
	0.1
	0.2
	0.5
	0.7
	1
	1.1
	1.2
	1.3
	1.4
	1.6
	1.8
	2.2
	2.5
	2.9
	3.2

	W/L
	50.00
	12.50
	2.00
	1.00
	0.50
	0.40
	0.35
	0.30
	0.25
	0.20
	0.15
	0.10
	0.08
	0.06
	0.05


The analysis of the Fig.2.3 and Table 1 determines a large numbers of (Wr/Lr; Veffr) pairs, which can be chosen in order to size transistor Mr.  

But there is one additional very important design consideration: Vmin is equal to the difference between gate-source voltage and threshold voltage of the transistors:

(2.12)                      
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The ideal current mirror has Vmin as smaller as it is possible, but, on the other hand, in order to guarantee the operation of the transistor in strong inversion, the effective voltage Veffr should be higher than 0.1V. Finally, to ensure the fulfilling of the above requirements and to avoid the negative effects from the variations in the fabrication process, we can choose a typical value of Veffr approximately of 0.2V.

Than, we compute

(2.13)    
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The minimal length of the used technology is 0.35µm. To guarantee a small value of the λ of the transistors and consequently high value of rout (see Equation (2.5)) it is recommended that minimal length of the transistors to be (2÷5) times higher than the minimal 0.35µm.


So we can choose Lr=1µm ant then Wr=12.5µm.
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	Fig. 2.3. Graphical presentation of (W/L) vs. Veff


Finally Wr=12.5µm and Lr=1µm.
B. The value of the Wo and Lo can be calculated using the basic Equation  2.1.
 (2.14)
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In order to minimize errors due to the side-diffusion of the source and drain areas we employ the same length for both transistors, i.e. Lo=Lr=1µA. 

Then the channel wide is Wo=50·Lo=50·1µm=50µm.

Finally Wo=50µm and Lo=1µm.
C. The minimum output voltage Vmin can be found using equation (2.12):

 (2.15)
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D. The range of the operating voltage Vload is (see Fig.2.1)
 (2.16)
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The operating voltage Vload is between 0V and 3.1V.
Exersise 2.3: Consider the current mirror shown in Fig.2.4, where: VDD=3.3V, Iref=50µA, Iout=20µA and 0.35µm CMOS process is used. 
Given that the hand calculation parameters of the used technology are: µnCox=100 µA/V2; VTN0=0.5V; µpCox=40 µA/V2; VTP0=-0.6V.
Find the W/L ratios of the transistors.

Simulate the circuit using PSpice Evaluation Version and plot the transfer and output characteristics. Determine graphically the recommended working area (Irefmin ÷ Irefmax), Vmin and rout . 
To carry out the simulations use the BSIM 3v3 typical mean condition model of 0.35µm CMOS process (cmos_tm.lib).
Instructions:
A. You can use the solutions of Example 1 and Example 2 to find the W/L ratios of the transistors.
B. The simulation testing of the circuit is based on the test bench shown in Fig.2.4.
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	Fig.2.4. Simulation test bench


B.1. Simulation of transfer characteristic
Set up Vout=1.65V.
From the main menu of the PSpice Schematics choose: 

Analysis 
Set up….

DC Sweep with parameters:

Swept var. type: Current  source Iref
Sweep type: Linear

Start value: 0 µA

End value: 250µA

Increment: 0.01µA

Nested sweep is not Enable
After the simulation you can plot the transfer characteristic and determine graphically the recommended working area (Irefmin ÷ Irefmax).
To examine the family of transfer characteristics you must set 

Nested sweep Enable

Swept variable type: Voltage source Vout
Sweep type: Linear

Start value: 0V

End value: 3V

Increment: 0.5V.

B.2. Simulation of output characteristic
Set up Iref=50µA

From the main menu of the PSpice Schematics choose: 

Analysis 

Set up….

DC Sweep with parameters:

Swept var. type: Voltage source Vout 

Sweep type: Linear

Start value: 0V 

End value: 3.3V

Increment: 0.01V

Nested sweep is not Enable
After simulation you can plot the output characteristic and determine graphically Vmin and rout. 
To examine the family of output characteristics you must set 

Nested sweep Enable

Swept variable type: Current source Iref
Sweep type: Linear

Start value: 10µA

End value: 100µA

Increment: 10µA
Exersise 2.4: Simulate the circuit from Exercise 2.2 using PSpice Evaluation Version and plot the transfer and output characteristics. Determine graphically the recommended working area (Irefmin ÷ Irefmax), Vmin and rout.
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