Guided exercises 3: 
Analysis, dimensioning and simulation of current reference circuits
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	Fig.3.1. Using the resistor as current reference.


Exercise 3.1: Consider the circuit shown in Fig.3.1, 
where:
Iref=20µA

Given that:

µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V,

0.35µm CMOS technology
Find:

A. the value of the resistor R and

B. W and L sizes of the transistors. 
Solution
A. In the presented circuit the resistance R is used as simple current reference. 

The currents through Mn, R and Mp are equal.
 (3.1)    
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Thus, we can write the next equations

(3.2)
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We demonstrated in Guided exercise 2 (Example 2.2) that the most appropriate value of the |Veff | is about 0.2V (This value guarantees the operation of the transistors in strong inversion and provides a sufficient margin with respect to the variation of the technological parameters of the transistors).
Then, we can compute
(3.5)
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(3.6)
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(3.7)
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The resistance R=90K( is difficult to be implemented in the circuit. It is with very large value and determines a large area of the die. This is the reason to design and investigate improved current reference circuits with smaller resistors.
B. To determine the length L and the width W of the channel of the transistors we can use the next formulas:

(3.8)
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(3.9)       
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In order to minimize the coefficients λ (i.e. to increase the output resistance of the transistors) we have to choose the length of the transistors (2÷5) times larger then the minimal 0.35μm. 
So, we can determine Ln=Lp=1μm. 
Then, the values of the widths are Wn=10*Ln=10 μm and Wp=25*Lp=25μm.
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	Fig.3.2. Threshold voltage referenced circuit.


Exercise 3.2: Consider the threshold voltage referenced circuit shown in Fig.3.2, where:
R=35k;

Wn/Ln =10µm/1µm; 

Wp/Lp=25µm/1µm.

Given that:

µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V.
Find the value of the current Iref.
Solution
A. Because of all NMOS and all PMOS transistors have equal W/L ratios, the currents through the components of the circuit are equal too. Then, the value of the reference current Iref can be found by using the equation

(3.10)
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where     

(3.11) 
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(3.12)
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Thus, we have

(3.13)
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The solution of the above equation is 

(3.14)
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Consequently, the discussed circuit ensures the same reference current as the first circuit (Exercise 3.1), but the necessary resistance is 2.5 times smaller.
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	Fig. 3.3. Thermal voltage referenced circuit


Exercise 3.3. Design a thermal voltage referenced circuit with:

        Iref=20µA. 
Given that:

µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V,
empirical coefficient n=1.
0.35µm CMOS technology
Solution

The figure shows that NMOS transistors are with equal Wn/Ln ratios and PMOS – with Wp/Lp ratios.
Consequently, the areas A1 and A2 of the Q1 and Q2 have to be different in order to assure the correct operation of the circuit.

We can choose

(3.15)
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and then the equation for the current is 

(3.16)
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Using the above result we can find

(3.17)
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To determine the length L and the width W of the channel of the transistors we can use the same approach which was applied in the Exercise 3.1. So, we can determine Ln=Lp=1μm and the values of the widths are Wn=10*Ln=10 μm and Wp=25*Lp=25μm. 
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	Fig. 3.4. Diode voltage referenced circuit


Exercise 3.4. 

A. Design a diode voltage referenced circuit with:

        Iref=20µA. 
Given that:

µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V,

empirical coefficient n=1, Is=3.615e-18,
0.35µm CMOS technology.

BSIM3v3 models of the transistors 
B. Examine, using Spice, the dependence on the supply voltage of the reference current. Find the minimum operation value of the supply voltage VDDmin and the sensitivity of the reference current to the VDD. 
C. Examine, using Spice, the dependence on the temperature of the reference current. Find the temperature coefficient of the reference current. 
Solutions
A. To determine the resistance R the following formula is used

(3-18)
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 EMBED Equation.3  [image: image23.wmf]
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By analogy with the previous exercises we obtain 

Ln=Lp=1μm and 

Wn=10*Ln=10 μm and Wp=25*Lp=25μm. 

B. To examine the Iref vs. VDD characteristic the test-circuit in Fig.3.5 is used (the transistor M6 is a load).
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	Fig.3.5. Test-circuit for simulations


In PSpice schematics choose:
Analysis
Setup……

Main sweep

DC sweep

Swept var. type: Voltage source; Name:VDD

Sweep type: Linear

Start value: 0V

End value: 3.3V

Increment: 0.01V
After the simulation you can plot the Iref=f(VDD) characteristic and determine graphically the minimum operation value of the supply voltage VDDmin, as well as the sensitivity 
(3-19)     
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 in the operating region (where VDD>VDDmin).
C1. To examine the temperature characteristic again Fig. 3.5 is used. 
In PSpice schematics choose:
Analysis
Setup……

Main sweep

DC sweep

Swept var. type: Temperature

Sweep type: Linear

Start value: -50
End value: 150
Increment: 1

After the simulation you can plot the Iref=f(T) characteristic and determine graphically the TCIref in [μA/°C] and in [%/°C].
C2. Another approach to examine the temperature characteristic is to add Nested sweep to the specifications proposed in B. 
In PSpice schematics choose:
Analysis
Setup……

DC sweep

Main sweep

Swept var. type: Voltage source; Name:VDD

Sweep type: Linear

Start value: 0V

End value: 3.3V

Increment: 0.01V

And

Nested sweep

Swept var. type: Temperature

Sweep type: Linear

Start value: -50

End value: 150

Increment: 50

In this case a family of the output characteristics can be examined and some conclusions about dependence on the temperature of the VDDmin can be made.
Exercise 3.5.
A. Examine, using Spice, the dependence on the supply voltage of the reference currents in Fig.3.1, Fig.3.2 and Fig.3.3. Find the minimum operation value of the supply voltage VDDmin and the sensitivity of the reference current to the VDD. 

B. Examine, using Spice, the dependence on the temperature of the reference currents in Fig.3.1, Fig.3.2 and Fig.3.3. Find the temperature coefficient of the currents. 

Exercise 3.6.
Compare the values of the parameters of the four simulated circuits. Present the results in tabular form.
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