Guided exercise 4: 
Simulation the variations of the output voltage of MOSFET divider caused by power supply voltage, temperature and fabrication process variations
Exercise 4.1: The picture shown in Fig.4.1 presents three MOSFET dividers: 

- the left circuit produces output voltage
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- the central circuit produces 
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- the right circuit produces 
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In second and third circuits, to avoid the body effect, the transistors are implemented in their own well. In this way their sources and bulks can be directly short connected. 

Given that hand-calculation values of the parameters of the used 0.35µm CMOS technology are:
µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V,

Problems:

A. Find W and L sizes of the transistors.
B. Simulate the circuits and plot the output voltage vs. power supply voltage characteristics.

C. Determine graphically the sensitivity of the output voltages to the power supply voltage.

D. Simulate the circuits and plot the temperature characteristic.
E. Determine graphically the temperature coefficients of the output voltages.  
F. Simulate the circuits using the worst case models of the transistors. Represent the results in tabular form.
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	Fig.4.1. MOS-only voltage dividers


Solution
A1. To calculate the sizes of the transistors in first circuit, we can use that the currents through the transistors are equal 

(1)           
[image: image7.wmf]IDp

V

VDD

VDD

2

1

Lp

Wp

2

C

V

VDD

2

1

Ln

Wn

2

C

IDn

2

0

Tp

ox

p

2

0

TN

ox

n

=

÷

÷

ø

ö

ç

ç

è

æ

-

-

m

=

÷

ø

ö

ç

è

æ

-

m

=


After substitution with the numerical values we find that

(2)          
[image: image8.wmf]Lp

Wp

Ln

Wn

3

=

.
We can choose Wn=Ln=Lp=1μm and Wp=3 μm.
A2. The equation for the second circuit is
(3)      
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The result for the sizes is
(4)      
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We can choose Wnb=Lnb=Lpb=1μm and Wpb=65.3μm.

A3. For the right circuit we can write

(5)        
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The result for is

(4)      
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We can choose Wnc=Lnc= Wpc=1μm and Lpc=4.2μm.

Note: After Bias point simulation of the circuits we will obtain the following results for the different outputs
	
	VA
	VB1
	VB2
	VC1
	VC2

	Expected value
	1.65V
	1.65V
	2.475V
	0.825V
	1.65V

	Simulated value
	1.6V
	1.61V
	2.45V
	0.786V
	1.57V

	Error, %
	-3%
	-3%
	-1%
	-4.7%
	-4.8%


The differences between the calculated and the real generated values are caused by the inexactness of the used hand-calculation model. Theoretical it is possible to find and use more sophisticated and precise models for hand-calculation, but in this case we will lose the simplicity and the speed of the calculations. Therefore, in practice, the first cut is always with the simplest hand-calculation model, which guarantees about 5-10% accuracy. After that, precise interactive or automatic optimization methods can be applied to reach the desired values.  
B., C., D., E. The DC sweeps for simulation of the different characteristics and methods for graphical determination of the parameters are described in detail in Guided exercise 2 and Guided exercise 3.
F. To fulfill the last task you have to carry out Bias point simulations with each of the fourth worst case models of the transistors and enter the results in the table. Calculate the errors and make conclusions about influence of the variations of the fabrication process on the accuracy of the output voltages.
	
	VA
	VB1
	VB2
	VC1
	VC2

	
	Value
	Error
	Value
	Error
	Value
	Error
	Value
	Error
	Value
	Error

	Expected value
	1.65V
	
	1.65V
	
	2.475V
	
	0.825V
	
	1.65V
	

	cmos_tm
	1.6V
	-3.0%
	1.61V
	-3.0%
	2.45V
	-1.0%
	0.786V
	-4.7%
	1.57V
	-4.7%

	cmos_wo
	
	
	
	
	
	
	
	
	
	

	cmos_wp
	
	
	
	
	
	
	
	
	
	

	cmos_ws
	
	
	
	
	
	
	
	
	
	

	cmos_wz
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_1278671575.unknown

_1278673139.unknown

_1278679420.unknown

_1278679461.unknown

_1278679735.unknown

_1278679450.unknown

_1278677678.unknown

_1278671586.unknown

_1278671452.unknown

_1278671489.unknown

_1278668382.unknown

_1278667355

