
Two Stage OTA Constraining Equations
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CASE # 1 RZ = 0 – significant roots via pole splitting,
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where 
[image: image4.wmf])

C

+

C

+

C

(

C

)

C

+

C

+

C

(

C

gs

db

db

I

L

db

db

II

7

4

2

7

6

,

=

=




3. 
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This assumes that the 3dB bandwidth of the follower stage M8 and M9 is > 10 
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.  Note CL is replaced by Cgs8 when the follower stage is present and CI augmented by Cgs9.  This can only be done after CL is known.  When the OTA is unbuffered ignoring any parasitic Cs CL is found as follows:
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· Open loop gain AVOL - primarily depends on "LAMBDA"
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Select the shortest transistor that will achieve the gain objective. This saves power and maximizes BW.

1
· Noise floor - When feasible the sensor impedance should dominate the noise floor. The input network, typically switch capacitor in nature and the OTA, contribute noise error.
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   Equivalent OTA output noise can be written as follows:
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(3)
2

VFS is the full scale peak to peak signal swing and n is the equivalent number of bits, ( is a weighting constant for the circuit, f3dB is the bandwidth if the OTA application and kT takes on its usual meaning. (Note DR/6.02 = n in bits)  Note: Noise is the rms addition of the source generator, the input network, and the OTA equivalent input.  For a SC circuit f3dB can be written as follows:
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Otherwise it takes on the usual meaning.

· RHP zero
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3
· Non-dominant pole
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weak approximation at times
4
· Slew Rate
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5
· GBP - from product of dominate pole and AVOL.


[image: image15.wmf]C

I

B

2

=

V

=

C

gm

)

C

+

C

(

gm

GBP

C

1

C

1

6

gs

c

1

D

»

»

b


(8)

6
· PM - nondominant pole must be separated from the GBP
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(9a)7
where x = 1.73 or 2.75 for 60° and 70° PM and


CLeff = Cdb6 + Cdb7 + CLeff,  Cgs = Cgs7 + Cgs8 (when appropriate use Cgs8) 

Design Approach

Step 1  Setting Cc
· To achieve good OTA settling the zero should be > 10 GBP or
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Assuming (V is identical for all devices then.  It is required to avoid built in offset that VGS4 = VGS7. However (V1 need not equal  (V7.  For simplicity we will define the gm7/gm1 ratio as R71. 

W7 > 10 W1/kR    where the mobility ratio kR = 2 to 3

· Now from the phase margin equation, I6 = I7 = 2 R71I1 and the zero placement (
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“Compensation equation”
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(when use Cgs8) 

Step 2, go to the application

There is very little freedom in the choice of (V (1/8 to ½ Volt) other than subthreshold and one should select (V = 1/3 Volt as a starting point and go to the application for:

· n the number of bits of DR i.e. 6.02dB/bit

· fP which sets the slew rate or the slew rate itself.

· (3dB the application 3dB BW or GBP where GBP = (3dB /( and

( is the feedback fraction.  Keep in mind that for inverting configurations GBP must be > fu(1+1/()
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closed loop or application gain
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closed loop 3dB frequency 

In sampled systems settling accuracy must be to n bits and(3dB must be increased as follows:
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which in turn push out the OTA GBP requirement. 

· AVOL The open loop gain where
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  is the error term and 
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 Note the factor of 2/3 is a safety margin.

Step 3 - Summary for finding device geometry.

1. From application closed loop gain and accuracy requirements check AVOL and use the open loop gain equation (1) to find a minimum value for (.  Use ( to determine the minimum L.  This is quite difficult to do without real data or very good models. Equation (1).
2. Use the dynamic range i.e. number of bits or required Noise floor to calculate CI from the noise equation (2) for the input or sampling network.

3. Use the required gain from the application to determine the feedback network or factor (1/(), typically CF. Now that you have CL, CF, and CI , CLeff can be determined.

4. Use the compensation equation (11) to estimate CC from CLeff.

5. Use the OTA noise requirements and closed loop gain (KFB) or feedback factor (1/() to find W1 from the OTA noise equation (3).

6. Use the settling requirements (
[image: image32.wmf]2

/

3

2

+

n

Ln

), the application closed loop gain (KFB) or feedback factor and CC to find W1 from the GBP equations (8) and (4).
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7. Select the greater W1 from 5 and 6 above.

8. Use fp, Cc, and VP from the application to calculate the ID5 from the slew rate equation (7). 

9. Now it is possible to find the remaining W’s.
Biasing equations for the two stage OTA.  Others are possible.


I7 = I6 = I W6/W10 = (W5/2W6 )(W7/W4) I


I1 = I2 = I5/2 = I = IW5/ 2W10

L10 = L11 = L12 = L14 = L5 = L6, You may want to shorten L14.


L3 = L4 = L7 = L9 and L1= L2  

where


2W10 = 2W11 = W5A = W5B  At times you must drop W5B. 


W14 = W12/4, W13 = W15/4,  and W12 = W10 +, i.e. W12 = 2W10

W1 = W2, W3 = W4.  


(W/L)8 = (W/L)7


10. Confirm the design by phase margin, CMR, etc. using the PM equation and others below.

8

While design is an iterative process one must rely on models as well as have a flexible plan since quite frequently the successful design space is quite small compared to the total possible parameter space i.e. transistor geometry combinations.  

Or in short "Easter egging for the golden egg doesn't work."

Step 4

Check Phase Margin by solving of x

· PM 
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where typ ID1 > 5 to 10 ID6 and CI is the total C at the stage 1 output node and CLT is the total equivalent load at the output.

and x = 2.2 or 3 @  600 and 700 PM respectively and


CLT = Cdb6 + Cdb8 + CL.

Use the remaining equations to confirm circuit acceptability, i.e. CMR, peak to peak swing and location of the non-dominate poles.  Note that in broadband design GBP will not be able to approach the process fT = gm/(2(Cgs).  Also very little can be done to improve CMR, VOMAX and VOMIN.

· CMR
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11
· VOMAX and VOMIN
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13
· Mirror pole (M3 and M4)
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CASE # 2 RZ ( 0 – via pole splitting the significant roots are found as:

zero  
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Now setting z1 = (nd and solving for Cc
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where 
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14
· PM  (p3 > x GBP “New compensation equation”
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15
where x = 1.73 or 2.75 for 60° and 70° PM and


CLT = Cdb6 + Cdb7 + CL
Design Approach

Design now proceeds as previous except that we now have a new compensation equation and need a RZ equation. This is the preferred compensation technique.
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VGS16 is controlled by VB2 or VB1 or VDD your choice and that due to CC VDS  = 0.  Therefore the triode approximation applies.

Biasing equations for the two stage OTA.  Others are possible.


I7 = I6 = I W6/W10 = (W5/2W6 )(W7/W4) I


I1 = I2 = I5/2 = I = IW5/ 2W10

L10 = L11 = L12 = L14 = L5 = L6, You may want to shorten L14.


L3 = L4 = L7 = L9 and L1= L2  

where


2W10 = 2W11 = W5A = W5B  At times you may want to drop W5B. 


W14 = W12/4, W13 = W15/4,  and W12 = W10 +, i.e. W12 = 2W10

W1 = W2, W3 = W4.  


(W/L)8 = (W/L)7
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