Analog IC Design Homework 4
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1.
Schematic:
[image: ]
(a) I design the nmos to be W=3.8u, L=3.8u, and the pmos to be W=3u, L=3.8u. And the gain A1 is 125 > 120.
[image: ]
from .lis file:
[image: ]
cgtot, cstot, cdtot and cbtot are not more than 100fF.
[image: ]
From the figure above, the flicker noise corner frequency is 2.71kHz, and the pole of thermal noise is 4.45MHz.
(b)  I design both the nmos to be W=3u, L=3u. And the gain A2 is 852m > 0.8.
[image: ]
from .lis file:
[image: ]
cgtot, cstot, cdtot and cbtot are not more than 100fF.
[image: ]
From the figure above, the flicker noise corner frequency is 2.26kHz, and the pole of thermal noise is 54.3MHz.
(c) According to the figure from (a)(b), the output flicker noise of CS is higher than that of SF, and SF has a larger thermal noise pole than CS.
[image: ]
Here we have the formula from the course's material, it's the flicker noise modeled as a voltage source series with the gate, but our simulation is at output, so we should modify the formula by multiplying the square of gain, making the result proportional to  * . In my design,  are really close, so the major difference is the gain. Obviously, the gain of CS(125) is way bigger than that of SF(852m), so the output flicker noise of CS should be bigger than that of SF, which matches our simulation result.
As for the thermal noise pole, 
For CS: 
[image: ]
For SF:
[image: ]    is large, so SF should has a larger pole.
(d) 
Total output noise power of CS:
[image: ]
Total output noise power of SF:
[image: ]
As shown in the figure above, the output noise power of CS(70u(V^2/Hz)) is bigger than that of SF(85.7n(V^2/Hz)). 
The thermal noise's pole frequency of SF(54.3M) is bigger than that of CS(4.45M), but the output noise of CS is about 80dB() larger than that of SF, so there's no surprise that the integration of the noise spectrum(which is the total area under spectrum) of CS is bigger. 
(e) Input refer noise power is output noise power divides the square of gain. ([image: ]) Due to the high gain of CS, we have a lower gain of SF, as calculated below.
So, from(a)(b)(d), 
  (i) The input refer noise power of CS is 70u/125^2 ≒ 4.48n(V^2/Hz)
  (ii) The input refer noise power of SF is 85.7n/0.852^2 ≒ 118n(V^2/Hz)
  (f) Connect CS and SF, we found that the overall gain is 106, which is very close to *=125*0.852=106.5.
[image: ]
And we find the total output noise power by integrating the spectrum, which is 20.3u(V^2/Hz).
[image: ]
So here we get the total input referred noise power = 20.3u/106^2 ≒ 1.8n(V^2/Hz).
(g) Connect SF and CS, and slightly adjust the bias condition, we get a overall gain really close to 106 =*.
[image: ]
And we find the total output noise power by integrating the spectrum, which is 130u(V^2/Hz).
[image: ]
So here we get the total input referred noise power = 130u/106^2 ≒ 11.57n(V^2/Hz).
(h) Take a look at the output noise:
[image: ]
Yellow curve: SF+CS      Green curve: CS+SF
Clearly, the output noise of SF+CS is larger. The  of the CS stage is roughly //, and is obviously bigger than  of SF stage, which is roughly //. So, according to noise = 4kTR, bigger R implies bigger output noise. And [image: ], thus a higher output noise power implies bigger input referred noise. 
2.
Schematic:
[image: ]
(a) By using a current mirror(M5) to generate bias voltage, and with proper MOS sizes, 
[image: ]
my design can reach a gain of 47.5dB.
[image: ]
(b) 
 (i) For output node, the pole frequency is 1/(//)()(2pi) = 1/( (1/520.8351n)//(1/43.1167n) ) (2p+14.0168f+13.0583f)(2pi) = 1/1.77e+6*2.027e-12*2pi = 44.382k(rad/sec)
 (ii) For mirrored node, the impedance  is //≒ , so the pole frequency is /(+)(2pi) = 28.4653u /(422.4634f+422.4634f+14.0168f+13.0583f)(2pi) = 5.197M(rad/sec)
 (iii) For pseudo ground node, the pole frequency is 1/(+)()(2pi) ≒1/(283.3290f+283.3290f+197.9331f)((1/67.2038u)//(1/67.2038u))(2pi) ≒ 27.99M(rad/sec)
Check our calculation from .lis file: 
[image: ]
The results are almost the same.
And here is the bode plot of output:
[image: ]
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¢ Since the silicon crystal reaches an end at the interface, many dangling bonds
appear, give rise to extra energy states.

¢ As carriers move to the interface, some are randomly trapped and later released
by such energy states, introducing “flicker” noise in the drain current.
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The flicker noise is modeled as a voltage source series with the gate :
o K1
"o WL f

wet, £, 2l

Where K is a process-dependent constant on the order of 1025 V?2F.

Our notation assumes a bandwidth of 1 Hz.

The trap-and-release phenomenon occurs at low frequencies more often. (1/f noise)
PMOS devices exhibits less 1/f noise than NMOS.
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* A, amplifies the noise and signal also at the output.

* Input referred noise : to represent the effect of all noise sources in
the circuit by a single source, 12, .

— If the voltage gain is A, then we must have V= A oin
— Indicating how much the input signal is corrupted by the circuit’s noise.
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(a) Design a common source with gain A1>120 and plot the output noise’s spectrum
as shown at Fig. 1.(a). Identify the corner frequency and pole of thermal noise.
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