103061119 電機系 陳佳怡

[bookmark: _gjdgxs]2017 Analog IC Design Homework 1
1. 
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(a) W/L = 10*2um/0.2um, VG = 0V ~ 3.6V[image: ]accumulation
strong inversion
Vsg
Cg




(b) W/L = 20um/0.2um, VG = 0V ~ 3.6V
[image: ]accumulation
strong inversion
Vsg
Cg

compared with (a)
[image: ]
[image: ] [image: ]a (綠色)和b (黃色)的曲線幾乎一致，但在Vsg < 0時，a略大於b，
在Vsg > 0時，b略大於a。
是因為a為兩個W/L=10um/0.2um的mos並聯，等同於W放大兩倍，等效於b (W/L=20um/0.2um)，所以電容值幾乎相同。

(c) W/L = 2um/2um, VG = 0V ~ 3.6V
[image: ]accumulation
strong inversion
Vsg
Cg

compared with (a) and (b) 
[image: ]a (綠色)和b (黃色)的曲線比c (藍色)高，可看出c的電容比a和b的電容來的小。

c (紅色)向上平移13.4f之後
[image: ]a和b的曲線和平移後的c曲線大致相同。

[image: ]
由上面圖表可得知，Cg與WL的乘積以及W的大小呈正相關，a.b和c的WL乘積相等，但是a.b的W比c的W來的大，所以a.b的電容會比c大，且相差一定值13.4f。
2. (a)
 [image: ]

[image: ] 

W=10um, L=0.2um, m=1, 
operating point: input DC voltage = 0.527V, output DC voltage = 0.9V,
|AC gain|=9.9464 > 8 


(b)
[image: ]
operating point
gain/Vin
Vout/Vin
linear range for Vout/Vin



linear range:
Vin: 508mV~552mV, 
Vout: 643mV~1.08V, 

(c)
[image: ]

W=10um, L=0.2um, m=10,
operating point: input DC voltage = 0.412V, output DC voltage = 0.9V,
|AC gain|=12.5127> 8
[image: ]
operating point
gain/Vin
Vout/Vin
linear range for Vout/Vin



linear range:
Vin: 397mV~427mV, 
Vout: 702mV~1.08V, 

(d)比較兩張圖可以發現c的gain較b的gain大，兩者的Vout range差不多，但是b的Vin range稍寬，而且b的saturation region也要在Vin夠大時才出現，推測應該是c並聯了十個b，所以c的W比b來的寬，因此電容增加，gain也因此比b大，另外因為c的W較大，因此影響了(Vin-Vth)，為了維持維持相同的DC output voltage (Vdd-Id*Rd)，Vin必須變小，所以c比b早進入saturation region。還可從圖上看出∆Vout/∆Vin的c (12.6) > b (9.93)，是因為gain變大，所以Vout/Vin的曲線斜率變大，Vin 和Vout的linear range也變窄。






3. 
[image: ] 
(1) Short-channel deivce: W/L = 5um/0.2um 
(七條曲線由上至下依序為Vgs = 1.8, 1.5, 1.2, 0.9, 0.6, 0.3, 0V) [image: ] 



(2) Long-channel device: W/L = 5um/2um
(七條曲線由上至下依序為Vgs = 1.8, 1.5, 1.2, 0.9, 0.6, 0.3, 0V)
[image: ] 


紅色為(1)黃色為(2)
[image: ]


由圖中可以看出short-channel length (W/L = 5um/0.2um)的drain current大於long-channel length (W/L = 5um/2um)的drain current，是因為drain current，另外受到channel length modulation effect的影響，channel length越短，進入saturation region時， curve的斜率就越大，表示受到channel length modulation effect 的影響較大，且short channel和ideal drain current的差值也會較long channel來的大。
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Rk small-signal transfer characteristics

v(vout)/vin = -9.9464
input resistance at vin = 1.000e+20
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Rk small-signal transfer characteristics
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