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Design of Analog CMOS 
Integrated Circuits

<Chapter 5>
Passive and Active Current Mirrors

양병도
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5.1 Basic current mirrors
 Application

 resistive divider 를사용한 current source
 단점: Iout이 power supply, process, temperature에영향받음사용하
기어렵다. 
 VDD, VTH ~100mV 변함 Iout변함

 μn, VTH는온도에따라변함 Iout변함
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 Basic current mirrors
 안정적인 reference current (IREF) 를만들고이를사용하여여러개의

current source를복사한다. 

 어떻게복사하는가? (Iout=IREF ?)
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 어떻게복사하는가? (Iout=IREF ?)

 λ=0 가정 (channel length modulation무시)
 (1) (W/L)1과 (W/L)2를조절에서만들수있다. 

 (W/L)1 =100= (W/L)2 Iout=IREF

 (W/L)1 =100, (W/L)2 =200  Iout=2IREF

 PVT (process, voltage, temperature)의영향이서로상쇄된다. 
 안정적 IREF안정적 Iout

 보통은 L은고정하고W만변화시킨다. 
 L변경 L’=L-2LD ratio 변화가일정하지않음
 VTH변경 (short channel device)
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 current mirror 예
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5.2 Cascode current mirrors
 Current mirror @ λ≠0 (channel length modulation 고려)

VDS1=VGS1=VGS2 ≠VDS2

 λ≠0의문제해결방법?
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 Cascode current source
 channel-length modulation 영향을줄일수있다.

 VY =VX가되도록하는 Vb?
 If
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 Cascode mirror 에서의 voltage headroom

Vb값을잘조절하면 2ΔV까지내려갈수있다. 
그러나, VX≠VY이므로 Iout≠IREF

Vp=2ΔV+VTH

VTH만큼증가해결방법?
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 Low-voltage cascode mirror

Vout≥Vb-VTH4

=(VGS2-VTH4)+ =(VGS1-VTH1)
=2ΔV

I1=IREF이기위해서는
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 Low-voltage cascode using a source follower level shifter

MS를통해흐르는전류가매우작다면 ID≈0

Body effect를고려하면
MS이 saturation에있다고확신하기힘들다. 
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5.3 Active current mirrors
 저항대신 current source 이용
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 Differential pair with active current mirrors
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 Large-signal analysis

(1) Vin1<<Vin2M1 ‘off’ M3 & M4 ‘off’
 M2 & M5 ‘on’  Vout = 0 M2 & M5 triode
(2) Vin1↑& Vin2↓ Vin1≈ Vin2 high gain
(3) Vin1>Vin2 ID1, ID3, ID4↑, ID2↓  Vout↑
 M4 triode
(4) Vin1>>Vin2M2 ‘off’ M4 deep triode ID4≈0 
 Vout=VDD

Input common mode 전압?
 M2가 saturation 이려면 Vout≥Vin,CM-VTH

 Output swing↑ Vin,CM ↓
 Vin,CM,min = VGS1,2 + VDS5,min
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 Small-signal analysis (1)
 Asymmetric swings, P  virtual ground.
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 Small-signal analysis (2)
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 Common-mode 특성

 Ro1,2,3,5를무시


