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1. Design a differential amplifier with an active load as shown in Fig. PS6.1 to meet the 

following specifications: 

i. Differential gain Adm = 80V/V. 

ii. IREF = I = 100µA. 

iii. The DC voltage at the gates of M3 and M6 is +1.5V. 

iv. The DC voltage at the gates of M7, M4 and M5 is -1.5V. 

M1 and M2 form the differential pair while the current source transistor M4 and M5 form 

the active loads for M1 and M2 respectively. The DC bias circuit that establishes an 

appropriate DC voltage at the drain of M1 and M2 is neglected here. Use the following 

technology parameters for your design: 

µnCox = 3µpCox = 90µA/V
2
, Vtn = |Vtp| = 0.7V, VAn = |VAp| =20V 

Your design should include the value of R and the W/L ratio of all transistors. Also 

specify ID and |VGS| at which each transistor is operating. For DC bias calculation, you 

may neglect channel length modulation. 

 

Fig. PS6.1 

VDD +2.5V

M6

I

M3

M7

M4

M5

M2M1

IREF
-vi /2+vi /2

- vo +

R

VSS -2.5V



EE 140 ANALOG INTEGRATED CIRCUITS SPRING 2011 

C. Nguyen 
 

  

2. A differential circuit employing active loads is shown in Fig. PS6.2. Bias voltage VG is 

adjusted so that the drains of M1 and M2 are at +5 V dc.  Assume that biasing resistors RB1 

and RB2 set ID5 = 1 mA.  Calculate the midband small-signal voltage gain vo/vi and 

estimate the dominant pole frequency.  Use inspection analysis wherever possible. 

 

Use the following equations in calculating capacitances: 

��� = ����
	
��
���

  

��� = ����
	
������

  

���� = ������� + ���������, where AD = (5 µm)W and PD = W. 

 

VDD, -VSS = 10 V 

Xd = 1 µm 

γ = 0 

ψ0 = 0.6 V  

W1=W2=W5=W6=100 

µm 

W3 = W4 = 50 µm 

Ldrwn = 2 µm  

Ld = 0.2 µm 

µnCox = 60 µA/V
2
 

λn = 0.1 V
-1 

VTn = 1 V  

Cox = 0.7 fF/µm
2
 

µpCox = 20 µA/V
2
 

λn = 0.2 V
-1 

VTp = -1 V 

Cj0(NMOS) = 0.4 fF/µm
2  

Cjsw0(NMOS) = 0.4 

fF/um
2 

Cj0(PMOS) = 0.2 fF/µm
2  

Cjsw0(PMOS) = 0.2 

fF/um
2   

   

       
Fig. PS6.2 
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3. Determine the unloaded voltage gain vo/vi and output resistance for the circuit of PS6.3.  

Check with SPICE and also use SPICE to plot out the large-signal VO-VI transfer 

characteristic for VSUP = 2.5 V.  Use SPICE to determine the CMRR if the current-source 

output resistance is 1 MΩ.  Assume no device mismatch.  Use the parameters in the table 

below as necessary. 

Parameter npn pnp 

βF 200 50 

βR 2 4 

VA 130 V 50 V 

η 2e-4 5e-4 

IS 5e-15 A 2e-15 A 

ICO 1e-10 A 1e-10 A 

BVCEO 50 V 60 V 

BVCBO 90 V 60 V 

BVEBO 7 V 90 V 

τF 0.35 ns 30 ns 

τR 400 ns 3000 ns 

β0 200 50 

rb 200 Ω 300 Ω 

rc (saturation) 200 Ω 100 Ω 

rex 2 Ω 10 Ω 

Cje0 B-E junction 1 pF 0.3 pF 

ψ0e 0.7 V 0.55 V 

ne 0.33 0.5 

Cu0 B-C junction 0.3 pF 1 pF 

ψ0c 0.55 V 0.55 V 

nc 0.5 V 0.5 

Ccs0 C-S junction 3 pF 3 pF 

ψ0s 0.52 V 0.52 V 

ns 0.5 V 0.5 V 
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Fig. PS6.3 

 

4. Assuming all of the circuits in show in Fig. PS6.4 are symmetric, all of the transistors are 

saturated, γ = 0, and λ ≠ 0, 

i. Calculate the small-signal differential voltage gain of each circuit.  You answer 

should be symbolic in terms of gm1, gm2, gm3, gm4, gm5, ro1, ro2, ro3, ro4, ro5, R1, R2.  

Circuits (a) – (d) can be solved by inspection, but you may need to draw the small 

signal model to solve (e). 

ii. Sketch Vout as Vin1 and Vin2 vary differentially from zero to VDD .  In other words, 

plot Vout vs. Vin1-Vin2 (commonly referred to as Vid). 
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