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Guidelines for dealing with circuits that contain diodes to be solved using the ideal diode model: 

1. Start with an assumption about the state of each diode in the circuit. In the ideal diode model: a diode 

could be either turned on (I > 0, where I is in the forward direction) or cut off (V < 0, where V is the 

voltage of the anode with respect to the cathode).  

2. Replace each diode you have assumed to be turned on with a short circuit and each diode you have 

assumed to be cut off with an open circuit. Solve for the forward currents of all the diodes that you 

have assumed turned on and the forward voltage drops across all diodes that you have assumed cut 

off. 

3. Verification: 

Make sure that each and every diode you have assumed to be turned on has I > 0, where I is in the 

forward direction. Also, make sure that each and every diode you have assumed to be cut off has      

V < 0, where V is the voltage of the anode with respect to the cathode.  

4. If the results of the verification step are consistent with your assumption in step 1 that means you 

have obtained the correct solution, otherwise you have to try another assumption and restart the 

process. 

Guidelines for dealing with circuits that contain diodes to be solved using the constant-voltage-drop model: 

1. Start with an assumption about the state of each diode in the circuit. In the constant-voltage-drop 

model: a diode could be either turned on (I > 0, where I is in the forward direction) or cut off           

(V < 0.7, where V is the voltage of the anode with respect to the cathode).  

2. Replace each diode you have assumed to be turned on with a short circuit and each diode you have 

assumed to be cut off with an open circuit. Solve for the forward currents of all the diodes that you 

have assumed turned on and the forward voltage drops across all diodes that you have assumed cut 

off. 

3. Verification: 

Make sure that each and every diode you have assumed to be turned on has I > 0, where I is in the 

forward direction. Also, make sure that each and every diode you have assumed to be cut off has      

V < 0.7, where V is the voltage of the anode with respect to the cathode.  

4. If the results of the verification step are consistent with your assumption in step 1 that means you 

have obtained the correct solution, otherwise you have to try another assumption and restart the 

process. 

 

 

 

 

 

 

 



 

 

 

Assume that both D1 and D2 are cut off: 

In that case, I10kΩ = 0  V1 = 5 V ! Also,  V2 = 5 – (–5) = 10 V !  

but both V1 and V2 must be < 0  our assumption is incorrect. 

Assume that both D1 and D2 are turned on: 

In that case, I10kΩ =  
(5 – 0)

(10 k)
= 0.5 mA. I2 =  

(0 –(−5))

(5 k)
=  1 mA  I1 =  I10kΩ – I2 = – 0.5 mA ! 

∵ I1 < 0 which contradicts the condition of a turned-on diode  our assumption is incorrect. 

Assume that D1 is on and D2 is off: 

In that case, I10kΩ = I1 =  
(5 – 0)

(10 k)
= 0.5 mA. V2 = 0 – (–5) = 5 V ! 

∵ V2 >  our assumption is incorrect. 

Assume that D1 is off and D2 is on: 

In that case, I10kΩ = I2 =  
(5 –(−5))

(15 k)
= (2/3) mA. V1 = [5 – (10 k) × (2/3 m)] – 0 = –1.667 V   

∵ V1 < 0 and I2 > 0 that confirms our assumption.  

 

  I = I1 = 0; and V = V1 = (5 k) × (2/3 m) + (–5) = –1.667 V 

 

 



Let us resolve the above problem using a constant voltage drop model with VD = 0.7 V; 

Assume that both D1 and D2 are cut off: 

 In that case, I10kΩ = 0  V1 = 5 V !  Also,  V2 = 5 – (–5) = 10 V !  

 our assumption is incorrect. 

Assume that both D1 and D2 are turned on: 

In that case, I10kΩ =  
(5 – 0.7)

10 k
= 0.43 mA. I2 =  

(0.7−0.7 –(−5))

5 k
=  1.0 mA  I1 =  I10kΩ – I2 = – 0.57 mA ! 

∵ I1 < 0  our assumption is incorrect. 

Assume that D1 is on and D2 is off: 

In that case, I10kΩ = I1 =  
5 – 0.7

10 k
= 0.43 mA. V2 = 0.7 – (–5) = 5.7 V ! 

∵ V2 > 0.7  our assumption is incorrect. 

Assume that D1 is off and D2 is on: 

In that case, I10kΩ = I2 =  
(5 –0.7−(−5))

15 k
= 0.62 mA. V1 = [5 – (10 k) × (0.62 m)] – 0 = –1.2 V   

∵ V1 < 0.7 and I2 > 0 that confirms our assumption.  

 

  I = I1 = 0; and V = (5 k) × (0.62 m) + (–5) = –1.9 V 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

∵ the three diodes are identical and conduct the same current (I),  

The voltage drop across each diode will be the same = VD. 

Now we have 3VD = 2  VD  0.667 V or 667 mV. 

 I = 1×10−14 × 𝑒
667

1×25.8  1.69 mA 

If a current of 1 mA is drawn away from the output terminal that leaves the diodes with 0.69 mA. 

The change in a single diode voltage will be ΔVD = 2.3 × 𝑛 × 𝑉𝑇 × log
0.69

1.69
=  −23.34 𝑚𝑉 

 ΔV = 3 ΔVD = −70 mV 

i.e., V loaded = V + ΔV = 1930 mV = 1.93 V. 

 

 

   In general,  

 

 

                                                                        

 

For this particular problem, AD1 = 10 AD2  IS1 = 10 IS2  
𝐼𝑆1

𝐼𝑆2
= 10 

Also by inspection I2 =  I – I1 = 8 mA. 

Writing a node equation starting from the cathode of D2 and going clockwise, 

V2 − V1 −  V = 0  V =V2 − V1  = 60 × log(
8

2
×10) mV = 96 mV. 

50  = 60 × log (
10−𝐼1

𝐼1
×10)   log (

10−𝐼1

𝐼1
×10) = 0.8334  100.8334 =  

100

𝐼1
− 10  

100

𝐼1
= 17.814 

𝐼1 = 5.61 𝑚𝐴 
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2.3

0.12 V/decade @ RT for n = 2

D
T

D

D

D

V
nV

decade I

V
decade I










 

ID (mA) VD (V) 

1 0.7 

10 0.7+0.12=0.82 
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D
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V
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0.7( ) ( )
3 92 0.0258

0.7 1 10 13.34 0.687 V

To calculate V  exactly, we need to find I :

1 10 1.2835 10  A
D

T

D D D DO DO D D D

DO

D S

V

nV

S D

V I r V V V I r

V

I I e e



 
 

      

    

      

 

ID (mA) 
 ln( 1)D T

S

I
V nV

I
    

 

 

VD using 

Piecewise-linear 

model 

Difference 

 

(mV) 

0.5 0.6642 0.6937 29.5 

5 0.7831 0.7537 -29.4 

14 0.8362 0.8738 37.6 

  

 

 



 

Graphical Analysis (Load Line Method): 

 Example 1: 

The diode used in the circuit below has the i-v characteristic shown to the right. Find the the dc operating 

(bias) point Q. 

 

 

 

 Example 2 

In the given i-v characteristic below, which load line represent the given circuit? 

Answer: Number 2. 

 

 



 

d) I=100 µA 

DC Equivalent circuit: 

 

Small Signal Equivalent circuit: 

1 26 3

1 2

1 .0259 1 .0259
259             28.78 

100 10 0.9 10

T T
d d

nV nV
r r

I I 

 
       

 
 

 

 2

2 1

28.78
0.1 

28.78 259

do

i d d

rv
V V

v r r
  

 
 

 



3.107) 

A young designer, aiming to develop intuition, concerning conducting paths within an integrated circuit, 

examines the end-to-end resistance of a connecting bar 10 m long, 3 m wide, 1 m thick, made of various 

materials. The designer considers: 

a) intrinsic silicon 

b) n-doped silicon with ND = 1 × 1016/cm3 

c) n-doped silicon with ND = 1 × 1018/cm3 

d) p-doped silicon with ND = 1 × 1010/cm3 

e) aluminum with resistivity of 2.8 Ωcm 

Find the resistance in each case. For intrinsic silicon, use n = 1350 cm2/Vs, p = 480 cm2/Vs, and                     

ni = 1.5 × 1010/cm3. For doped silicon, assume n  2.5p = 1200 cm2/Vs. (Recall that R = L/A.) 

 

 

 

In general,  

𝑛 =  
𝑁𝐷−𝑁𝐴

2
+ √(

𝑁𝐷−𝑁𝐴

2
)2 + 𝑛𝑖

2   ;and   𝑝 =  
𝑁𝐴−𝑁𝐷

2
+ √(

𝑁𝐴−𝑁𝐷

2
)2 + 𝑛𝑖

2 

𝑎)  𝑛 = 𝑝 =  𝑛𝑖      𝑅 =  
𝜌𝐿

𝐴
=  

𝐿

𝜎𝐴
=  

𝐿

[𝑞(𝑛𝜇𝑛 + 𝑝𝜇𝑝)]𝐴
=

𝐿

[𝑞𝑛𝑖(𝜇𝑛 + 𝜇𝑝)]𝐴
  

𝑅 =  
10×10−4

1.602×10−19×1.5×1010(1350+480)×3×10−4×1×10−4  =  7.58 × 109 Ω =  7.59 GΩ 

 

𝑏)  𝑛 = 𝑁𝐷; 𝑝 =
𝑛𝑖

2

𝑁𝐷
𝑅 =  

𝜌𝐿

𝐴
=  

𝐿

𝜎𝐴
=  

𝐿

𝑞 (𝑁𝐷𝜇𝑛 +
𝑛𝑖

2

𝑁𝐷
𝜇𝑝) 𝐴

 ≈  
𝐿

𝑞(𝑁𝐷𝜇𝑛)𝐴
                         

 (𝑛𝑜𝑡𝑒: 𝑁𝐷𝜇𝑛  ≫
𝑛𝑖

2

𝑁𝐷
𝜇𝑝  )                    

 

 𝑅 =
10 × 10−4

1.602 × 10−19 × 1 × 1016 × 1200 × 3 × 10−4 × 1 × 10−4
= 17361 Ω = 17.361 𝑘Ω  

 

𝑑)  𝑆𝑖𝑛𝑐𝑒 𝑁𝐴 is  comparable to 𝑛𝑖, 

𝑝 =  
𝑁𝐴 − 𝑁𝐷

2
+ √(

𝑁𝐴 − 𝑁𝐷

2
)2 + 𝑛𝑖

2 = 2.08 × 1010 𝑐𝑚−3;          𝑛 =
𝑛𝑖

2

𝑝
= 1.08 × 1010 𝑐𝑚−3 

𝑅 =  
𝜌𝐿

𝐴
=  

𝐿

𝜎𝐴
=  

𝐿

𝑞(𝑛𝜇𝑛 + 𝑝𝜇𝑝)𝐴
                       



 𝑅 =
10 × 10−4

1.602 × 10−19(2.08 × 1010 × 480 + 1.08 × 1010 × 1200) × 3 × 10−4 × 1 × 10−4
= 9.07 𝐺Ω  

 

𝑒)  𝑅 =  
𝜌𝐿

𝐴
=  

2.8 × 10−6 × 10 × 10−4

3 × 10−4 × 1 × 10−4
=  0.0934  Ω = 93.4 𝑚Ω 

 

 

 

 

3.108) 

 Holes are being steadily injected into a region of n-type silicon. In the  

Steady state, the excess-hole concentration profile shown in Fig P3.108  

Is established in the n-type silicon region. Here “excess” means over  

and above the concentration pno.  

 

If ND = 1016 /𝑐𝑚3, ni = 1.5 × 1010 /𝑐𝑚3and W = 5m,  

find the density of the current that will flow in the x direction. 

 

𝐽𝑝 = −𝑞𝐷𝑝

𝑑𝑝

𝑑𝑥
 

𝑝𝑛𝑜 =
𝑛𝑖

2

𝑛𝑛𝑜
=

𝑛𝑖
2

𝑁𝐷
=

(1.5 × 1010)2

1016
= 2.25 × 104 𝑐𝑚−3 

 

𝑑𝑝

𝑑𝑥
=  

𝑝𝑛𝑜 − 1000𝑝𝑛𝑜

𝑊 − 0
=

−999𝑝𝑛𝑜

𝑊
=  

−999 × 2.25 × 104

5 × 10−4
= −4.4955 × 1010 𝑐𝑚−4 

 

𝐽𝑝 = −𝑞𝐷𝑝

𝑑𝑝

𝑑𝑥
= −1.602 × 10−19 × 12 × (−4.4955 × 1010) = 8.64 × 10−8 𝐴/𝑐𝑚2  

 

 

 

 

 

 



3.115) 

If for a particular junction, the acceptor concentration is 1 × 1016/cm3                                                          

and the donor concentration is 1 × 1015/cm3, find the junction built-in                                                               

voltage (barrier voltage). Assume ni = 1 × 1010/cm3. Also, find Wdep                                                             

and its extent in each of the p and n regions when the junction is reverse                                                        

biased with VR = 5 V. At this value of the reverse bias, calculate the                                                  

magnitude of the charge stored on either side of the junction.                                                                     

Assume the junction area is 400 m2. Also, calculate Cj. 

 

 

 

𝑉𝑂  =  V𝑇  × ln
𝑁𝐴 × 𝑁𝐷

𝑛𝑖
2

     

𝑉𝑂 = 0.0258 × ln
1016 × 1015

(1010)2
 

𝑉𝑂 = 0.653 𝑉 

 

𝑊𝑑𝑒𝑝 =  √
2𝜀𝑠

𝑞
(

1

𝑁𝐴
+

1

𝑁𝐷
)(𝑉𝑂 + 𝑉𝑅) 

𝑊𝑑𝑒𝑝 =  √
2×11.7×8.854×10−14

1.602×10−19 (
1

1016 +
1

1015) (0.653 + 5)    =   2.836 × 10−4 cm = 2.836 m 

 

𝑊𝑑𝑒𝑝 =  𝑥𝑝 + 𝑥𝑛  →  𝑥𝑝 + 𝑥𝑛 = 2.836            ;     
𝑥𝑝

𝑥𝑛
 =   

𝑁𝐷

𝑁𝐴
 →  

𝑥𝑝

𝑥𝑛
 =   

1015

1016
  →   

𝑥𝑛

𝑥𝑝
 = 10     

Solving  and  simultaneously yields: 

𝑥𝑝 =  
2.836

11
= 0.258  m       and 𝑥𝑛 = 2.578 m 

 

𝑞𝑗 = 𝑞𝑁𝐷𝑥𝑛𝐴 =  𝑞𝑁𝐴𝑥𝑝𝐴 = 1.602 × 10−19 × 1016 × 0.2578 × 10−4 × 400 × 10−8 = 1.652 × 10−13   𝐶 

 

𝐶𝑗 =  
𝜀𝑠 × 𝐴

𝑊𝑑𝑒𝑝
=  

11.7 × 8.854 × 10−14 × 400 × 10−8

2.836 × 10−4
 = 1.461 × 10−14 𝐹 = 14.61 𝑓𝐹 

 

 

 



 

3.121) 

A p+-n diode is one in which the doping concentration in the p region is much greater than that in the n 

region. In such a diode, the forward current is mostly due to the hole injection across the junction. Show 

that: 

𝐼  𝐼𝑝 = 𝐴𝑞𝑛𝑖
2 (

𝐷𝑝

𝐿𝑝𝑁𝐷
) (𝑒

𝑉
𝑉𝑇 − 1) 

For the specific case in which  𝑁𝐷 = 5 × 1016/𝑐𝑚3, 𝐷𝑝 = 10 𝑐𝑚2/𝑠, 𝜏𝑝 = 0.1 𝑠, and 𝐴 = 104 𝑚2, find 

𝐼𝑆 and the voltage 𝑉 obtained when 𝐼 = 0.2 𝑚𝐴. Assume operation at 300 K where 𝑛𝑖 = 1.5 × 1010/𝑐𝑚3. 

Also, calculate the excess minority-carrier charge and the value of the diffusion capacitance at 𝐼 = 0.2 𝑚𝐴. 

 

𝐼 = 𝐼𝑆 (𝑒
𝑉

𝑉𝑇 − 1) = 𝐼𝑝 + 𝐼𝑛 

Where 𝐼𝑆 = 𝐴𝑞𝑛𝑖
2 (

𝐷𝑝

𝐿𝑝𝑁𝐷
+

𝐷𝑛

𝐿𝑛𝑁𝐴
) 𝐼 = 𝐴𝑞𝑛𝑖

2 (
𝐷𝑝

𝐿𝑝𝑁𝐷
+

𝐷𝑛

𝐿𝑛𝑁𝐴
) (𝑒

𝑉

𝑉𝑇 − 1)    

𝐼𝑝 = 𝐴𝑞𝑛𝑖
2 (

𝐷𝑝

𝐿𝑝𝑁𝐷
) (𝑒

𝑉
𝑉𝑇 − 1)  𝑎𝑛𝑑  𝐼𝑛 = 𝐴𝑞𝑛𝑖

2 (
𝐷𝑛

𝐿𝑛𝑁𝐴
) (𝑒

𝑉
𝑉𝑇 − 1) 

∵ the junction is p+-n  𝑁𝐴 ≫ 𝑁𝐷  𝐼𝑝 ≫ 𝐼𝑛  𝐼 ≈ 𝐼𝑝 

𝐼𝑝 = 𝐴𝑞𝑛𝑖
2 (

𝐷𝑝

𝐿𝑝𝑁𝐷
) (𝑒

𝑉
𝑉𝑇 − 1) ≈ 𝐼 = 0.2 𝑚𝐴 

𝐿𝑝 = √𝐷𝑝𝜏𝑝 = √10 × 0.1 × 10−6 = 1 × 10−3 𝑐𝑚 

𝐼𝑆 ≈ 𝐴𝑞𝑛𝑖
2 (

𝐷𝑝

𝐿𝑝𝑁𝐷
) = 104 × 10−8 × 1.602−19 × (1.5 × 1010)2

10

1 × 10−3 × 5 × 1016
= 0.72 × 10−15 𝐴 

 

𝑉 ≈ 𝑉𝑇 ln(
𝐼𝑝

𝐼𝑆
+ 1) = 0.0258 × 26.35 = 0.6798 𝑉 

 

𝑄𝑝 = 𝜏𝑝𝐼𝑝 = 0.1 × 10−6 × 0.2 × 10−3 = 2 × 10−11 𝐶 = 20 𝑝𝐶 

 

𝐶𝑑 =
𝑄

𝑉𝑇
=

𝑄𝑝 + 𝑄𝑛

𝑉𝑇
 ≈  

𝑄𝑝

𝑉𝑇
=

𝜏𝑝𝐼𝑝

𝑉𝑇
= 7.752 × 10−10 = 0.7752 𝑛𝐹 

 

 


