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REPORT-I 
I. Objective: 

The objective of this project is to design a 4-bit counter and implement it into a chip with the help of 

Cadence (custom IC design tool) following necessary steps and rules dependent on selected process 

technology. 

 

II. Selection of Counter design: 

The chosen design for the 4-bit counter is a simple 4-bit synchronous counter with synchronous set and 

reset option and input and output carry option. The reasons behind choosing this design are 

i. Synchronous counter is the most used and reliable counter design 

ii. Synchronous design ensures that all the output bits change simultaneously at the edge of a clock 

signal and holds that output until the next clock signal 

iii. Low propagation delay than asynchronous counter 

iv. The set reset options become effective with clock edge signal, so the outputs do not change 

suddenly in mid-clock-period.  

v. Set/ reset options allows to clear the count data to start new counting session. 

vi. Carry in and carry out allows 8-bit or higher bits counters by cascading.  

 

 

III. Selection of Flip-flop: 

The basic building block of a counter is flip-flop. The choice of flip-flop depends on the logic function of 

the circuit. The loguc function of the counter suggests a T flipflop as most appropriate for the design. But 

I chose to use a J K Fliflop for the following reasons 

i. J K fliflop allows to include both set and reset feature in it which can also be synchronous with 

the clock. 

ii. A T fliflop can be easily produced from a J K fliflop by applying the same input to both J and K pin. 

  



 

IV. Design Steps: 

Cadence is one of the most popular, efficient and commercial custom IC design tool widely used for 

transforming a design idea to fabrication. For fruitful production of an IC from a design concept a 

sequence of steps has to followed. The flow chart below describes these steps- 

 

  

Design Specification

Schematic Capture

Create Symbol

Simulation

Layout

DRC- Design rule Check

Extraction

LVS - Layout vs Schematic

Check

Post layout Simulation



V. Truth tables and K-maps:  

Present 
state 

Next 
state 

J3 K3 J2 K2 J1 K1 J0 K0 

0000 0001 0 X 0 X 0 X 1 X 

0001 0010 0 X 0 X 1 X X 1 

0010 0011 0 X 0 X X 0 1 X 

0011 0100 0 X 1 X X 1 X 1 

0100 0101 0 X X 0 0 X 1 X 

0101 0110 0 X X 0 1 X X 1 

0110 0111 0 X X 0 X 0 1 X 

0111 1000 1 X X 1 X 1 X 1 

1000 1001 X 0 0 X 0 X 1 X 

1001 1010 X 0 0 X 1 X X 1 

1010 1011 X 0 0 X X 0 1 X 

1011 1100 X 0 1 X X 1 X 1 

1100 1101 X 0 X 0 0 X 1 X 

1101 1110 X 0 X 0 1 X X 1 

1110 1111 X 0 X 0 X 0 1 X 

1111 0000 X 1 X 1 X 1 X 1 

 

K-maps: 

Q1 Q0 
Q3 Q2 

00 01 11 10 

00 0 0 0 0 

01 0 0 1 0 

11 x x x X 

10 x x x x 

 

J3 = Q2Q1Q0        K3 = Q2Q1Q0 

 

 

 

 

Q1 Q0 
Q3 Q2 

00 01 11 10 

00 x x x X 

01 x X x x 

11 0 0 1 0 

10 0 0 0 0 

Q1 Q0 
Q3 Q2 

00 01 11 10 



 

 

 

 

 

J2 =Q1Q0        K2 = Q1Q0 

 

 

 

 

 

 

 

J1 =Q0        K1 =Q0 

 

 

 

 

 

 

J0 = 1        K0 = 1 

00 0 0 1 0 

01 X X X X 

11 X X X X 

10 0 0 1 0 

Q1 Q0 
Q3 Q2 

00 01 11 10 

00 x x x X 

01 0 0 1 0 

11 0 0 1 0 

10 x x x X 

Q1 Q0 
Q3 Q2 

00 01 11 10 

00 0 1 x X 

01 0 1 x X 

11 0 1 x x 

10 0 1 x x 

Q1 Q0 
Q3 Q2 

00 01 11 10 

00 x x 1 0 

01 x x 1 0 

11 x x 1 0 

10 x x 1 0 

Q1 Q0 
Q3 Q2 

00 01 11 10 

00 1 1 1 1 

01 x x x x 

11 x x x X 

10 1 1 1 1 

Q1 Q0 
Q3 Q2 

00 01 11 10 

00 x x x X 

01 1 1 1 1 

11 1 1 1 1 

10 x x x x 



Logic circuit: 

Schematic of 4-bit counter: 

 

Figure 1: Schematic diagram of 4-bit counter 

VI. Required Basic building blocks: 

J K Flip-flop: Master slave JK flip flop used in for this circuit for reliable operation and stability. The flip 

flop triggers at negative edge of the clock cycle. Truth table for the JK flip flop is given below: 

J K Qn+1 

0 0 Qn 

0 1 1 

1 0 0 

1 1 QnΩ 

 

 

 

 

 

 

 

 

 

 

 



Schematic of JK flip f lop: 

 

Figure 2: Schematic diagram of JK flip flop with set and reset assembly 

Description: Master slave cross coupled NAND gate assembly is negative edge triggered. At the negative 

edge of the clock cycle the output Qn and QnΩ  ŎƘŀƴƎŜǎ ŘŜǇŜƴŘƛƴƎ ǳǇƻƴ ǘƘŜ ƛƴǇǳǘ ŀǘ W ŀƴŘ YΦ ǘƘŜ !b5 hw 

ƎŀǘŜ ŀǎǎŜƳōƭȅ ŦƻǊŎŜǎ άл-мέ  ƻǊ άмҐлέ ƛƴǇǳǘ ŎƻƳōƛƴŀǘƛƻƴ ǘƻ ǘƘŜ W-K input to set or reset output. The 

changes for set and reset also occur at the negative edge of clock.  



Layout:  

Layout was drawn in AMI 0.6 micron process. All the building blocks used in the layout has the same 

height to maintain symmetry. Since the inverter output for the inverted clock signal was not able to 

drive 4 MOSFET gates in the subsequent stage a 3 inverter stage buffer was used, which increased the 

area. NAND gate assembly is placed on the upper row while the AND-OR gate assembly for set/ reset is 

laid in the bottom row. Minimum spacing rule was utilized to reduce the size of layout. 

 

Figure 3: Layout of JK flip flop with set/reset 



Simulated output:  

Simulation output shows performance of J K flip flop 

 

Figure 4 : Simulation output of J K flip flop with reset enabled during 170ns to220ns 

NAND  gates:  

                                                      

Figure 5: NAND2 gate size= 35.5umX14um                                           Figure 6: NAND3 gate size= 35.5umX12um 

 



AND- OR- Inverter gates: 

AND gate and OR gate require inverted input at the MOSFET gates. 

So to create a AND gate NAND gates were complemented with an 

inverter to get the inverted AND output. Similarly for OR gate a 

NOR gate output was inverted with an inverter to get the OR 

output. 

             

Figure 8: Layout of an AND gate size= 35.5uX19u Figure 9: Layout of an OR gate size= 35.5uX19u                                                                    

Figure 7: Layout of an Inverter size= 35.5uX9u 



VII. Complete Layout of counter design:  

Maximum effort was made to minimize the design area on chip. Four J K flip flop was stacked on top of 

each other retaining minimum distance from n-well. Layout blocks are rotated to minimize interconnect 

requirement. AND gates used at input of each flip flop is placed at closest proximity to the J-K input and 

Qn and QnΩ ƻǳǘǇǳǘΦ ¢ǿƻ ōǳǎ ƻŦ ƳŜǘŀƭм ƛǎ ǳǎŜŘ ŦƻǊ ǎǳǇǇƭȅƛƴƎ ǎŜǘ ŀƴŘ ǊŜǎŜǘ ǘƻ ŜŀŎƘ ōƭƻŎƪΦ  

The complete layout occupies an area = 282.9µm x 138.75µm = 39,252 

 

Figure 10: Layout of 4-bit up counter 



Extracted Layout:  

 

Figure 11: Extracted layout of 4-bit up counter 


