CounterDesign A FSM To Implement A 2-bit
Modulo-4 Counter Using JKflip-flops. The Count

Sequence Needs

CounterDesign A FSM To Implement A 2-bit Modulo-4 Counter Using JKflip-flops. The Count Sequence
Needs

Designing digital counters is a fundamental task in digital electronics, essential for applications ranging from
simple timing circuits to complex state machines. In this article, we will explore the process of designing a
finite state machine (FSM) to implement a 2-bit modulo-4 counter using JK flip-flops, focusing on the
specific count sequence requirements. By the end, you will understand how to create the FSM, derive the

excitation tables, and implement the circuit effectively for reliable operation.

Understanding the 2-bit Modulo-4 Counter and Its Count

Sequence

What Is a 2-bit Modulo-4 Counter?

A 2-bit modulo-4 counter is a digital circuit that cycles through four distinct states, representing counts
from 0 to 3 in binary form: 00, 01, 10, and 11. After reaching the highest count (11), it resets back to 00,

creating a repeating cycle.

Typical Count Sequence

The standard count sequence for a modulo-4 counter is:

00 (decimal 0)

01 (decimal 1)

10 (decimal 2)

11 (decimal 3)

Back to 00



This sequence can be implemented using various flip-flops; here, we focus on JK flip-flops due to their

versatility and ease of excitation.

Designing the Finite State Machine (FSM) for the Counter

Step 1: Define States and Transitions

The FSM states correspond to the binary counts:

S0: 00

S1: 01

e S2: 10

S3: 11

Transitions occur in a cyclic manner:

SO — S1

S1— S2

e 52 > S3

S3 — SO

Step 2: Assign State Variables

Let the two flip-flops be JO, KO for the least significant bit (LSB), and J1, K1 for the most significant bit
(MSB). Corresponding state variables are Q0 and Qf:

* Q1: MSB

e QO0: LSB



Step 3: Derive Next State Logic

Next state logic is derived based on the current state and the desired transition:

- When counting from Q0 and Q1, the next state (Q0+, Q1+) depends on the current state.

| Current State (Q1 QO0) | Next State (Q1+ QO0+) |
| === ] ==
[00] 01|
[01]10 |
[10] 11|
[ 11100 |

Transition Patterns:
- QO toggles every clock pulse (since it counts 0—>1—>0—>1).

- Q1 toggles when QO transitions from 1 to 0 (i.e., on the falling edge of QO).

Therefore:
- Q0+ = Q0' (XOR with 1, toggles every cycle)
-Q1+=Q1 XOR Q0

Designing the Flip-Flop Inputs Using JK Flip-Flops

JK Flip-Flop Excitation Table

The JK flip-flop excitation table shows what inputs are needed to achieve desired transitions:

| Current Q| Next Q|J | K|
| === =mm [ == | - |
[0]0[0]X|

[0]1[1]X]

[110[X[1]

[111[X]0]

X indicates "don't care".

Transition Analysis:

- For QO:

- QO toggles every clock cycle; thus, JO=1 and K0=1 (since toggling requires J=K=1).

- For Q1:

- Q1 toggles when QO transitions from 1 to 0 (QO falling edge). When Q0=1 and Q0+=0, Q1 toggles:
-J1=Q1' Q0



- K1=Q1 Q0

Summarized Inputs:

- J0=1, K0=1 (QO toggles every clock)
-J1=Q1' Q0

- K1=Q1 Q0

Implementing the FSM with JK Flip-Flops

Step 1: Write the Boolean Expressions

From the previous section:
-J0=1

- K0=1

-J1=Q1' Q0

- K1=Q1 Q0

Step 2: Simplify and Prepare Circuit Diagrams

The circuit will include:
e Two JK flip-flops, labeled FF0 and FF1
¢ Combinational logic for J1 and K1 inputs based on current Q1 and QO

e Connections for JO and KO to logic high (logic 1)

Circuit Connections:

- JO and KO are tied to Vec (logic high).

- J1 is connected to an AND gate with inputs Q1" and Q0.
- K1 is connected to an AND gate with inputs Q1 and QO.

Step 3: Final Circuit Assembly

- Connect Q0 and Q1 outputs to the respective inputs of the JK flip-flops.
- Implement the logic for J1 and K1 as described.
- Use clock signals to synchronize the flip-flops.

- The output Q1Q0 represents the current count.



Testing and Validation of the Counter

Simulation and Verification

- Use digital simulation tools (e.g., Multisim, Logisim) to verify the sequence.
- Apply a clock pulse and observe the counts at Q1QO.

- Confirm the count sequence: 00 - 01 = 10 = 11 — 00.

Debugging Common Issues

- Ensure flip-flops are correctly wired to avoid race conditions.
- Verify logic levels for J and K inputs.
- Confirm the clock signal is synchronized with the flip-flops.

Advantages and Applications of the JK Flip-Flop Based Modulo-4

Counter

Advantages

o Versatility: JK flip-flops can toggle, set, or reset states based on logic inputs.
¢ Fase of implementation: Boolean equations are straightforward, facilitating design and debugging.

e Scalability: The approach can be extended to counters of higher modulus by adding more flip-flops.

Applications

¢ Frequency division in digital communication systems
e Event counting in digital systems

e Timer circuits and sequence generators

State machine implementation for complex digital systems



Conclusion

Designing a 2-bit modulo-4 counter using JK flip-flops involves understanding the count sequence,
deriving state transitions, and implementing the correct excitation logic. By defining the state variables and
their transitions, applying the JK flip-flop excitation table, and constructing the appropriate combinational
logic, engineers can create efficient and reliable counters for a variety of digital applications. The
methodology demonstrated here underscores the importance of systematic design, simulation, and
validation in digital circuit engineering. Whether for educational purposes or practical implementations,

mastering such counter designs forms a foundational skill in digital electronics.

Frequently Asked Questions

What is the primary purpose of designing a counter using JK flip-flops in
CounterDesign?

The primary purpose is to create a reliable, synchronous 2-bit modulo-4 counter that accurately counts from

0 to 3 and then resets, utilizing the versatility of JK flip-flops for toggle operations and state transitions.

How do you determine the JK inputs for each flip-flop in a 2-bit

modulo-4 counter?

The JK inputs are determined based on the desired state transitions of the counter. By analyzing the
current states and the next states, you can derive the required J and K inputs to toggle or maintain each

flip-flop appropriately, often using excitation tables.

What is the typical count sequence for a 2-bit modulo-4 counter, and how
is it reflected in the flip-flop inputs?

The count sequence is 00 > 01 = 10 = 11 — 00, repeating cyclically. The JK inputs are set to toggle
certain flip-flops at specific counts to produce this sequence, with logic equations derived to ensure correct

state transitions.

How do you derive the excitation table for JK flip-flops in implementing

the counter?

The excitation table is derived by comparing current states with desired next states. For each flip-flop, the
required J and K inputs are determined based on whether the flip-flop should toggle, set, reset, or hold, to

achieve the target sequence.



What are the key considerations when designing the combinational logic
for the JK inputs in a CounterDesign FSM?

Key considerations include minimizing logic complexity, ensuring synchronization with clock signals,
correctly implementing the toggle conditions, and avoiding race conditions or glitches to maintain reliable

counter operation.

How can the CounterDesign FSM be validated after implementing the
JK flip-flop based counter?

Validation is typically performed via simulation using tools like ModelSim or Logisim, checking that the
counter cycles through the correct sequence of states, and verifying that the JK inputs produce the desired

toggling behavior at each state transition.

Additional Resources

CounterDesign: A FSM To Implement A 2-bit Modulo-4 Counter Using JK Flip-Flops. The Count

Sequence Needs

Introduction to Modulo-4 Counters and Their Significance

In digital systems, counters are fundamental components used to keep track of the number of occurrences
of a particular event, manage sequence generation, or facilitate timing operations. Among various types of
counters, modulo counters (also called cyclic counters) are specialized to count within a fixed range,

resetting automatically after reaching a specified maximum value.

A 2-bit modulo-4 counter is a classic example that counts from 0 to 3 in binary form, then loops back to 0,
creating a repetitive sequence. This type of counter is essential in applications like time division

multiplexing, digital clocks, finite state machines (FSMs), and more.

The goal here is to design such a counter using a finite state machine (FSM) approach with JK flip-flops,
which are versatile and widely used flip-flops capable of implementing any combinational logic function.
This design provides a systematic way of understanding how to generate the required sequence through

state transitions, flip-flop input logic, and output decoding.



Understanding the Count Sequence and Requirements

The Desired Count Sequence

For a 2-bit modulo-4 counter, the expected sequence typically follows binary counting:

| Count (Decimal) | Count (Binary) |
|-=mmmmmmm oo |--mmmmmmm e |
[01]00 |

1101

12110

3111

and then it repeats indefinitely.
Key Points:

- The count sequence is cyclic with a period of 4.

- The binary representation is straightforward, with the least significant bit (LSB) and the most significant
bit (MSB) representing the count.

- The sequence must be implemented such that after reaching the count of 3 (binary 11), the next count

resets to 00.

Design Considerations and Constraints

- Use of JK Flip-Flops: These flip-flops are preferred due to their toggle capability and flexibility in
implementing various logic functions.

- Sequential Logic Approach: The design is based on FSM principles, with defined states and transitions.

- Edge-Triggered Operation: Typically, flip-flops are triggered on the clock’s rising (or falling) edge.

- State Encoding: The states directly correspond to the output bits of the flip-flops.

- Output Decoding: The outputs should reflect the current count, which can be decoded directly from flip-
flop outputs.



Finite State Machine (FSM) Modeling of the Counter

States and State Diagram

The FSM states correspond to the binary count values:

- State SO: 00 (count 0)
- State S1: 01 (count 1)
- State S2: 10 (count 2)
- State S3: 11 (count 3)

The state transition diagram is cyclical:

- S0 — St
-S1—>8S2
-S2—>S3
-S3—~> S0

This sequence ensures the counter counts in binary from 0 to 3 repeatedly.

State Transition Table

| Current State | Next State | Description |
[ —— B S |
|00]01]|Count Oto1]
[01]10 | Count 1to 2 |

[10 ] 11| Count 2 to 3 |

| 11100 | Count 3to 0|

The transition logic is based on the current state, with the next state determined by the flip-flop inputs.

Implementing the FSM Using JK Flip-Flops



Mapping State Variables to Flip-Flops

- Let Q1 and QO represent the outputs of two JK flip-flops, where:
- Q1: MSB (most significant bit)
- QO: LSB (least significant bit)

These outputs encode the current count.

Determining the Next State Logic

To design the counter, we need to determine the required toggle conditions for each flip-flop at each

transition. The JK flip-flop excitation table provides the basis:

| Present State | Next State | J | K |
S— E— -
[0—>0]0—>0|0|X|
[0—>1]0—>1]1]|X]|
[1—>0]1>0|X|1]
[1—>1]1>1]X 0]

Where X indicates "don't care."

Applying this, for each flip-flop:

- QO (LSB): toggles every clock pulse, as the count sequence is binary counting:

- From 0 to 1: Q0 toggles from 0 to 1

- From 1 to 2: Q0 toggles from 1 to 0

- From 2 to 3: Q0 toggles from 0 to 1

- From 3 to 0: Q0 toggles from 1 to 0

Thus, QO toggles every time.

- Q1 (MSB): toggles only when QO transitions from 1 to 0 (i.e., on the counts 12 and 3—0).

Summary of toggle conditions:

- QO: toggles every clock pulse (Toggling flip-flop)
- Q1: toggles when QO transitions from 1 to 0



Deriving the Flip-Flop Input Equations

Using the JK excitation table:
- For QO:
Since QO toggles every clock, the inputs JO and KO should be set to 1:

-Jo=1
-KO=1

- For Q1:
Q1 toggles when:

- Q1’s next state # current state

- Specifically, Q1 toggles when QO transitions from 1 to 0
The transition of Q1 depends on the current Q1 and QO.
Calculations:

| Q1] Q0 | Ql_next | Q0_transition | J1 | K1 |

(SN N — S—— IR
10[1]1] 10 (QO falling) | 1| X |

11100 ]0—~1(QO rising) | X | 1|

However, since the counter counts in binary, and Q1 toggles only when QO transitions from 1 to 0, the

toggle condition for Q1 occurs when Q0=1, and Q1=0.
Therefore:

-J1=Q1'Q0
-K1=Q1Q0

Alternatively, using the toggle condition:
Q1 toggles when Q0=1, so:

-J1=Q1'Q0
-K1=Q1Q0

Final input equations:



-J0 = KO0 =1 (Q0 toggles every clock)
-J1=Q1'Q0
-K1=Q1Q0

Logic Implementation and Circuit Design

Constructing the Flip-Flop Input Logic

Using the derived equations:
- For QO:

-Jo=1
-K0 =1

- For Q1:

-J1=Q1'Q0
-K1=Q1Q0

This implies:

- Q0 is a T flip-flop with inputs tied high to toggle every clock.
- Q1 is a JK flip-flop with inputs dependent on the current states.

Implementing the Logic Gates

The logic circuit includes:

- For QO:

- Tie JO and KO to logic high (connect to Vec), ensuring toggle behavior.

- For Q1:

- Implement AND gates for J1 and K1:



-J1=NOT Q1 AND Q0
-K1=Q1 AND Q0

- Connect Q1 and QO outputs to the AND gates accordingly.
Circuit components:

- Two JK flip-flops

- AND gates (2 units)

- Power supply (Vcce) for JO and KO inputs

Note: It's practical to use a T flip-flop configuration for Q0 directly—since JK flip-flop with both inputs high
acts as a T flip-flop.

Final Circuit Diagram Description

- QO Flip-Flop:

- Inputs JO and KO tied to Ve (logic high)
- Output QO toggles each clock pulse

- Q1 Flip-Flop:

- J1 input from AND of NOT Q1 and Q0

Counterdesign A Fsm To Implement A 2 Bit Modulo 4 Counter
Using Jkflip Flops The Count Sequence Needs

Counterdesign A Fsm To Implement A 2 Bit Modulo 4 Counter Using Jkflip Flops The Count
Sequence Needs

Related Articles

e Down Under Boomerang, Inc., Is Considering A New Three-year Expansion Project That
Requires An Initial

e An Electron Enters A Uniform Magnetic Field 0.20 T At An Angle Of 30 To The Field.
Determine The Pitch

¢ Define Integrated Marketing 2. Define The Communication Plan. 3. Why Is Integrated
Marketing Important


https://sip.evo9x.com/ma24/counterdesign-a-fsm-to-implement-a-2-bit-modulo-4-counter-using-jkflip-flops-the-count-sequence-needs.pdf
https://sip.evo9x.com/ma24/counterdesign-a-fsm-to-implement-a-2-bit-modulo-4-counter-using-jkflip-flops-the-count-sequence-needs.pdf
https://sip.evo9x.com/ma24/down-under-boomerang-inc-is-considering-a-new-three-year-expansion-project-that-requires-an-initial.pdf
https://sip.evo9x.com/ma24/down-under-boomerang-inc-is-considering-a-new-three-year-expansion-project-that-requires-an-initial.pdf
https://sip.evo9x.com/ma24/an-electron-enters-a-uniform-magnetic-field-0-20-t-at-an-angle-of-30-to-the-field-determine-the-pitch.pdf
https://sip.evo9x.com/ma24/an-electron-enters-a-uniform-magnetic-field-0-20-t-at-an-angle-of-30-to-the-field-determine-the-pitch.pdf
https://sip.evo9x.com/ma24/define-integrated-marketing-2-define-the-communication-plan-3-why-is-integrated-marketing-important.pdf
https://sip.evo9x.com/ma24/define-integrated-marketing-2-define-the-communication-plan-3-why-is-integrated-marketing-important.pdf

Back to Home


https://sip.evo9x.com

