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Abstract  
In this project we divide it in three phases; in the first phase we saw how a Johnson counter worked in essence, 

and also, we added a way to count upwards or downwards by adding a switch to our chip. In phase two we added 

a trigger in form of a start and stop button and lcd to see how an interrupt affected the counter and seeing the 

change in status. Finally, in phase three we added a timer, to replace the external clock, being sure that the clock 

from the timer won’t be different from the external clock thus allowing us to reducing the size of our chip.  
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1 Project specifications  

1.1 Specifications  

The idea is to design a system able to count from zero to eleven using an external clock or an internal one (in 

form of a timer).  

 

1.1.1 Truth table  

 

CC1 Truth Table   

 CC1’s truth table stays relatively the same through the three phases, the only time it may differ is in the first 

phase, since it doesn’t have an  idle state and ST_SP button it just transfers through from Num_0 to Num_11 and 

vice versa depending if it’s counting up or down as shown below:  

 

CE UD_L ST_SP Current_state Next_state

0 x x Current_state Current_state

1 1 1 Idle Num_0

1 0 1 Idle Num_11

1 x 0 Idle Idle

1 1 x Num_0 Num_1

1 0 1 Num_0 Idle

1 0 0 Num_0 Num_11

1 1 x Num_1 Num_2

1 0 x Num_1 Num_0

1 1 x Num_2 Num_3

1 0 x Num_2 Num_1

1 1 x Num_3 Num_4

1 0 x Num_3 Num_2

1 1 x Num_4 Num_5

1 0 x Num_4 Num_5

1 1 x Num_5 Num_6

1 0 x Num_5 Num_4

1 1 x Num_6 Num_7

1 0 x Num_6 Num_5

1 1 x Num_7 Num_8

1 0 x Num_7 Num_6

1 1 x Num_8 Num_9

1 0 x Num_8 Num_7

1 1 x Num_9 Num_10

1 0 x Num_9 Num_8

1 1 x Num_10 Num_11

1 0 x Num_10 Num_9

1 1 1 Num_11 Idle

1 1 0 Num_11 Num_0

1 0 x Num_11 Num_10

Current_state Q5 Q4 Q3 Q2 Q1 Q0 TC

Idle 0 0 0 0 0 0 0

Num_0 0 0 0 0 0 0 1

Num_1 1 0 0 0 0 0 1

Num_2 1 1 0 0 0 0 1

Num_3 1 1 1 0 0 0 1

Num_4 1 1 1 1 0 0 1

Num_5 1 1 1 1 1 0 1

Num_6 1 1 1 1 1 1 0

Num_7 0 1 1 1 1 1 0

Num_8 0 0 1 1 1 1 0

Num_9 0 0 0 1 1 1 0

Num_10 0 0 0 0 1 1 0

Num_11 0 0 0 0 0 1 0

CC2 Truth Table 

 

CE UD_L Current_state Next_state

0 x Current_state Current_state

1 1 Num_11 Num_0

1 0 Num_0 Num_11

1 1 Num_0 Num_1

1 1 Num_1 Num_2

1 0 Num_1 Num_0

1 1 Num_2 Num_3

1 0 Num_2 Num_1

1 1 Num_3 Num_4

1 0 Num_3 Num_2

1 1 Num_4 Num_5

1 0 Num_4 Num_5

1 1 Num_5 Num_6

1 0 Num_5 Num_4

1 1 Num_6 Num_7

1 0 Num_6 Num_5

1 1 Num_7 Num_8

1 0 Num_7 Num_6

1 1 Num_8 Num_9

1 0 Num_8 Num_7

1 1 Num_9 Num_10

1 0 Num_9 Num_8

1 1 Num_10 Num_11

1 0 Num_10 Num_9

1 0 Num_11 Num_10

CC1 Phase 1 

Current_state Q5 Q4 Q3 Q2 Q1 Q0 TC

Num_0 0 0 0 0 0 0 1

Num_1 1 0 0 0 0 0 1

Num_2 1 1 0 0 0 0 1

Num_3 1 1 1 0 0 0 1

Num_4 1 1 1 1 0 0 1

Num_5 1 1 1 1 1 0 1

Num_6 1 1 1 1 1 1 0

Num_7 0 1 1 1 1 1 0

Num_8 0 0 1 1 1 1 0

Num_9 0 0 0 1 1 1 0

Num_10 0 0 0 0 1 1 0

Num_11 0 0 0 0 0 1 0

CC2 Phase 1 
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1.1.2  State diagram  

Fig. 1 state diagram showing several operations of the circuit.  

 

1.2 Theory 

A circuit which is used to count the number of times an event occurs is called a counter. In digital sense, these 

circuits comprise of bi-stable devices called flip-flops arranged in a particular fashion. Such a chain can be 

regarded to be a shift register, due to which counters can be considered as an application of shift registers. Either 

D or JK type flip-flops are preferred while designing the counter circuits. On (Electrical4U, 2018)  such counter 

designed using D flip-flop chain is shown by Figure 1 and is called Johnson counter. 

 

Fig. 1 This is an example of picture caption.  

The schematic shows a cascaded arrangement of n flip-flops in which the output of the preceding flip-flop is fed 

as an input to the immediate next flip-flop. However, it is to be noted that the complement output of the last 

flip-flop Q̅n is back fed to the first flip-flop in the chain. This arrangement results in a closed loop due to which 
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the bits within the counter continuously circulate within it. Further, the schematic shown in the figure is seen to 

comprise of n flip-flops due to which it is called n-bit Johnson counter. Further, the counter has preset (P) and 

clear (C) pins meant to initialize and reset the counter, respectively. 

 

(Electrical4U, 2018) 

 

1.3  How Our Circuit Works 

In the final design we use three switches to control the count enable, the count up or down option and the option 

to use the timer two as an internal clock signal instead of the external one. Then we also have two buttons, one 

for the clear direct and one for the start or stop that functions as an interrupt. Finally, the external clock 

generator. Those were our inputs, for our outputs we Q (zero to five) that will be connected to leds, TC12_SQ 

that is also connected to a different color of led from the Qs while being connected to an oscilloscope, lastly we 

also have an lcd connected in the output of our chip. 

 

Figure 2: how our chip is connected to other components simulated in proteus 

The way our chip works, when booted up it will start in an idle state. It will remain idle until the count enable 

switch is open and when the user presses the ST_SP_L button. This will enable the chip to jump form idle to 

certain number depending if UD_L is open or closed (open=0, closed=1). During the counting operation  you can 

see the leds lighting up and also lcd will print out a message telling the user what number the leds are representing 

and in which direction the chip is counting (all outputs can be better understood by looking at the truth table of 

cc1 and cc2). The user can also choose which source to use for the clock (external or the timer as an internal clock), 

note the clock is always the same. Then we also have an oscilloscope connected to the TC12 and to our output of 

the TMR2_wave (you will be able to see the output of the TMR2_wave if TMR2_ON switch is open). The CD 

button is only used to reset the chip.  
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2 Planning  

2.1 Software diagram 

 

(J. Jordana; Robert, Francesc J., 2001) 

 

2.2 Hardware diagram 

2.2.1 Phase 1 

- In this phase we have count enable (CE_L signal 

switch) and up and down (UD_L signal switch). 

- Advances synchronously on the falling edge of an 

external clock input of 2Hz. 

- TC (terminal count) 

- CD clear direct (reset) 

 

 

 
 

 

Figure i: phase 1 hardware configuration 
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2.2.2 Phase 2 

 

- Count enable (CE_L). 

- Up and down (UD_L). 

- External clock of 2Hz. 

- TC12 (terminal count). 

- CD (clear direct). 

- We add ST_SP (start and stop) button. 

- We add an LCD. 

  

 

 

 

 

 

 

 

 

 

 

2.2.3 Phase 3 

- Count enable (CE_L). 

- Up and down (UD_L). 

- External clock of 2Hz. 

- TC12 (terminal count) that we connect to an 

oscilloscope. 

- CD (clear direct). 

- ST_SP (start and stop) button. 

-  LCD. 

- We add TMR2_ON (switch). 

-  We add TMR2_wave, an output that is 

connected to an oscilloscope. 

 

 

 

 

 

 

 

 

 

 

Figure ii: phase 2 hardware configuration 

Figure iii: phase 3 hardware configuration 
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2.3 Hierarchical block diagram  

This Fig.  is an example of picture representing a plan or a diagram. It can be scanned from an sketch in a sheet 

of paper.  

(Robert, 2018)  

Fig. 4 hardware and software blocks involved in the final design. 

 

2.4 Bit configuration of init_system(), read inputs and write outputs 

 

2.4.1 init_system() 

as shown (Figure a), we simply must 

initialize each port and, in each TRIS, we 

prime its value by giving it a binary value 

depending on which pin in the port on our 

chip (PIC18F4520) will be used as input 

or output. 

 

 
 

 

 

2.4.2 read_inputs() 

as shown (Figure b), when we read Port A 

its first three bits will have information 

(represented by ones in the image). To 

obtain the variables that we want we apply 

a mask to Port A by doing an and bitwise to 

the port and if bit is not in the right position, 

we shift them right or left depending where 

we want the bit in the final variable.  

 

 

 

init_system()

inputs = '1' PORTA = 0x00

outputs = '0' A7 A6 A5 A4 A3 A2 A1 A0

TRISA = 0b 0 0 0 0 0 0 1 1

PORTB = 0x00

B7 B6 B5 B4 B3 B2 B1 B0

TRISB = 0b 0 0 0 0 0 0 1 1

PORTC = 0x00

C7 C6 C5 C4 C3 C2 C1 C0

TRISC = 0b 0 0 0 0 0 0 0 0

PORTD = 0x00

D7 D6 D5 D4 D3 D2 D1 D0

TRISD = 0b 0 0 0 0 0 0 0 0

Figure iv 

Figure v: black lines are for Phase 1 and 2, the black and green lines are for 

phase 3 
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2.4.3 write_outputs() 

as shown (Figure c), we have the 

variables ready to be outputted. 

Depending in which phase we are in 

there is a condition, that if meet we will 

write on out or another, in any case we 

will write in Port C the result of doing 

an or bitwise of Var_Q, Var_TC12 

after its bits being shifted six positions 

to the right and TMR2_wave after its 

bits being shifted seven positions to the 

right. 

 

Figure vi: black lines are for Phase 1 and 2, the black and green lines are for phase 3 
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2.4.4 flow charts (state and output logic) 

  

Figure vii 
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Figure e 
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2.5 Design phases 

To obtain the final phase we first had to pass 

through three phases. 

 

Phase 1: 

1. Place all files in the appropriate 

folders and directories. 

2.  Organize the hardware by defining 

which pins on our chip are going to 

be used for CE, UD, Q(0..5), etc. 

3. Organize the C code. 

4. Test. 

Phase 2: 

1. Add pins ST_SP and LCD to the 

hardware. 

2. Add ST_SP and LCD to the C code 

(with the lcd also and its libraries). 

3. Test. 

Phase 3: 

1. Add pins TMR2_ON and TMR2_wave 

to the hardware. 

2. Add TMR2_ON and TMR2_wave to 

the C code. 

3. Test. 
Figure f 
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3 Development 

3.1 Phase 1 
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3.2 Phase 2 
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3.3 Phase 3 
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4 Test and verification  

4.1 Phase 1 

 
In phase one we mainly wanted to se if the base Johnson counter would work so we mainly checked if the inputs 

and outputs were working correctly. 
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4.2 Phase 2 
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In phase 2 we added ST_SP interrupt and the lcd. In this phase, since the inputs and outputs were working correctly, 

we focused on getting lcd to print the correct message and by pushing the ST_SP button, depending on which 

direction the chip was counting to go to or exit from idle. 
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4.3 Phase 3 

 
In phase 3 we added TMR2_ON switch that if activated, the chip would use the TMR2 as an internal clock that 

had the same period as the external clock and output that frequency to TMR2_wave and we also connected TC12 

to the oscilloscope. In this phase we mainly checked if TMR2 was generating the same clock as the external clock. 

5 Conclusions 

After going through the various phase of the project, where we first started adapting and modifying a bcd 

counter, then little by little we kept adding other components like a ST_SP button, lcd screen and finally, we 

added the TMR2_ON switch (that allowed us to change from using the external clock or the timer2 as an internal 

clock with same period as the external one) and TMR2_wave (activates only when the timer2 is used as the 

clock), which is connected to an oscilloscope that way the user can see wave generated from the timer. In 

conclusion we saw that one can make this chip smaller by removing the external clock and just use a timer as an 

internal clock. 
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