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Abstract:  This short article is to show the students in EE1003 how to design a counter and 
frequency divider using 74HC191. Counters and frequency dividers may be intensively used in lab 
3 and project in EE1003 and other modules. They are also very popular in the digital electric 
devices. Therefore, it is important to know this technique. 

A counter can count the number of pulses fed to its input ports CLK. The number of pulses it has 
counted is indicated by its outputs. But a counter cannot count to infinite number. It will 
overflow once the number of pulses is beyond a prescribed value. By overflow, we mean the 
counter returns to zero and output a signal to tell you that it overflows. This is like one digit in 
decimal notation can be as large as nine.  A carry-in is signaled after one is adding to 9 and this 
digit returns to 0. A counter can also be used as a frequency divider by making use of its states 
and overflow signals.  

1. State of a counter. 

When you count a bunch of notes, you always need to remember the number of current count. 
If you are disturbed by someone and forget the current count number, you cannot come out 
with a correct result and have to start over again. Similarly, a counter also needs to remember 
its current counter number, its current state. This is done by using at least 𝑙𝑜𝑔(𝑀 + 1) storage 
elements, called flip-flop in 74HC191, if the counter can count up to value M. For example, using 
74HC191, we can count up to 15. There are 4 storage elements. Its state is increased by one as 
one more pulse is input if its current state is not 15.  

Note that each storage element can be either 0 or 1. The state of 74HC191 is indicated by the 
output pins 𝑄𝐷 − 𝑄𝐴 and should be read as a binary 4-digit as 𝑄𝐷𝑄𝐶𝑄𝐵𝑄𝐴 . For example, if 
𝑄𝐷𝑄𝐶𝑄𝐵𝑄𝐴 = 0111, the counter is at state 7. It is obvious that such a counter can count from 0 
to 15 at most.  

 
2. Inputs of a counter. 

The inputs to a counter are the signals that driving its counting and defining its counting cycle.  

A counter is usually driven by a periodic square waveform and conventionally called clock signal 
with abbreviation clk. Its rising edges are trigger the counting. That is the state of counter 
changes when the rising edge of CLK occurs.  Moreover, a counter chip like 74HC191 can count 
down or up. That is its state decreases or increases while a rising edge occurs at the pin CLK. In 
addition, the counter is enabled to count when the pin CTEN is low. 



The counter chip 74HC191 can be configured with a flexible counting cycle which is defined as 
the number of pulses between two consecutive overflow signals. This is done by hard-wiring its 
input pins D-A to either GND or +5V. Like the pins indicating the state of the counter, 𝐷𝐶𝐵𝐴 is a 
binary 4-digit number.  For example, if we want if they are connected as the table below, the 
value of 𝐷𝐶𝐵𝐴 are shown in the last row.  These values are loaded to 𝑄𝐷𝑄𝐶𝑄𝐵𝑄𝐴 when pins 
LOAD is low for a very small duration.  This signal has the highest priority and overrides all the 
other input signals. 

Table 1. Pin D-A hard-wiring. 

Pin D C B A 
Connection +5V GND GND GND 

𝐷𝐶𝐵𝐴                                                  8 
  

3. Outputs of counter. 

A counter chip usually outputs its current state at 𝑄𝐷 − 𝑄𝐴 and its overflow signals. The IC 
74HC191 has two overflow signal from pin RCO and pin MAX/MIN, respectively. Assume that the 
counter is enabled to count up and its current state is 14. When the next rising edge occurs at 
the CLK, its state becomes 15.  MAX/MIN is high as long as the state is 15. The timing is as shown 
in Fig.1. 
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MAX/MIN

RCO

state 14 15
 

Figure 1. Overflow timing. 

 

4. Frequency divider design and implementation using 74HC191. 

Some time, we need to obtain a low frequency clock 𝑓𝑙 from a high frequency clock 𝑓ℎ such that 
the rising edge of 𝑓𝑙 is aligned to the rising edge of 𝑓ℎ.  If the frequency of 𝑓ℎ is 𝑘 times of the 
frequency 𝑓𝑙 and 𝑘 < 17, we can use 74HC191 to design a divider. This divider is a counter with 
period 𝑘 which outputs one pulse for every 𝑘 input CLK period.  



For example, a frequency divider with period 16 can be design as Fig. 2. It is a counter with cycle 
16 also. The clock signal input from CLK is divided by 16. 

  

Figure 2. Design 1: A frequency  divider with period 16. 

When it works, its state transits as shown below. It outputs a clock of frequency 1/16 of that if 
CLK. This is because QD is high for 8 CLK periods and low for 8 consecutive CLK periods in each 
round. The output has duty cycle 50%. In this example, we do not need to load the counter. But 
we cannot leave any unused input pin unconnected because 74 HC series ICs are manufactured 
using CMOS technology and the unconnected pin are sensitive to interferences.  The solution is 
to connect these unused pins to proper levels. 

      
         
 
 
 
 
 

A frequency divider with cycle 8 can be designed as Fig. 3. The combinational logic using 7400 
and 7404 is to generate the loading signal. It makes sure that once the state is 8, the loading 
signal loads the state to 0. This loading usually happens very fast and you even do not observe 
the state 8.  Therefore, state 8 is not a stable state because once the divider state is 8, it is 
loaded with 0 state at once. When this divider works, its state transits as below. Starting from 
state 0, after 8 more input CLK periods, the counter is loaded to state 0 and so on.   
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Figure 3 A frequency divider with cycle 8--a. 

Its output is the QC which has been high and low for 4 consecutive CLK cycles in each round, 
where CLK is the input clock. Therefore, the output signal is a square waveform with duty cycle 
50%. 

The combinational logic in above example is quite complicated compared with the next example. 
In Fig. 4, we see another design of frequency divider with cycle 8. In this example, a loading 
signal will load the state to 8.  Such loading signal is just QD. From its state transition shown 
below, we can see that QD is high at all the states except state 0 among all the states it may 
undergo.  
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This exception is therefore used as the loading signal to load the divider to state 8. We note that 
its state transits to 0 when the divider overflows. It will be loaded right after its state becomes 0. 
Therefore, state 0 is not a stable state. This frequency divider outputs a 50% duty cycle square 
waveform which is 1/8 of the frequency of CLK.  

 

Figure 4. A frequency divider with cycle 8--b. 

 

In addition, it is not always that a 50% square waveform output is needed. We may need a 
square waveform of duty cycle 1/8 such as the Frame synchronization signal we need for the 
PCM codec. In this case, we can make use of the auxiliary output signals RCO or MAX/MIN. In 
next example, we design a frequency divider output with cycle 8 whose output has duty cycle 
1/8. In Fig. 5, this design is almost the same as the one in Fig. 4 except that the output is 
MAX/MIN. Consequently, the duty cycle of the output signal is 1/8 which means the pulse 
duration is one CLK period only. 



 

Figure 5. A frequency divider with cycle 8 and 1/8 duty cycle output. 

Due to the limited counter chip states, we cannot count more than 16 using a 74HC191. This can 
be resolved by concatenate two or more chip of 74HC191 and using D-flip-flop like 74HC74.   

A D-flip-flop is also with memory element. It can store 1 bit only. The logical level on the 𝐷 input, 
0 or 1, appear and is kept at output 𝑄 on the rising edge of the input CLK. The output  𝑄�  is the 
inverse of 𝑄 in all time. Its initial state, the value of 𝑄 at power on, is not defined. But it can be 
set  to 1 by feeding logical 1 to PRE pin or set to 0 by feeding logical 0 to CLR pin. It can be used 
as a divider with cycle 2 as shown in Fig. 6.  

 

5. Summary 

We overview the inputs and outputs of the counter chip 74HC191 and show the state 
conception in a counter design. This conception is important in all the sequential logic circuit. 
We show how to design a counter or a frequency divider. This is done by analyzing its state 
transition and designing proper loading signal.  We can count the input pulses or divide a high 
speed clock using this design. The resulting output can be a square waveform with different duty 
cycles. Moreover, the design examples also shows that the combinational logic for loading signal 
and output can simplified by choosing proper state transition loop. In addition, all the examples 
in this article choose count-up for convenience of presentation. They can also been designed to 
use count-down with minor revision. More details on the chip can be found in the datasheet. 

In the design of counter or frequency dividers, because the initial state of the counter chip is not 
defined, we do not know the stating state when power on.  But we can ignore this short  
sequence of state transitions if it is not the state sequence we wanted. This is because we view 
counting or frequency dividing as a continuous processing. Once the counter or frequency 
divider enters the state transition loop we designed, it will work as we want thereafter.  


