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ELECTRICAL ENGINEERING DEPARTMENT 
California Polytechnic State University 

 
EE 361                                 Counters, Shift Register & Memory Register                         Pre-lab 8                        
 

1. The clock pulses shown are applied to the JK flip-flop clock input.  
Sketch output Q1 &Q2. 
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2. Prove the below circuit is a 10-counter. 
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3. The initial content of a shift right register is 1010 where the furthest to the left bit is the 
MSB. The serial input data equals 1. Determine the contents of the register after three 
clock pulses are applied to the register. 
 
 
 
 
 
 
 
 
 

4. The initial content of a shift left register is 0110 where the furthest to the left bit is the 
MSB. The serial input data equals 0. Determine the contents of the register after three 
clock pulses are applied to the register. 
 
 
 
 
 
 
 
 
 
 
 

5. The initial content of a shift right register is 0101 where the furthest to the left bit is the 
MSB. The LSB output is connected to the serial input. Determine the contents of the 
register after three clock pulses are applied to the register. 
 
 
 
 
 
 
 
 
 
 

6. Explain what is meant by a parallel load. 
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ELECTRICAL ENGINEERING DEPARTMENT 
California Polytechnic State University 

 
EE 361                                 Counters, Shift Register & Memory Register                         Pre-lab 8 
Objective 
Examine the use of JKs as binary counters and the operation of shift registers.  

Workbench Equipment 
• Function Generator, Agilent 33120A or Agilent 33220A 
• DC Power Supply, Agilent E3640A 

 
Check-out Equipment, 20-111 window 

• BNC to grabber lead 
• Banana to grabber 1 pair, red / black 

Background 
 
Binary Counters 
JKs are often used in binary counters since the output frequency of a JK will be half the CLK 
input frequency when in toggle mode. JKs connected in “cascade” (output of one JK connected 
to CLK input of another JK), as shown in Figure 8-1, have output states that increment in binary 
for every INPUT pulse. Figure 8-1 is an example of an 8-counter, there are eight distinct binary 
states (000 to 111) at the JKs Q outputs. Note binary count recycles to 000 after 111. 
 
 

 
Fig. 8-1  (a) Asynchronous 8-Counter Circuit  (b) Timing Diagram  

 
Asynchronous & Synchronous Counters 
The counter of Figure 8-1 is asynchronous (not synchronized) since the clock (CK) inputs are not 
connected together. Synchronized counters have their clock inputs connected together as Figure 
8-2 shows. When synchronized, JK outputs are determined by their input conditions at the same 
time. In this experiment both asynchronous and synchronous counters are demonstrated. 
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Fig. 8-2 Synchronous Counter 

 
The counter of Figure 8-2 is a 4-counter, i.e. binary states 00, 01, 10 and 11 are possible Q 
outputs. As can be deduced from the counters of Figures 8-1 (a) and 8-2, there is a 2N relation 
between the number of counter binary states and the number of JK flip-flops (N = number of 
JKs). For instance, 4JKs are needed for a 16-counter (0000 to 1111), 5JKs for a 32-counter 
(00000 to 11111), 6JKs for a 64-counter (000000 to 111111) and so on. 
 
Synchronous counters larger than a 4-counter require additional logic (AND gates), however 2N 
asynchronous counters do not require additional logic. To make a counter that is something other 
than a 2N counter, 10-counter for example, additional logic is necessary as will be demonstrated 
in procedure 3 of this experiment. 
 
 
Registers 
There are two types of registers; shift and memory. The primary purpose of a shift register is to 
manipulate data (‘0’s & ‘1’s) by shifting bit position. The primary purpose of a memory register 
is to store data. 
 
Shift registers are either shift left or shift right. Shift left registers, when clocked (signal 
transition at CLK input), transfer data at the serial input into the LSB of register and all other 
register data shifts one position, see Figure 8-3. 
 

0 1 1 0 0

 
           Fig. 8-3 Shift left 

 
Shift right registers, when clocked, transfer data at serial input to the MSB of register and all 
other register data shifts one position, see Figure 8-4.  
 

1 0 1 01

 
           Fig. 8-4 Shift right 

 
To “load” (put data in) or “unload” (access data) a shift register requires multiple clock pulses or 
clock transitions. A 4-bit shift register requires 4 clock pulses to completely load or completely 
unload; 8-bit shift register requires 8 clock pulses, 16-bit 16 clock pulses and so on. 

Serial input data ‘0’ or’1’ 

LSB 

 

All register data moves one position 

Serial input data ‘0’ or ‘1’  

MSB All register data moves one position 
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Memory registers, when clocked, transfer data at parallel data inputs directly into register in one 
clock pulse. This is called parallel loading, see Figure 8-5. 
 
 

01 01

S1 S0         
       Fig. 8-5  Parallel load 

 
74194 Shift Register IC Important Information 

Pin Diagram: 

SHIFT
RIGHT
SERIAL
INPUT

CLEAR
CLOCK

QA QB QC QD S1
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GND

SHIFT
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9

 
Truth Table: 

 
INPUTS OUTPUTS 

CLEAR MODE CLOCK SERIAL PARALLEL QA QB QC QD 
S1 S0 LEFT RIGHT A B C D 

L X X X X X X X X X L L L L 
H X X L X X X X X X QA0 QB0 QC0 QD0 
H H H ↑ X X a b c d a b c d 
H L H ↑ X H X X X X H QAn QBn QCn 
H L H ↑ X L X X X X L Qan QBn QCn 
H H L ↑ H X X X X X QBn QCn QDn H 
H H L ↑ L X X X X X QBn QCn QDn L 
H L L X X X X X X X QA0 QB0 QC0 QD0 

 

 
 
Operating Notes: 
 
The 74194 performs the following operations only when the clear input is high: 
  
 Shifts parallel when S0 is high and S1 is high. 
 Shifts right when S0 is high and S1 is low. 
 Shifts left when S0 is low and S1 is high. 

 

Parallel inputs 
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 Shifts one position per clock pulse. 
 Loads data from the parallel inputs when S0 and S1 are high. 

Register remains unchanged if S0 is low and S1 is low.  
If the clear input is low, the shift register will be cleared regardless of the mode. 
 

 Bypass Vcc and ground pins with a 0.1 µF capacitor to protect the shift register from high 
frequency noise. 

 
When changing MODE connections or when parallel loading, the clock must be kept high or 
incorrect data results. 

 
Procedure 1: Synchronous Counter 
 

• Build the synchronous counter of Figure 8-2. Again, use Agilent E3640A power supply 
for Vcc = +5V.  

• Connect red LEDs and series 100Ω resistors to Q outputs (as done in experiment 7) to 
visually show binary count. 

• Apply 0 to 4V square wave at 1Hz to CLK input. 
• Obtain instructor verification that your counter functions correctly. 

 
Instructor Initials: ________ 

 
Procedure 2: Asynchronous Counters 
 

• Build an asynchronous 16-counter (see Figure 8-1 (a) for guidance). 
• Connect red LEDs and series 100Ω resistors to Q outputs (as done in previous procedure) 

to visually show binary count. 
• Apply 0 to 4V square wave at 1Hz to CLK input. 

o Once certain 16-counter functions as it should proceed to next step. 
• Connect a NAND gate to your circuit to create a 12-counter (a counter that counts from 

0000 to 1011, twelve distinct states). 
• Obtain instructor verification that your 12-counter functions correctly. 

 
Instructor Initials: ________ 

• Disconnect NAND gate completely from circuit and connect LEDs to Q outputs instead 
of Q outputs. Note: Leave Q outputs connected to CLK inputs, only move LED anodes to 
Q  outputs.  

• Binary count should now decrement with every clock pulse, i.e. down-counter. 
• Obtain instructor verification that your down-counter functions correctly. 

 
Instructor Initials: ________ 

 
Procedure 3: Shift Register (Left & Right) 

• Build the circuit of Figure 8-4. Replace DIP switches and notB switch with hookup wires. 
Connect 1Hz 0V to 5V square wave to CLK input instead of notA switch. Include 100Ω 
current-limiting resistors for red LEDs as done before. 
 DIP 
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      Fig. 8-4 Shift Register Circuit 
 

• Clear the register by momentarily grounding pin 1 (CLR input). 
• Select shift-right mode (S1 & S0) and introduce a “1” into right serial input (RT IN). 
• Apply three clock pulses and record your observations below. 

 
          QD          QC          QB          QA 
initial data     
after 1st clk     
after 2nd clk     
after 3rd clk     

 
• Repeat previous three steps for shift-left mode. 

 
          QD          QC          QB          QA 
initial data     
after 1st clk     
after 2nd clk     
after 3rd clk     

 
• While still in the shift-left mode and with register contents all ‘1’s, load “0011” into the 

register. 
o Verify 4 clock pulses are required. 

• Still in the shift-left mode, connect register so data circulates. 
o Note how IC is wired in order to answer a postlab question. 

 
• Record observation of circulating data for 3 clock pulses below. 

 
          QD          QC          QB          QA 
initial data     
after 1st clk     
after 2nd clk     
after 3rd clk     

 
Procedure 4: Memory Register (Parallel Load) 
 

• Clear the register by momentarily grounding pin 1 (CLR input). 
• Select parallel mode (S1 & S0) and load 0011 into register. When in parallel mode the 

74194 shift register IC functions as a memory register. 
o Verify 1 clock pulse is required to load. 

 
 

DIP Switches 
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Discussion 
 

1. How many JK flip-flops are needed to make a counter that counts from 0 to 255? 
2. Draw an asynchronous counter that counts from zero to one hundred twenty. 
3. What is the main advantage of loading a memory register over loading of shift 

register? 
4. Draw schematic illustrating how 74194 IC was wired to circulate data in procedure 3. 
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