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WARRANTY 
 
The media on which you receive RIMS Technologies software/hardware are 
warranted for defects in materials and workmanship, for a period of 90 days from date 
of shipment, as evidenced by receipts or other documentation. RIMS Technologies 
will, at its option, repair or replace software/hardware media that do not execute 
programming instructions if RIMS Technologies receives notice of such defects 
during the warranty period. RIMS Technologies does not warrant that the operation of 
the software/hardware shall be uninterrupted or error free. 
 
A Return Material Authorization (RMA) number must be obtained from the factory and 
clearly marked on the outside of the package before any equipment will be accepted 
for warranty work. RIMS Technologies will pay the shipping costs of returning to the 
owner parts which are covered by warranty. 
 
RIMS Technologies believes that the information in this document is accurate. The 
document has been carefully reviewed for technical accuracy. In the event that 
technical or typographical errors exist, RIMS Technologies reserves the right to make 
changes to subsequent editions of this document without prior notice to holders of 
this edition. The reader should consult RIMS Technologies if errors are suspected.  
 
In no event shall RIMS Technologies be liable for any damages arising out of or 
related to this document or the information contained in it. EXCEPT AS SPECIFIED 
HEREIN, RIMS TECHNOLOGIES MAKES NO WARRANTIES, EXPRESS OR 
IMPLIED, AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
RIMS TECHNOLOGIES WILL NOT BE LIABLE FOR DAMAGES RESULTING FROM 
LOSS OF DATA, PROFITS, USE OF PRODUCTS, OR INCIDENTAL OR 
CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY 
THEREOF. This limitation of the liability of RIMS Technologies will apply regardless 
of the form of action, whether in contract or tort, including negligence. Any action 
against RIMS Technologies must be brought within one year after the cause of action 
accrues. RIMS Technologies shall not be liable for any delay in performance due to 
causes beyond its reasonable control. The warranty provided herein does not cover 
damages, defects, malfunctions, or service failures caused by owner’s failure to 
follow the RIMS Technologies installation, operation, or maintenance instructions; 
owner’s modification of the product; owner’s abuse, misuse, or negligent acts; and 
power failure or surges, act of God, fire, flood, accident, actions of third parties, or 
other events outside reasonable control. 
 
 
COPYRIGHT 
 
Under the copyright laws, this publication may not be reproduced or transmitted in 
any form, electronic or mechanical, including photocopying, recording, storing in an 
information retrieval system, or translating, in whole or in part, without the prior written 
consent of RIMS Technologies. 
 
 
TRADEMARKS 
 
RIMS™, ThinPoint™, Power to Sense and Control™, INSPTEP™, LiveLabs™, RIMS 
Technologies™, BOX™, RIMS-Scope™, StateView™, rims-tech.co.uk™, RIMS-
DAQ™, RIMS Students Zone™, and RIMS-Passport™ are trademarks of RIMS 
Technologies.  
 
Product and company names mentioned herein are trademarks or trade names of 
rims technologies. 
 
 
 

 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
PATENTS 
 
For patents covering RIMS Technologies products, refer to the RIMS Website 
 www.rims-tech.co.uk. 
 
 
WARNING REGARDING USE OF RIMS TECHNOLOGIES PRODUCTS 
 
 
(1) RIMS Technologies products are not designed with components and testing for a 
level of reliability suitable for use in or in connection with surgical implants or as 
critical components in any life support systems whose failure to perform can 
reasonably be expected to cause significant injury to a human and also for industrial 
or specify critical application. 
 
(2) In any application, including the above, reliability of operation of the 
software/hardware  products can be impaired by adverse factors, including but not 
limited to fluctuations in electrical power supply, computer hardware malfunctions, 
computer operating system software/hardware  fitness, fitness of compilers and 
development software/hardware  used to develop an application, installation errors, 
software and hardware compatibility problems, malfunctions or failures of electronic 
monitoring or control devices, transient failures of electronic systems (hardware 
and/or software), unanticipated uses or misuses, or errors on the part of the user or 
applications designer (adverse factors such as these are hereafter collectively termed 
“system failures”). Any application where a system failure would create a risk of harm 
to property or persons (including the risk of bodily injury and death) should not be 
reliant solely upon one form of electronic system due to the risk of system failure. To 
avoid damage, injury, or death, the user or application designer must take reasonably 
prudent steps to protect against system failures, including but not limited to back-up 
or shut down mechanisms. Because each end-user system is customized and differs 
from rims technologies' testing platforms and because a user or application designer 
may use rims technologies products in combination with other products in a manner 
not evaluated or contemplated by rims technologies, the user or application designer 
is ultimately responsible for verifying and validating the suitability of rims technologies 
products whenever rims technologies products are incorporated in a system or 
application, including, without limitation, the appropriate design, process and safety 
level of such system or application. 
 
(3) All efforts have been done to ensure the correctness of the information or media 
provided explicitly or implicitly for each training system. However RIMS technologies 
do not take any responsibility for the losses or otherwise any issues arising from the 
mistake in the media provided. RIMS would strive to ensure that the mistakes are 
corrected and communicated to all its customers. 
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1 UNDERSTANDING RIMS  
PART NUMBERS?                            

Normally the trainer packaging contains the part 
numbers that you have ordered. You must understand 
the order number system for checking your packing note 
or even for later re-ordering of the equipment. 
 

Trainer - Prefix - Sub-Category 
DEV-2766 - 00 - 101 

 
Trainer name is the broad category e.g., 2766 is a 
Advanced Digital Trainer 
 
The trainer has a prefix that represents the model 
Number of trainer e.g., ‘M’ or ‘N’ 
 
Sub assembly  is the hardware component that can be 
connected to the trainer some modules are compatible 
with other trainers as well but the part number would 
only be related to the trainer for which the have been 
designed 
 
Category is most important feature of this numbering. 
The under lying structure for category is same for all 
rims products, the category list is given here, 
 
001-100 Hardware ID 
101-200 Cables & Accessories 
201-300 Special Attachments 
301-400 Data Pack and Media 
401-500 Services, Freight and Installations 
501-600 Extended Warranties  

 
Here are some common sub categories 
 
101-110 Power Cord 
111-120 Interconnecting aids & Data buses 

 
 
 

 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

121-130 Dust Covers 
131-140 Bread boarding accessories 
141-150 Specialized Power Cables 
151-160 Extensions and boards 
161-170 Cables Serial and Parallel  
171-180 Specialized Cables 
301-310 Operation Manuals and User Guide 
321-330 Experiment Manuals 
331-350 SOFTWARE 
401-410 Services, Freight and Installations 
501-510 Extended Warranties  

 
Please use the appropriate order code for either re-
ordering components or the equipment from RIMS. The 
list is subject to further change without altering the 
existing structure. Please visit RIMS website for any 
further details about the updates on support pages. 
 



 

 

 

2 SIGNALS TERMINOLOGY 

Following terms are used for various signals  
 
Frequency  
Number of cycles per second  
 
Carrier Signal  
Signal that is used as base for carrying signals over long 
distance usually high frequency signal  
 
 
 
 
 
Modulating Signal  
Signal that is being modulated such as audio or low  
frequency signal relative to carrier  
 
 
 
 
 
Modulated Signal  
Signal after modulating on the carrier  
 
 
 
 
 
 
 
Noise  
Uncertainty or randomness in a signal that is 
represented by sufficient statistics such as mean, 
variance etc.  
 
 
 

 
 

 
Carrier 

 
 

 
Modulating Signal/ Audio Signal 

 
 

 
Modulating Signal 

 
 
 

Noise 
 



 

 

 

 
 
 
Clock  
TTL or square wave for digital control  
 
 
 
 
 
Voltage  
A certain level of signal fixed and not varying e.g., 
2.3Volts  
 
Drift  
Slowly varying noise (undesired signal)  
 
Offset/Bias  
DC level in a signal  
 
 
Keying  
Shifting frequencies within discrete levels  
 
Audio Signal  
Normally 300-3500Hz for communications application. 
Audible range is 20-20KHz, but the telephonic 
bandwidth is one given above. Above 10KHz and below 
300Hz is considered as HI-Fl (high fidelity)  
 
Sampling Frequency  
Rate at which a signal is digitized by a analog to digital 
converter  
 
Power  
Signal for driving the devices and running the system 
electronic, while other electronics signals are referred to 
as signal 

 
Clock/Pulse 

 
 
 

 
Offset/DC Level in AC Signal 

 
 
 



 

 

Welcome to RIMS Advanced Digital Trainer 
 
 
List of experiments: 
 

1. Magnitude Comparator Circuits 

2. Implementing Encoder & Decoder 

3. Implementing Multiplexer 

4. Implementing J-K, R-S, D Toggle Flip Flop 
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STEP 1 MAGNITUDE COMPARATOR CIRCUITS 
 

Learning Objectives:  
 
The purpose of this experiment is to introduce 
magnitude comparators and illustrate some of their 
applications. The four bit magnitude comparator 
performs the comparison of straight binary and 
straight BCD codes providing three outputs 
indicating the conditions of equal to, greater than, or 
less than. A magnitude comparator compares the 
magnitude, i.e. unsigned binary, of two numbers. 
 
Suggested equipment list: 
 
Quantit
y  

Description 

1 74LS85  
1 5V power supply 
1 Voltmeter 
1 Oscilloscope with 

probe  
8 2.5K resistor 1/4W 
1 Signal generator 
8 LED 

 
 
Theory: 
  
The SN54/74LS85 is a 4-Bit Magnitude Comparator 
which compares two 
4-bit words (A, B), each word having four Parallel 
Inputs (A0–A3, B0–B3); A3, 
B3 being the most significant inputs. Operation is 
not restricted to binary codes; the device will work 
with any monotonic code. Three Outputs are 
provided: “A greater than B” (OA>B), “A less than B” 

 



 

 

(OA<B), “A equal to B” (OA=B). Three Expander 
Inputs, IA>B, IA<B, IA=B, allow cascading without 
external gates. For proper compare operation, the 
Expander Inputs to the least significant position 
must be connected as follows: IA<B= IA>B = L, IA=B = 
H. For serial (ripple) expansion, the OA>B, OA<B and 
OA=B Outputs are connected respectively to the IA>B, 
IA<B, and IA=B Inputs of the next most significant 
comparator, as shown in Figure 1. Refer to 
Applications section of data sheet for high speed 
method of comparing large words. 
The Truth Table on the following page describes the 
operation of the SN54/74LS85 under all possible 
logic conditions. The upper 11 lines describe 
the normal operation under all conditions that will 
occur in a single device or in a series expansion 
scheme. The lower five lines describe the operation 
under abnormal conditions on the cascading inputs. 
These conditions occur when the parallel expansion 
technique is used. 
  

 
 
Logic Symbol: 

 



 

 

 
Truth Table: 

 
 
Procedure: 

1. Apply the VCC and ground to the IC 74LS85. 
Apply the word A equal to 8, by changing 
word b from 0 to 7 and verify the result. 

  
2. In the same way apply B equal to 8 and 

change word A from 0 to 7 and verify the 
result. 

 
 
3. Now apply to similar word to A and B and 

verify the result. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

STEP 2  ENCODER & DECODER 
 

 
Purpose 
 
To design & implement the following conversion  
1. Binary to Gray code 
2. Gray to Binary code 
3. BCD to Excess-3 
4. Excess-3 to BCD. 
 
Required Components and Equipments 
 
Digital Trainer Kit, IC 7400 (Quad 2 input NAND 
gate), IC 7404 (Hex   inverter) IC 7408 (Quad 2 
input AND gate), IC 7432 (Quad 2 input OR gate),  
IC 7486 (Quad EX-OR gates), Connecting Wires 
 
Theory: 
 
Binary Number System: 
 
The number system with base two is known as the 
binary number system. Only two symbols are used 
to represent numbers in this system these are 0 & 
1. These are known as bits. It is a positional system 
that is every position is assigned a specific weight 
 
Codes: 
 
Computer & other digital circuits process data in the 
binary circuit’s process data in the binary format. 
Various binary codes are used to represent data, 
which may be num eric, alphabets or special 
character. 
 
 

 



 

 

1. Binary Code: 
 
This is used to represent numbers using natural 
binary form. 
 Ex. Decimal numbers 23 is to binary 10111. 
      i.e.(23)10=(10111)2 
Binary Coded Decimal (BCD) code: 
In this code, decimal digits 0 through 9 are 
represented by their binary equivalents using four 
bits & each decimal digit of decimal number is 
represented by this four-bit code individually. 
Ex. Decimal number 23 is equivalent to 001000 11 
i.e. (23)10= 0010 0011. 
This code is also known as 8-4-2-1 codes. This is a 
weighted code & arithmetic operation can be 
performed using this code. It is very convenient & 
useful code for input & output operations in digital 
systems. 
 
2. Excess -3 Code: 
 
This is another form of BCD code, in which each 
decimal digit is coded into a 4 bit binary code. The 
code for each decimal digit is obtained by adding 
decimal 3 to the natural BCD code of the digit. It is 
not a weighted code. 
Ex. Decimal 2 is coded as 00 10 + 0011 = 0 10 1 in 
Execess-3code. 
 
3. Gray Code: 
 
It is very useful code in which a decimal number is 
represented in binary form in such a way that each 
Gray-code number differs from the preceding and 
the succeeding number by a single bit. It is not a 
weighted code. 
Ex. The Gray code for decimal number 5 is 0111 
and for 6 it is 0101. These two codes differ by only 
one bit positional (third from the left) 



 

 

 
CODE CONVERSION: 
Binary to Gray and Vice Versa. 
Let B3 B2 B1 BO be binary code and G3 G2 G1 GO 
be Gray code. 

Truth Table 
Binary Code Gray Code  

Decimal B
3 

B
2 

B1 B0 G3 G2 G1 G0

     0 0 0 0 0 0 0 0 0 
     1 0 0 0 1 0 0 0 1 
     2 0 0 1 0 0 0 1 1 
     3 0 0 1 1 0 0 1 0 
     4 0 1 0 0 0 1 1 0 
     5 0 1 0 1 0 1 1 1 
     6 0 1 1 0 0 1 0 1 
     7 0 1 1 1 0 1 0 0 
     8 1 0 0 0 1 0 0 0 
     9 1 0 0 1 1 0 0 1 
    10 1 0 1 0 1 0 1 1 
    11 1 0 1 1 1 0 1 0 
    12 1 1 0 0 1 1 1 0 
    13 1 1 0 1 1 1 1 1 
    14 1 1 1 0 1 1 0 1 
    15 1 1 1 1 1 1 0 0 

 
 
The following relations are derived from K-map 
A) To convert Binary to Gray 
    G3 = B3 
    G2 = B3 ⊕ B2 
    G1 = B2 ⊕ B1  
    G0 = B1 ⊕ B0 
B) To convert Gray to Binary 
    B3 = G3 
    B2 = B3 ⊕ G2 



 

 

    B1 = B2 ⊕ G1 
    B0 = B1 ⊕ G0 
 
ii) BCD to Excess-3 and vice versa 
Let B3, B2, B1, B0 be a binary code and E3, E2, El, 
E0 be a Excess-3 code 
 

Truth Table 
                     BCD              EXCESS-3 Decimal 
B3 B2 B1 B0 E3 E2 E1 E0

0 0 0 0 0 0 0 1 1 
1 0 0 0 1 0 1 0 0 
2 0 0 1 0 0 1 0 1 
3 0 0 1 1 0 1 1 0 
4 0 1 0 0 0 1 1 1 
5 0 1 0 1 1 0 0 0 
6 0 1 1 0 1 0 0 1 
7 0 1 1 1 1 0 1 0 
8 1 0 0 0 1 0 1 1 
9 1 0 0 1 1 1 0 0 

 
 
Following relations are derived from K-map  
A) To convert BCD to Excess-3: 
     E3 = B3 + B2 (BO + B1) 
                   __  __      __ 
     E2 = B2 B1 BO + B2 (BO + B1) 
     E l = B1 
     E0 = B0 
 
B) To convert Excess -3 to BCD :  
      B3 = E3 E2 + E3 El E0 
               __  __                              __ 
      B2 = E2 El + E2 El E0 + E3 El E0  
      B1 = El ⊕ E0 
      B0 = E0 



 

 

 
PROCEDURE: 
 
A) BCD to Gray conversion: 
1. Implement the circuit as shown i11 fig. 1 using IC 
7486. 
2. Give various binary inputs & verify corresponding 
Gray code outputs. 
 

 B) Gray to BCD Conversion: 
1. Implements the circuit gives as shown in fig. 2 
using IC 7486. 
2. Give various Gray code inputs verify 
corresponding BCD output. 
 
C) BCD to Excess -3 Conversion:  
1. Implement the circuit as shown in fig.3 using Ics 
7486, 7432 and 7408 
2. Give various BCD code inputs and verify 
corresponding Excess -3 code  output. 
D) Excess -3 code to BCD conversion: 
1. Implement the circuit as shown in fig. 4 using Is 

7486,7400, 7432 and 7408. 
2. Give various Excess -3 code inputs & verify 

corresponding BCD outputs. 
 
CONCLUSION: 
Different code conversions are studied & 
implemented using logic gates. Its output is verified. 
 

 
 
 
 
 
 
 
 
 



 

 

STEP 3 IMPLEMENTING MULTIPLEXER  
 

Objective: 
To understand the functionality of multiplexing. 

Suggested equipment list: 
 
Quantit
y  

Description 

1 74LS157, 74LS04, 74LS08, 7425 
1 5V power supply 
1 Voltmeter 
1 Oscilloscope with probe  
8 2.5K resistor 1/4W 
1 Signal generator 
8 LED 

 

Theory: 
A multiplexer is a combinatorial circuit that is given 

a certain number (usually a power of two) data 

inputs, let us say 2n, and n address inputs used as 

a binary number to select one of the data inputs. 

The multiplexer has a single output, which has the 

same value as the selected data input.  

In other words, the multiplexer works like the input 

selector of a home music system. Only one input is 

selected at a time, and the selected input is 

transmitted to the single output. While on the music 

system, the selection of the input is made manually, 

the multiplexer chooses its input based on a binary 

 



 

 

number, the address input. 

 
Logic Symbol: 
 
 

 
 

 
Truth Table: 
 

 
 
Procedure: 

 
1. Apply the VCC = 5V and ground to the 74LS157. 

For the first 2-Line to 1-Line multiplexer verify the 

truth table. 

 2. Construct a 4-Line to 2-Line multiplexer using 

the two 2-Line to 1-Line multiplexers. 

 



 

 

STEP 4 IMPLEMENTING R-S, J-K, D TOGGLE 
FLIP FLOP 

 

Objective: 
To understand the functionality of different types of 

Flip Flop. 

 
Suggested equipment list: 
 
Quantit
y  

Description 

2 74LS00  
1 74LS04 
1 5V power supply 
1 Voltmeter 
1 Oscilloscope with probe  
8 2.5K resistor 1/4W 
1 Signal generator 
8 LED 

 

R-S flip flop 

Theory: 
The elements you have studied so far, gates and 
inverters, may be used to carry out logic operations, 
but they exhibit no memory capability; that is, their 
output states depend only on the instantaneous 
values of their inputs. Computers require such 
elements to carry out the processing functions 
(ordinary arithmetic and Boolean algebraic 
functions) required in the central processor.   
In addition to these devices, however, a computer 
also requires elements which exhibit “memory” and 
act like two-state toggle switches, having outputs 
that can be set to a particular state by some 



 

 

transient input and remain in that state after the 
transient disappears. One such element of this kind 
is the flip-flop; it has an output, either Hi or Lo (1 or 
0) which can be switched from one state to the 
other by applying an appropriate transient input. 
Flip-flops are used to perform various memory and 
arithmetic operations in computers.  
 
Logic Circuit: 
 
 

 
 
 
 
 

 
 
Truth Table: 
 

R S Q Q' Comment 

0 0 Q Q' Hold state 

0 1 1 0 Set 

1 0 0 1 Reset 

1 1 ? ? Avoid 

 
Procedure: 

 
1. Construct the following circuit from a pair of gates 
in the 74LS00 Quad 2-Input NAND Gate and a pair 
of inverters. 
 
2. Connect the S (“Set”) and R (“Reset”) inputs to 

the push-buttons at the bottom (choose the 

connections that give a voltage that switches to “Hi” 

Q 

Q

S 

R 



 

 

when the button is pressed). Connect the Q and 

outputs via the BNC connectors to the two (d.c. 

connected) vertical inputs of a ’scope or DMM. 

Note that the state of the outputs is well-defined if 
either (or both) of the S and R inputs is Hi (5 V). 
Note also that the system can be in either one of 
two stable output states when the two inputs (R and 
S) are both Lo (5V).  In which of these two states it 
finds itself depends on which of S or R was last set 
to Hi before being returned to Lo.   
Verify this characteristic.  
 
J- K flip flop 
 
Theory: 
The JK flip-flop augments the behavior of the SR 
flip-flop by interpreting the S = R = 1 condition as a 
"flip" command. Specifically, the combination J = 1, 
K = 0 is a command to set the flip-flop; the 
combination J = 0, K = 1 is a command to reset the 
flip-flop; and the combination J = K = 1 is a 
command to toggle the flip-flop, i.e., change its 
output to the logical complement of its current 
value. Setting J = K = 0 results in a D-type flip-flop. 
The JK flip-flop is therefore a universal flip-flop, 
because it can be configured to work as an SR flip-
flop, a D flip-flop. 
 
Logic Circuit: 

 
 



 

 

Truth Table: 
 

J K Q Qnext Comment 
0 0 0 0 hold state 
0 0 1 1 hold state 
0 1 X 0 reset 
1 0 X 1 set 
1 1 0 1 toggle 
1 1 1 0 toggle 

 
D flip flop 
 
Theory: 
The D flip-flop can be interpreted as a primitive 
delay line or zero-order hold, since the data is 
posted at the output one clock cycle after it arrives 
at the input. It is called delay flip flop since the 
output takes the value in the Data-in. 
 
Logic Circuit: 
 

 
 
 

Truth Table: 
 
D Q 
0 0 
1 1  
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