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Abstract 
  

 This report gives the architectural design of a Vending Machine in terms of 

schematics and layout, operation of the whole system and its components. Finally, 

area, power and critical time are estimated. We give the functional description of 

the system form an assumed “customer”. We have used Verilog-HDL to verify the 

function of each blocks and Mentor IC studio to draw the gate level design and 

finish to analog simulation. Finally, we use IC station to draw the  transistor level 

hardware design of the system.  
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Session 1 instruction 

1.1 Design Objectives 

 To Design a powerful vending machine containing the following features: 

1.      Sell four types of beverage and accept three types of coins 

2.      Give change after successful trade  

3.      Return money when trade fails 

4.    Small size and acceptable power consumption 

 

Session 2 Description of System 

2.1 General Description of Operation 
 

When the system is running, it must be in one of the four states i.e. idleness, 

accumulation, judgment, and execution. Figure 1 showing the procedure. The system starts 

from the state of idling. After a coin is deposited, it is in the states of accumulation. After 

the customer press a button to buy the stuff, the machine goes into the state of judging. In 

fact, the state of judging is transit. It will end in a clock circle and then the system will goes 

into the next state, state of idling if the trade is successful or accumulation if the money is 

not enough to buy the designated stuff. When the trade is successful, the machine goes into 

the state of executing where beverage is given to the customer and counters record the trade. 

Then the system returns to the original state of idling. 

  
Figure1. Flow diagram of operation 



 
  

2.2 Block Description of Storage Logic 
System contains two storage logic blocks, 8-bit register and 4-bit register. The function 

of register is used to store the previous coins inserted into the machine for the convenience 

of calculating the total money and the register to store which type of beverage is bought. 

These blocks are implemented by feedback circuits and D flip-flops. Information goes in 

the closed loop till certain signals come to clear it.  

      
                            (a)                                                                                            (b) 
 
                           Figure 2 (a) 4-bit register block in the top level schematcs 
                                               (b)  Simulation waveform for 4-bit register 

2.3 Block Description of 8-bit Full Adder 
Adder is a traditional ripple full adder since the system doesn’t require fast computation.  
Each unit has three inputs and two outputs and eight units are placed in a row.  Figure 3 
shows the principle. 

 
                                                 Figure 3 (a) logic of a 1 bit full adder unit 

 
                                                Figure 3 (b) 8-bit ripple adder 



                

2.4 Block Description of Counters 
The block of four counters is used to record the number of the same items in the vending 

machine that are sold to the customer. That means when one item is sold successfully, the 

counter will increase one from the previous value. After it counts up to 15, which means 

one type of item has been sold out, it will generate an empty signal to disable the trade 

signal so that no trade will be accepted after there were no items left in the machine. Here 

we used four JK Flip-Flops to implement the counter, in which JK functioned as T Flip-

Flop. See figure 4. 

   
                                 (a)                                                                                (b) 

 
(c) 

Figure 4 (a) Schematics of a JK counter   
(b) Finite state digram 
(c)Simulation waveform in QuarterII 

 
 
  
  
  



2.5 Block description of Subtractor and Comparator 
Subtractor calculates the result of deposited money minus the price of the item. In 

addition, it judges whether the trade is successful of failed. Fig. 1 shows the schematics the 
operation of subtractor. Inputs from A0 to A7 represent the money input and inputs from 
B0 to B7 gives the price of a picked item. Outputs from D0 to D7 are the difference of 
money deposited and the prices of items. When there is no item bought, the results are 
blocked by an external signal “tradesuccess”. Outputs Y1, Y2 and Y3 denote “A<B”, 
“A=B”, “A>B” respectively.  

 
Fig 5 Subtractor and Comparator Function Block 

 
This improved full subtractor is based on a full adder but it is given a new symbol with 

active-low borrow in, borrow out, and subtrahend signals as shown in Fig.2. Separate 
subtractor and comparator were considered, but a revised subtractor works better and 
reduces area of the entire system. 

 
Fig 6 8-bit full subtrator 

The simulation result of the block is shown in EZwave. See figure 7, OUT9, OUT10, 
OUT11 denote A<B, A=B, A>B respectively. As it shows, at any time there is only one of 
the three outputs is in the high level, which correspond the fact the result should be either 
“A<B”, “A=B”, or “A>B”.  



 
Fig. 7 Analog simulation result of the Subtractor/Comparator block 

 
 
 
  
                              

 

 
 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 



Session 3 Performance Discussion 

 3.1 Successful Trades 
Figure 8 shows successful trades. Signal “X3” represents a quarter and signal “item1” 
represents a request of purchasing item 1. It shows each request is permitted through the 
positive signal “trade success” and simultaneously the output signal “en1”, which is an 
enable signal to drive the mechanical part of the vending machine to give an item to the 
customer, gives a positive signal. The plot also shows after 15 times of request, “item 1” is 
empty and the following request is denied till a “reset” signal, which should be sent out by 
the work who controls the machine, is coming. The outputs from result [0] to result [7] 
show the change after each deal for a certain period. Here, the deposited money is always 
25 cents and the price is 10 cents, thus the result is always 15 cents. Note: “empty1ba” 
works when it’s low. 

 
                                                     Figure 8 Successful trades 
 Testing environments:  
signal  Freq(Hz) Initial (V) Pulse (V) Period (us) Width (us) Delay (us)
Clock1  20k 0 1 50 25 0 
Clock2 10k 0 1 100 50 10 
X1 - 0 0 - -  
X2 - 0 0 - - - 



X3 - 0 1 300 25 290 
Item1 - 0 1 300 50 400 
Item2 - - - - - - 
Item3 - - - - - - 
Item4 - - - - - - 
Note: IC studio’s pulse recourse cannot imitate the real case, because no customer will buy 
items so frequently and the width of the input pulse can meet the frequency of the clock 
signals by mechanical technology. 

  3.2 Failed Trades 
     Failed trades happen when the customer requires a item but he/she hasn’t input enough 
money. Figure 9 shows such a case. When signal “X2” (represents a 10-cent coin is 
dropped in the machine) reaches its first pulse, and a request of purchase “item2” (its price 
is 20 cents) is coming simultaneously, the trade is denied and the output signal 
“moneyontenough” gives a positive pulse. When a second 10-cent coin is dropped in and 
another request comes, the trade is permitted and the signal “trade success” gives a positive 
pulse. (Note: the outputs from V[0] to V[3] is lower bits of the outputs of the subtractor 
when a successful trade finished, the information of money is cleared, when there is a 
failed trade, money information is kept and waiting for the next trade request). This plot 
also shows a request immediately (nano second level) after the enough money is dropped in, 
a request may be judged as a failure. 

 
  Figure 9 Failed trades 



Session 4 Dimensions and Electrical Parameters  

4.1 layout and schematics 
Figure 10 is the system schematics of the vending machine. On the left side of the system 
are 10 inputs. From top to bottom, they are clock2, clock1, reset, X1, X2, X3; item1, item2, 
item3 and item4.On the right side of the system, there are seven plus eight outputs. From 
bottom to top, they are “empty”, “en1”, “en2”, “en3”, “en4” and “empty1” and 8-bit result 
signal. Here, the output “empty1” is signal for testing. When the machine starts to work, 
this terminal can be removed. 
 

 
                                                         Figure 10 System schematics 
 
Since the entire system is too complicated and sub blocks of counter is broken in another 
the work station, the final system is simplified. Figure 11 shows the simplified schematics 
and corresponding layout. The simplified schematics removed the block of counters and its 
corresponding combinational logic. 



 
                                                                  (a) 

 
                                                                        (b) 
                              Figure 11 (a) The schematics of the simplified system 
                                                     (b) The layout of the simplified system 
The area of the system is about 627um*836um. And it contains about 2600 transistors. 



4.2 Power Consumption 
The work voltage is 1.2 V and the effective logic voltage is 1 volt and 0 volts. When the 
entire system is always in the accumulation state and judgment state, the dynamical power 
consumption is 2.754 mW. But in realty, the system is in the idleness state in most cases. 
So the power consumption of the system is tiny. Note, the power consumption doesn’t not 
include the power consumption of the mechanical part of the vending machine in realty. 
 
 

4.3 Critical Time 
The frequency of the clock1 is 20KHz and it’s the main clock signal of the whole system. 
The frequency of the clock2 is 10KHz and it’s the clock of the trade result. It’s slower than 
the main clock to make the trade signal longer to guarantee the system has enough time to 
clear all the information of the previous trade. And clock2 should by delayed 10us after the 
clock1 to avoid race condition. In the feedback of the 8-bit register is also controlled by 
transmission gates, which are controlled by the inverse clock1 signal, to avoid race 
condition. When the output signal of the adder goes into the 8-bit register, the transmission 
gates are forbidden and thus the feed back is blocked, when transmission gates work, the 8-
bit register is blocked till when the high level clock1 is coming and the input signals have 
bee stable.   
 
 
  
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 



Session 5 Conclusions & Future Work 

5.1 Conclusions 
In this project, our team has implemented the powerful vending machine. We have 

implemented an 8-bit storage logic, a 8-bit adder, a 8-bit improved subtractor, and counters. 
And we successfully take the advantage of the feedback circuits to assemble all these 
subsystems in a single system and make all of them works very well. All the designed 
function at the beginning of the project has been achieved. Team members work hard and 
cooperate well  with each other. 
  
  

5.2 Future Work 
     A input signal “back” can be added into the system in case when all the stuff are sold 
out, the customer can get his money back. Just add the signal to a 3-input AND gate and a 
2-input AND gate and substitute these two gates with a 4-input AND gate and a 3-input 
AND gate can achieve the goal. Since in realty, the vending machine is administrated by 
workers, and they supplement items periodically, the signal “back” is not that important 
actually. 
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