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The electronic and informational age is upon us. With the rapid development of
electronic science and technology. the digital circuit designed by EDA software has
become a popular trend. Consequently. the digital circuit experiments in colleges and
universities have to adapt and follow the changing. But in many colleges and
universities, with different teams of teachers with different knowledge structure and
different teaching idea. the traditional digital circuit experiments based on small and
medium digital integrated chips (SSI and MSI) and CPLD/FPGA experiments are
separated into two completely independent parts. In essence, the traditional digital
circuit design and CPLD/FPGA design are toward for the same task, but with different
approaches.

According to the above idea, we wrote the new textbook of * Digital Circuit
Experiment” in which the traditional digital circuit experiments and CPLD/FPGA design
experiments are combined as one unit. In the learning process. through timely
contrasting and comparing, students will understand the advance of the modern digital
system design deeply.

Since the total course hours are limited. the most digital circuit experiments in the
textbook are chosen simpler ones. similarly. the corresponding experiments of CPLD/
FPGA design are also entry-level. The further programming and design could be studied
in further subsequent courses when needed.

Development software is an essential tool of CPLD/FPGA design. Because the
CPLD experimental platform adopts CPLD of Xilinx Company. we choose Xilinx ISE
12. 3 as the corresponding software. When introducing the software based on the
foundation., we present the basic development process of the CPLD/FPGA design in a
clear and concise explanation. We omit the knowledge such as the complex timing
simulation, the IP core using, and the SoPC establishment which may be encountered in
the high-end FPGA design. Students could further learn them in the subsequent special
course.

Verilog HDL is one of the main hardware description languages and is widely used
in CPLD/FPGA design and integrated circuit design currently. Since it is derived from C
and there are a lot of special books discussing the language and its grammar, it is
relatively easy to learn and use. In the textbook of Fundamentals of Electronic

Technique (Digital) edited by Kang Hua Guang. there is explanation for Verilog HDL
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language and program in corresponding of the related hardware content in each chapter.
Therefore, there is no longer on the tutorial of Verilog HDL language in this book.
Students could refer to Fundamentals o f Electronic Technique (Digital) edited by Kang
Hua Guang and other books in the experiment.

The textbook is divided as two parts. The first part is the digital circuit
experiments based on SSI and MSI. which are implemented on the bread board. The
second part is the CPLD experiments, which are implemented on the CPLD
experimental platform. The experimental contents are corresponding to each another.

There are following experiments in the first part:

In Lab 1, it is required to implement NAND gate in EWB and to understand the
external electrical properties and characteristics of integrated circuit associated with its
internal circuit through software simulation.

In Lab 2, it is required to construct a corresponding circuit for measuring the
corresponding external electrical properties and characteristics of integrated
circuit 741.S00.

In Lab 3, it is required to form a half adder, three-state gates and comparator and
to understand the implementation process and their characteristics of combinational logic
circuit,

In Lab 4, it is required to construct a counting decoding display circuit for
displaying the count results on 7-segment display. By experiencing the experiment,
students are able to understand the working process of the sequential logic circuit under
the action of the clock, and also comprehend the difference between synchronous and
asynchronous in sequential logic circuit through observing counting process. In the
meanwhile, they are capable of knowing the different decoding methods and using
occasions between common-cathode and common-anode display.

In Lab 5, it is required to be familiar with the hybrid device by means of several
different circuits formed with timer 555 and to know their working principles and
applications of two different trigging modes of the monostable multivibrator. Through
the experiment. students should know why the timer 555 is so widely used.

Finally, Lab 6 (Design a Circuit of “Who Answered First”), Lab 7 (Design an
Indicating Circuit for LED) and Lab 8 (Design and Assemble a Circuit Measured for
Rectangular Wave Duty Cycle) are the comprehensive experiments which are designed to
enhance and improve the design, test and debugging knowledge and skills for complex
digital logic circuit.

Now let us turn to the second part. Lab 14, i. e. “Implement a Finite State
Machine”, is added into the part. The purpose is to explain the basic design method of
state machine by means of a classical 110 sequence detection circuit. Because the CPLD

experimental platform chosen in our laboratory does not have the required circuit
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interface, three labs (LLab 1, Lab 2 and L.ab 8) have no corresponding relationship in the
two parts. The rest ones (lab 3, 4, 5, 6 and 7) have corresponding ones. Each
experiment make students know what the basic routines are. As they progress through
the experiments one by one. students can find out that the basic routines in the texts are
reduced and simplified, by contrast, they are inspired to implement the experiments by
their own ideas. And finally students are able to implement the relative comprehensive
logic circuits by themselves freely.

Because the experimental contents are more, in implementation of the experiment
course, the contents could be omitted according to the total experimental hours. The
circuits in the first part could be implemented on the bread board, and the circuit in the
second part could be implemented on the CPLD experimental platform. The labs can be
completed in order of the textbook, which means that students begin to do the labs in
the first part and then the second part. And they also could be completed in the
experimental contents, that is, one same experimental content in the first part and then
in corresponding in the second part. The second arrangement of experimental course
mentioned above may be gain better teaching effect.

Attached this textbook, there is an appendix which provides data sheets of the four
chips used in the experiments. The data sheets of other chips used in the experiments
could be found in http://www. 21ic. com/. Learning how to read data sheet of the chip
is a very important aspect. Reading the data sheet in pre-experiment carefully to learn
and understand basic knowledge of function, performance, typical application and
package type of the chip used in the experiment will be helpful to use the chip correctly
and play its performance fully in the experiment, and also lay good foundation for future
design and scientific research work.

Because this textbook is the first edition, somewhat in the book needs to be
discussed or to be improved, and even some errors are existed accidentally. We welcome

your comments. questions and suggestions.
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Digital Circuit Implemented by Small and
Medium Scale Digital Integrated Chips
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Lab 1 Measure Electrical Characteristics of
Integrated TTL NAND Gates (Simulation)

XE— KERSFIEERBSHHEANEILR)

Purpose

O Know that the electrical characteristics of an integrated circuit is determined by
its internal circuit based on the simulation of circuits inside the TTL NAND gate.

® Know the electrical characteristics of the integrated TTI. NAND gates by the
measurements.

©® Learn EWB circuit simulation.

Pre-lab

® Know how to do the circuit simulation by EWB,

® Know the internal circuit and electrical characteristics of the TTL NAND gate.

Apparatus

Computer and software EWBS. 0,

Procedure

1. EWB simulation of TTL NAND gate

An internal circuit of a TTL NAND gate drawn with EWB is shown in Figure 1 - 1.
The topology of the circuit is the same as that of the internal circuit of 74L.S00. The re-
sistances of the resistors in the circuit are also as same as those in the internal circuit of
741.S00. In 741.8S00, some bipolar transistors are Schottky clamp bipolar transistors.
Their input transistors are double emitter bipolar transistors. But there are no such ele-
ments in EWB, so in Figure 1 —1, we use a set of diode 10BQ040 and bipolar transistor
ZTX6941B as alternative by using a Schottky clamp bipolar transistor, and diode DI1X,
D1Y. D2X, D2Y as alternative by using a multi-emitter bipolar transistor.

In EWB, the default parameters of diode 10BQ040 are as follows:
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.MODEL 10BQ040 d IS = 2. 13126e — 05 RS=0. 123203 N =1, 53952 EG =
0. 600841 XTT=3. 78803 BV=40 IBV=0. 0001 CJO=1. 53717¢e—10 V]=1.5 M=
0.476132 FC=0.5 TT=0 KF=0 AF=1

And the default parameters of bipolar transistor ZTX694B are as {ollows:

. MODEL FZT694B NPN IS=1. 59E—12 NF=1. 001 BF=1009 IKF=0. 26 VAF=
45 ISE=. 253E—12 NE=1. 445 NR=1 BR=40 IKR=1 VAR=30 ISC=0. 326E—
12 NC=1. 075 RB=0. 2 RE=0. 065 RC=0. 075 CJC=35. 5E—12 MJC=. 465 VJC
=.515 CJE=258E—12 TF =.763E—9 TR =130E—9Y

In order to simulate the results matched to 741.800, we modify the parameters for the di-
ode 10BQO40 and the bipolar transistor ZTX694B shown as Table 1 - 1. So that, the circuit
shown in Figure 1 - 1 is only a simulation of the NAND gate. its electrical characteristics is not
the same as 741.800. In the simulation, if the parameters of elements in the circuit are

changed. the electrical characteristics of the NAND gate would be changed.

Table 1 -1 Modifications of parameters of diode 10BQ040 and the bipolar transistor ZTX694B
Z1TX6941 IS cC CE 10BQO40 IS
Q~Q..Q 1. 59e—12 3.55e—13 2.58¢—13 the other diodes le—9
Q. i‘ Ge—12 3.55e—13 } 2.58e—13 DIX, D2X. D1Y. D2Y de—7
+1°, i
T 10BOQ040G
Schottky clamp —*—-,—_—]
bipolar transistor R, ) R,
B 8kQ ”&04 1200
DIX § 20k D3 -
N 10BOO40 20kQ 10BQ040 0
' 4 « N ZTX694B
DIY . . R,
) 10BQO40 10BQO40G ,()BDQﬂm, 1KQ
[ K v Q, L
MNZTX694B | 10BQO40G
R,
12kQ
v Q,
' K ZTX694BG
D2X
10BQO40 § R,
D2Y 1SKQ Y 0BQ040G
f 10BQ040
Q.
/ZTX694B
Figure 1 - 1 A simulated circuit of integral T1L. NAND gate



Lab 1

Circuit Analysis ¥indow
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In order to be convenient for simulation, we create a TTL subcircuit.

Measure Electrical Characteristics of Integrated TTL NAND Gates (Simulation)

frame to select a circuit shown in Figure 1 - 1, click on the symbol of “Create subcir-
cuit”, l:ép , in “Tool Keys” , a dialog box of “Subcircuit” appears on the “Circuit Win-

dow” shown as Figure 1 - 2. Write a name of the subcircuit in the “Name” field, such as
“TTL”, select *

Then, drag the input nodes to the left board of the frame of the subcircuit, drag the out-

Replace in Circuit”, the circuit is then placed in the subcircuit field.

put node to the right board, drag the power supply node to top board, and drag the
GND node to the bottom board. The “Circuit Window” of EWB appears shown as Fig-

ure 1 - 3.

Subcircuit XI

Name: |{TTU

Copy from Circuit

Move from Circuit

Replace in Circuit I

=

Cancel

Figure 1

-2 Create a subcircuit

1Y

RS

>
j 120 Ohm

-
3 J
T

Bk[)hm | 02
D3 5948
DX ‘“"O'"' 1080040 s
10800406 _
1 @
A ZTXB94B
o1Y 10BQU40G D4 > Rme
wuso 140 10BQO4E . S 4Kk ONM

/ 3 L

D2X
| 10BQO40

l
|
=

h\ ZTYbE‘S . L

i~1}
ZTX694BG
D2Y
108Q040

W HROHE

T TRt FE

Figure 1 -3 The terminals of the subcircuit

Use a square
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2. Measure the electrical characteristics of TTL NAND gate

(1) As shown in Figure 1 — 4. measure Iceis Ty V.

—.y | [ A

—_—

Figure 1 - 4 Measure the electrical characteristic with high output

(2) As shown in Figure 1 - 5. measure I¢c.« Iy V.

Figure 1 -5 Measure the electrical characteristic with low output

(3) Since the PN junction capacitance is existed, when the state of the NAND gate
changes. the charge wherein the PN junction along changes. It takes time that the
charge flows in or out of the PN junction. thereby a propagation delay time of input to
output for a NAND gate is formed. The illustration diagram of propagation delay time
of input to output for a NAND gate is shown in Figure 1 = 6. And the circuit diagram of
measuring the propagation delay time of input to output for a NAND gate by an annular

oscillator is shown in Figure 1 - 7.

5 2
5 Viul2 Voul2
i~
] LA—Y»/,.,” ‘-—.1—1, H
Voul2

s

’ ol <=
Figure 1 - 6 The illustration diagram of propagation delay time of input to output for a NAND gate

The circuit of an annular oscillator is formed with seven NAND gates. The output
waveforms of each NAND gate are shown in the screen of a logic analyzer as Figure 1 -
7. As shown in Figure 1 - 7. the time between the rising edge of TTL1 and the falling
edge of TTIL.2 is the falling propagation delay time of TTL2. The period of the annular
oscillator output is the sum of the delay time of the rising and falling edges of the seven
NAND gates. In generally, the rising edge of a NAND gate is not the same as its falling
edge. Same thing happened to different NAND gates. their rising edges and falling ed-



Lab 1 Measure Electrical Characteristics of Integrated TTL NAND Gates (Simulation)

ges are mostly not same. So, the measured delay time is only an average delay time of
the rising edges and falling edges. t;=¢/2N (N is the number of NAND gates), where

t is the period of output waveform of the annular oscillator.

3kQ

TTL1 TTL2 TTL3 TTL4 TTLS5 TTL6

== TTL ‘\__EITE—L:EITQ— T TTL TTL
5V . =

P

- 000R0LOVOOOBOVON

sazo00 |
L | 71.6000 ¥
-17.6000

Figure 1 -7 An annular oscillator for measuring propagation delay time
of input to output for the NAND gate

(4) As shown in Figure 1 - 8, measure the input-output characteristic of the NAND

gate.



