Digital Circuits — Lab #5

ECED2200 - Lab #5

STUDENT NAME(s):

STUDENT NUMBER(s): B0O

Pre-Lab Information
It is recommended that you read this entire lab ahead of time. Doing so will save you considerable time
during the lab.

There is also several videos showing the use of the software tools — you will save considerable time by
watching those now. See www.colinoflynn.com/teaching and look at the ‘lab 4’ information.

Overall Objective
In the first part of this lab you will learn about changing input/output modes of pin drivers, to learn
about serial to parallel shift registers, and parallel to serial shift registers.

A Shift Register contains multiple ‘bits’, the value of such a bit being shifted between each internal
register on the clock edge. Consider the following simple 2-bit Shift Register:

Clock Cycle 2-Bit Shift Register

1
0 — > ———
Output
. O 1
—_— 1 > —
Input Output
) 0 0 1
> > >
Input 0 1 Output

As we increase the ‘Clock Cycle’, the value at the input gets ‘shifted through’ the register. This is the
basic idea of a shift register.
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There is some additional things you might see too — for example we can actually pre-load the shift
registers in parallel. Then over the next clock cycles we’ll see the outputs of the shift register one at a
time.

In real life this is very useful, since we may need to send a lot of data over a single wire for example. We
can use shift registers to accomplish this, since we can output many bits a single bit at a time.

Deliverables

You will work in groups of 2 for this lab. Each group must deliver a lab report; the format for it is
described separately.

Part #1: Transmitting Data Serially

Objective
e Learn about Serial-to-Parallel and Parallel-to-Serial Block
e Learn about changing output/input pins around

Required Materials
e Computer with Xilinx ISE 13.2 Webpack installed.
0 All computers in the lab have this installed.
0 This is free software so you can install on your own computer if you wish, you can
download it from http://www.xilinx.com/support/download/index.htm - select ’13.2’
on the side. The file is very large so you may wish to download at school, and you are

required to register to license it.
e Example project file DigitalTrainer_Simple.ZIP
0 This file contains an environment which is already setup for your lab.
e Digital Trainer Board

Background

We will be using a 4-bit shift register component. This shift register is shown below:
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SR4CLE
R

The inputs are as follows:

SLI Shift-Left serial Input
DO0..D3 Parallel Data Input

L Load: Loads shift register on next clock pulse
CE Clock Enable (active high)
C Clock

CLR Asynchronous Clear

To use this as a serial-to-parallel shift register:
SLI Serial data input
D0..D3 Disconnected

L Low
CE Clock Enable (will tie high in this lab)
C Clock

CLR Asynchronous Clear
Q0..Q3 Parallel Output

Or to use as a parallel-to-serial shift register:

SLI Disconnected

DO0..D3 Parallel Data In

L Pulse high for one clock edge when parallel data valid
CE Clock Enable (will tie high in this lab)

C Clock

CLR Asynchronous Clear
QO0..Q2 Disconnected
Q3 Serial Data Out

Procedure
Part 1-A

1. Download DigitalTrainer_Simple.zip from one of these locations:
a. http://www.assembla.com/wiki/show/bora/Base Reference File
b. www.colinoflynn.com/teaching under the ECED2200 lab #4.
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Unzip this somewhere.

Open the DigitalTrainer_Simple.xise

Open io_connections.sch

5. Under the ‘Shift Register’ category, place a single: ‘SRACLE’ part:

PwnN
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6. Wire up SW1...SW4 to inputs DO...D3. Connect SLI to ‘GND’, CE to ‘VCC’, and C to ‘CLK1HZ’. Also

connect CLR to ‘GND’. Finally as outputs LED1 is connected to Q3, and the CLK is outputted
onLED2. Your schematic should now look something like this:

Switches LEDs
T 1 [,
LEDT>
1BUF SR4CLE %uF
= 2 [~
2 - LEDZ>
F GHD s lgaue
Do Q0 +—a
3
3 5
> ] o atla 4>—-UF
D2 Q2 +—a 4
4 o e
5
5 %4>—m
sEe— > s . o=
6
ce Bf
- CBUF
) ! 4>—->
CLR =
OBUF
8
51 >
= CBUF
GND
7-Segment Displays
A [~ (ol
OBUF
B [~ o
lgaur
c ™, o
%UF
%UF =
E [~ ol
lgaur
- [ o
TBUF lgaur

User Constraints

-

B 82|28 22| v

Pl Synthesize - XST

P20 ) Translate

Pa@) Fit

P2() Generate Programming File
!Eﬁ Configure Target Device
y Optional Implementation Tools

Design +0 8 x [)
View: @) ]:i\:l:[ Implementation () Simulation ):

| | Hierarchy ]
o & DigitalTrainer_Simple -
~| = £ xc9536x1-5V0Q44 .
ey =] @;ﬁ; io_connections (io_connections.sch) L
¥ E DigitalTrainer_ConstraintsFile.ucf -
m™ Running: Synthesis 2
Processes: io_connections “rE

[E]  View HDL Instantiation Template £

1
s N M

P

8. You should get green Check-marks beside ‘Generate Programming File’:

7. As before, save and close the schematic, then double-click the ‘Implement Design’ process:
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= E}L\ Implement Design
4 P2 1Y Synthesize - X5T
P Translate
P2 Fit
PA) Generate Programming File
+ L@ Configure Target Device

4

9. Plugin your Digital Explorer board.
10. Run ‘program.bat’ as before, and again you should see an indication it is successful:

iIChain length: 1
Device Id: B1011001011000AR0A1AOARA1A01AAL1L {AxAORPEOAASY?602093 )
Manufacturer: Kilinx
Part(@>: XC?536XL_Ug44
Stepping: @
Filename: dataxilinx/xc?536x1_wgdd xc?536x]1_vgdd

[Parsing 19581958 <188:>

IScanned device output matched expected TDO walues.

'#Pause’ is not recognized as an internal or external command.
operable program or batch file.

[Press any key to continue . . .

11. Complete the ‘Observations’ section for the Parallel-to-Serial Converter

Part 1-B

NOTE: The diagrams here show you completing part 1-A, then part 1-B. You may complete part 1-B
without doing part 1-A. For part 1-C you can use two separate digital trainer boards wired together
instead of one board with both parts.

12. We will modify two of the LEDs to use those pins as INPUTS. Let’s see how to modify the I/O
direction. First select the ‘OBUF’ part beside LED3 and hit delete. Do the same thing with LED4.

2 [,
LEDZ >
-
—1 -
5 [
[} LEDS >
6
- F‘xx [

13. From the IO category place an ‘ibuf’ component. You will need to rotate the component with
Ctrl-R to point INWARDS. Place this component as shown below:
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rupy oy
General
Latch
Logic
Muzx
Shift_Register
Shifter
T
Symbols
ibuf
ibufle
ibufd
LEDs
[~ (LoD
LED1
L-5aur
2 [~
LEDZ >
L-5Bur
3 IBUF
B 1/1' [ED3>
Instance = XLXI_84
4 Type = ibuf
= .
Input:I=> LED3
Output : O => XLXMN_61
< 5 ! 1 LEDS

14. Repeat this for the second instance:

2 ™. LEDZ >
OBUF
.3 B
= <] [LEDZ>
4 B
: <
a2 [
= L2 [LECE:
15. Now double-click on the ‘LED3’ port, and change the polarity to ‘Input’, and hit OK. Repeat with
LED4.
BUF

< [E03

Wiew and edit the traits of the selected IO Markers

Part polarity Qutput E
Input

Ij0 marker orientation
Bidirectional

IfO marker fontsize | 23 =l

You can select the netin the list at the left to see the attributes of the net that are
assodated with the selected I1fO Markers

- 1

r
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-
[£] Object Properties - /O Marker Traits I ] =
Categary View and edit the traits of the selected I)O Markers
£ 1/0 Markers
LED3 Port polarity Input -
MNet:
= T_EDE IO marker orientation |Right |z|
I/0 marker font size 28 |z|

You can select the netin the list at the left to see the attributes of the net that are
assodated with the selected 1/0 Markers

Bus renaming options ]

[ ok J[ cancel [ appy |[ Hep

16. Your schematic should now look like this:

> [ED7
OBUF

UF
‘ [EDd
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17. Place another SRACLE part from the ‘Shift Register’ category

18. Wire up SLI to LED4, C to LED3, L to GND, CE to VCC, Q0...Q3 to LED5..LEDS, and CLR to GND. The
example schematic below shows this drawn where we also have the SR4CLE from part 1-A.
Again you may ignore that if you have split the work in half, and one person is doing part 1-A
and one person part 1-B.

BUF
3 I [ED3 |
BUF
Pl o B, O B 4 ,-"'-,I LED4 |
wiadLE ]
5L 5 [ [EDs
| L-Gaur
B— 00 oo
s— 01 o1 6
= LEDG >
- - DBUF
m— [ 02
— D2 o3 7
LEDV >
j DBUF
GND -
- 8 ™. LEDS>
1 CBUF
CE
[>C 7-Saegment Displays
CLR - A o
DBUF
50 [o%
= OBUF
GHD

19. As before, save and close the schematic, then double-click the ‘Implement Design’ process:

Design +0&8 % E
View: @ @Implemenmﬁon . Simulation j:

Hierarchy
"ncj DigitalTrainer_Simple
= €3 xc9536:d-5V044
= @nﬁn io_connections (ie_cennections.sch)
[ DigitalTrainer_ConstraintsFile.ucf

jum|
T

@ o |"..:"

™ Running: Synthesis

Processes: io_connections
@ View HDL Instantiation Template

P User Constraints

(@ Implement Design

Faf  Synthesize - X5T

() Translate
Pal) Fit A
() Generate Programming File 3

f@ Configure Target Device
ﬁ Optional Implementation Tools

J M= 8 140 T

-

I|?—‘$|¥‘$ﬁ|(\.

o "= MIN N
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20. If you get an error, check your schematic. In particular did you forget to switch one of the
outputs to an input (LED3/LED4)? Look at the shape of the port, it should be pointing in.

21. You should get green Check-marks beside ‘Generate Programming File’:

= 2.4 Implement Design
4 P 1Y Synthesize - X5T
2D Translate
20D Fit
2D Generate Programming File
#-\5  Configure Target Device

22. Plug in your Digital Explorer board.

23. Run ‘program.bat’ as before, and again you should see an indication it is successful:

IChain length: 1
Device Id: B18110016116000000A10000B10610011 (B HOBPEEOB57682093>
Manufacturer: Kilinx |
Part{(B>: HC9536KL_Ug44
Stepping: B
Filename: datarxilinx/xc?536x1_vg44/xc?536x1_vgdd
[Parsing 1958-1958 <186:>
iScanned device output matched expected TDO values.
'#Pause’ is not recognized as an internal or external command.

operahle program or batch file.
[Press any key to continue . . .
W

———

24. Complete the ‘Observations’ section for the Serial-to-Parallel Converter

Part 1-C

25. Complete the schematic which has BOTH the serial-to-parallel (part 1B) and parallel-to-serial
(part 1A) on it. Note both parts use different LEDs/Switches, so there is no ‘conflict’ of pins.
Simply create a schematic that includes BOTH part 1A & part 1B by first drawing the connections
in 1A, then the connections in 1B. As an alternative you may implement them on separate
Digital Trainer boards.

26. Using wires connect the parallel-to-serial converter to the serial-to-parallel converter. If you

implemented them on the same board wire LED2 to LED3 and LED1 to LED4 as shown below.
Al oaadcssoNs =l

27. If you implemented each side on different boards: wire LED1 of the board containing Part1-A
schematic to LED4 of the board containing Part1-B schematic. Wire LED2 of the board
containing Part1-A schematic to LED3 of the board containing Part1-B schematic.

28. Complete the Observations for Part 1-C.
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Observations
Part 1-A: Parallel to Serial Converter

Q1) The parallel to serial converter is running with a 1Hz clock. The shift register works as follows:

Set SW5 to 0 (right)
Set SW1/SW2/SW3/SW4 as desired (e.g. as shown in the table).

3. SetSW5to 1 (left). When SWS5 is set to ‘1’, the data is continually being loaded into the shift
register. It's only after we set SW5 to O (discussed next) that the shift register is allowed to
operate, and shifts output the input we loaded.

4. Wait at least 1 pulses of LED2, then set SW5 to 0 (right) when LED2 is ON. The timing will require
some practice.

5. LED1 has the serial output, and LED2 is the ‘clock’. By counting pulses of LED2 you can see what
the current bit being shifted out is. The location of clock pulse 1 is tricky —it’s the initial state of
LED1 when SWS5 is still set to ‘1’ typically. Thus the first pulse after setting SW5 to 0 will normally

be clock pulse #2. You can record clock pulse #1 by recoding the state of LED1 after you put SW5

to 1. Once you put SW5 to 0 start counting clock pulse 2..3..4.. etc.

Using the above procedure, load the following numbers into the shift register. Write the state of LED1
on each clock pulse. The first row is filled in for you, use it to validate you’re reading the clock pulses

correctly.
Setting of Input Switches State of LED1 on Clock Pulse #
SW1 SW2 SW3 Sw4 2 3 4
0 0 0 1 0 0 0
1 0 0 0
1 1 1 0
1 0 1 1
1 0 1 0
1 1 1 1

Q2) Assume | input a number where SW1 = MSB, SW4 = LSB (e.g.: in the table above you are inputting
1,8,14,11,10). Which bit is being shifted out first of this shift register you have implemented: MSB or
LSB?

Q3) After you set SW5 to 0, does it matter if you change the state of SW1-SW4? As an example load the
1-1-1-1 state. After you set SW5 low, set SW1-SW4 (or just one of them if it’s easier) to 0. Does it change
the output?
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Part 1-B: Serial to Parallel Converter

Using wires, connect SW1 to LED3 and SW2 to LED4 as shown below:

SW1 is now the CLOCK input, and SW2 is now the DATA input. Note: if you have done the wires
correctly, LED3 should output the same as the SW1 (clock) position, and LED4 should output the same as
the SW2 (data) position.

Q1) Complete the following truth table by moving down the table, and filling in the state of
Q0/Q1/../Q3. Note that due to switch bounce your results may not be completely predictable.

SW1 (clk) SW?2 (data) LED5 (Q0) LED6 (Q1) LED7 (Q2) LEDS8 (Q3)

OR|IOFR|IO|IFRP|IO|0O|O(R|IO(FR|O|FR|O|FL,|O|O
OO0 |0|0O|FR|P|IO|0O0C|0O(O|(FR|FP|FR|FL|FL|O
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Part 1-C: Connected

The serial-to-parallel and parallel-to-serial converters are now connected together. As in part 1-A you
load data with this procedure:

Set SW5 to 0 (right)
Set SW1/SW2/SW3/SW4 as desired

3. Set SW5 to 1 (left), wait until LED5 illuminates, then set SW5 to 0. You must do this quickly or
you will end up with too many 1’s shifted in!

4. LED1 has the serial output, and LED2 is the ‘clock’. By counting pulses of LED2 you can see what
the current bit being shifted out is. Note that normally clock pulse ‘1" is while load (SW5) is still
HIGH. Thus after setting SW5 to 0, the next pulse of LED2 is clock pulse #2.

(Note LED2 and LED3 should both be blinking at 1 Hz)

5. Data will also be shifted into LED5...LEDS.

Q1) Load the following number, then record the state of LED5/LED6/LED7/LEDS after each clock pulse.
You may need to try several times to catch all states if you miss a clock pulse. Based on your knowledge
of a shift register, you should have some idea where the ‘correct’ output should be. As a hint: you are
connecting a parallel-to-serial converter to a serial-to-parallel converter. The objective is to send the
states of SW1,SW2,SW3,5W4 to the LEDs, but we are using only two wires instead of four!

Number: SW1=0,SW2=0,SW3=0,SW4=1

Clock Pulse # LEDS LED6 LED7 LEDS8

O IN(ON[PAR|WIN|E
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Number: SW1=1,SW2=1,SW3=0,SW4=1

Clock Pulse # LED5 LED6 LED7 LEDS8

VNN |WIN|R

Q2) At what clock output is the data ‘valid’, that is to say LED5...LEDS8 represents the state of SW1..SW4.

Q3) What problems does this design have, how might you improve them?

Conclusion
This lab has introduced many facets of serial communication. You have implemented several
synchronous serial data transfer blocks.
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