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Obijective:

The goal of this lab is to create a static random-access memory chip using D-Latches, also
known as SRAM. An SRAM is used to store multiple bits at various address locations. The
SRAM that we will be designing will hold 16-bit wide values and could display in the 7-segment
HEX displays and decimals. We will be creating 2 forms of SRAM, one 16 x 4 SRAM and one
16 x 32 SRAM. The 16 x 4 SRAM will contain 16 locations, 4 bits each and the 16 x 32 SRAM
will contain 16 locations, 32 bits each. With the 16 x 32 SRAM, we will also learn how to design

a way to input 32 bits to memory word using 4 times 8 switches and keys.
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Functionality and Specification:

SR-Latch:

A SR-Latch is a circuit that compares two inputs and lets out a result of two outputs. It acts as
two functions, set and reset, which are controlled by the inputs, “S” and “R”, respectively. When
“R”is 0 and “S” is 0, then the output remains the same as the previous state. When “R” is 1 and
“S” is 0, then the output resets the device, making “Q” become 0. When “R” is 0 and “S” is 1,
then the output sets the device making “Q” become 1. When “R” is 1 and “S” is 1, then the
output is undefined because you can’t have it both set and reset at the same time, so it will be

impossible to predict the output.

The truth table, and circuit are shown below:

S R Q Q’ State

0 0 - - No Change
0 1 0 1 Reset

1 0 1 0 Set

1 1 ? ? Undefined

Table 1: Truth Table for SR-Latch

© L ONOR2

- Chen_Kevin_R INPUT -
b 42) R OUTPUT _——— Chen_Kevin_Q

e linst T

w

T TN OUTRUT Chen Kevin QNOT
Chen_Kevin_S [ LL\!J%%T : D 1 . S L - -

Figure 1: Block Diagram/Schematic File of SR-Latch (Chen_Kevin_SR-Latch.BDF)
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Control SR-Latch:

A Control SR-Latch is a circuit that compares three inputs and lets out a result of two outputs. It
acts the same as a SR-Latch except with an additional input, Control (C). The control input
basically determines if the latch should change its state and take in the current inputs of “S” and
“R”. When “R” is 0 and “S” is 0, then the output remains the same as the previous state. When
“C” is 0, then it doesn’t matter what “R” and “S” is because the output will always remain the
same as the previous state. When “C” is 1, then the inputs and output will act the same way as

the SR-Latch.

The truth table, and circuit are shown below:

C S R Qn Qn’ State

0 X X Q Q No Change
1 0 0 Q Q No Change
1 0 1 0 1 Reset

1 1 0 1 0 Set

1 1 1 ? ? Undefined

Table 2: Truth Table for Control SR-Latch

i Chen_Kevin_S

Chen_Kevin_C

Figure 2: Block Diagram/Schematic File of Control SR-Latch

(Chen_Kevin_Control_SR-Latch.BDF)
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D-Latch:

A D-Latch is a circuit that compares two inputs and lets out a result of two outputs. It acts the
same as a Control SR-Latch except with a combined input, “D”. The “D” input basically
combines the “S” and “R” input into one input. When “C” is 0, then it doesn’t matter what “D” is
because the output will always remain the same as the previous state. When “C” is 1, then the
output would depend on what “D” is. If “D” is 0, then the output resets the device, making “Q”

become 0. If “D” is 1, then the output sets the device, making “Q” become 1.

The truth table, and circuit are shown below:

C D Qn Qn’ State

0 X Q Q’ No Change
1 0 0 1 Reset

1 1 1 0 Set

Chen_Kevin_QNOT

Figure 3: Block Diagram/Schematic File of D-Latch (Chen_Kevin_D-Latch.BDF)
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SRAM:

A SRAM is a circuit that compares three inputs and lets out a result of one output. It’s made
from two D-Latches, which could also be described as a Master-Slave D Flip-Flop. A Master-
Slave D Flip-Flop isn’t the same a regular D-Latch because its sate change does not depend on
the state of the clock signal, but the transition of the clock signal from zero to one. A SRAM is
also made of a Tristate Logic Buffer, which compares two inputs and lets out a result of one
output. The two inputs are “A” and “B” and it only outputs “A” when “B” is 1, otherwise the
output is cut off completely and no signal is sent. The three inputs of a SRAM are “IN”,
“Select_Chip”, and “Write_Enable”. “IN” is the latch data input. “Select Chip” is the input that
activates the cell when it is high; when it’s low, then the cell will not store data, and there will
not be an output. “Write Enable” is the input that allows the latch to store the data from the “IN”

data input.

The truth table, and circuit are shown below:

Clock | Dw Cwm Ds Cs Qout
0 di 1 gl 0 Q0
1 d2 0 gl 1 Q1
0 d3 1 g3 0 Q1
0 d4 1 g4 0 Q1
1 ds5 0 q4 1 Q4
1 d6 0 q4 1 Q4

Table 4: Truth Table for Master-Slave D Flip-Flop
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Figure 4: Master-Slave D Flip-Flop Design

A B C
0 1 0
1 1 1
X 0 Z

Table 5: Truth Table for Tristate Logic Buffer

Figure 5: Tristate Logic Buffer Design

Chen_kevn_Q

Chen_Kevin_C  Chen_Kevin_QNOT

Figure 6: Block Diagram/Schematic File of SRAM (Chen_Kevin_SRAM.BDF)
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16 x 1 SRAM:

A 16 x 1 SRAM is a circuit that’s made of 16 SRAM that’s all stacked into one file. It takes in
the same input as a SRAM, except now, the data values are in a form of vectors. Dec[15..0] acts
as “Select Chip” from SRAM, except being a vector from 0 to 15. “IN” acts as “IN” from
SRAM, and “WR” acts as “Write Enable” from SRAM. The output of the 16 x 1 SRAM, “out”,

is the same as “OUT” from SRAM.

The circuit is shown below:

Figure 7: Block Diagram/Schematic File of 16 x 1 SRAM (Chen_Kevin_16x1SRAM.BDF)
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16 x 4 SRAM:

A 16 x 4 SRAM is a circuit that’s made of four 16 x 1 SRAM that’s all stacked into one file. It’s
also made from a 4-to-16 Decoder and a Decimal to Hexadecimal Translation. A 4-to-16
Decoder is circuit that compares four inputs and lets out a result of sixteen outputs. The outputs
are determined based on the inputs, and usually only one of the sixteen outputs are set to 1 and
the others are set to 0, otherwise it’s all set to 0. A Decimal to Hexadecimal Translation is a
circuit that compares four inputs and lets out a result of seven outputs. The outputs are based on
which seven-segments makes up the number corresponding to the inputs. The seven outputs

would be used to display on a 7-segment-display, each output representing each segment.

The circuit is shown below:

Figure 8: Block Diagram/Schematic File of 16 x 4 SRAM (Chen_Kevin_16x4SRAM.BDF)

Chen_Kevin_16x4SRANM

o [PN_AFID

[FraBiz |
[N AGZ |
AN_ADI 1

AN_AET1 |
o |PANvia |
0 [ANVIS |

han_
AN |

| AN_v2
ANV |

Figure 9: Block Diagram/Schematic File of Final 16 x 4 SRAM

(Chen_Kevin_16x4SRAMFinal.BDF)
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16 x 32 SRAM:

A 16 x 32 SRAM is a circuit that’s made of eight 16 X 4 SRAM that’s all stacked into one file.
It’s also made from 8 Decimal to Hexadecimal Translation and a 4 x 8 Switches and Keys. A 4 x
8 Switches and Keys is a circuit that compares 12 inputs and lets out a result of 32 outputs.
Because we don’t expect to have a pin for each 32 inputs, for the datain, this was designed to
simplify the 32 inputs by using four keys and eight switches to represent each eight of the 32
inputs. For example, key[0] represents datain from 0 to 7, key[1] represents datain from 8 to 15,
key[3] represents datain from 16 to 23, and key[4] represents datain from 24 to 31. The switches

are from 0-7, which are used to configure each of the keys.

The circuit is shown below:

BEEELEE BREELEE pppppil Loyl Loagaiy

Figure 11: Block Diagram/Schematic File of Final 16 x 32 SRAM

(Chen_Kevin_16x32SRAMFinal.BDF)
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Simulations:
SR-Latch:
The functionality/behavior of the SR-Latch is to follow the truth table (Table 1), which describes

exactly what the output is supposed to be given a certain input.

A waveform was created using the block diagram/schematic file for SR-Latch (Figure 1) and it
was given inputs to test all possible combinations. The outputs that it generated matches those

from table 1, therefore, confirming the correctness of the block diagram/schematic file.

Figure 12: Waveform Simulation of Block Diagram/Schematic File of SR-Latch

(Chen_Kevin_SR-LatchWaveform.VWF)
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Control SR-Latch:

The functionality/behavior of the Control SR-Latch is to follow the truth table (Table 2), which

describes exactly what the output is supposed to be given a certain input.

A waveform was created using the block diagram/schematic file for Control SR-Latch (Figure 2)
and it was given inputs to test all possible combinations. The outputs that it generated matches

those from table 2, therefore, confirming the correctness of the block diagram/schematic file.

; lops 20.0ns 40.0ns 60.0ns 80.0ns 100.0ns 120.0ns 140.0ns 160.0ns
value at | | ' ' h v v | 1

Name Ops Dps

ChenKevinR B0

ChenKevinS  BO [ 1 ]

L Chen_Kevin_C 80 |

Chen Kevin Q  BX
Chen_Kevin_QNOT BX S S

Figure 13: Waveform Simulation of Block Diagram/Schematic File of Control SR-Latch

(Chen_Kevin_Control_SR-LatchWaveform.VWF)
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D-Latch:
The functionality/behavior of the D-Latch is to follow the truth table (Table 3), which describes

exactly what the output is supposed to be given a certain input.

A waveform was created using the block diagram/schematic file for D-Latch (Figure 3) and it
was given inputs to test all possible combinations. The outputs that it generated matches those

from table 3, therefore, confirming the correctness of the block diagram/schematic file.

j‘UDS 20.0ns 40.0ns 60.0ns 80.0ns 100.0ns 120.0ns 140.0ns 160.0n
Value at |} ' v ' ' ' ' v

Ops Dps

ChenKevinD B0 [ S e S [ A I S I SN R T— U N R S
ChenKevinC  BO | | |

ChenKevinQ  BX 5 | I R A A
Chen_Kevin_QNOT BX | - |t

Name

Figure 14: Waveform Simulation of Block Diagram/Schematic File of D-Latch

(Chen_Kevin_D-LatchWaveform.VWF)
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SRAM:

There are three functionality/behavior of the SRAM. One functionality/behavior serves to turn
the chip on or off. The second functionality/behavior serves to write the “datain” input into the

“address” input. The third functionality/behavior serves to display the output that was inputted.

A waveform was created using the block diagram/schematic file for SRAM (Figure 15 and 16)
and it was given inputs to test all possible combinations. The output that it generates shows that
the chip is turned on when “CS” is turned on; when “WE” is turned on, it allows to write; when

“OE” 1s on, it displays the output.

I
Value at iD ps 40.0ns 80.0ns 120.0ns 160.0ns 200.0ns 240.0ns 280.0ns 320.0ns 360.0ns

Name ops |Dps

e T e o 7 T () T (0 O D 2 ) 0 ) G OV 7 ) T () U 0 P 2 (o o )
Chen_Kevin_address B 0000 0000 X 0001 X 0010 X 0011 X 010 X o1 X o110 X omr X 1000 X 1001 X 1010 X 1011 X 1100 X 101 X 1110 X 1111 X 0000 X_ 0001
enyencs o |l 1 M1 1L L L L L L L L e
Chen Kevin WE  BO J | J | | | J [ J | J | | | | [ |
Chen_Kevin_OF 80 I T U N O T NS NN N N N A N AN S (N O T Rt N NS (S AN N T S (| O
Chen Keviout 82222

BFF P W W

Figure 15: Waveform Simulation of Block Diagram/Schematic File of 16 x 4 SRAM

(Chen_Kevin_16x4SRAMWaveform.VWF)

lOps 40.0ns 80.0ns 120.0ns 160.0ns 200.0ns 240.0ns 280.0ns 3200ns 360.0 ns

Name

Chen._Kevin_datan 8000000000000 I

Chen_Kevin_address B 0000

Chen_Kevin_CS BO

Chen_Kevin_WE BO

Chen_Kevin_OE 80

s s U e =
Chen_Kevin_out B A000 J00G; ACOXAIZZZX00CK, AO00X? AI00CK, A00OXIZZZXI00CK:

EFFF VW

Figure 16: Waveform Simulation of Block Diagram/Schematic File of 16 x32 SRAM

(Chen_Kevin_16x32SRAMWaveform.VWF)
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Demonstration:

16 x 4 SRAM:

In address 0000, I inputted the binary code 0011 and had it display on the DE2 board. After that,
| swapped into address 0001, and inputted the binary code 1001 and had it display on the DE2

board.

N3 ANZ2 RNG1
| CEET OEEE S CEEE S

O©ALTERA
www.altera.com

LEDRI7  LEDRI6 LEOR’{S LEDRI4.  LEDR L | LEORT ~ LEDRG LEDRS LEDR4 LEDR3 MRZ LEDR!  LEDRO LEDGT  LEDG6 ~ LEDGS

BEEEDERERE BEE

i
=

"v " " — -
Sz S SWO__ S

!

]
i
§
!
§
;
f
!
:
§
§

©ALTERA
www.altera.com

U

'-’U N oo B sy, FLASH 4

SO e

S S am——
HEXT- -~ HEXG X “__ _HEG HER MK - HEXO 5 : 3
LEORIT  LEDRA6 LEDRMS LEOR14. ~LEORI3 LEOR12  LEORt} —LEORTO—TEDRD  TEORS  LEORT . LEDRS  LEORS  LEOR4 LEOR3 \tﬂ)ﬁ? LEDRT  LEDRO LEDGT  LEDGS

E]EE]E]E]"EEEEEE

14 At

Figure 18: Input 9 Into Address 1 on DE2 Board
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16 x 32 SRAM:

In address 0000, | inputted the binary code 1000 0111 0110 0101 0100 0011 0010 0001 and had
it display on the DE2 board. After that, | swapped into address 0001, and inputted the binary
code 1010 1011 1100 1101 1110 1111 0000 0001 and had it display on the DE2 board.

ABABE < <c-eremmr ey

©ALTERA
www.altera.com

SRAM 512KB
RN RN

T A n[xe
ORS TEORS  LEORT . CEORGCEORS CEORA  LEDRS \gz UQRY — TEQRO ~ LEDG7  (EDG6  LEDGS ~ LEDGA  LEDG

REREERR R R

0R00REL

S4B S a0 S S0 S oW W W

E
o
&
o
e
>
=
X
=
=

SRAM 512KB
RN RNL

HEX3  HEX2 um - HEXO
LEDRI4 LEORI3 LEDFi2 = LEORI1  LEORTO 5 LIRS LEOR4 LEDR3 ™ DA UQRT — QRO LEDG G LGS U B®

EIIIEIIIIIE

930005

SWIG 15 SWi4 W3 W2 W1 W10

Figure 20: InputAb Cd E F 0 1 Into Address 1 on DE2 Board
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Conclusion:

This lab taught me how create a static random-access memory chip using D-Latches. It also
taught me how to allow the output of the SRAM to be connected to a 4-to-7 decoder that outputs
to the 7-segment-display. | was able to view how a SR-Latch could become into a Control SR-

Latch, then into a D-Latch, then into a Master-Slave D Flip-Flop, then into a SRAM.

1. What is the difference between a latch and a flip-flop?

The difference between a latch and a flip-flop is that a latch is level triggered so the
output can change anytime based on the inputs, and a flip-flop is edge triggered so the

output can only change when the clock changes.

2. Explain the behavior of a SR-Latch
The behavior of a SR-Latch is either give the same outputs as the previous output or to
set an output to 1 or reset an output to O.

3. Explain how the gated (control) SR-Latch is a modified SR-Latch
The gated (control) SR-Latch is a modified SR-Latch because it performs the same action
as a SR-Latch except with an additional control input. When the control input is not
active, then nothing changes, but when it is active, it acts the same as a SR-Latch.

4. Explain how the D-Latch is a modified gated SR-Latch
The D-Latch is a modified gated SR-Latch by how it uses the same control input and
combines the S and R input into one input, called “D”. The “D” input acts the same way

as a SR-Latch except now you can’t have both set and reset; it’s either or.



Chen, Kevin 03/06/2019 Page |20

5. Explain how to build a Master-Slave flip-flop.
A Master-Slave Flip-Flop is built by connecting two latches in series. Figure 4 shows
how it’s built.

6. Explain how to build SRAM cells from flip-flops.
A SRAM cell is built by using a Master-Slave D Flip-Flop and connecting it to a few
logic gates and a tristate logic buffer. Figure 6 shows how it’s built.

7. Why do we want to avoid the scenario when S=1 and R=1 in an SR-Latch? Could this
scenario happen in a D-Latch? Why or why not?
We want to avoid the scenario when S=1 and R=1 in an SR-Latch because we can’t have
a device both set and reset at the same time. This scenario can’t happen in a D-Latch
because a D-Latch combines the set and reset inputs into one input, which makes it so it
can either be set or reset.

8. What is the difference between edge-triggered and level triggered devices? Is the flip-flop
used for the SRAM cell in this lab level or edge triggered?
The difference between edge-triggered and level triggered devices is that edge-triggered
devices depend on the clock signal for a change in output, while level triggered devices
depend on a change in inputs for a change in output. The flip-flop used for the SRAM
cell in this lab is edge triggered.

9. Can you explain how an SRAM works?
An SRAM works by first enabling the “Chip_Select”, which turns the SRAM on. Then
by giving it a specific input and a specific address, where the input will be stored in, the
input would be written into the address when the “Write Enable” is enabled. By enabling

the “Output_Enable”, it’s able to display what was written into the address.
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O ~Joy kW

WwhMNhNDNMDNDMNDNNDNDNNNNERERPRPRERERRRRERERERE -
P O wow-Jo bk WNE OWOow-Jo Uk WNE OV

w
N

-end

ﬂibrary IEEE;
use IEEE.STD LOGIC 1164.all;

port(
Chen Kevin Oct
Chen Kevin Dec

entity Chen Kevin Decoded4tolé is

end Chen Kevin Decode4tol6;

tbegin

with Chen Kevin Oct select
"0000000000000001" when "000O0'",

Chen Kevin Dec <=

arch;

Tarchitecture Arch of Chen_Kevin_Decode4t016 is

"000000000000QOO10™
"0000000000000O1I0Q™
"0000000000001000"
"0000000000O0OLIO00O™
"0000000000100000™
"000000000100000Q™
"0000000010000000™
"0000000100000000"™
"000000100000000QO™
"0000010000000000™
"0000100000000000"
"0001000000000000™
"0010000000000000™
"010000000000000Q™
"1000000000000000™
"0000000000000000"

when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when

in std_logic_vector(3 downto 0) ;
out std logic vector(l5 downto 0));

"ooo1",
"oo10",
"oo11",
"olo00",
"olo1",
"ol11i0",
"o111",
"ioo00",
"io01",
"i010",
"1011",
"1100",
"iio1",
"i110M",
"iii1i1'v,
others;

Figure 21: VHDL Code for 4-to-16 Decoder (Chen_Kevin_Decode4t016.VHD)
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IC 1164.all;
L

~-Hexadecimal D Display
SENTITY Chen_Kevin_Dec_to_flex IS
PORT ( Chen Kevin Hex Digit : IN STD LOGT
- Chen Kevin ent A, Chen Kevin Segment B,
10 -END Chen_ Kevin Dec to Hex;
11 ARCHITECTURE Arc OF Chen Kevin_Dec_to_flex IS
SIGNAL Chen Kevin Segmenl Dala : STD L

(

{ =BEGIN
11 PROCESS (Chen Kevin Ifex Digit)
15 --HEX Lo 7 8 £

© BEGIN -- Hox-digit

ZCASE Chen Kevin Hex Digil IS
WHEN "

) Chen_Kevin_Segment _Data <= "1 ";
WHEN "00017 =>
Chen_Kevin_Scgment_Data <= “f 00" ;
WHEN "00107 =>

21 Chen Kevin Segmenl Dala <= "

25 WHEN "0011" =>

Chen_Kevin_Segment_Nata <= "
WHEN "0100" m>

Chen_Kevin_Scgment_Data <= "011001

WHEN "1
Chen Kevin Segmenl Dala <= "1 JL1®%
31  WHEN "O11f
3 Chen_Kevin_Segment_Data <= "1( 11";
WHEN "0111 >

Chen_Kevin_Segment Data <= "11100
WHEN 1000

Chen Kevin Segment Data <= "

WHEN "1001" =>
Chen_Kevin_Segment_Data <= " 1%
WHEN 10107

Chen Kevin Segment Data <= "111

WHEN "101

Chen Xevin ment_Data <= "0011111";
WHEN "1l

Chen_Kevin_s - Data <= "100111
WHEN "1101"

Chen Kevin Segment Dala <= "011110 1%

WHEN "1110"
Chen_Kevin_Segment _Data <= "1007
WHEN "11117 =>
Chen_Kevin_Scgment_Data <= "1000111";
END CASE;

END PROCESS;

yment dat
cirenit
Chen Kevin Segmenl A <= NOT Chen Kevin Segmenl Dala

cnt_B <= NOU Chen_Kevin
E ent_C <=1
58  Chen Kevin Seugmenl D <=
Chen_Kevin_S
Chen_Kevin_Seg =]
61 -Chen Kevin Segmenl G <=
62 END Arc;

56 Chen_Kevin_Sc

Scgment_Data
B _Segment_Data
Chen Kevin Segmenl

Figure 22: VHDL Code for Decimal to Hexadecimal Translation

hen Kevin Segment €, Chen Kevin Seqment D, Chen Kevin Se

(s

DOWNTO ) ;

DOWNTO

aluc to display

(Chen_Kevin_Dec_to_Hex.VHD)

ment E, Chen Kevin Segment F, Chen Kevin Segment G : OUT =td logic
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16 x 4 SRAM Pin Assignments:

Variable Name Variable Type Signal Name FPGA Pin No.
Chen_Kevin_datain[0] Input SWIO] PIN_N25
Chen_Kevin_datain[1] Input SWI1] PIN_N26
Chen_Kevin_datain[2] Input SWI[2] PIN_P25
Chen_Kevin_datain[3] Input SWI3] PIN_AE14
Chen_Kevin_address[0] Input SWI[4] PIN_AF14

Chen_Kevin_address[1] Input SWI5] PIN_AD13
Chen_Kevin_address[2] Input SWI6] PIN_AC13
Chen_Kevin_address[3] Input SWI[7] PIN_C13
Chen_Kevin_WE Input SW[15] PIN_U4
Chen_Kevin_OE Input SWI16] PIN_V1
Chen_Kevin_CS Input SWI[17] PIN_V2
Chen_Kevin_Segment_A0 Output HEXO[0] PIN_AF10
Chen_Kevin_Segment_BO0 Output HEXO[1] PIN_AB12
Chen_Kevin_Segment_CO0 Output HEXO0[2] PIN_AC12
Chen_Kevin_Segment_DO0 Output HEXO[3] PIN_AD11
Chen_Kevin_Segment_EO Output HEXO0[4] PIN_AE11l
Chen_Kevin_Segment_FO0 Output HEXO[5] PIN_V14
Chen_Kevin_Segment_G0 Output HEXO0[6] PIN_V13

Table 6: Pin Assignments for 16 x 4 SRAM
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16 x 4 SRAM Pin Planner:

n_Kevin, ‘Quartus Fi

Fle Edt View Processing Tools Window Help

o (Groues 28 x| Top View - Wire Bond
N.l!d:[ - v Cydone |l - EP2C35RIT2CE
= Node Name Drrecton Location . PR oy PP
> & Chen Kev..ss[3..0] InputGroup ;AWQ:
k| > % Chen Kev..in[3..0] InputGroup O Q
2, <<new group>> =>g< &5
S
J = =
I« > :
) | Groups Report . X
o [Tasks LY-E3
:.} # Run Analysis and Elaboration ol = -
¢
7 Vv | Early Pin Planning A 4
e ] Early Pin Planning... Y XX:§§§ X
i » Run1/0 Assignment Analysis - VER0e0000CeclORs
# ] Export P Assgoments... v S
; x| Named:| = ~ Je»] ede: I 92 Filter: Pins: all -
L Node Name Drecton Locaton 1/0Bank WEFGroup  FitterLocation  1/0 Standard Reserved  CumentStrength  Differential Pair A
2| |!n. chen_Kevin_address[3] Input PIN.C13 3 83.N0 PIN_B11 3.3V LV...default) 24mA (default)
3 | |3 chen Kevin_addressi2) 1nput PIN_AC13 s B8_NO PIN.C11 3.3V LV...default) 24mA (default)
- % Chen_Kevin_address[1] Input PIN_AD13 s 85 N0 PIN D13 3.3VL.. default) 24mA (defauit)
# | |1t Chen_Kevin_address[0] Input PIN_AF14 7 B7N1 PIN.C13 3.3V LV...default) 24mA (default)
| || chenKevincs Input PIN_V2 1 B1_NO PIN_A14 3.3VL.. default) 24mA (default)
% Chen_Kevin_datan[3] Input PIN_AE14 7 B7N1 PIN B16 3.3V LV.. default) 24mA (default)
% |in_ chen_Kevin_datan[]  Input PIN_P25 6 86_N0 PING13 3.39LV.. default) 24mA (default)
e | |5 Chen Kevin_datain[1]  Input PIN.N26 5 BS_N1 PINF13 331V default) 24mA (defauit)
1% Chen Kevin_datan[0]  Input PIN.N25 5 BS_N1 PING14 3.3VLV.. default) 24mA (default)
", Chen_Kevin_OE Input PIN_V1 1 81_N0 PIN_C16 3.3V L...default) 24mA (default)
24 Chen_Kevi..egment AD  Output PIN_AF10 8 88_NO PINB14 3.3VLV...default) 24mA (default)
94, Chen_Kevi..egment B0  Output PIN_AB12 8 88_NO PIN_C15 3.3V LV.. default) 24mA (default)
24 Chen_Kevi..egment_CO Output PIN_AC12 8 88_NO PIN_B12 3.3VLV.. default) 24mA (default)
24 Chen_Kevi.egment DO Output PIN_AD11 8 88_NO PINF14 3.3VLV.. default) 24mA (default)
24 Chen_Kevi..egment E0  Output PIN_AE11 8 83_NO PIN_B1S 3.3V LV...defauilt) 24mA (defauit)
24 Chen_Kevi.egment FO Output PIN_V14 8 88_N0 PIND14 3.3VLV.. default) 24mA (default)
&2 chen Kev. egment G0 Output PIN_V13 8 88_NO PIN.C12 3.3V LV.. default) 24mA (default)
=/ Chen_Kevin_WE Input PIN_U4 1 81N PINK6 3.3V LV...default) 24mA (defauit) v

0% 00:00:00

Figure 23: Pin Planner of Block Diagram/Schematic File of 16 x 4 SRAM
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4 x 8 Switches and Keys:
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ﬂibrary I

EEE;

03/06/2019

use IEEE.STD LOGIC 11¢4.ALL;

entity Chen Kevin 4x8SwitchesAndKeys is

port(

Chen Kevin Switches

Chen
Chen

Kevin Keys
Kevin Output

Page |25

in std logic vector (7 downto 0);
in std logic vector(l downto 0);

out std logic vector( downto 0));
end Chen Kevin 4x8SwitchesAndKeys;

Tarchitecture Arch of Chen Kevin 4x8SwitchesAndKeys is

downto

downto

downto

downto

Ebegin
= process (Chen Kevin Keys)
begin
= case Chen Kevin Keys is
WHEN "00" =>
Chen Kevin Output (
WHEN "01" =>
Chen Kevin Output (
WHEN "10" =>
Chen Kevin Output (
WHEN "11" =>
Chen Kevin Output (
end case;
‘end process;
end Arch;

) <= Chen Kevin Switches;

) <= Chen Kevin Switches;

) <=

) <=

Chen Kevin Switches;

Chen Kevin Switches;

Figure 24: VHDL Code for 4 x 8 Switches and Keys (Chen_Kevin_4x8SwitchesAndKeys.VHD)
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16 x 32 SRAM Pin Assignments:

Variable Name Variable Type Signal Name | FPGA Pin No.
Chen_Kevin_Keys|[0] Input SWIO] PIN_N25
Chen_Kevin_Keys[1] Input SWI1] PIN_N26
Chen_Kevin_Switches[0] Input SWI[2] PIN_P25
Chen_Kevin_Switches[1] Input SWI3] PIN_AE14
Chen_Kevin_Switches[2] Input SW[4] PIN_AF14
Chen_Kevin_Switches[3] Input SWI5] PIN_AD13
Chen_Kevin_Switches[4] Input SW[6] PIN_AC13
Chen_Kevin_Switches[5] Input SWI[7] PIN_C13
Chen_Kevin_Switches[6] Input SWI8] PIN_B13
Chen_Kevin_Switches[7] Input SWI9] PIN_A13
Chen_Kevin_address[0] Input SWI10] PIN_N1
Chen_Kevin_address[1] Input SWI11] PIN_P1
Chen_Kevin_address[2] Input SWI[12] PIN_P2
Chen_Kevin_address[3] Input SWI13] PIN_T7
Chen_Kevin_WE Input SWI15] PIN_U4
Chen_Kevin_OE Input SWI[16] PIN_V1
Chen_Kevin_CS Input SWI17] PIN_V2

Table 7a: Pin Assignments for 16 x 32 SRAM
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Variable Name Variable Type Signal Name | FPGA Pin No.
Chen_Kevin_Segment_A0 Output HEXO[O0] PIN_AF10
Chen_Kevin_Segment_BO0 Output HEXO[1] PIN_AB12
Chen_Kevin_Segment_CO0 Output HEXO0[2] PIN_AC12
Chen_Kevin_Segment_DO0 Output HEXO[3] PIN_AD11
Chen_Kevin_Segment_EO Output HEXO0[4] PIN_AE11l
Chen_Kevin_Segment_FO0 Output HEXO[5] PIN_V14
Chen_Kevin_Segment_G0 Output HEXO[6] PIN_V13
Chen_Kevin_Segment_Al Output HEX1[0] PIN_V20
Chen_Kevin_Segment_B1 Output HEX1[1] PIN_V21
Chen_Kevin_Segment_C1 Output HEX1[2] PIN_W21
Chen_Kevin_Segment_D1 Output HEX1[3] PIN_Y22
Chen_Kevin_Segment_E1 Output HEX1[4] PIN_AA24
Chen_Kevin_Segment_F1 Output HEX1[5] PIN_AA23
Chen_Kevin_Segment_G1 Output HEX1[6] PIN_AB24
Chen_Kevin_Segment_A2 Output HEX2[0] PIN_AB23
Chen_Kevin_Segment_B2 Output HEX2[1] PIN_V22
Chen_Kevin_Segment_C2 Output HEX2[2] PIN_AC25
Chen_Kevin_Segment_D2 Output HEX2[3] PIN_AC26
Chen_Kevin_Segment_E2 Output HEX2[4] PIN_AB26
Chen_Kevin_Segment_F2 Output HEX2[5] PIN_AB25
Chen_Kevin_Segment_G2 Output HEX2[6] PIN_Y?24

Table 7b: Pin Assignments for 16 x 32 SRAM
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Variable Name Variable Type Signal Name | FPGA Pin No.
Chen_Kevin_Segment_A3 Output HEX3[0] PIN_Y23
Chen_Kevin_Segment_B3 Output HEX3[1] PIN_AA25
Chen_Kevin_Segment_C3 Output HEX3[2] PIN_AA26
Chen_Kevin_Segment_D3 Output HEX3[3] PIN_Y26
Chen_Kevin_Segment_E3 Output HEX3[4] PIN_Y25
Chen_Kevin_Segment_F3 Output HEX3[5] PIN_U22
Chen_Kevin_Segment_G3 Output HEX3[6] PIN_W24
Chen_Kevin_Segment_A4 Output HEX4[0] PIN_U9
Chen_Kevin_Segment_B4 Output HEX4[1] PIN_U1
Chen_Kevin_Segment_C4 Output HEX4[2] PIN_U2
Chen_Kevin_Segment_D4 Output HEXA4[3] PIN_T4
Chen_Kevin_Segment_E4 Output HEX4[4] PIN_R7
Chen_Kevin_Segment_F4 Output HEXA4[5] PIN_R6
Chen_Kevin_Segment_G4 Output HEX4[6] PIN_T3
Chen_Kevin_Segment_Ab5 Output HEX5[0] PIN_T2
Chen_Kevin_Segment_B5 Output HEX5[1] PIN_P6
Chen_Kevin_Segment_C5 Output HEX5[2] PIN_P7
Chen_Kevin_Segment_D5 Output HEX5[3] PIN_T9
Chen_Kevin_Segment_E5 Output HEX5[4] PIN_R5
Chen_Kevin_Segment_F5 Output HEX5[5] PIN_R4
Chen_Kevin_Segment_G5 Output HEX5[6] PIN_R3

Table 7c: Pin Assignments for 16 x 32 SRAM
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Variable Name Variable Type Signal Name | FPGA Pin No.
Chen_Kevin_Segment_A6 Output HEX6[0] PIN_R2
Chen_Kevin_Segment_B6 Output HEX6[1] PIN_P4
Chen_Kevin_Segment_C6 Output HEX6[2] PIN_P3
Chen_Kevin_Segment_D6 Output HEX6[3] PIN_M2
Chen_Kevin_Segment_E6 Output HEX6[4] PIN_M3
Chen_Kevin_Segment_F6 Output HEX6[5] PIN_M5
Chen_Kevin_Segment_G6 Output HEX6[6] PIN_M4
Chen_Kevin_Segment_A7 Output HEX7[0] PIN_L3
Chen_Kevin_Segment_B7 Output HEX7[1] PIN_L2
Chen_Kevin_Segment_C7 Output HEX7[2] PIN_L9
Chen_Kevin_Segment_D7 Output HEX7[3] PIN_L6
Chen_Kevin_Segment_E7 Output HEX7[4] PIN_L7
Chen_Kevin_Segment_F7 Output HEX7[5] PIN_P9
Chen_Kevin_Segment_G7 Output HEX7[6] PIN_N9

Table 7d: Pin Assignments for 16 x 32 SRAM
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16 x 32 SRAM Pin Planner:

Fle Edt View Processng Tools Wndow Hep 5

g | Grows 28 x
N-n:d[ o v
= Node Name Direction Locat A
> M Chen_Kev..ss[3..0] InputGroup
k| > % Chen Kev..ys[1..0] InputGroup v
8 |< 2
V] Groups  Report
| [rasks 18 x|
9 # Run Analysis and Elaboration A
o~ v (& Early Pin Planning
T Early Pin Planning.
i < ¥
3
2yz | X Named: = v J»! eat: 1 9P Filter: Pins: al -
W
'@ g Node Name Direction Location 1/O Bank VREF Group Fitter Location 1/O Standard Reserved Current Strength  Differential Pair A
& |!%_ Chen_Kevin_address[3] Input PIN_T7 1 B1_NO PIN_C13 3.3-VLV..default) 24mA (default)
'l Chen_Kevin_address[2] Input PIN_P2 1 B1_NO PIN_AC13 3.3VLV...default) 24mA (default)
2 % Chen_Kevin_address[1] Input PIN_P1 1 B1_NO PIN_AD13 3.3V LV...default) 24mA (default)
% Chen_Kevin_address[0] Input PIN_N1 2 B2_N1 PIN_AF14 3.3VLV.. default) 24mA (default)
Input PIN_V2 1 B1_NO PIN_V2 3.3VLV...default) 24mA (default)
& Input PIN_N26 s B5_N1 PIN_C11 3.3-VLV...default) 24mA (default)
@ Input PIN_N25 5 B5_N1 PIN_C12 3.3-VLV.. default) 24mA (default)
2 Input PIN_V1 1 B1_NO PIN_V1 3.3VLV...default) 24mA (default)
k) Output PIN_AF10 8 B3_NO PIN_AF10 3.3-VLV..default) 24mA (default)
o Output PIN_V20 6 B6_N1 PIN_V20 3.3-VLV...default) 24mA (default)
Output PIN_AB23 6 B6_N1 PIN_AB23 3.3-VLV...default) 24mA (default)
2 Output PIN_Y23 6 B6_N1 PIN_Y23 3.3-VLV.. default) 24mA (default)
Be Output PIN_U9 1 B1_NO PIN_U9 3.3-VLV...default) 24mA (default)
Output PIN_T2 1 B1_NO PIN_T2 3.3-VLV...default) 24mA (default)
Output PIN_R2 1 B1 N0 PIN_R2 3.3VLV.. default) 24mA (default)
Output PIN_L3 Z B2_N1 PIN_L3 3.3VLV.. default) 24mA (default)
Output PIN_AB12 8 B3_NO PIN_AB12 3.3-VLV.. default) 24mA (default)
Output PIN_V21 6 B6_N1 PIN_V21 3.3-VLV.. default) 24mA (default)
Output PIN_V22 3 B6_N1 PIN_V22 3.3-VLV...default) 24mA (default)
Output PIN_AA2S 6 B6_N1 PIN_AA2S 3.3VLV..default) 24mA (default)
9 Output PIN_U1 1 B1_NO PIN_U1 3.3-VLV...default) 24mA (default)
Elle Output PIN_PS 1 BINO PINPS 3.3VLV.. default) 24mA (default)
=2 Output PIN_P4 1 B1.NO PIN_P4 3.3-VLV...default) 24mA (default) v

0% 00:00:00

Figure 25a: Pin Planner of Block Diagram/Schematic File of 16 x 32 SRAM
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_, |/Groups 48 x
Named:[ . v
Node Name Direction Locat A
% Chen_Kev..ss[3..0] InputGroup
b | > '8 Chen Kev..ys[1..0] InputGroup v
8 |« >
W) Groups Report
) Tasks 28 x
9 P Run Analysis and Elaboration A
™~
ok PEPE—. ha
v le»! Edit: 0 /\ Filter: Pins: all -
Direction Location 1/0Bank VREF Group Fitter Location 1/0 Standard Reserved CurrentStrength  Differential Pair "
Output PIN_PS 1 B1.NO PIN_P6 3.3-VLV...default) 24mA (default)
Output PIN_P4 1 B1_NO PIN_P4 3.3V LV.. default) 24mA (default)
Output PINL2 2 B2 N1 PINL2 3.3-VLV...default) 24mA (default)
Output PIN_AC12 8 B3_NO PIN_AC12 3.3V LV...default) 24mA (default)
Output PIN_W21 6 B6_N1 PIN_W21 3.3-VLV.. defauit) 24mA (default)
Output PIN_AC25 6 B6_N1 PIN_AC25 3.3VLV..default) 24mA (default)
Output PIN_AA2S 6 B6_N1 PIN_AA26 3.3VLV.. default) 24mA (default)
Output PIN_U2 1 B1.NO PIN_U2 3.3-VLV.. default) 24mA (default)
Output PIN_P7 1 B1.NO PINP7 3.3-VLV.. default) 24mA (default)
Output PIN_P3 1 B1.NO PIN_P3 3.3-VLV.. default) 24mA (default)
Output PIN_L9 2 B2 N1 PIN_L9 3.3-VLV.. default) 24mA (default)
Output PIN_AD11 8 B8_NO PIN_AD11 3.3-VLV...default) 24mA (default)
Output PIN_Y22 6 86_N1 PIN_Y22 3.3-VLV.. defauit) 24mA (defauit)
Output PIN_AC26 6 B6_N1 PIN_AC26 3.3VLV..default) 24mA (default)
Output PIN_Y26 3 B6_N1 PIN_Y26 3.3-VLV...default) 24mA (default)
Output PIN_T4 1 B1_NO PIN_T4 3.3-VLV.. default) 24mA (default)
Output PIN_T9 1 B1NO PIN_T9 3.3-VLV.. default) 24mA (default)
Output PIN_M2 2 B2 N1 PIN_M2 3.3-VLV.. default) 24mA (default)
244 Chen_Kevi..egment D7 Output PIN_L6 2 B2 N1 PIN_L6 3.3-VLV...default) 24mA (default)
24 Chen_Kevi..egment E0 Output PIN_AE11 8 B83_NO PIN_AE11 3.3-VLV.. default) 24mA (default)
245 Chen_Kevi..egment E1 Output PIN_AA24 & B6_N1 PIN_AA24 3.3-VLV.. default) 24mA (default)
£ o4 Chen_Kevi..egment £2 Output PIN_AB26 6 86_N1 PIN_AB26 3.3V LV... default) 24mA (default)
=24 Chen _Kevi..egment E3 Output PIN_Y25 6 B6_N1 PIN_Y25 3.3VLV.. default) 24mA (default) v
0% 00:00:00

Planner of Block Diagram/Schematic File of 16 x 32 SRAM

1% Chen_Kev..ss[3..0] InputGroup
W % Chen_Kev..ys[1..0] InputGroup v
&) < 2
J Groups Report
o [Tasks 78 x
9 # Run Analysis and Elaboration ~
~ Vv & Early Pin Planning
[~ Early Pin Planning... v =
_ 3
% e e
2z (X Naned:[' v [«»! Edit: O F | Filter: Pins: all -
ot
iz Node Name Drecton Locaton 1/0Bank WREFGroup  FitterLocation  1/0 Standard Reserved  CumentStrength  Differental Pair A
& |94 Chen_Kevi..egment DO Output PIN_AD11 8 88_NO PIN_AD11 3.3VLV..default) 24mA (default)
45 Chen_Kevi..egment D1 Output PIN_Y22 6 B6_N1 PIN_Y22 3.3VLV..default) 24mA (default)
2| |24 Chen_Kevi..egment D2 Output PIN_AC26 6 B6_N1 PIN_AC26 3.3VLV..default) 24mA (default)
245 Chen_Kevi..egment D3 Output PIN_Y26 6 B6_N1 PIN_Y26 3.3VLV..default) 24mA (default)
45 Chen_Kevi..egment D4 Output PIN_T4 1 B1.N0 PIN_T4 3.3VLV..default) 24mA (default)
W5 | |24 Chen Kevi.egment DS Output PIN_T9 1 B1NO PIN_T9 3.3VLV..default) 24mA (default)
5 | |24 Chen Kevi.egment D6 Output PIN_M2 2 B2.N1 PIN_M2 3.3VLV..default) 24mA (default)
2| 1124 chen Kevi..egment D7 Output PIN_L6 2 B2.N1 PIN_L6 3.3VLV..default) 24mA (default)
@ | [ Chen_Kevi..egment E0  Output PIN_AE11 8 B8N0 PIN_AE11 3.3-VLV..default) 24mA (default)
oy | |25 ChenKevi_egment E1 Output PIN_AA24 6 B6_N1 PIN_AA24 3.3VLV...default) 24mA (default)
24 Chen_Kevi..egment E2 Output PIN_AB26 6 B86_N1 PIN_AB2S 3.3VLV..default) 24mA (default)
92 |94 Chen_Kevi..egment E3 Output PIN_Y25 6 B6_N1 PIN_Y25 3.3-VLV..default) 24mA (default)
pio| [|2% Chen_Kevi..egment E4 Output PIN_R7 1 B1_NO PINR7 3.3VLV..default) 24mA (default)
241 Chen_Kevi..egment ES  Output PIN_RS 1 B1NO PIN_RS 3.3VLV..default) 24mA (default)
41 Chen_Kevi..egment 6  Output PIN_M3 2 B2.N1 PIN_M3 3.3VLV..default) 24mA (default)
4 Chen_Kevi..egment E7 Output PINL7 2 B2.N1 PINL7 3.3VLV..default) 24mA (default)
44 Chen_Kevi..egment FO  Output PIN_V14 8 B3_NO PIN_V14 3.3-VLV..default) 24mA (default)
4, Chen_Kevi.egment F1 Output PIN_AAZ3 6 B6_N1 PIN_AAZ3 3.3-VLV...default) 24mA (default)
45 Chen_Kevi..egment F2 Output PIN_AB2S 3 B6_N1 PIN_AB2S 3.3VLV..default) 24mA (default)
4 Chen_Kevi..egment F3 Output PIN_U22 6 B6_N1 PIN_U22 3.3VLV..default) 24mA (default)
4 Chen_Kevi..egment F4 Output PIN_R6 1 81.N0 PIN_R6 3.3VLV..default) 24mA (default)
£/ o Chen_Kevi..egment FS  Output PIN_R4 1 B1NO PIN_R4 3.3VLV..default) 24mA (defoult)
= |24 Chen Kevi..egment F6 Output PIN_MS 2 B82_N1 PIN_MS 3.3VLV..default) 24mA (default) v
0% 00:00:00

Figure 25c: Pin Planner of Block Diagram/Schematic File of 16 x 32 SRAM
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Edt Vew Processing Toos Window Hep & 9
(Groups LY-E3
Nuned:[ . v
Node Name Direction Locat A
> ¥ Chen _Kev..ss[3..0) InputGroup
> M Chen Kev..ys[1..0] InputGroup v
< >
Groups Report
Tasks 28 x|
» Run Analysis and Elaboration A
v (& Early Pin Planning
] Early Pin Planning...
P — ko
X| Named:| = v Je»| eat: I ] Fiter: Ps: al -
‘,:‘ Node Name Direction Location 1/0 Bank VREF Group Fitter Location 1/0 Standard Reserved Current Strength  Differential Pair "
4% Chen_Kevi..egment F2 Output PIN_AB25 3 B6_N1 PIN_AB25 3.3-VLV... default) 24mA (default)
244 Chen_Kevi..egment F3 Output PIN_U22 6 B6_N1 PIN_U22 3.3-VLV...default) 24mA (defauit)
24 Chen_Kevi..egment F4 Output PIN_R6 1 B1NO PINR6 3.3V LV... default) 24mA (default)
244 Chen_Kevi..egment F5  Output PIN_R4 1 B1_NO PIN R4 3.3V LV...default) 24mA (default)
24 Chen_Kevi..egment F6 Output PIN_M5 2 B2 N1 PIN_MS 3.3VLV.. defauit) 24mA (defauit)
4% Chen_Kevi..egment F7 Output PIN_P3 2 B2.N1 PIN_P9 3.3VLV..default) 24mA (default)
224 Chen_Kevi..egment GO Output PIN_V13 8 B83_NO PIN_V13 3.3-VLV...default) 24mA (default)
244 Chen_Kevi.egment G1 Output PIN_AB24 6 B6_N1 PIN_AB24 3.3VLV.. default) 24mA (default)
24 Chen_Kevi..egment G2 Output PIN_Y24 6 B6_N1 PIN_Y24 3.3-VLV.. default) 24mA (default)
244 Chen_Kevi..egment G3  Output PIN_W24 6 86_N1 PIN_W24 3.3VLV.. default) 24mA (default)
44 Chen_Kevi..egment G4 Output PIN_T3 1 B1.NO PIN_T3 3.3-VLV... default) 24mA (default)
4 Chen_Kevi..egment G5 Output PINR3 1 B1.NO PINR3 3.3-VLV...default) 24mA (default)
945 Chen_Kevi..egment_G6 Output PIN_M4 2 B2_N1 PIN_M4 3.3-VLV.. default) 24mA (default)
244 Chen_Kevi..egment G7 Output PIN_N9 2 B2 N1 PIN_N9 3.3-VLV...default) 24mA (default)
in_ Chen_Kevin_Switches[7] Input PIN_A13 4 B4 N1 PIN_AC11 3.3-VLV..default) 24mA (default)
%, Chen_Kevin_Switches[] Input PIN_B13 4 B4N1 PIN_AES 3.3VLV.. default) 24mA (default)
% Chen_Kevin_Switches(5] Input PIN_C13 3 B3_NO PIN_W12 3.3-VLV.. default) 24mA (default)
%, Chen_Kevin_Switches[4] Input PIN_AC13 8 B3_NO PIN_AFS 3.3-VLV.. default) 24mA (default)
% Chen_Kevin_Switches(3] Input PIN_AD13 8 B8_NO PIN_AES 3.3-VLV...default) 24mA (default)
I, Chen_Kevin_Switches[2] Input PIN_AF14 7 B7N1 PIN_T10 3.3-VLV.. default) 24mA (default)
%_ Chen_Kevin_Switches(1] Input PIN_AE14 7 B7N1 PIN_U10 3.3-VLV...default) 24mA (default)
£, Chen_Kevin_Switches{0] Input PIN_P25 6 86_N0 PIN_AC10 3.3V LV... default) 24mA (default)
/| '%- Chen_Kevin_WE Input PIN_U4 1 B1_NO PIN_U4 3.3-VLV..default) 24mA (default) v
0% 00:00:00

Figure 25d: Pin Planner of Block Diagram/Schematic File of 16 x 32 SRAM



