Mastermind Game

Hilary, Ricky, and Alexa
Group E




Eunctional [Description

e Key and guess

® Scoring

e Guess counter

e Low score (no. of guesses)
e MUXing of output

® Resets: game vs. lowscore
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Algoerithm

e Input latches and valid bits
e Valid-bit feedback calculation
e Comparison logic (decoder PLA)

® Scores to white adder, black latch,
and FSM (win?)

e If win assert win bits & restart
® Else keep guessing (7 tries)




L egic Diagrams

e Comparison logic
e Low score logic
e Ripple carry adder
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Low Score Logic
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Ripple-Carry Adder
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System Timing

e Optimize flow using clka & clkb
e Latch control signals for clkb
e Valid bit feedback

e Latch feedbacks




FSM Timing Diagram
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Input Timing Diagram

VAZSES
- K7
K6
aBIT Kb
latch K4
K2
KEY K1
Ko
YESSAS -
- 4BIT VESSAS .
mtch WESSAS KWt
Wwich YESSAS K
KEY vaidbite | laichVBS CQES
VASSES N VASSES co
VASSES o1
feedmach bge MACS RO o
| VASSES uASCon VATERT G3
VS0 T VR4SA5 VB5SAR GAZ
T
G7 4Bl A4S A5 VE5EAE GAZ
GG barral s hifter -;*4\335 WOSSAE GAl
N o ateh 'JT:H £5 VEESAR GAD
tatcn G4
pos lak hGBS b4 QES
for
cLUESS G2 VHASLES VESSAR A3
o 4BIT VBASKS VESSA GRo
poes harrel s hifter 'urflza.:nﬁ WSS GBI
|
atch VB4SAS VEESAR GBO
T 1
, @ICIVBS Q05
G ¥ ALSES |
ich N
1BIT YEZSAB GY3
VESSAS
G2
atch
YBSEAE G
Y ALS B GUESS ald bits | WESSAE
o cutput ltches VASSES co
. | wASSRS versF) Gl
faadback bgic YASSES o
SSRS o3




Logic Timing Diagram
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Output Timing Diagram
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FSVI States

--MEG program
--state transition on every clock

INPUTS: S2 S1 SO RESTART enterG enterk GC2 GC1
GCO;

OUTPUTS: latchG shiftO shiftl shift2 shift3 latchGBS
resetV latchVBS latchK WLK1 WLKO latchGC resetGC
incrementGC latchL S latchB resetBW latchW resetO latchO
latchC;

RESET ON RESTART TO A;

A: IF enterK THEN B(resetO resetGC latchK)
ELSE LOOP,

B: GOTO C(resetBW);,

C: IF enterG THEN D(latchG incrementGC latchGC shiftO
latchGBS resetV)
ELSE LOOP;

D: GOTO E(latchC shiftl latchVBS latchGBYS);
E: GOTO F(latchB latchC shift2 latchGBS latchVBYS);
F: CASE (SO S1 S2)
001 => K(latchO);
ENDCASE => G(latchW latchC shift3 latchGBS
latchVBS);
G: GOTO H(latchW latchC);
H: GOTO I(latchW);
I: CASE (GCO0 GC1 GC2)
111 =>JlatchO);
ENDCASE => B(latchO);
J GOTO A(WLKO0);

K: GOTO A(WLK1 WLKO latchLS);




Circuit Layout

e Cell hierarchy
e Sub-cell layout
e Floor plan

e Chip layout
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Low Score Logic--Cell Hierarchy
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Topmost cellin the window




Latch w/ Reset High
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Ripple Carry Adder
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Decoder PLA

+

o G

!+!' "‘i(\vllz'i e T T e

N | |l | el | el
N || | e e
NN || | e
NN e el
NN e e | el
NS | ) ) el
N\ (| ] e |
N ) e e
N || | SRR || e
N 1 e R el
N e | e e
W gd g Eed R
SN | Ve e | el
NN LR e e
NN |y e el

- NRNE NN

Yoty o708 LN ) e N RS

e

i T

NN

- O - -

N

=
[ R R R R R RN

o
oo N
r‘L-—.‘.‘“

:::ﬁ-‘: 8

b
&

o |

[

——

. e
]

"1
1‘1—-&“‘

...
_l__‘.‘.-‘“’

7 N
T
s

o

S g

3

s s
v

o e
Ty

_ﬂ.— —

V7
Ea::

" e
!
’M"—JI o
#
."".—Jd— A
S ey

77

T

e e
i e

N
" L\\\.__ L\\‘__ .\\_4 o
: L o] b

- gt g

Wk
s

e o
il i

I‘&i_
2R
.

ROy
8o R
p

e
-

)
3
& o i




Floor Plan
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Spice Analysis of Critical Cells

e Comparison logic (longest path
between clocks)

e Adder
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Spice Analysis of Adder

* hgpice File created from adder3bit.ext - technology: scmos
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T=26.2=12.4nS Frequency = 80.65MHz > 6/MHz







