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Pr’obfem 1 (14 points) k

[4 pts.] a) Find the minimal sum-of-products form for ¥ ='2(3, 6,7, %\, é’lo, 11, 15) using variables
Oo

of

0\ _fo
0, 1. 0+
; L — ( 0"’0 6‘>
PR e

_ | 1
EIETIS IRy

[4pts.] b) Find the minimal product-of-sums form for ¥ = ¥(3,6,7,8,9,10, 11, 15) using variables

A3A,A A, (For example, minterm 3 = A54,4,4,.) &A}O

‘—

?t Z\T}'Ag"' Az’ 7'\—: +K1-A:

[ o ChrA) (B A ) A Ao A 4

A3A,A A, . (For example, For example, minterm 3 = ZszzA,Ao DS =

[6 pts.] c¢) State minimization. For the following state table, determine which states are equivalent.

Present
State Input Output Next State
SO 0 0 S0
=80 S 0 s1
S1 0 1 S0
S1 1 1 S1
S2 0 0 S2
S2 1 0 83
S3 0 1 S2
S3 1 1 S3
S4 0 0 S2
S4 1 0 SO
S5 0 0 S0
S5 1 0 S2
S6 0 0 'S4
S6 1 0 S5
2 1 [r=s= |
S22 =50
S'Z, §o .SS;O X B 3
531X |z plishay

ss T | w ol X IEZ]
< MR8 X sk )
% fis| 2p 1

% s| S 53 sy !
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Problem 2 (6 points) ‘ K€ \/

You are given a 200-meter length of cable with impedance 50 ohms hhd-'propagation velocity 2x10® mvs. The
source end is driven with a 0-ohm impedance. The load end is open circuited. An oscilloscope probe (with 10-
meg ohm input impedance) is connected to the cable 100 meters from the source, as shown below: :

: 100 m ' ,
: 4—-—*--" 4——3—-» (2 _
l U » ) o V ’2743
- | - I B
__fb L— oscilloscope probe location
[ =l . === A
of2 | 0o+

V, switches at time ¢ = 0, as shown. Sketch the voltage seen on the oscﬂloscope for 0<t< 10us. (Vo is
initially at 5V, —e0 <1< 0.) )

Yo
5V
| ERam pas t } } i1
0 £y 2;5
probe 5V | :
=t t t ; 1t e
—g- 0 g, |1 s
1 4
- | el = T
(é‘:o < 3 -é 315 — |
[ | “ — ,
om 2Wom o < Reom
f: O-SMS < _ ('j S
< e — '6" L/'SKS S;
:‘2 ) —t> I"’pm
-5
s
«E:(,SMS —
-~ <
-0
s T +=
s =
o
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Problem 3 Serial LED PWM Display (25 points)

In this problem, you will design the data path and controller state diagram for a 16-element LED display. The
brightness of each LED is controlled by its duty cycle (using pulse width modulation), which is specified by a 4-
bit value (0/15, 1/15, 2/15, ... , 15/15) stored in a 16x4 RAM. All components are driven by a 10MHz system
clock. The data (on/off for each LED) is shifted into the display shift register in 1.6ps, then displayed for 24.0ps.

(tri-state buffer)

_SR4RE _ DispEn_~
—-ﬁw' P> LEeD1s
LEDIN =L QoW

EN0RW
| 16X4 RAM
taddress CDMFML{
v N
Datau—%» A AR LEDI

cs we of g r
Qf ﬂr’ i 1 ; : mzq WY SR4RE_ DispEn

[11 pts.] a) Complete a detailed block diagram of the data path for the LED PWM Display, using up to three
CB4RE synchronous binary counters, one COMPM4 4-bit magnitude comparator, and one COMP4

identity comparator. Note that CB4RE has both a TC output = Q5 - Q, - Q, - @, and CEO =
TC - CE. Also, SR4RE shifts left.
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Problem 3 (cont.)
[1 pts.] b) List the input signals to the data path that come from the control FSM.

RESET
PWMCooVT
DISPEN
’[l pts.] c¢) List the output signals from the data path that are inputs to the control FSM.
Max Ty
EnDRoW
Couvt 2585

[10 pts.] d) Draw (a) state diagram(s) for a control FSM that will continuously turn on each LED for a fraction
of time proportional to the value of its corresponding RAM location. (For example, if address 3 has
contents 8, then LED3 should be on 8/15 of the display enable time.) Do not use more than 3 states.
Ensure that FSM and data path start correctly.

START / RESET o wﬂfzﬂ/ Dispen
| _ENDRoW

OTase, maxpdTt /RESET
2SS e / P coonT

Note: PWM oMl 0es O, ) So Ahdt

dde =O is oFF  (AB=0) anl e < (S, 55 on Hly
CA7R =1 &&= A=IS, BeM).

[2 pts ] e) Why does the clock to the shift register need to be as fast as possible?

5 b e LEp G be enbled
Qs ‘O@OJ pssible 4o Tnresse brightreg  Gnd
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oblem 4 (cont.) — Data paths

a.
reset OE=1,IRLOAD=0
OR020020 o
) vers -
Vas &
IROUTT  IROUTT  IROUTT MBRLOAD L _
d
RBUSOUT RBUSOUT Cs{ ?f‘r“;;’,gpa‘gafg“f‘lj g A
WE!
csl . :
clock edge 1: NOP Are bus gggg.lcts possible?
clock edge 1.5: N OP If yes, state wﬁé&?hey occur:
clock edge 2: MBAR—7RAM [IK1 6&56, (IS/ 2.5 RAM f‘f’.aoe?‘rj FMBRoo
clock edge 2.5: MBR';?@D‘N Crr)
clock edge 3: NOLD
clock edge 4: QN‘" EI({\J"? MP\R‘
b.

reset OE=1,IRLOAD=0

IORORORORO

IROUT IROUT MBRLOAD

timing diagram
RBUSOUTT CS IROUT (fromgpagegQ} D A B
WET CS
Are bus conflicts possible?
clock edge I: NOP If yes, state where they occur:
clock edge 2: NOF R & 8&3] e(JSQJQ

clock edge 3: MARR—=RAM &R:\J é—‘-ﬁhf’a‘muﬂ- SWQ Mﬁ
clock edge 4: mm &(a WR

reset IRLOAD =0

IOROROROR0

IROUTT IROUTT IROUTT MBRLOAD

timing diagram

WEL RBUSOUT OE (from page9) 1D |C

CS CS
clock edge 1: AOP £s

Are bus conflicts possible?
clock edge 1.5: Nop ¢
clock edge 2: 2 =9pan TR\ If yes, stgte where they occur:
clock edge 2.5:_[MRR> GAMEI&]J =
clock edge 3: Vo ‘O 1\ +
£ | Ay 3/ (+e)

clock edge 4: ?\F\gr\ CALQ_ﬁ\_‘ S MRR 6of 14
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Problem 4 — Data paths (cont.)

d.
reset IRLOAD =0, OE =1
IROUTT  IROUTT  IROUTT cCSi timing diagram[:] G / / WL
WET csl MBRLOAD (from page 9)
WET
RBUSOUTT . :
Are bus conflicts possible?
clock edge 1: NO‘D P
clock edge 1.5: Nop If yes, state where they occur:
clock edge 2: Hﬁ% - R’AN CIK’}
clock edge 2.5:_ M ARRAM CTR'\
clock edge 3: NOP
clock edge 4: __an (TR —7 MBR
e.
reset CS=1,IRLOAD =0
RBUSOUT MBRLOAD timing diagram{ ] E F
OE (from page 9)
IROUT IROUT IROUT
clock edge 1: __NOP Are bus conflicts possible? 0.5
. NoP
clock edge 1.5:_ If yes, state where they occur:
clock edge 2: H":I f) RAMG%:\ 3 ( 1{
clock edge 2.5: JI\,\'@R';}M("T(I &d U"Se' } / w
clock edge 3: Mo \f (OE RQU\QOX 3\\ U
clock edge 4: _AP*M C‘-T.Rj——?m BR J
f'
rcsct OE=1,IRLOAD=0
IROUTT RBUSOUT MBRLOAD . .
timing diagram
CSJ' ROUTT  csl (from page 9) D C ( D
IROU!'OI*T
k edge 1:
clock edge L Are bus conflicts possible?
clock edge 1.5:__MOf nes
If yes, th :
clock edge 2: Nop yes, state where they occurﬁ/
clock edge 2.5:_[\BR-9RA MCT_(Q éﬁj@* 2/ efge

clock edge 3: _ N9

clock edge 4: PANLQI@ = M3 QA
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oblem 4 — Data paths (cont.

g.
reset QOE=1
IOROSOXOR0 Rl
IROUTT  IRLOAD CS MBRLOAD T
timing diagram
e e [
lock edee 1:  NOP Are bus conflicts possible?
cloc ge 1:
clock edge 1.5:_NOP If yes, state where they occur:
™ 3
clock edge 2: \-‘;i 2 "—'571-:& ‘}6 L&/W ?‘S&‘&O/‘"H'e
clock edge 2.5: f\'\ﬁﬂq M{“EM_& Cm,lgm [Jw.ﬁ\%) CC‘ ne_ RSQpJT + S _
clock edge 3: NOP Can L\u\:& vkl RLQS)

clock edge 4: RA'J“’\ a RW -—"—9,"‘13&
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Problem 5 (15 points)

[12 pts.] a) Using the data path on page 11 and microprogrammed controller on page 12, write a microprogram,
in symbolic form, to execute the following register transfer operations in the order listed:

RIN .
Do zRouT/ ot/ or /N (sokop TROT )
D Peaut /hop [ RE)/ mBROAD

1) RAM[IR] - MBR

2) RAM[PC] - IR Do IROUT/ TRLoAD/ READ /oM DR (USQ‘QQ& .

3) MBR — RAMIIR] Do TRout / NP/ WRITF
bo Thosr/ Nop / WRITE(

4) PC+1 - PC
Do 2Ros/ oo/ pct( /1o MBR

[3 pts.] b) Assuming the RTN in part (a) represents the execute portion of an instruction cycle, state in a sen-
tence what assembly language instruction is being executed, e.g., ADD or LOAD or BRN or DINZ

or 7. (Assume the PC has already been incremented after the instruction fetch.)

B e
C (7% 8
TR | Mov ADRL l odrl [ oe

a2 |

TINL Instrdion 18 @ move. o Merory o Mo [V‘J'ﬁ""ﬁ\q”/
Usirg ‘Linshrdion (aonls < In Mol SR, ST
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Problem 6 FSM Microprogram Analysis (12 points)

Consider the given FSM: Each FF has setup time fg,, hold time #,;4, for D and CE inputs. Propagation delay for
each FF is 2 1, yqn and < 724.max - Inverter delay is Tiny - £, and fp4 are less than 10 ns.

(T2}
>° Dy Qo |' T, |' D,
CEO CE1
A
clockO clockl

clock

ENABLE

[2 pts.] a) Assuming proper operation, draw the state diagram for the FSM, assuming T, = T, = O ns. Use

notation for the state as .
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Problem 6 (cont.)

[2 pts.] b) WithENABLE=1, T; = T, = 0O ns, what is the minimum clock period? (Express algebraically.)

period 2 ‘{&M’ 'éd:omqt 4 Mok (’ﬁ sz'f’ﬁhv )

[2pts.] ¢) With T, = T, = Ts = Ons, Tg = 50 ns, and clock period = 100 ns, an asynchronous input
ENABLE lasting 50 ns is input to the FSM. Estimate the chance of violating a setup or hold time on

either FF, assuming uniform distribution of the ENABLE input changie. {'gong

>

clg Pt S

chance of violation:
CEg oI [—
\ SESRINUL SIS I | e S 1
] ther eaJrh *Fmtlrn edge CEL
Codd cyuse ,SeqLu() or J’\-QU\ violahon XQQJ:—&M—L—
(CDKS
[3pts.] d) With T, = T5 = T = 0, and ENABLE = 1, what is the maximum T for proper operation of the
FSM? J
Treriod T4 1
" > ‘ st 8 Gl e o
LA _s Ta< bun (41, 42)
Clocko ]! A Ty + it < Corin 4T
Clodkd | T \_iﬂ Ty < CefeopentTi ~ Hhid
, | | .
g‘@ S N - ——-“%’-; T ) h\m(&kom &J) nchrant #2 (hy on FFo) i
I | T &kof'mf\ TJTWL q) Y +W&K+TQ‘F’T(ﬁU‘f‘ {Sef"i"

[3 pts.] e) With T4 = Ty = T¢ = 0, and ENABLE = 1, what is the maximum T, for proper operation of the

FSM?

T, <
}M-\u'?\ ({Ckomih '{—T?_ +Tfh(l - {ADU

T" éCkoM-,L-—~Tr = {:.L’@L)
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