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Feedback produces ‘State’ which can be used to store information.

X Y Xy Mote that elther state
w 01 (X0, YelorXod, Y-0)
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l_d}_}ﬁ_q}_‘ ! Try thisin the lab.

What does this one do? ——
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L4.3 D Latch Wed. February 13,
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A lstch is an important sheiraction. 1S npotl is confrolbsd by a gate.
When e gpate poes Trom high o boos, ihe state of the device bolds,
Crestion: Whasl happens il the gate aond the mpul change state al
meanrly the same tioseT
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Question: What happens if Sand B goQie 1 af the same time?
You can build & Latch from NAMD gates, bt

there is a packaged MSI1 version.
Question: What happens il you use NOR gates?
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Not a Shift Register Wed.
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X __ Will this do
c_1 LI L_ what we want?
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There iz a problem with latches in multi-stage logic.
How many stages of logic will be alTected by an inpuof signsl
change during one dock cycle (G high)?

Ml ulti—phase clocks can be nsed with Lotches (half the (=
high For ome icstance and the atber hall il next )

Amother solution i to use an edge triggered Mip—op.
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Shift register
Edge wiggered Mip- Mogs con do what we wanl, aameely, o shill register.
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Edge riggered (lp-flops can be implemented by & master slave
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D and T Flip—Flops
Flip-Hops are simple Gnite staie machines: which have iwo-siates,
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L4.6 Timing .Parameters Wed. February 13,
Typical Timing Parsmeters
- o b for TALS Parts
L W o
Ir Setup i > 2nS
CLK L+ L+ Hiokd it > EnS
L L Clodk to §) < JinS
g T L CLorPRto(} « 2En8
‘_JL_ -—| |-— CLEhigh > 208
Man Frequency 25 MHz
et pdhl

Setup time: Inguat muost be stable before the clock rising edge.
Haobd tioe: Ingust misst stay stable after the clock rising edge.
Chock to Q¢ Maxhmim thine for the oufpait to b stable after the dock edge
Cloar PR o O Maximum tiove for (he outpul io be stalsbe afier an
asynchronous nput sssertion

Contamination time: Mininum time until an output changes from

the check edge or an asynchronous input sssertion - hardly ever specified?
Max Frequency = 1{Clock HIGH + Clock LOW)
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SR and K Flip—Flops Wed. February 13, 2002

L

L4.8

i

—&% p— 5 R Qy Xil
& . @0 Q. Thuy
—= 1 010
SHPip-Fop 101
1 1

1 Undefined Staie!

The SR Mip-Nop is an edge iriggered version of the SK loich. 11 kas an
undefined stale problem which is resol ved by the JE Dip-Aop.
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Tanie that this version of the J R ip-Dog s a egative ol ge brigpered
chock as indicated by the babble.
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L4.9 Programmable Logic Wed. February 13, 2002

The basic clensend of all FALs { PLDs and CPLI=) s an AMND gate whdch can be
driven by rach npat and b= The wnprogrammes state is et all
connections are Indacty therefore, the prodsct term = zero. Wiksen all connections
ane destroyed (bensporarily) the aatput of the AND Mosts high snd is thus o one,
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L4.10 OR of ANDs Wed. February 13, 2002
The product lerms prodisced by the ANDS are combined in longe ORs.
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L4.11 Outputs Wed. February 13, 2002

This & hiow the 20V E works.
T pufpul can be regfsbered.
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L4.12 Levels Wed. February 13, 2002
PALs are CAMOS, voltage levels are compatible with TTL.
2VE 2ZVI0 TTLLTALS00)
Fl]]. 0sy 04V 0.4V
¥ I 0EBY 0EV 0EY
vﬂ]l 24y 24y v
] L L
¥ IH 20 ot oy
1 24 mA 16 mA B mA
oL
ID]'I —h2 mA =52 mA = mk
1 IL ~10uA ~10uA A mA
1 IH ~10uA RLITEY uA




Massachusetts | nstitute of Technology
Department of Electrical Engineering and Computer Science

6.111 Introductory Digital Systems Laboratory

L4.13 22V10 Pal Wed. February 13, 2002

Flexible ‘Macrocells
10 Macrocells, varying number of product terms
The clock is still from pin 1.
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L4.14 22V 10 Macrocell Wed. February 13, 2002

Flexible ‘Macrocells
10 Macrocells, varying number of product terms
The clock is still from pin 1.

-5

Massachusetts | nstitute of Technology
Department of Electrical Engineering and Computer Science

6.111 Introductory Digital Systems Laboratory

L4.15 Programming Small PALs Wed. February 13, 2002
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L4.16 CY7C374i Wed. February 13, 2002

Manufacturer is Cypress (URL is http://www.cypress.com).
Information about the 370 family and the data sheet for the
CY7C374i are on the web page.

CPLDs are just more complicated PLDs.

128 macrocellsin eight blocks
64 1/0 pins
5 dedicated inputsincluding 4 clocks
which are not usable on the 6.111 CPLD board
JTAG interface — ISR — In—System Reprogrammable
High Speed
fmax = 125 Mhz
tPD=10ns
tS=55ns
tCO=6.5ns
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L4.17 CY7C374i Block Diagram  Wed. February 13, 2002 L4.18  CY7C374i Logic Block (1of 8) Wed. February 13, 2002
Lagic Block Diagram — Note that there are 1/0 and buried macrocells.
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L4.19 CY7C374i Macrocells Wed. February 13, 2002 L4.20 [/0Oin More Detall Wed. February 13, 2002
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L4.21 CY7C374i Input/Clock Pins  Wed. February 13, 2002
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L4.22 CPLD Board Wed. February 13, 2002

Four CYPRESS 374i CPLDs which have 128 Macrocells
The speed is 66 Megahertz. (Much faster than we can use!)
CPLD pins are accessible viathe AD bus and an optional 50 pin cable.
Interconnections between chips limit the flexibility of signal allocation.

0w G ERRECR
PR e T R AT W T L

./ S ¥/

-

| | "
'
| icksanrgm i
2 e = oA L RS

Hillae nlsface
ro A e |

L
&
il
1
: |
1 LLE

CEIT- 03T, O In-an)

Massachusetts | nstitute of Technology
Department of Electrical Engineering and Computer Science

6.111 Introductory Digital Systems Laboratory

L4.23 CPLD Board (more) Wed. February 13, 2002

BEWARE! Some signals are grounded on the kit.
Three CPLDs are clocked by one clock (AD31).
Theleft CPLD can be used as an RS-232 interface viathe
DB-9 connector (although it need not be).
Jumpers select
Which CPLDs will be programmed viathe JTAG interface.
1.843 Mhz crysta as clock for the left hand CPLD.
It can be clocked by abuffered version of the clock supplied to the other CPLDs.
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