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Welcome to E-XFL.COM

Understanding Embedded - CPLDs (Complex
Programmable Logic Devices)

Embedded - CPLDs, or Complex Programmable Logic
Devices, are highly versatile digital logic devices used in
electronic systems. These programmable components are
designed to perform complex logical operations and can
be customized for specific applications. Unlike fixed-
function ICs, CPLDs offer the flexibility to reprogram their
configuration, making them an ideal choice for various
embedded systems. They consist of a set of logic gates anc
programmable interconnects, allowing designers to
implement complex logic circuits without needing custom
hardware.

Applications of Embedded - CPLDs
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GENERAL DESCRIPTION

The MACH® 4 family from Lattice offers an exceptionally flexible archi
superior Complex Programmable Logic Device (CPLD) solution of e
and software tools. The overall benefits for users are a guarantee
solution, faster time-to-market, greater flexibility and lower co
densities ranging from 32 to 256 macrocells with 100% utiliza

re and delivers a
silicon products
ble CPLD
devices offer

% pin-out retention.

The MACH 4 family offer 5-V (M4-xxx) and 3.3-V (M4LV-, 0 .

MACH 4 products are 5-V or 3.3-V in-system programmable throd@gh the JTAG d. 1149.D
interface. JTAG boundary scan testing also allows u ity on auto

equipment for device connectivity.

All MACH 4 family members deliver First-Ti it easy system integ
retention after any design change and refit -V and 5-V opers
.5 ns tpp and 1

- with pin-out

Device
M4-32/32
MA4LV-32/32
M4-64/32
MA4LV-64/32
M4-96/48
M4IV-96/48
M4-128/64
MA4LV- 64

1. C = Commercia. I = Industrial

The MA nsity-I/O combinations in Thin Quad Flat Pack (TQFP),

astic Leaded Chip Carrier (PLCC), and Ball Grid Array (BGA)

voltage designs so thatl devices can accept 5-V inputs, and 5-V devices do not overdrive
3.3-V inputs. Additiona res include Bus-Friendly inputs and I/Os, a programmable power-
down mode for extra power savings and individual output slew rate control for the highest speed
transition or for the lowest noise transition.
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Table 4. Architectural Summary of MACH 4 devices

MACH 4 Devices
M4-64/32, M4LV-64/32
M4-96/48, M4LV-96/48
M4-128/64, M4LV-128/64 4- 2

M4-128N/64, M4LV-128N/64 2/3
M4-192/96, M4LV-192/96
M4-256/128, M4LV-256/128

Macrocell-1/0 Cell

Ratio 21
Input Switch Matrix Yes
Input Registers Yes
Central Switch Matrix
Output Switch Matrix

still must go throu L blocks in MACH

4 devices commu i istent, predi

C imply several PAL

devi ot as a collection of
e par s the design into PAL blocks
not have to be concerned with the

10 -term arra

¢ alloca
Macrocells
Outp
¢ /O
¢ Inpu
¢ Clock

it

Is
itc atrix

ator :
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Product-Term Array

The product-term array consists of a number of product terms that for e basis of the logic
being implemented. The inputs to the AND gates come from the centrdl switeh matrix (Table 5),
P

and are provided in both true and complement forms for efficientlo entation.

Table 5. PAL Block Inputs

Device 1 W
M4-32/32 and M4IV-32/32
M4-64/32 and M4LV-64/32
M4-96/48 and M4LV-96/48
M4-128/64 and M4IV-128/64
M4-128N/64 and M4ILV-128N/64
M4-192/96 and M4IV-192/96
M4-256/128 and M4LV-256/128

Logic Allocator

optimized to provide hi
product terms possibles

i ster depends on the
isu in synchronous mode

ciated macrocell is used in
ote that if the product term
ration is not determined by the
n is always set by the mode of the
gardless of the actual routing.

her join the basic cluster to give an
sive-OR gate in the signal path. If included

ses fou , . A similar asynchronous function can have up to 18
product terms.

When the,extra product t ed fo extend the cluster, the value of the second XOR input
can be pr medasa0o polarity control. The possible configurations of the logic
allocator are shown j S d 4.

MACH 4 Family 7
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Macrocell

The macrocell consists of a storage element, routing resources, a cloc Itiplexer, and
initialization control. The macrocell has two fundamental modes: syn€hro and
1

asynchronous (Figure 5). The mode chosen only affects clocking ion in the
macrocell.
Power-Up
Reset

PAL-Block
Initialization
Product Terms

Common PAL-block resource
Individual macrocell resources

To Output In
i es
From Logic Allocator
From -

PAL-Clock
Generator

17466G-009

Initiali
i Prod erm
To Output and Input
Fro Switch Matrices

Block C|
tor Bl CL

lock
Product Term

b. Asynchronous mode

17466G-010
Figure 5. Macrocell

In either mode, a combinatorial path can be used. For combinatorial logic, the synchronous
mode will generally be used, since it provides more product terms in the allocator.
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The flip-flop can be configured as a D-type or T-type latch. J-K or S-R registers can be
synthesized. The primary flip-flop configurations are shown in Figure hough others are
possible. Flip-flop functionality is defined in Table 8. Note that a J-K 1 isdmadvisable as it will
cause oscillation if both J and K inputs are HIGH.

AP AR
D

—

a. D-type with XOR

AP AR

D QI—
b. D-type with able D pol

f. Combinatorial with XOR

Q D

g. Combinatorial with programmable polarity

17466G-011
Figure 6. Primary Macrocell Configurations

MACH 4 Family 11
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Table 8. Register/Latch Operation

Configuration Input(s) CLK/LE ! Q+
D=X 0,1, (1) Q

0

1

Q

D=X

D-type Latch D=0
D=1

D-type Register D=0 ()
D=1 T
T=X 0,1, 4 (
T-type Register T=0
T=1 T ()
0)
\(1)

Note:
1. Polarity of CLK/LE can be programmed

allows the D-, T-type register to e
terms are divided between J and
extra product term must be used
type, the polarity of the i s can

The clock input to the fli can select any o
with the additional ice o er polarit
asynchronous mo

The initializati i . nchron e (Bigure 7), asynchronous
reset and p iV, product t com o the entire PAL block.
Power-Up

Preset

Pr ct Terms

AP AR
D/L Q

D

b. Power-up preset

17466G-012 17466G-013
Figure 7. Synchronous Mode Initialization Configurations
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Output Switch Matrix

The output switch matrix allows macrocells to be connected to any of s al I/O cells within a
PAL block. This provides high flexibility in determining pinout and allow ign changes to
occur without effecting pinout.

In MACH 4 devices with 2:1 Macrocell-I/O cell ratio, each PA e as many
macrocells as /O cells. The MACH 4 output switch matrix all of the macrocells to

drive I/O cells within a PAL block, in combinations acco to . © cell can
choose from eight macrocells; each macrocell has a choige of fougld/ i
with 1:1 Macrocell-I/O cell ratio allow each macrocelhto'dsive i re 9).

A}

20000000

0 vo9
[0 vo1o
0o
Owvo12
M13 [] [0 vo1s
M14 [] Qvoia
M15 [] [0 vo1s

r

Eachyl/O cell can Each macrocell can drive

se one of one of 81/O cells in
acrocell i M4(LV)-32/32 devices.

all MAC acrocell-I/O cell ratio.
device

MACH 4 Output Switch Matrix
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1/0 Cell

The 1/O cell (Figures 10 and 11) simply consists of a programmable o enable, a feedback
path, and flip-flop (except MACH 4 devices with 1:1 macrocell-I/O ¢ An individual

ra
output enable product term is provided for each I/O cell. The fee nal drives the input
switch matrix.
Individual
Output Enable
Product Term
V VI

From Output
Switch Matrix Kz .
tp able
oduct Term
m Output
itch Matrix
Ta
Input
B ch
atri
3 CLK3
Power-up re

174 17466G-018
Figure 10. 1/0 Cell for M 4 Devices wi igure 11. I/0Cell Devices with 1:1
-1/0 Cell Ratio 1I-1/0, Cell Ratio
i i p ich provides capability for storing the input
. AL

clocks. Both the direct and
itc trix. This allows for such functions

data value is stored, and then the
ith the previous stored value.

To
Input
Switch
Matrix <

lo
en he inpu

independent of the flip-flops in the

e T) fuse which controls the time delay associated
nd latches. When programmed, the ZHT fuse
input storage elements, matching equivalent delays in
the setup time to the input storage element is minimized.

t-case designs for which data is loaded from sources which
output propagation delays from clock edges.

increasesythe data path set
the cloc hen the fu

This feature facilitate

The input switch matrix (Figures 12 and 13) optimizes routing of inputs to the central switch
matrix. Without the input switch matrix, each input and feedback signal has only one way to
enter the central switch matrix. The input switch matrix provides additional ways for these
signals to enter the central switch matrix.

16 MACH 4 Family
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Table 12. PAL Block Clock Combinations’

Block CLKO Block CLK1 Block CLK2 Block CLK3
GCLKO GCLK1 X X
GCLK1 GCLK1 X
GCLKO GCLKO X
GCLKL GCLKO X

X X
X X
X X
X X (GCLKO)

Note:
1. Values in parentheses are for the M4(LV)-32/32 and M

This feature provides high flexibility lo
also allows latches to be driven wi

configuration.

18 MACH 4 Family
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MACH 4 TIMING MODEL

The primary focus of the MACH 4 timing model is to accurately repres
4 device, and at the same time, be easy to understand. This model a
combinatorial and registered paths through the device, making a_di

e timing in a MACH
describes all

to the I/O pad. If a signal goes to the internal feed
designator is followed by an “i”. By adding tg
is derived. For example, tppy = tpp; + tgyp
timing model is shown in Figure 15. Ref;
High Speed Design for a more detailed

(Internal Feedba

OMB/DFF/TFF/

H/SR*/JK*
IN Central *emulated
Switch
Matrix

ouT

17466G-025
15. MACH 4 Timing Model

SPEEDLOCKING

The MACH 4 archite
with the assistance of

NTEED FIXED TIMING

s allocation of up to 20 product terms to an individual macrocell
gate without incurring additional timing delays.

The design of the switch matrix and PAL blocks guarantee a fixed pin-to-pin delay that is
independent of the logic required by the design. Other competitive CPLDs incur serious timing
delays as product terms expand beyond their typical 4 or 5 product term limits. Speed and
SpeedLocking combine to give designs easy access to the performance required in today’s
designs.

MACH 4 Family 19
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IEEE 1149.1-COMPLIANT BOUNDARY SCAN TESTABILITY

All MACH 4 devices, except the M4(LV)-128N/64, have boundary sca and are compliant
to the IEEE 1149.1 standard. This allows functional testing of the cir on which the
device is mounted through a serial scan path that can access all cfiti gic/nodes. Internal
registers are linked internally, allowing test data to be shifted i irectly onto test
nodes, or test node data to be captured and shifted out for veri ddition, these devices
can be linked into a board-level serial scan path for mor

IEEE 1149.1-COMPLIANT IN-SYSTEM PROGRA

Programming devices in-system provides a numb
prototyping, lower inventory levels, higher quality,
All MACH 4 devices provide In-System Pro i

port remains compliant to the IEEE 114
interface through which ISP is achi

information about the se vectors that ar
chain. LatticePRO to drive a JTAG i
PC. Alternatively, files in form

by common
CH 4 devices during

DESIGNS

e safe for mixed supply voltage system designs.
ices above the output voltage of 3.3 V, while they

accept other 3.3- he 3.3-V device will accept inputs up to 5.5 V. Both the
5-V and es igh-speed performance and provide easy-to-use mixed-
1/0S

voltage design capabi

BUS-FRIENDLY |

All MACH 4 devices hav uts and I/Os which feature the Bus-Friendly circuitry incorporating
two inverters in series which loop back to the input. This double inversion weakly holds the
input at its last driven logic state. While it is good design practice to tie unused pins to a known
state, the Bus-Friendly input structure pulls pins away from the input threshold voltage where
noise can cause high-frequency switching. At power-up, the Bus-Friendly latches are reset to a
logic level “1.” For the circuit diagram, please refer to the document entitled MACH Endurance
Characteristics on the Lattice/Vantis Data Book CD-ROM or Lattice web site.

20 MACH 4 Family
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POWER MANAGEMENT

Each individual PAL block in MACH 4 devices features a programmable
results in power savings of up to 50%. The signal speed paths in the
be slower than those in the non-low-power PAL block. This feat

power mode, which
r PAL block will
ed critical paths
ow-power mode.

noise transition (1 V/ns). For high-speed designs
rate will introduce fewer reflections, less nois
designs with short traces or well terminate
highest speed. The slew rate is adjusted j

POWER-UP RESET/SET

cel

Tduring

device power-up. If a macr i ) to i erator
or is not configured for at mac 11 wi : uarantee
initialization values, théV & tise must be mon®to nd the clock i
reset delay time ha sed.
SECURITY BIT

C it is eterrent to unauthorized

his bit defeats readback of the
designs from competitors.
bit. The bit can only be reset by

programmed
Pro ming
in re devic

MACH 4 Family 21
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e e
D000 M4(LV)-64/32, M4(LV)-96/48,
— [ M4(LV)-128/64
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o7
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X o7

INPUT SWITCH

MATRIX

Figure 16. PAL Block for MACH 4 with 2:1 Macrocell - I/0 Cell Ratio
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BLOCK DIAGRAM - M4(LV)-64/32

Block A
1/00-1/07
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\
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—
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17466H-020

MACH 4 Family 25



tice

emiconductor
Corporation

BLOCK DIAGRAM - M4(LV)-192/96

Block B
1/08-1/015

1/0 Cells

Block A
1/00-1/07

1/0 Cells

Output Sy
Matrix

Block L
CLKO-CLK3 1/088-1/095
4 4

lock Generator

8

AND Logic Array
d Logic Allocator

£ =
£ £
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= E|| AND Logic Array = Z|| AND Logic Array
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8
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Input Switch
Matrix
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and Logic Allocator

1/032-1/039
Block E

O
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J

\
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Output Switc
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8
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Output Switch
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4
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16,

68 X 90

AND Logic Arra
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A

Clock Generator

8

1/0 Cells

1/0 Cells

8
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34¢ 24
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=S and Logic Allocator || 5 =
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Output Switch
Matrix
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17466G-067
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44-PIN PLCC CONNECTION DIAGRAM (M4(LV)-32/32 AND M4(LV)-64/32)

Top View
44-Pin PLCC
M4(LV)-64/32
A2 A2 105
Al Al  1/06
A0 A0 1/07
DI
M4(LV)-32/32 CLKO/O

A8
A9
Al10
All

)

c6 1017 []
C5 1/018

14

17466G-026

ltage
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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84-PIN PLCC CONNECTION DIAGRAM (M4(LV)-128N/64)
Top View

84-Pin PLCC

B7 108
B6  1/09
B5 1/010
B4 1011
B3 1012
B2 /013
B1 /014
BO 1/015
CLKq/lg
Vce

GND
CLK1/I1
11016

48 49 15253
L1 LI

@)
/037
/038

17466G-030

E3
E4
ES5
E6
E7

GND = Ground \
I = Input
I/O = Input/Output

Veoe = Supply Voltage
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100-PIN TQFP CONNECTION DIAGRAM (M4(LV)-128/64)
Top View

100-Pin TQFP
~NOoWS oM
LI
DONoOwLT O
ZzZz
56522222222
@) §%88£3§£8
GND Cr |1
TDl I |2
B7 1108 1 |3
B6 1109 CI] |4
B5 1/010CT] |5
B4 /0111 |6
B3 l/012Cr] |7
B2 /0131 |8 1 1/051
Bl /0141 |9 7 | 12 1/050

BO /015 11 |10 113 1/049

10/CLKO T |11

Ve o |12
GND Cr{ |13
11/CLK1 T /O Cell (
co /016
c1 /017 P

c2 /o018
11019

GND T

1/039 1]
GND

17466G-032

Veoe = Supply Volta

TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select

—

o

@)
1

Test Data Out
TRST = Test Reset
ENABLE = Program
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208-PIN PQFP CONNECTION DIAGRAM (M4(LV)-256/128)

Top View
208-Pin PQFP

ORI PN 2 5 00 h 0T oN = O Cooouaogopl AAENNANNNSO--C-F-rr
F22920000F5L00000000 - o388528852a3289292202909522202°
O~ OO TOAN T ODNDOITOOTOANT-TODONNOOTOHMA — OO~
SRLILEKISKKK2222222222 222X XXX =
GND |1
™ |2
C7 1016 |3
c6 1017 |4 /o1t N7
c5 1018 |5 /0110 N6
C4 1019 |6 1/0109
C3 1020 |7
c2 /021 |8
C1 1022 |9
co /023 |10
vee |11
GND |12
D7 /024 |13
D6 /025 |14
D5 11026 |15
D4 11027 |16

PIN DESIGNATI

125 19

(0-7) 124] 11095 L0
123] 1094 Lt

ck (A-HX) 122 1oe3 L2
21| o2 L3
120 o9t L4
19| vogo 15
18| 1089 L6
17| voss L7
116 GND
115 vee
14| 1087 Ko
13| voss  Ki
12| vogs K2
111] 1084 K3
10| 1083 K4
109] 1082 K5
108| 1081 K6
107] 080 K7

RECOMMEND TOTIETO GND 106 | ENABLE
105 GND

17466G-044

17466H-066
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MACH 4 PRODUCT ORDERING INFORMATION
MACH 4 Devices Commercial & Industrial - 3.3V and 5V

Lattice/Vantis programmable logic products are available with several ordering optio

bination) is formed by a combination of:

M4-

256 / 128

-7 Y C

FAMILY TYPE

M4- = MACH 4 Family (5-V Vo)
MA4LV- = MACH 4 Family Low Voltage (3.3-V Vo)

MACROCELL DENSITY
32 = 32 Macrocells 128N
64 = 64 Macrocells 192
96 = 96 Macrocells 256

128 128 Macrocells

1/0s
/32 = 321/Os in 44-pin PLCC, 44-pin TQ

/48 = 48 1/Os in 100-pin TQFP
/64 = 64 1/Os in 84-pin PLCC, 10 PQFP o
/96 = 96 1/Os in 144-pin TQF

/128 = 128 1/Os in 208-pin P 6-ball BGA

128 Macrocells, Non-ISP
192 Macrocells
256 Macrocells

number (Valid Com-

M4(LV)-32/32

Industrial grades. The Ind
M4-256/128-7YC-10Y1T

inations Combinations

J1, VI, VI48

J1, VI, VI48

J1, VI, VI48

J1, VI, VI48

VI

VI

YL, VI
MA4IV-128/64 10,-12, 14,18y
M4-128N/64 N
MA4LY-128N/64 N
M4-192/96 VI
MA4IV-192/96 VI
M4-256/128 Y1
M4IV-256/128 YL, A

Valid Combinations

Valid Combinations list configurations planned to be

supported in volume for this device. Consult the local
Lattice sales office to confirm availability of specific valid
combinations and to check on newly released
combinations.
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