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Select Devices Discontinued!

Product Change Notifications (PCNs) have been issued to convert or discontinue select
devices in this data sheet.

The original datasheet pages have not been modified and do not reflect those changes.
Please refer to the table below for reference PCN and current product status.

Product Line

Ordering Part Number

Product Status

Reference PCN

M4-32/32

M4-32/32-7JC

M4-32/32-10JC

M4-32/32-12JC

M4-32/32-15JC

M4-32/32-10JI

M4-32/32-12J1

M4-32/32-14J1

M4-32/32-18J1

M4-32/32-7VC

M4-32/32-10VC

M4-32/32-12VC

M4-32/32-15VC

M4-32/32-10VI

M4-32/32-12VI

M4-32/32-14VI

M4-32/32-18VI

M4-32/32-7VC48

M4-32/32-10VC48

M4-32/32-12VC48

M4-32/32-15VC48

M4-32/32-10V148

M4-32/32-12V148

M4-32/32-14V148

M4-32/32-18V148

Converted to M4A5

Contact
pch@latticesemi.com

for more info.

5555 N.E. Moore Ct. e Hillsboro, Oregon 97124-6421 e Phone (503) 268-8000 e FAX (503) 268-8347
Internet: http://www.latticesemi.com
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Product Line

Ordering Part Number

Product Status

Reference PCN

M4-64/32

M4-64/32-7JC

M4-64/32-10JC

M4-64/32-12JC

M4-64/32-15JC

M4-64/32-10JI

M4-64/32-12J1

M4-64/32-14J1

M4-64/32-18JI

M4-64/32-7VC

M4-64/32-10VC

M4-64/32-12VC

M4-64/32-15VC

M4-64/32-10VI

M4-64/32-12VI

M4-64/32-14VI

M4-64/32-18VI

M4-64/32-7VC48

M4-64/32-10VC48

M4-64/32-12VC48

M4-64/32-15VC48

M4-64/32-10V148

M4-64/32-12V148

M4-64/32-14V148

M4-64/32-18V148

Converted to M4A5

Contact
pchn@latticesemi.com

for more info.

M4-96/48

M4-96/48-7VC

M4-96/48-10VC

M4-96/48-12VC

M4-96/48-15VC

M4-96/48-10VI

M4-96/48-12VI

M4-96/48-14VI

M4-96/48-18VI

Convert to M4A5

Contact
pchn@latticesemi.com

for more info.

M4-128/64

M4-128/64-7YC

M4-128/64-10YC

M4-128/64-12YC

M4-128/64-15YC

M4-128/64-10YI

M4-128/64-12Y1

M4-128/64-14YI

M4-128/64-18Y1

Convert to M4A5

Contact
pch@latticesemi.com

for more info.

5555 N.E. Moore Ct. e Hillsboro, Oregon 97124-6421 e Phone (503) 268-8000 e FAX (503) 268-8347
Internet: http://www.latticesemi.com
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Product Line

Ordering Part Number

Product Status

Reference PCN

M4-128/64
(Cont’'d)

M4-128/64-7VC

M4-128/64-10VC

M4-128/64-12VC

M4-128/64-15VC

M4-128/64-10VI

M4-128/64-12VI

M4-128/64-14VI

M4-128/64-18VI

Convert to M4A5

Contact
pchn@latticesemi.com

for more info.

M4-128N/64

M4-128N/64-7JC

M4-128N/64-10JC

M4-128N/64-12JC

M4-128N/64-15JC

M4-128N/64-10JI

M4-128N/64-12JI

M4-128N/64-14JI

M4-128N/64-18JI

Active / Orderable

M4-192/96

M4-192/96-7VC

M4-192/96-10VC

M4-192/96-12VC

M4-192/96-15VC

M4-192/96-10VI

M4-192/96-12VI

M4-192/96-14VI

M4-192/96-18VI

Convert to M4A5

Contact
pchn@latticesemi.com

for more info.

M4-256/128

M4-256/128-7YC

M4-256/128-10YC

M4-256/128-12YC

M4-256/128-15YC

M4-256/128-10YI

M4-256/128-12YI

M4-256/128-14YI

M4-256/128-18YI

Convert to M4A5

Contact
pchn@latticesemi.com

for more info.

M4LV-32/32

M4LV-32/32-7JC

M4LV-32/32-10JC

M4LV-32/32-12JC

M4LV-32/32-15JC

M4LV-32/32-10JI

M4LV-32/32-12JI

M4LV-32/32-14J1

M4LV-32/32-18JI

Convert to M4A3

Contact
pch@latticesemi.com

for more info.

5555 N.E. Moore Ct. e Hillsboro, Oregon 97124-6421 e Phone (503) 268-8000 e FAX (503) 268-8347
Internet: http://www.latticesemi.com
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Product Line

Ordering Part Number

Product Status

Reference PCN

M4LV-32/32
(Cont’d)

M4LV-32/32-7VC

M4LV-32/32-10VC

M4LV-32/32-12VC

M4LV-32/32-15VC

M4LV-32/32-10VI

M4LV-32/32-12VI

M4LV-32/32-14VI

M4LV-32/32-18VI

M4LV-32/32-7VC48

M4LV-32/32-10VC48

M4LV-32/32-12VC48

M4LV-32/32-15VC48

M4LV-32/32-10VI48

M4LV-32/32-12V148

M4LV-32/32-14V148

M4LV-32/32-18VI48

Convert to M4A3

Contact
pchn@latticesemi.com

for more info.

M4LV-64/32

M4LV-64/32-7JC

M4LV-64/32-10JC

M4LV-64/32-12JC

M4LV-64/32-15JC

M4LV-64/32-10JI

M4LV-64/32-12JI

M4LV-64/32-14J1

M4LV-64/32-18JI

M4LV-64/32-7VC

M4LV-64/32-10VC

M4LV-64/32-12VC

M4LV-64/32-15VC

M4LV-64/32-10VI

M4LV-64/32-12VI

M4LV-64/32-14VI

M4LV-64/32-18VI

M4LV-64/32-7VC48

M4LV-64/32-10VC48

M4LV-64/32-12VC48

M4LV-64/32-15VC48

M4LV-64/32-10VI48

M4LV-64/32-12V148

M4LV-64/32-14V148

M4LV-64/32-18V148

Convert to M4A3

Contact
pchn@latticesemi.com

for more info.

5555 N.E. Moore Ct. e Hillsboro, Oregon 97124-6421 e Phone (503) 268-8000 e FAX (503) 268-8347
Internet: http://www.latticesemi.com
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Product Line

Ordering Part Number

Product Status

Reference PCN

M4LV-96/48

M4LV-96/48-7VC

M4LV-96/48-10VC

M4LV-96/48-12VC

M4LV-96/48-15VC

M4LV-96/48-10VI

M4LV-96/48-12VI

M4LV-96/48-14VI

M4LV-96/48-18VI

Convert to M4A3

Contact
pchn@latticesemi.com

for more info.

M4LV-128/64

M4LV-128/64-7YC

M4LV-128/64-10YC

M4LV-128/64-12YC

M4LV-128/64-15YC

M4LV-128/64-10YI

M4LV-128/64-12YI1

M4LV-128/64-14YI1

M4LV-128/64-18YI

Convert to M4A3

Contact
pch@latticesemi.com

for more info.

M4LV-128/64-7VC

M4LV-128/64-10VC

M4LV-128/64-12VC

M4LV-128/64-15VC

M4LV-128/64-10VI

M4LV-128/64-12VI

M4LV-128/64-14VI

M4LV-128/64-18VI

Convert to M4A3

Contact
pch@latticesemi.com

for more info.

M4LV-128N/64

M4LV-128N/64-7JC

M4LV-128N/64-10JC

M4LV-128N/64-12JC

M4LV-128N/64-15JC

M4LV-128N/64-10JI

M4LV-128N/64-12JI

M4LV-128N/64-14JI

M4LV-128N/64-18JI

Discontinued

PCN#09-10

M4LV-192/96

M4LV-192/96-7VC

M4LV-192/96-10VC

M4LV-192/96-12VC

M4LV-192/96-15VC

M4LV-192/96-10VI

M4LV-192/96-12VI

M4LV-192/96-14VI

M4LV-192/96-18VI

Convert to M4A3

Contact
pch@latticesemi.com

for more info.

5555 N.E. Moore Ct. e Hillsboro, Oregon 97124-6421 e Phone (503) 268-8000 e FAX (503) 268-8347
Internet: http://www.latticesemi.com
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Product Line

Ordering Part Number

Product Status

Reference PCN

M4LV-256/128

M4LV-256/128-7YC

M4LV-256/128-10YC

M4LV-256/128-12YC

M4LV-256/128-15YC

M4LV-256/128-10YI

M4LV-256/128-12YI

M4LV-256/128-14YI

M4LV-256/128-18YI

M4LV-256/128-7AC

M4LV-256/128-10AC

M4LV-256/128-12AC

M4LV-256/128-15AC

M4LV-256/128-10Al

M4LV-256/128-12Al

M4LV-256/128-14Al

M4LV-256/128-18Al

Convert to M4A3

Contact
pchn@latticesemi.com

for more info.

5555 N.E. Moore Ct. e Hillsboro, Oregon 97124-6421 e Phone (503) 268-8000 e FAX (503) 268-8347
Internet: http://www.latticesemi.com
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] atlice  mAcH 4 cpLp Family

mrnnmESemiconductor ; 2 ®
111111 Corporation High Performance ESFCMOS

In-System Programmable Lo

High-performance, EZCMOS 3.3-V & 5-V CPLD families
Flexible architecture for rapid logic designs
— Excellent First-Time-Fit™ and refit feature
— SpeedLocking™ performance for guarantee ed timi
— Central, input and output switch matrices,for 100% ability ano out retention
High speed

— 7.5ns tpp Commercial and 10ns tpp |
— 111.1MHz fCNT
32 to 256 macrocells; 32 to 384 regi
44 to 256 pins in PLCC, PQFP, TG
Flexible architecture for a wide
— D/T registers and latch

— Dedicated input r
— Programmabl
— Reset/ preset
Advanced

Prégrammable

ance, cost-effective solutions
Supported < or rapid logic development
—Su ith results optimized for MACH 4

—S sure customer success

Lattice gramming support

— LatticePRO™ s system programmability support on PCs and automated test
equipment

— Programming su
and System Genera

all major programmers including Data I/0, BP Microsystems, Advin,
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Table 1. MACH 4 Device Features' 2

M4-32/32 M4-64/32 M4-96/48 M4-128/64 M4-128N/ M4-256/128
Feature M4LV-32/32 | M4INV-64/32 | M4IV-96/48 | M4IV-128/64 | M4LV- M4IV-256/128
Macrocells 32 64 96 128 256
Maximum User 1/0 Pins 32 32 48 64 96 128
tpp (n8) 7.5 75 7.5 7.5 75
foxr (MHz) 111 111 111 111
cos (s) 55 5.5 5.5
teg (ns) 5.5 5.5 5.5
Static Power (mA) 25 25 50
JTAG Compliant Yes Yes
PCI Compliant Yes Yes
Notes:

1. For information on the M4-96/96 device, p

2.

&

icesemi.com.

MACH 4 Family
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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.

MACH 4 Family 3
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Table 3. MACH 4 Package and I/0 Options (Number of I/0s and dedicated inputs in Table)

M4-32/32 M4-64/32 M4-96/48 M4-128/64 M4-128N/6 4-192/96
Package M4IV-32/32 | M4IV-64/32 | M4IV-96/48 | M4IV-128/64 | M4LV-128N/ 2/96 | M4LV-256/128

44-pin PLCC 3242 3242
128+14
1

44-pin TQFP 3242 3242
48-pin TQFP 32+2 32+2
84-pin PLCC

100-pin TQFP
100-pin PQFP
144-pin TQFP
208-pin PQFP
256-ball BGA

4 MACH 4 Family



FUNCTIONAL DESCRIPTION

The fundamental architecture of MACH 4 devices (Figure 1) consists of iple, optimized PAL®

blocks interconnected by a central switch matrix. The central switch
communication between PAL blocks and routes inputs to the PA
blocks and central switch matrix allow the logic designer to cr
device instead of having to use multiple devices.

The key to being able to make effective use of these de lies
In MACH 4 architecture, the macrocells are flexibly coupled to
logic allocator, and the I/O pins are flexibly couple
matrix. In addition, more input routing options ar
resources provide the flexibility needed to fit desi

Clock/Input
Pins
Note 3

Jic Logic

A \/

WItR

Dedicated

Input Pin

‘ q Matr' " 4 Pins
o [~-KH
[~

1/0
Pins

17466G-001

Input
Switch

Figure 1. MAC and PAL Block Structure

Notes:

1. 16 fo CH 4 devices with 1:1 macrocel, ratio (see next page).

2. Block do_ ot go to I/O cell -32/

3. MA4(LV)-1 and M4(LV)- ated clock pins which cannot be used as inputs and do not connect to the central

switch matrix.

MACH 4 Family 5
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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 :

6 MACH 4 Family
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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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Table 6. Logic Allocator for All MACH 4 Devices (except M4(LV)-32/32)

Output Macrocell Available Clusters Output Macrocell Available Clusters
My Co, Cy, G Mg C5,Gg, Gy, Cyo
M, Co, €1, Gy, G5 My Gg, Co, Cy9, Cyy

M, Gy, Gy, G5, G4 My Co, Cyp, Gy, Cp2
M; Gy, G3, G4, Cs C10, C11, Gy, Cy3
My G3, G4, G5, Gg Gy Ci2, €3, Cyg
M, Gy, Gs, Gg, G C Ci4 Cis
Mg CS’ Cg, C7,Cg
M, C C7, Cg, g

Output Macrocell

[

To Macrocell
n

! 17466G-005
- _H ___________________ 1
— N ‘I: !
I cec € !
! ee & '
I Basic Product !
: Term Cluster H :
| [
: el '
| Sc
1 s
1 I o
1 1 (I
1
: Extra by I
1Product - — b - — - - - - - s |
: Term _.) = :
I 4D‘:' ¢ ¢ !
o |
e e e e e = I
b. Asynchronous Mode 17466G-006

Figure 2. Logic Allocator: Configuration of Cluster “n"” Set by Mode of Macrocell “n”

8 MACH 4 Family
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= D E=»

a. Basic cluster with XOR

b. Extended cluster, active high uster, active low

EDi D
d. Basic cluster routed away; e. Extended ¢ % d away
single-product-term, active high

Figure 3. Logic A t nfigurations: S Q @

uster, active low

; xtended cluster routed away

17466G-008
ic Allocator C tions: Asynchronous Mode

allo
a el
I

or has absolutely no impact on the speed of the
This means that designers do not have to decide
can be optimized.

p ct term can act in conjunction with the basic cluster to
ti s data comparison, or it can work with the D- T-type flip-
- ister operation. In addition, if the basic cluster is routed to

roduct term is still available for logic. In this case, the first XOR
rcuit has the flexibility to route product terms elsewhere without
acrocell.

provide
flop to provide for J-k
another macrocell,
input will be a logic 0:
giving up the use of the

Product term clusters do not “wrap” around a PAL block. This means that the macrocells at the
ends of the block have fewer product terms available.

MACH 4 Family 9
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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.

10 MACH 4 Family
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3

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

12 MACH 4 Family
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A reset/preset swapping feature in each macrocell allows for reset and preset to be exchanged,
providing flexibility. In asynchronous mode (Figure 8), a single individual product term is
provided for initialization. It can be selected to control reset or prese

Power-Up
Reset

Individual —D®_
Reset Product

Product Term

a. Reset

ell. The

ell sends its data
h matrix can route this
data to an o i . i i al back to the central

te:
1. Transp

MACH 4 Family 13
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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

14 MACH 4 Family



Table 10. Output Switch Matrix Combinations for MACH 4 Devices with 2:1
Macrocell-1/0 Cell Ratio

Macrocell
MO, M1
M2, M3
M4, M5 ;
M6, M7 00)1/01, /02, /03
M8, M9 01, V02, V03, 1/g i
M10, M11 1/02, /03, 1/04, 1/05 I
M12, M13 103, Vo410 \
M14, M15 1/04, 1A
y N
1/0 Cell K ailable Macrocells -
100 M 3, M4, M5, M6, M7 V.
Vo1 % 5, M6, M7, M8
102 4, M5M6, M7, Ms, Mo, Mio, ML
/03 , M8, M9, M10, M11, N mv
10 {13, M14, Mi5
AL
, M14, M15
14, M15

ble 11. Ou ix Combinations M4(LV)-32/32

v

acrocell Routable to 1/0 Cells

OpM1, M2, M3, M4, ¥ 2/00N/01, 1/02, /03, 1/04, 1/05, /06, 1/07

—
Mg N 13, M14,

Available Macrocells

1/00, /01, 1/ 04, 1/05, 1/06, 1/07

08, 1/09, /010, /011, /012, /013, /014, /015
.
\

RV -

MO, M1, M2, M3, M4, M5, M6, M7

1708, 1/09, /0 D12,1/013,1/014, /0 M8, M9, M10, M11, M12, M13, M14, M15

MACH 4 Family
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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.
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From Input Cell

Direct

From I/O Pin

A

From Macrocell 1
From Macrocell 2
From Macrocell

Registered/Latched

| Switch Matrix

A

To Central Switch Matrix

A

- Input Switch Mat witch M

&)
(o)
17 002
Figure 12. MACH 4 with 2:1 Macro:g Figure 1

PAL Block Clock Gene

Each MACH 4 devi

clock generator i

that can be u a
r of,c

a large nu
Table 12 1i

&,

s fou ck pins n als used a ese pins drive a

block (Fig clock generato our clock signals
four PA signals can consist of
comple the global clock signals.

dge

p

Block CLKO
GCLKO or GCLK1)

Block CLK1
(GCLK1 or GCLKO)

Block CLK2
= (GCLK2 or GCLK3)

LK
GC Block CLK3

— _
(GCLK3 or GCLK2)
_|_|
17466G-004

Figure 14. PAL Block Clock Generator '

Note:
1. M4(LV)-32/32 and M4(LV)-6: have only two clock pins, GCLKO and GCLK1. GCLK2 is tied to GCLKO, and GCLK3 is tied to
GCIK1.

MACH 4 Family 17
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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.
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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.
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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



LV)-256/128

e e
D000 M4(LV)-64/32, M4(LV)-96/48,
— [ M4(LV)-128/64
A CLOCK
B
4
0 R
&
o
M
Co Mo MACI LL
c1 M1 — OCl
D
Cc2 CROCELL ]
| M3 0O1
ACROCELL
[croceu ||
4
I C6
x<
o .
=
= Cc7
g
(&}
=
=
> |
— |
<C
= . {11
=
w

MACROCELL

- —— M14
'] MACROCELL

—— M15
MACROCELL

o7

110
CELL

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)-32/32

Block A
1/08-1/015 0-1/07
8
—  wocels | 1/0 Cells
A A
8 8
Output Switch % Output S
Matrix 0] 8 Matri
8 8
4 \
8
3 8
Mac ocells
A u 2 8
< <
8 =}
=x E
58 2
2= AND 2
al gic tor £
16
= 33
—
4
= .
© > ntral Switch Matrix
o
s 2 y A
5 33y
16 16
5 66 X 9 5
= x AND Logic Array £ x
n g and Logi cator n g
5= 5=
g g
u <
(@] 8 A
Macrocells Macrocells
8
8 4 5 4 8
8 5 8 8
Outp S Output Switch
Tix o Matrix
X
8
5 8
© y Y
| o cels  |—
8 8
1/1016-1/023 1/024-1/031

Block B

17466H-019
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BLOCK DIAGRAM - M4(LV)-64/32

Block A
1/00-1/07

8

"I 1/0 Cells

[ A
8

~

| ¢ Output Switch
Matrix

\

Clock Generator
[e¢]

~ N
=
()

—

Macrocells

6y

o

AND Lo A

4 and Logic A

A

N

K0/10, CLK1/11

<

2 66 S
= s X
5 £ NIB LQAI raty 3 =

5 d Logic Allocator || <
§_§ \ g 3=

S S

‘.ﬂ 16
)

Macrocells

16

8 Output Switch
Matrix

Clock Gene

8

A
4 /0 Cells |—

8

1/08-1/015 1/016-1/023
Block B Block C

O

17466H-020
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BLOCK DIAGRAM - M4(LV)-192/96
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BLOCK DIAGRAM - M4(LV)-256/128
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
M4 Commercial (C) Devi

Storage Temperature. . .. .......... -65°C to +150°C Ambient Temperature
Operating in Free Air. . ... .. 4., .. .. 0°C to +70°C

Ambient Temperature

with Power Applied . ............. -55°C to +100°C Supply Voltag

Device Junction Temperature . ............ +130°C with Respect t0'GhdUNd 4. . . . . . *475 V10 4525V
Supply Voltage Indus I) De

with Respect to Ground . ... ....... -0.5Vto+7.0V

DC Input Voltage . ........... -05Vito Ve +05V
Static Discharge Voltage . ................ 2000 V

ie mperature (Ty)
i Air. .. .. D to +85°C
ly Voitage (Vo)
with, Respect to Ground +4.50 Vo +55V

Latchup Current (T, = -40°C to +85°C). . . . . .. 200
Stresses above those listed under Absolute Maxi ing ranges define those N
Ratings may cause permanent device failure. Functioy@lity tionality of the device.is guaranieed.

or above these limits is not implied. Exposure to

Maximum Ratings for extended periods may.

reliability.

5-V DC CHARACTERI SO PERATING
Parameter

Symbol est Co S
IOH = = Min, V].N = VIH or V].L
3.3 \
0.5 v
\
0.8 \
10 uA
-10 uA
10 uA
VIN = VIH or VIL (Note 3) -10 MA
= Max (Note 4) -30 —160 mA
AL block should n
2. These a values with r to depic und, and all overshoots due to system or tester noise are included.
3. /O pin lea oz1 (o Iy and 1nzpp).
4. Not more than one outp horted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V bas been d test problems caused by tester ground degradation.

MACH 4 Family 30



:Lattice

ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

MA4LV Commercial (C) Devi

Storage Temperature. . .. .......... -65°C to +150°C Ambient Temperature
Operating in Free Air. . ... .. 4., .. .. 0°C to +70°C

Ambient Temperature

with Power Applied . ............. -55°C to +100°C Supply Voltag

Device Junction Temperature . ............ +130°C with Respect to'GhoUnd 4. . . ... .. *3.0 Vo +3.6 V
Supply Voltage Indus I) De

with Respect to Ground . ... ....... -0.5Vto+45V

DC Input Voltage . . ............... 05Vt 6.0V
Static Discharge Voltage . ................ 2000 V
Latchup Current (T, = -40°C to +85°C). . . . . .. 200

Stresses above those listed under Absolute Maxi
Ratings may cause permanent device failure. Functioy@lity tionality of the device.is guaranieed.
or above these limits is not implied. Exposure to
Maximum Ratings for extended periods may.

reliability.
3.3-V DC CHARACTE ICS OPER @
Parameter

ie mperature (Ty)
i Air. .. .. R to +85°C
ly
with, Respect to Ground .+3.0Vto+3.6V

Symbol Parameter Descri est Co ns
Ve Toir = —100 pA
Vo v
0.2 \'
0.5 v
5.5 i
oical LOV 10
LOW Voltage Guaranteed Input Logic ge for all 03 08 v
Inputs
Input HIGH Leaka Viy = 3.6 ote 2 5 uA
Input LO ge Curren V=10V, Vi 2 e2) ) uA
. : Wour = 3.6, Vg = Max
Off-St @ ge Current HIGH = Vi BN, (Note 2) 5 uA
Off-State O cakage Current JOW oM Ve = Max -5 uA
) =V or Vi, (Note 2)
Output Short-Circuit Curre = 0.5V, Vgc = Max (Note 3) -15 -160 mA

Notes:

1. Total I, for one PAL blg 10! ed 64 mA.

2. I/O pin leakage is the wo and Ioyr (or Iy and Iozpp).

3. Not more than one output sl o shorted at a time and duration of the short-circuit should not exceed one second.
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES'

tsar | Asynchronous clock setup time, T-type register

ts Synchronous clock hold time

tys | Asynchronous clock hold time

teosi | Synchronous clock to internal output

tcos | Synchronous clock to output

-7 -10
Min ‘ Max | Min ‘ Max Unit

Combinatorial Delay:

tpp; | Internal combinatorial propagation delay 55 8.0 ns
tpp Combinatorial propagation delay 7.5 10.0 ns
Registered Delays:

tsg Synchronous clock setup time, D-type register 5.5 6.0 ns
tsgr | Synchronous clock setup time, T-type register 6.5 7S ns
tsy Asynchronous clock setup time, D-type register 3.5 4.0 ns

teoai | Asynchronous clock to internal output

tcoa | Asynchronous clock to output

Latched Delays:

tesr | Synchronous Latch setup tim

tsy, | Asynchronous Latch

tgs | Synchronous Latch h
tHAL
tppii
tpp
tgosi

S 0 e to output 11.0 11.0 120 | ns
GOAI synchronous Gate to integnal outp 17.0 17.0 200 | ns

ronous Gate to ou 19.0 19.0 220 | ns

n| ister Delays;

Input register Setup time 2.0 2.0 2.0 ns
Hms | Input register ime 0 3.0 3.0 4.0 4.0 4.0 ns
ticosi | Inplt register cloc rnal feedback 5 45 6.0 6.0 6.0 6.0 | ns
Input Latch Delays:
tg, | Inpu time 2.0 2.0 2.0 2.0 2.0 2.0 ns
tyn, | Input latch hold time 3.0 3.0 3.0 4.0 4.0 4.0 ns
ticosi | Input latch gate to inte edback 4.0 4.0 4.0 5.0 5.0 6.0 | ns
tppri | Transparent input latch to i feedback 2.0 2.0 2.0 2.0 2.0 20 | ns
Input Register Delays with ZHT Opti
tgrz | Input register setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 ns
tyrz | Input register hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 ns

32
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-7 -10
Min ‘Max Min ‘Max

-18
Min ‘ Max | Unit

Input Latch Delays with ZHT Option:

trz | Input latch setup time - ZHT 6.0 6.0 6.0 ns
tynz | Input latch hold time - ZHT 0.0 0.0 0.0 ns
tpprizi | Transparent input latch to internal feedback - ZHT 6.0

Output Delays:
tgor | Output buffer delay 2.0

tgw | Slow slew rate delay adder

tga Output enable time

tgR Output disable time

Power Delay:

tpr, Power-down mode delay adder

Reset and Preset Delays:

toRi Asynchronous reset or preset to internal regi

tsr Asynchronous reset or preset to register output

tsgr | Asynchronous reset and preset regi

tsgw | Asynchronous reset or preset
Clock/LE Width:
Global clock width lo

tyis

tyis

tywra

tyia

tGws
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)

-7 -10 -12 -18
Min ‘ Max | Min ‘ Max | Min ‘ Max Max | Min ‘ Max | Unit
Frequency:
External feedback, D-type, Min of 1/(ty;g + tygs) OF 90.9 80,0 66.7 417 Mz
1/(tss + teos)
External feedback, T-type, Min of 1/(tyg + tyys) Or 833 MLz
1/(tssy + teos)
f Internal feedback (foyy), D-type, Miz
MAXS Min of 1/(tWLS + tWHS) or 1/(tSS + tCOSl)
Internal feedback (foyy), T-type,
. MHz
Min of 1/(tWLS + tWHS) or 1/(tSST + tCOSi)
No feedback?, Min of 1/(tyys + tygs), 1/(tg + tygs) Of
1/ (tSST + tHS)
External feedback, D-type, Min of 1/(tyy, + tyma) OF
MHz
1/(tgy + toon)
External feedback, T-type, Min of 1/(ty, + ty
: 37.0 7
1/(tsgr + teon)
Internal feedback (foypy), D-type,
B | Vi of 1ty + typgy) o 1/(lgy + 417 3. Mz
In.ternal feedback (foyyy), T- 4 is Miz
Min of 1/(typy + twpa) or 1/(tgay + ¢
50.0 MHz
Notes:
1. See to erature Downlo e of theLattice web site.
ameter does not apply 1 he emulated mode k path is required for emulation.
Test Conditions Typ Unit
V=20V 3.3Vor5V,25°C, 1 MHz 6 pF
Vour=2.0V 3.3Vor5V,25°C, 1 MHz 8 pF

this para

1y be affected.
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lcc vs. FREQUENCY

These curves represent the typical power consumption for a particular
cy. The selected “typical” pattern is a 16-bit up-down counter. This
exercises every macrocell. Maximum frequency shown uses internal
ister. Power/Speed are optimized to obtain the highest counter fr
The highest frequency (LSBs) is placed in common PAL blocks,
lowest frequency signals (MSBSE) are placed in a common PA

ice at system frequen-
Is the device and
nd a D-type reg-
e lowest power.
re high power. The
and, set to lowest power.

Vcc=5V0r3.3V,TA

350 —
300 —
250
=z 200 —
E
O 150 —
‘ﬂ 2
o o o o
o« ) N (92}
— —
) \ 17466G-066
igh S Mode

M4(LV)-256/128

M4(LV)-192/96

M4(LV)-128/64

M4(LV)-96/48

M4(LV)-64/32
M4(LV)-32/32

50
0 T T T T T T T T T T T |
o o o o o o o o o o o o o
- N o <t o (o] N~ o] [0)] o — N
i i —
Frequency (MHz)

17466G-065
Figure 19. MACH 4 Icc Curves at Low Power Mode

MACH 4 Family 35



iLattice

=1 Semiconductor
Corporation

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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44-PIN TQFP CONNECTION DIAGRAM (M4(LV)-32/32 AND M4(LV)-64/32)

Top View
44-Pin TQFP
M S won ~
LI [aa]
1
23I22% 8
M4(LV)-64/32 -
TSm0 20m
00o0o00Z o
=====0>=
OILIIRD
A2 A2 /05 1]
Al Al /06 1]
A0 —— A0 /07 C1T—
TDI 1]
M4(LV)-32/32 CLKO/I10 =T
GND
TCK
A8 —— BO  1/O8
A9 B1 /O
Al10 B2 |/  ——

IGNATIO

ply Yoltage
DI = a In
TCK = Test Clock
TMS = Test Mode Sele

TDO = Test Data Out
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48-PIN TQFP CONNECTION DIAGRAM (M4(LV)-32/32 AND M4(LV)-64/32)

Top View
48-Pin TQFP
m <t 0 N~ N~
CCCICL m
23295
M4(LV)-64/32 MA4(LV)-64/32
T mon-do 2
0O0000Z
=====0
N 0 N~ © D
S RAD
A2 A2 1/05 —T—|1 36 |—1T—1/02
Al Al 1/06 1|2 /026 D
A0 A0 /07 —1—]|3
TDI 1|4
CLKO/10 —1—]|5
M4(LV)-32/32 NC

I/0 Cell

M4(LV)-64/32

17466G-028

N DESIG
CLK/1

GND = ound

/O =1 tput
Vee = Supply Voltag
NC = No Connect
TDI = Test Data In

TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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100-PIN TQFP CONNECTION DIAGRAM (M4(LV)-96/48)

Top View
100-Pin TQFP
22I2Le8 o
209838858, 8209,988
OZZ=E=====>50zz0z==
HAHAHAARRRHAHEAAA
§
CDON~NOWLILTNONHO D QN ©
O $99909000H5 DD ®D
NC I |1
TDl 4 |2
NC T |3
NC T |4
Al 1106 T |5
AO 1107 T |6 T 1/041
BO /108 c{ |7 13 I/040
Bl 1109 T |8
B2 /0101 |9
B3 /011 ] |10
10/CLKO |11
Vce C | 12
GND 1 |13

11/CLK1 T |14
B4 /012 1
1/1013

17466G-029

IN DE
CLK/I lock put
GND =
I = Input
I/O = Input/Output
Vee = Supply Voltage

NC = No Connect

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 PQFP CONNECTION DIAGRAM (M4(LV)-128/64)

Top View

GND ]
GND ]
TDI ]
15—
B7 /08 ]
B6 1109 ]
B5 /010 ]
B4 /011 ]
B3 1/012 ]
B2 1/013[]
Bl /014 ]
BO 1/015[]
10/CLK0 —]
Vee

0 vee
GND <
GND ]
11/CLK1 ]
co 6]

7]
018

100-Pin PQFP

/06 A6
/05 A5
/04 A4
/103 A3
/063 HO
/062 H1
/061 H2

92| —Vcc
91| —GND
90| 3 GND
89| Vcce

85| 1

1) 87| —1

(3) 93| =100 A0
(80) 86| 1

(10)100| 1107 A7
(5) 95| =02 A2
(4) 94| 101 A1l

(82) 88| [

©CoO~NOUORWN R O

|

I/0 Cell (0-

A

PAL Bloc

(79

(73) 76
72) 75
(71) 74
(70) 73
(69) 72

64
62) 63
(61) 6

(60

60
58) 59
(57) 58
(56) 57
(55) 56
(54) 55
(41) 54

[—11/055
[——11/05¢4
11/05.
_11/05
11/051
11050

11/049  G1
048 GO

LK3
GND
GND
2 dVcc
- CcC
[ 113/CLK2
11/047
—11/046

[11/042

ND
ND

17466G-031

I/O = Input/Output \
Vee = Supply Voltag
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
TRST = Test Reset
ENABLE = Program
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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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144-PIN TQFP CONNECTION DIAGRAM (M4(LV)-192/96)

Top View

D7
D6
D5
D4
D3
D2
D1
Do

c7
C6
Cc5
C4
Cc3
c2
C1l
co

E7
E6

/095 B7
/094 B6
/093 B5
/092 B4
/091 B3

/088 BO
/087 A7
/086 A6
/085 A5
/084 A4
/083 A3
/082 A2
/081 Al

TT131 GND

/090 B2
/089 Bl
[TT1 VCC

FIT /055
1 /054
11 1/053
T1 1/052
1 1/051
1 1/050
13 1/049
1T 1/048
13 NC

12 GND

11
12
13
14
15
16
17

-
tice
Semiconductor

Corporation

17466G-033
PIN D
CLK
GND
I = Input
I/O = Input/Output
Vee = Supply Voltage
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out 17466G-044
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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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256-BALL BGA CONNECTION DIAGRAM (M4LV-256/128)

Bottom View

256-Ball BGA

= Corporation

20 19 18 17 16 15 14 13 12 11 10 9 4 3 2 1
Alano | Neo| enp | VQI08 | VOIOS | gyp | VOI0 | 086 | GND | GND | GND | GND aND | A
B | ovo |10 | wo | V9o [1ois | ot | uotee | 10ss | o |y 1088 oo | s
c|os | ne | veo | TRt | 10ut | 10107 | i0tos | otor voss | 0gs ome |
o [ o | wonm fioue | yoe | vee | 1010 | vee | we VO
e [ o | o fioue | o
F | oo |10 |1ous | ious
o e [1oEs |0 | e
H | oo |10 | oses | iosae OB 105 oo |+
o ne | ne | ne | ns 7 ne | one | g

Input/Output

K| e | cks | NCo| NE No Connect c | cke | NC | K

L ne c | ne |okt | eno | L

M| ne c 7 I VTG R i Y

Cell (

N | aND ENABLE lock (A-P) |/ago |/ag1 |/329 e | N
vee | VST V0SB 1 s | e
vost | 1o | 0% | gyp |
s | V90| WSS | ne | T

1035 vee | neo | vee | vee | V2881V ) e | u
133 os1 | 1% | 1086 | 1047 | o | 102 | g | v
o | e | Vs | om | s o | 105 | g | 1% | gy | w
GND | anp | V932 | 1936 | gnp | VOO | VOM | anp | Nco | enD | Y
10 9 8 7 6 5 4 3 2 1
17466G-045
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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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