=] attice isomacH™ 4a cPLD Family
=2 a2aa Semiconductor High Performance E2CMOS® Lead-

= = n s wn COrporation .
P In-System Programmable Logic Free
package

Options
Available!

FEATURES

¢ High-performance, E2CM0OS3.3-V & 5V CPLD families
¢ Flexiblearchitecturefor rapid logic designs
— Excellent First-Time-Fit™ and refit feature
— SpeedLocking™ performance for guaranteed fixed timing
— Central, input and output switch matrices for 100% routability and 100% pin-out retention
¢ High speed
— 5.0ns tpp Commercia and 7.5ns tpp Industrial
— 182MHz fCNT
¢ 32to512 macrocells; 32to 768 registers
¢ 4410388 pinsin PLCC, PQFP, TQFP, BGA, fpBGA and caBGA packages
¢ Flexiblearchitecturefor a widerange of design styles
— DIT registers and latches
— Synchronous or asynchronous mode
— Dedicated input registers
— Programmabl e polarity
— Reset/ preset swapping
¢ Advanced capabilitiesfor easy system integration
— 3.3-V & 5V JEDEC-compliant operations
— JTAG (IEEE 1149.1) compliant for boundary scan testing
— 3.3V & 5-V JTAG in-system programming
— PCI compliant (-5/-55/-6/-65/-7/-10/-12 speed grades)
— Safe for mixed supply voltage system designs
— Programmable pull-up or Bus-Friendly ™ inputs and 1/0s
— Hot-socketing
— Programmabl e security bit
— Individual output slew rate control
& Advanced E2CM OS process provides high-per for mance, cost-effective solutions
¢ L ead-free package options

Publication# ISPM4A  Rev: M
Amendment/0 Issue Date: September 2006



Lattice

1 Semiconductor

...... Corporation
Table 1. ispMACH 4A Device Features

3.3V Devices
Feature M4A3-32 M4A3-64 M4A3-96 M4A3-128 M4A3-192 M4A3-256 M4A3-384 M4A3-512
Macrocells 32 64 96 128 192 256 384 512
User 1/0 options 32 32/64 48 64 96 128/160/192 160/192 160/192/256
top (nS) 5.0 55 55 55 6.0 55 6.5 75
font (MHz) 182 167 167 167 160 167 154 125
teos (NS) 4.0 40 4.0 4.0 45 4.0 45 55
tss (nS) 30 35 35 35 35 35 35 5.0
Static Power (mA) 20 25/52 40 55 85 110/150 149/155 179
JTAG Compliant Yes Yes Yes Yes Yes Yes Yes Yes
PCI Compliant Yes Yes Yes Yes Yes Yes Yes Yes
5 V Devices
Feature M4A5-32 M4A5-64 M4A5-96 M4A5-128 M4A5-192 M4A5-256
Macrocells 32 64 96 128 192 256
User 1/0 options 32 32 48 64 96 128

top (nS) 5.0 55 55 55 6.0 65

fonr (MHz) 182 167 167 167 160 154

teos (NS) 4.0 40 4.0 4.0 45 5.0

tss (NS) 30 35 35 35 35 35
Static Power (mA) 20 25 40 55 74 110

JTAG Compliant Yes Yes Yes Yes Yes Yes
PCI Compliant Yes Yes Yes Yes Yes Yes
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GENERAL DESCRIPTION

The ispMACH ™ 4A family from Lattice offers an exceptionally flexible architecture and delivers a superior
Complex Programmable Logic Device (CPLD) solution of easy-to-use silicon products and software tools.
The overall benefits for users are a guaranteed and predictable CPLD solution, faster time-to-market,
greater flexibility and lower cost. The ispMACH 4A devices offer densities ranging from 32 to 512
macrocells with 100% utilization and 100% pin-out retention. The ispMACH 4A families offer 5-V (M4A5-
xxx) and 3.3-V (M4A3-xxx) operation.

iISPMACH 4A products are 5-V or 3.3-V in-system programmable through the JTAG (IEEE Std. 1149.1)
interface. JTAG boundary scan testing also allows product testability on automated test equipment for
device connectivity.

All'ispMACH 4A family members deliver First-Time-Fit and easy system integration with pin-out retention
after any design change and refit. For both 3.3-V and 5-V operation, ispMACH 4A products can deliver
guaranteed fixed timing as fast as 5.0 ns tpp and 182 MHz f-p through the SpeedLocking feature when
using up to 20 product terms per output (Table 2).

Table 2. ispMACH 4A Speed Grades

Speed Grade
Device -5 -55 -6 -65 -7 -10 -12 -14
M4A3-32
C C 1 C 1 |
M4A5-32
M4A3-64/32
| I |
M4A5-64/32 ¢ G, ¢,
M4A3-64/64 C C 1 C 1 |
M4A3-96
C C 1 C 1 |
M4A5-96
M4A3-128
A N |
M4A5-128 ¢ ¢ ¢
M4A3-192
C C 1 C 1 |
M4A5-192
M4A3-256/128 C C C 1 C 1 |
M4A5-256/128 C C C 1 |
M4A3-256/192 C Cl |
M4A3-256/160 '
M4A3-384 C C 1 C 1 |
M4A3-512 C C 1 C 1 |
Note:
1. C = Commercial, 1= Industrial
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The ispMACH 4A family offers 20 density-1/0 combinations in Thin Quad Flat Pack (TQFP), Plastic
Quad Flat Pack (PQFP), Plastic Leaded Chip Carrier (PLCC), Ball Grid Array (BGA), fine-pitch BGA
(fpBGA), and chip-array BGA (caBGA) packages ranging from 44 to 388 pins (Table 3). It also offers 1/0
safety features for mixed-voltage designs so that the 3.3-V devices can accept 5-V inputs, and 5-V devices
do not overdrive 3.3-V inputs. Additional features include Bus-Friendly inputs and 1/0s, 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.

Table 3. ispMACH 4A Package and I/O Options(Number of 1/Os and dedicated inputsin Table)

3.3V Devices

Package

M4A3-32

M4A3-64

M4A3-96

M4A3-128

M4A3-192

M4A3-256

M4A3-384

M4A3-512

44-pin PLCC

32+2

32+2

44-pin TQFP

32+2

32+2

48-pin TQFP

32+2

32+2

100-pin TQFP

64+6

48+8

64+6

100-pin PQFP

64+6

100-ball caBGA

64+6

144-pin TQFP

96+16

144-ball fpBGA

96+16

208-pin PQFP

128+14, 160

160

160

256-ball fpBGA

128+14, 192

192

192

256-ball BGA

128+14

192

388-ball fpBGA

256

5V Devices

Package

M4A5-32

M4A5-64

M4A5-96

M4A5-128

M4A5-192

M4A5-256

44-pin PLCC

32+2

32+2

44-pin TQFP

32+2

32+2

48-pin TQFP

32+2

32+2

100-pin TQFP

43+8

64+6

100-pin PQFP

64+6

144-pin TQFP

96+16

208-pin PQFP

128+14
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FUNCTIONAL DESCRIPTION

The fundamental architecture of ispMACH 4A devices (Figure 1) consists of multiple, optimized PAL®
blocks interconnected by a central switch matrix. The central switch matrix allows communication between
PAL blocks and routes inputs to the PAL blocks. Together, the PAL blocks and central switch matrix allow
the logic designer to create large designs in a single device instead of having to use multiple devices.

The key to being able to make effective use of these devices lies in the interconnect schemes. In the
iISPMACH 4A architecture, the macrocells are flexibly coupled to the product terms through the logic
allocator, and the 1/0 pins are flexibly coupled to the macrocells due to the output switch matrix. In
addition, more input routing options are provided by the input switch matrix. These resources provide the
flexibility needed to fit designs efficiently.

PAL Block
ClOCk 4 Note 2
Generator
]
Clock/Input <
Pins 33/ E
Note 3 34/ s /0
K v i
2 (38 Logic Logic |16 | Output/ | 16 | § | 8 = Pins
g Array =»| Allocator Buried s - O @
= with XOR Macrocells ? | Note1l | Q
Dedicated % 16 §
Input Pins & Input | 3
IS Switch 16 I 1o
§ Matrix |« Pins
B adl PAL Block K
— PAL Block K
/0
Pins
17466G-001
Figure 1. ispMACH 4A Block Diagram and PAL Block Structure
Notes:

1. 16 for ispMACH 4A devices with 1:1 macrocell-1/0O cell ratio (see next page).
2. Block clocks do not go to 170 cells in M4A(3,5)-32/32.

3. M4A(3,5)-192, M4A(3,5)-256, M4A3-384, and M4A3-512 have dedicated clock pins which cannot be used as inputs and do not connect to the central switch
matrix.
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Table 4. Architectural Summary of ispMACH 4A devices

iSpMACH 4A Devices
M4A3-64/32, M4A5-64/32
M4A3-96/48, M4A5-96/48 M4A3-32/32
M4A3-128/64, M4AS-128/64 M4A5-32/32
M4A3-192/96, M4A5-192/96 M4A3-64/64
M4A3-256/128, M4A5-256/128 M4A3-256/160
M4A3-384 M4A3-256/192
M4A3-512
Macrocell-1/0 Cell Ratio 2:1 1:1
Input Switch Matrix Yes Yes!
Input Registers Yes No
Central Switch Matrix Yes Yes
Output Switch Matrix Yes Yes

The Macrocell-170 cell ratio is defined as the number of macrocells versus the number of 1/0 cells
internally in a PAL block (Table 4).

The central switch matrix takes all dedicated inputs and signals from the input switch matrices and routes
them as needed to the PAL blocks. Feedback signals that return to the same PAL block still must go through
the central switch matrix. This mechanism ensures that PAL blocks in ispMACH 4A devices communicate
with each other with consistent, predictable delays.

The central switch matrix makes a ispMACH 4A device more advanced than simply several PAL devices on
a single chip. It allows the designer to think of the device not as a collection of blocks, but as a single
programmable device; the software partitions the design into PAL blocks through the central switch matrix
so that the designer does not have to be concerned with the internal architecture of the device.

Each PAL block consists of;

Product-term array
Logic allocator
Macrocells

Output switch matrix
170 cells

Input switch matrix
¢ Clock generator

Notes:
1. MA4A3-64/64 internal switch matrix functionality embedded in central switch matrix.

L IR 2R JER R SR 2
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Product-Term Array

The product-term array consists of a number of product terms that form the basis of the logic being
implemented. The inputs to the AND gates come from the central switch matrix (Table 5), and are provided
in both true and complement forms for efficient logic implementation.

Table 5. PAL Block Inputs

Device Number of Inputs to PAL Block
M4A3-32/32 and M4A5-32/32 33
M4A3-64/32 and M4A5-64/32 33
M4A3-64/64 33
M4A3-96/48 and M4A5-96/48 33
M4A3-128/64 and M4A5-128/64 33
M4A3-192/96 and M4A5-192/96 34
M4A3-256/128 and M4A5-256/128 34
M4A3-256/160 and M4A3-256/192 36
M4A3-384 36
M4A3-512 36

L ogic Allocator

Within the logic allocator, product terms are allocated to macrocells in “product term clusters.” The
availability and distribution of product term clusters are automatically considered by the software as it fits
functions within a PAL block. The size of a product term cluster has been optimized to provide high
utilization of product terms, making complex functions using many product terms possible. Yet when few
product terms are used, there will be a minimal number of unused—or wasted—product terms left over.
The product term clusters available to each macrocell within a PAL block are shown in Tables 6 and 7.

Each product term cluster is associated with a macrocell. The size of a cluster depends on the configuration
of the associated macrocell. When the macrocell is used in synchronous mode

(Figure 2a), the basic cluster has 4 product terms. When the associated macrocell is used in asynchronous
mode (Figure 2b), the cluster has 2 product terms. Note that if the product term cluster is routed to a
different macrocell, the allocator configuration is not determined by the mode of the macrocell actually
being driven. The configuration is always set by the mode of the macrocell that the cluster will drive if not
routed away, regardless of the actual routing.

In addition, there is an extra product term that can either join the basic cluster to give an extended cluster,
or drive the second input of an exclusive-OR gate in the signal path. If included with the basic cluster, this
provides for up to 20 product terms on a synchronous function that uses four extended 5-product-term
clusters. A similar asynchronous function can have up to 18 product terms.

When the extra product term is used to extend the cluster, the value of the second XOR input can be
programmed as a 0 or a 1, giving polarity control. The possible configurations of the logic allocator are
shown in Figures 3 and 4.

iSpMACH 4A Family 7
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Table 6. Logic Allocator for All ispM ACH 4A Devices (except M4A(3,5)-32/32)

Output Macrocell Available Clusters Output Macrocell Available Clusters
Mo Co. C1. G Mg C7.Cg, Cg, C1g
My Co €1, G2 C3 Mg Cg, Cg: C10: C11
M, C1,Cp Cs Gy Mo Co, C10, C11, C12
M3 €2 C3,C4, Cs M1 C10: C11, C12, Cy3
My C3, C4, Cs, Cg M1, C11, C12, C3, Cyy
Ms C4, Cs, G C7 M13 C12: C13, C14: G5
Ms Cs, C, C7,Cg M4 C13, C14, C15
M7 C C7,Cq, Co M5 C14 C15

Table 7. Logic Allocator for M4A(3,5)-32/32

Output Macrocell Available Clusters Output Macrocell Available Clusters
Mo Co. €1 G Mg Cg, Cg, C1o
My Co. €1, G2 G5 Mg Cg, g, C10 C11
M, C1,Cp, C3, Gy M1o Co, C10, €11, Co
M3 €2 C3, G4, Cs M1 C10: C11 C12, Cy3
My C3, C4, Cs, Cg M1, C11, C12, C13, Cyg
Ms C4, Cs, G, 7 Mis C12, C13, C14, G5
Mg Cs, G, C7 M4 C13, C14, C15
M7 Ce, C7 M5 C14, Cis5
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Figure 2. Logic Allocator: Configuration of Cluster “n” Set by Mode of Macrocell “n
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oD E=D> ED

a. Basic cluster with XOR b. Extended cluster, active high c. Extended cluster, active low

=D D =

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

17466G-007
Figure 3. Logic Allocator Configurations: Synchronous Mode

DD ED > FD>

a. Basic cluster with XOR b. Extended cluster, active high c. Extended cluster, active low

d. Basic cluster routed away; e. Extended cluster routed away

single-product-term, active high

17466G-008
Figure4. Logic Allocator Configurations: Asynchronous M ode

Note that the configuration of the logic allocator has absolutely no impact on the speed of the signal. All
configurations have the same delay. This means that designers do not have to decide between optimizing
resources or speed; both can be optimized.

If not used in the cluster, the extra product term can act in conjunction with the basic cluster to provide
XOR logic for such functions as data comparison, or it can work with the D-,T-type flip-flop to provide
for J-K, and S-R register operation. In addition, if the basic cluster is routed to another macrocell, the extra
product term is still available for logic. In this case, the first XOR input will be a logic 0. This circuit has the
flexibility to route product terms elsewhere without giving up the use of the macrocell.

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.

iSpMACH 4A Family 9
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M acrocell

The macrocell consists of a storage element, routing resources, a clock multiplexer, and initialization
control. The macrocell has two fundamental modes: synchronous and asynchronous (Figure 5). The mode
chosen only affects clocking and initialization in the macrocell.

Power-Up !
Reset !
PAL-Block TR
Initialization !
Product Terms L i -
' | SWAP
Common PAL-block resource i
Individual macrocell resources
To Output and Input
AP AR Switch Matrices
From Logic Allocator D/T/L Q
F Block CLKO
rom
Block CLK1
PAL-Clock Block CLK2
Generator
Block CLK3
17466G-009
a. Synchronous mode
Power-Up
Reset
Individual
Initialization .
Product Term
| -
1 | swap
| To Output and Input
From Logic AP AR Switch Matrices
Allocator ® DITL Q
From PAL-Block Block CLKO
Clock Generator Block CLK1
Individual Clock ™)
Product Term = Lc

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 iSpMACH 4A Family
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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 6, although others are possible. Flip-flop functionality
is defined in Table 8. Note that a J-K latch is inadvisable as it will cause oscillation if both J and K inputs

are HIGH.

1] Sj

1] E?

H AP AR
@?} %

AP AR

D

AP AR

|||I?

D

a. D-typewith XOR

b. D-type with programmable D polarity

AP AR

AP AR

||||?
|

c. Latch with XOR

d. Latch with programmable D polarity

D

$DD-

f. Combinatorial with XOR

e. T-type with programmable T polarity

g. Combinatorial with programmable polarity

17466G-011

Figure 6. Primary Macrocell Configurations
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Table 8. Register/L atch Operation

Configuration Input(s) CLK/LE L Q+

D=X 01, ] (M Q

D-type Register D=0 () 0
D=1 ) 1

T=X 0,11 (M Q

T-type Register T=0 () Q
T=1 () Q

D=X 1(0) Q

D-type Latch D=0 0(1) 0
D=1 0(1) 1

Note:

1. Polarity of CLK/LE can be programmed

Although the macrocell shows only one input to the register, the XOR gate in the logic allocator allows the
D-, T-type register to emulate J-K, and S-R behavior. In this case, the available product terms are divided
between Jand K (or S and R). When configured as J-K, S-R, or T-type, the extra product term must be used
on the XOR gate input for flip-flop emulation. In any register type, the polarity of the inputs can be
programmed.

The clock input to the flip-flop can select any of the four PAL block clocks in synchronous mode, with the
additional choice of either polarity of an individual product term clock in the asynchronous mode.

The initialization circuit depends on the mode. In synchronous mode (Figure 7), asynchronous reset and
preset are provided, each driven by a product term common to the entire PAL block.

Power-Up Power-Up
Reset Preset
PAL-Block 4D®7 PAL-Block
Initialization Initialization
Product Terms —[)—— Product Terms —[)
AP AR AP AR
DITL Q pL Q

D D

a. Power-up reset b. Power-up preset

17466G-012 17466G-013
Figure 7. Synchronous M ode Initialization Configurations
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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 preset.

Power-Up Power-Up
Reset Preset
e e S
Reset
Product Term Product Term
AP AR AP AR
DILIT Q DiLIT Q
> L/
a. Reset b. Preset
17466G-014 17466G-015

Figure 8. Asynchronous Mode Initialization Configurations

Note that the reset/preset swapping selection feature effects power-up reset as well. The initialization
functionality of the flip-flops is illustrated in Table 9. The macrocell sends its data to the output switch
matrix and the input switch matrix. The output switch matrix can route this data to an output if so desired.
The input switch matrix can send the signal back to the central switch matrix as feedback.

Table 9. Asynchronous Reset/Preset Operation

AR AP CLK/LE! 0+

0 0 X See Table 8
0 1 X 1

1 0 X 0

1 1 X 0

Note:
1. Transparent latch is unaffected by AR, AP

iSpMACH 4A Family 13
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Output Switch Matrix

The output switch matrix allows macrocells to be connected to any of several 170 cells within a PAL block.
This provides high flexibility in determining pinout and allows design changes to occur without effecting
pinout.

In ispMACH 4A devices with 2:1 Macrocell-1/0 cell ratio, each PAL block has twice as many macrocells
as 1/0 cells. The ispMACH 4A output switch matrix allows for half of the macrocells to drive 1/0 cells
within a PAL block, in combinations according to Figure 9. Each 1/0 cell can choose from eight macrocells;
each macrocell has a choice of four 170 cells. The ispMACH 4A devices with 1:1 Macrocell-1/0 cell ratio
allow each macrocell to drive one of eight 1/0 cells (Figure 9).

Mo [] Mo [] —{] oo Mo []—{] oo
M1 [] M1 []|— o1 M1 []|— vo1
M2 [] m2 []||— vo2 M2 []||— vo2
M3 [] M3 [] /103 M3 [] /03
= M4 [] 1100 M4 [] 1104 M4 [] 1104
[ M5 [] 1101 M5 [] /05 ms [] /05
o | [ me [] 1102 me [] 1106 me [] 1106
g [ < . 3 M7 1/03 M7 1107 M7 /07
§< o 15 e Me[]  [uoa4 me[]  [wos Ms[] []os
E| [ Mo [] 0 vos Mo [] [ o9 M9 [] [ o9
e m10 [] [ vos m10 [] [Jvo1o M10 [] [ wo1o
= M11[] 0 vo7 M11[] 0 wvo11 M11 [] [ vo11
M12 [] mMi2[]  [vo12 mMi2[]  [Jwoi2
M13 [] mi3[]  [Jwvo1s Miz[]  [wois
m14 [] M4 []  [Jvoi4 Mi4[] [Juoia
M15 [] mis[]  [Jvois Mis[]  [uois

Each macrocell can drive
one of 8 1/O cells in
M4A(3, 5)-32/32 devices.

Each macrocell can drive
one of 8 1/0 cells in
iSpMACH 4A devices with 1:1
macrocell-l/O cell ratio except
M4A(3, 5)-32/32 devices.

Each macrocell can drive
one of 41/O cells in
iSpMACH 4A devices with
2:1 macrocell-1/O cell ratio.

Each I/O cell can
choose one of 8
macrocells in
all ispMACH 4A
devices.

Figure9. ispM ACH 4A Output Switch Matrix

Table 10. Output Switch Matrix Combinationsfor ispM ACH 4A Deviceswith 2:1 Macrocell-1/O Cell Ratio

Macrocell Routable to 1/0 Cells
MO, M1 1/00, 1/05, 1/06, 1/07
M2, M3 1/00, 1/01, 1/06, 1/07
M4, M5 1/00, 1/01, 1/02, 1/07
M6, M7 1/00, 1/01, 1/02, 1/03
M8, M9 1/01, 1/02, 1/03, 1/04

M10, M11 1/02, 1/03, 1/04, 1/05

14 isSPMACH 4A Family
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Table 10. Output Switch Matrix Combinationsfor ispM ACH 4A Deviceswith 2:1 Macrocell-1/0 Cell Ratio

Macrocell Routable to 1/0 Cells

M12, M13 1/03, 1/04, 1/05, 1/06

M14, M15 1/04, 1/05, 1/06, 1/07

1/0 Cell Available Macrocells
1/00 MO, M1, M2, M3, M4, M5, M6, M7
1/01 M2, M3, M4, M5, M6, M7, M8, M9
1102 M4, M5, M6, M7, M8, M9, M10, M11
1/03 M6, M7, M8, M9, M10, M11, M12, M13
1/04 M8, M9, M10, M11, M12, M13, M14, M15
1/05 MO0, M1, M10, M11, M12, M13, M14, M15
1/06 MO, M1, M2, M3, M12, M13, M14, M15
1/107 MO, M1, M2, M3, M4, M5, M14, M15

Table 11. Output Switch Matrix Combinationsfor M4A3-256/160 and M 4A 3-256/192

Macrocell Routable to 1/0 Cells
MO 1/00 1/01 1102 1/03 1104 1/05 1/06 1107
M1 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1107
M2 1/00 1/01 1102 1/03 1104 1/05 1/06 1107
M3 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1/07
M4 1/00 1/01 1102 1/03 1104 1/05 1/06 1107
M5 1/00 1/01 1102 1/03 1/04 1/05 1/06 1107
M6 1/00 1/01 1102 1/03 1104 1/05 1/06 1107
M7 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1107
M8 1/08 1109 1/010 /011 1/012 1/013 1/014 1/015
M9 1/08 1/09 1/010 1/011  1/012 1/013 1/014 1/015
M10 1/08 1109 1/010 /011 1/012 1/013 1/014 1/015
M11 1/08 1/09 1/010 1/011  1/012 1/013 1/014 1/015
M12 1/08 1/09 1/010 /011 1/012 1/013 1/014 1/015
M13 1/08 1/09 1/010 1/011  1/012 1/013 1/014 1/015
M14 1/08 1/09 1/010 /011 1/012 1/013 1/014 1/015
M15 1/08 1/09 1/010 1/011  1/012 1/013 1/014 1/015
1/0 Cell Available Macrocells

1/00 MO M1 M2 M3 M4 M5 M6 M7
1/01 MO M1 M2 M3 M4 M5 M6 M7
1/02 MO M1 M2 M3 M4 M5 M6 M7
1/03 MO M1 M2 M3 M4 M5 M6 M7
1104 MO M1 M2 M3 M4 M5 M6 M7
1/05 MO M1 M2 M3 M4 M5 M6 M7
1/06 MO M1 M2 M3 M4 M5 M6 M7
1107 MO M1 M2 M3 M4 M5 M6 M7

iSpMACH 4A Family
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Table 11. Output Switch Matrix Combinationsfor M4A3-256/160 and M 4A 3-256/192

Macrocell Routable to 1/0 Cells
1/08 M8 M9 M10 M11 M12 M13 M14 M15
1/09 M8 M9 M10 M11 M12 M13 M14 M15
1/010 M8 M9 M10 M11 M12 M13 M14 M15
1/011 M8 M9 M10 M11 M12 M13 M14 M15
1/012 M8 M9 M10 M11 M12 M13 M14 M15
1/013 M8 M9 M10 M11 M12 M13 M14 M15
1/014 M8 M9 M10 M11 M12 M13 M14 M15
1/015 M8 M9 M10 M11 M12 M13 M14 M15

Table 12. Output Switch Matrix Combinationsfor M4A(3,5)-32/32

Macrocell Routable to 1/0 Cells
MO, M1, M2, M3, M4, M5, M6, M7 1/00, 1/01, 1/02, 1/03, 1/04, 1/05, 1/06, 1/07
M8, M9, M10, M11, M12, M13, M14, M15 1/08, 1/09, 1/010, 1/011, 1/012, 1/013, 1/014, 1/015
1/0 Cell Available Macrocells
1/00, 1/01, 1/02, 1/03, 1/04, 1/05, 1/06, 1/07 MO, M1, M2, M3, M4, M5, M6, M7
1/08, 1/09, 1/010, 1/011, 1/012, 1/013, 1/014, 1/015 M8, M9, M10, M11, M12, M13, M14, M15

Table 13. Output Switch Matrix Combinationsfor M 4A3-64/64

Macrocell Routable to 1/0 Cells
MO, M1 1/00, 1/01, 1/010, 1/011, 1/012, /013, 1/014, 1/015
M2, M3 1/00, 1/01, 1/02, 1/03, 1/012, 1/013, 1/014, 1/015
M4, M5 1/00, 1/01, 1/02,1/03, 1/04,1/05, 1/014, 1/015
M6, M7 1/00, 1/01, 1/02, 1/03, 1/04, 1/05, 1/06, 1/07
M8, M9 1/02, 1103, 1/04, 1/05, 1/06, 1/07, 1/08, 1/09
M10, M11 1/04, 1105, 1/06, 1/07, 1/08, 1/09, /010, 1/011
M12, M13 1/06, 1/07, 1/08, 1/09, 1/010, 1/011, 1/012, 1/013
M14, M15 1/08, 1/09, 1/010, 1/011, 1/012, 1/013, 1/014, 1/015
1/0 Cell Available Macrocells
1/00, 1/01 MO, M1, M2, M3, M4, M5, M6, M7
1/02,1/03 M2, M3, M4, M5, M6, M7, M8, M9
1/04, 1105 M4, M5, M6, M7, M8, M9, M10, M11
1/06, 1107 M6, M7, M8, M9, M10, M11, M12, M13
1/08, 1/09 M8, M9, M10, M11, M12, M13, M14, M15
1/010, 1/011 MO, M1, M10, M11, M12, M13, M14, M15
1/012, 1/013 MO, M1, M2, M3, M12, M13, M14, M15
1/014, 1/015 MO, M1, M2, M3, M4, M5, M14, M15
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1/O Cell

The 170 cell (Figures 10 and 11) simply consists of a programmable output enable, a feedback path, and
flip-flop (except ispMACH 4A devices with 1:1 macrocell-1/0 cell ratio). An individual output enable
product term is provided for each 1/0 cell. The feedback signal drives the input switch matrix.

Individual
Output Enable
Product Term
From Output Kz
Switch Matrix l/ Individual
Output Enable
Product Term
To Input From Output
Switch Switch Matrix l/ 3
Matrix
-—{Q D/L |
To Input
—— Block CLKO Switch
< —— Block CLK1 Matrix
—— Block CLK2
— Block CLK3
l Power-up reset
17466G-017 17466G-018
Figure 10. 1/O Cell for ispMACH 4A Deviceswith 2:1 Figure11. 1/O Cell for ispMACH 4A Deviceswith 1:1
Macrocell-I/O Cell Ratio Macrocell-1/O Cell Ratio

The 1/0 cell (Figure 10) contains a flip-flop, which provides the capability for storing the input in a D-type
register or latch. The clock can be any of the PAL block clocks. Both the direct and registered versions of
the input are sent to the input switch matrix. This allows for such functions as “time-domain-multiplexed”
data comparison, where the first data value is stored, and then the second data value is put on the 1/0 pin
and compared with the previous stored value.

Note that the flip-flop used in the ispMACH 4A 1/0 cell is independent of the flip-flops in the macrocells.
It powers up to a logic low.

Zero-Hold-Time Input Register

The ispMACH 4A devices have a zero-hold-time (ZHT) fuse which controls the time delay associated with
loading data into all 1/0O cell registers and latches. When programmed, the ZHT fuse increases the data path
setup delays to input storage elements, matching equivalent delays in the clock path. When the fuse is erased,
the setup time to the input storage element is minimized. This feature facilitates doing worst-case designs
for which data is loaded from sources which have low (or zero) minimum output propagation delays from
clock edges.

isPMACH 4A Family 17
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Input Switch Matrix

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.

From Input Cell

Direct

From I/O Pin

From Macrocell

From Macrocell 1
From Macrocell 2
Registered/Latched

A

To Central Switch Matrix
To Central Switch Matrix

17466G-002 17466G-003
Figure 12. ispMACH 4A with 2:1 Macrocell-1/0 Cell Figure 13. ispMACH 4A with 1:1 Macrocell-1/0 Cell
Ratio - Input Switch Matrix Ratio - Input Switch Matrix
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PAL Block Clock Generation

Each ispMACH 4A device has four clock pins that can also be used as inputs. These pins drive a clock
generator in each PAL block (Figure 14). The clock generator provides four clock signals that can be used
anywhere in the PAL block. These four PAL block clock signals can consist of a large number of
combinations of the true and complement edges of the global clock signals. Table 14 lists the possible
combinations.

GCLKO

g Block CLKO
(GCLKO or GCLK1)
GCLK1 Al
B Block CLK1
g ™ (GCLK1 or GCLKO)
ﬁ
GCLK2 - Block CLK2
™ (GCLK2 or GCLK3)
ﬁ
GCLK3
B Block CLK3
e
— (GCLK3 or GCLK2)
_|_|

17466G-004
Figure 14. PAL Block Clock Generator *

1. MA4A(3,5)-32/32 and M4A(3,5)-64/32 have only two clock pins, GCLKO and GCLK1. GCLK?2 is tied to GCLKO, and GCLK3 is tied to GCLK1.

Table 14. PAL Block Clock Combinations!

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

X X GCLK2 (GCLKO) GCLK3 (GCLKL)
X X GCLK3 (GCLKT) GCLK3 (GCLK1)
X X GCLK2 (GCLKO) GCLKZ (GCLKO)
X X GCLK3 (GCLK1) GCLKZ (GCLKO)

Note:
1. Values in parentheses are for the M4A(3,5)-32/32 and M4A(3,5)-64/32.

This feature provides high flexibility for partitioning state machines and dual-phase clocks. It also allows
latches to be driven with either polarity of latch enable, and in a master-slave configuration.
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ISpPOMACH 4A TIMING MODEL

The primary focus of the ispMACH 4A timing model is to accurately represent the timing in a ispMACH
4A device, and at the same time, be easy to understand. This model accurately describes all combinatorial
and registered paths through the device, making a distinction between internal feedback and external
feedback. A signal uses internal feedback when it is fed back into the switch matrix or block without having
to go through the output buffer. The input register specifications are also reported as internal feedback.
When a signal is fed back into the switch matrix after having gone through the output buffer, it is using
external feedback.

The parameter, tg is defined as the time it takes to go from feedback through the output buffer to the
170 pad. If asignal goes to the internal feedback rather than to the 1/0 pad, the parameter designator is
followed by an “i”. By adding tg g to this internal parameter, the external parameter is derived. For
example, tpp = tpp; + tgyr A diagram representing the modularized ispMACH 4A timing model is shown
in Figure 15. Refer to the application note entitled MACH 4 Timing and High Speed Design for a more detailed
discussion about the timing parameters.

(External Feedback)

(Internal Feedback)

COMB/DFF/TFF/
LATCH/SR*/JK*
IN Central remulated ll out
> Switch . tssry  tepi Q tur >
Matrix tsam tepLi
tH(sia) tcosimyi
tssaL  teo(say
thsaL  tsri
P 7> tS(RR )
INPUT REG/
INPUT LATCH SR tea
tsirs o Q ter
tHirRs ticosi
tsiL tcosi
T tppILZi
tsirz
> thirz
tsiz
thiLz

BLK CLK
>

Figure 15. ispMACH 4A Timing Model

17466G-025

SPEEDLOCKING FOR GUARANTEED FIXED TIMING

The ispMACH 4A architecture allows allocation of up to 20 product terms to an individual macrocell with
the assistance of an XOR 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.
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|EEE 1149.1-COMPLIANT BOUNDARY SCAN TESTABILITY

All ispMACH 4A devices have boundary scan cells and are compliant to the IEEE 1149.1 standard. This
allows functional testing of the circuit board on which the device is mounted through a serial scan path that
can access all critical logic nodes. Internal registers are linked internally, allowing test data to be shifted in
and loaded directly onto test nodes, or test node data to be captured and shifted out for verification. In
addition, these devices can be linked into a board-level serial scan path for more complete board-level
testing.

|[EEE 1149.1-COMPLIANT IN-SYSTEM PROGRAMMING

Programming devices in-system provides a number of significant benefits including: rapid prototyping,
lower inventory levels, higher quality, and the ability to make in-field modifications. All ispMACH 4A
devices provide In-System Programming (ISP) capability through their Boundary ScanTest Access Ports.
This capability has been implemented in a manner that ensures that the port remains compliant to the IEEE
1149.1 standard. By using IEEE 1149.1 as the communication interface through which ISP is achieved,
customers get the benefit of a standard, well-defined interface.

iISPMACH 4A devices can be programmed across the commercial temperature and voltage range. The PC-
based ispVM™ software facilitates in-system programming of ispMACH 4A devices. ispVM takes the
JEDEC file output produced by the design implementation software, along with information about the
JTAG chain, and creates a set of vectors that are used to drive the JTAG chain. ispVM software can use
these vectors to drive a JTAG chain via the parallel port of a PC. Alternatively, ispVM software can output
files in formats understood by common automated test equipment. This equpment can then be used to
program iSpMACH 4A devices during the testing of a circuit board.

PClI COMPLIANT

iISPMACH 4A devices in the -5/-55/-6/-65/-7/-10/-12 speed grades are compliant with the PCI Local Bus
Specification version 2.1, published by the PCI Special Interest Group (SIG). The 5-V devices are fully PCI-
compliant. The 3.3-V devices are mostly compliant but do not meet the PCI condition to clamp the inputs
as they rise above V¢ because of their 5-V input tolerant feature.

SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS

Both the 3.3-V and 5-V V¢ ispMACH 4A devices are safe for mixed supply voltage system designs. The
5-V devices will not overdrive 3.3-V devices above the output voltage of 3.3 V, while they accept inputs
from other 3.3-V devices. The 3.3-V device will accept inputs up to 5.5 V. Both the 5-V and 3.3-V versions
have the same high-speed performance and provide easy-to-use mixed-voltage design capability.

PULL UP OR BUS-FRIENDLY INPUTSAND 1/Os

All ispMACH 4A devices have inputs and 1/0s 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 Data Book CD-ROM or Lattice web
site.

All ispMACH 4A devices have a programmable bit that configures all inputs and 1/Os with either pull-up
or Bus-Friendly characteristics. If the device is configured in pull-up mode, all inputs and 170 pins are
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weakly pulled up. For the circuit diagram, please refer to the document entitled MACH Endurance
Characteristics on the Lattice Data Book CD-ROM or Lattice web site.

POWER MANAGEMENT

Each individual PAL block in ispMACH 4A devices features a programmable low-power mode, which
results in power savings of up to 50%. The signal speed paths in the low-power PAL block will be slower
than those in the non-low-power PAL block. This feature allows speed critical paths to run at maximum
frequency while the rest of the signal paths operate in the low-power mode.

PROGRAMMABLE SLEW RATE

Each ispMACH 4A device 1/0 has an individually programmable output slew rate control bit. Each output
can be individually configured for the higher speed transition (3 VV/ns) or for the lower noise transition (1
V/ns). For high-speed designs with long, unterminated traces, the slow-slew rate will introduce fewer
reflections, less noise, and keep ground bounce to a minimum. For designs with short traces or well
terminated lines, the fast slew rate can be used to achieve the highest speed. The slew rate is adjusted
independent of power.

POWER-UP RESET/SET

All flip-flops power up to a known state for predictable system initialization. If a macrocell is configured to
SET on a signal from the control generator, then that macrocell will be SET during device power-up. If a
macrocell is configured to RESET on a signal from the control generator or is not configured for set/reset,
then that macrocell will RESET on power-up. To guarantee initialization values, the V¢ rise must be
monotonic, and the clock must be inactive until the reset delay time has elapsed.

SECURITY BIT

A programmable security bit is provided on the ispMACH 4A devices as a deterrent to unauthorized
copying of the array configuration patterns. Once programmed, this bit defeats readback of the
programmed pattern by a device programmer, securing proprietary designs from competitors.
Programming and verification are also defeated by the security bit. The bit can only be reset by erasing the
entire device.

HOT SOCKETING

iISPMACH 4A devices are well-suited for those applications that require hot socketing capability. Hot
socketing a device requires that the device, when powered down, can tolerate active signals on the 1/0s and
inputs without being damaged. Additionally, it requires that the effects of the powered-down MACH
devices be minimal on active signals.
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BLOCK DIAGRAM —M4A(3,5)-64/32
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BLOCK DIAGRAM —M4A3-64/64
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BLOCK DIAGRAM — M4A(3,5)-96/48
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BLOCK DIAGRAM —M4A(3,5)-256/128
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BLOCK DIAGRAM —M4A3-256/160, M 4A 3-256/192
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BLOCK DIAGRAM — M4A3-384/160, M4A 3-384/192
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BLOCK DIAGRAM - M4A3-512/160, M4A3-512/192, M 4A3-512/256
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ABSOLUTE MAXIMUM RATINGS

M4A5

Storage Temperature. .................. -65°C to +150°C
Ambient Temperature

with Power Applied. . ................... -55°C to +100°C
Device Junction Temperature. . .................. +130°C
Supply Voltage

with Respectto Ground . . ............... -05Vto+7.0V
DC Input Voltage . .. .............. -05Vto Ve +05V
Static Discharge Voltage. .. ..................... 2000V
Latchup Current (Tp = -40°Cto +85°C) .......... 200 mA

Stresses above those listed under Absolute Maximum Ratings may cause per-
manent device failure. Functionality at or above these limits is not implied. Expo-
sure to Absolute Maximum Ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (T )

Operatingin Free Air..................... 0°C to +70°C
Supply Voltage (Vcc)
with Respect to Ground. . ............ +4.75V 1o +5.25V

Industrial (I) Devices
Ambient Temperature (T )

Operatingin Free Air.................... -40°C to +85°C
Supply Voltage (Vcc)
with Respect to Ground. .. ............ +4.50V to +5.5V

Operating ranges define those limits between which the functionality of the device is
guaranteed.

5-V DC CHARACTERISTICSOVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Typ Max Unit
loy =—3.2 mA, Ve = Min, Vjy = Vyor v 2.4 v
Von Output HIGH Voltage o « -
IOH =-100 HA, VCC = Max, V|N = V|H or V||_ 3.3 3.6 V
VOL Outpu'[ LOW Voltage IOL =24 mA, VCC = Min, V|N = V|H or V”_ (Note l) 0.5 v
Viy Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs 20 v
(Note 2)
Guaranteed Input Logical LOW Voltage for all Inputs
ViL Input LOW Voltage (Note 2) 0.8 v
IH Input HIGH Leakage Current Viy=5.25V, Voo = Max (Note 3) 10 uA
n Input LOW Leakage Current Viy =0V, Voo = Max (Note 3) -10 uA
lozH Off-State Output Leakage Current HIGH | Voyr = 5.25V, Ve = Max, V= Vg or V,_ (Note 3) 10 uA
lozt Off-State Output Leakage Current LOW | Voyr =0V, Ve = Max , V= Vi or V) (Note 3) -10 uA
Isc Output Short-Circuit Current Vour = 0.5V, Ve = Max (Note 4) -30 -160 mA
Notes:

1. Total Io_ for one PAL block should not exceed 64 mA.

These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included.

2
3. 1/0 pin leakage is the worst case of I and 1oz, (or I} and lgzp).
4

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
VouTt = 0.5V has been chosen to avoid test problems caused by tester ground degradation.
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ABSOLUTE MAXIMUM RATINGS

M4A3

Storage Temperature. . ................. -65°C to +150°C
Ambient Temperature

with Power Applied. . ................... -55°C to +100°C
Device Junction Temperature. . .................. +130°C
Supply Voltage

with Respectto Ground .. ............... -05Vto+45V
DC InputVoltage . ...................... -05Vt06.0V
Static Discharge Voltage. . ...................... 2000 V
Latchup Current (Tp = -40°C to +85°C) .......... 200 mA

Stresses above those listed under Absolute Maximum Ratings may cause per-
manent device failure. Functionality at or above these limits is not implied. Expo-
sure to Absolute Maximum Ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (T )

Operatingin Free Air..................... 0°C to +70°C
Supply Voltage (Vcc)
with Respect to Ground. .. ............. +3.0Vto+3.6V

Industrial (1) Devices
Ambient Temperature (T )

Operatingin Free Air.................... -40°C to +85°C
Supply Voltage (Vcc)
with Respect to Ground. .. ............. +3.0Vto+3.6V

Operating ranges define those limits between which the functionality of the device is
guaranteed.

3.3V DC CHARACTERISTICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Typ Max Unit
=Mi loy =—100 pA Vee=0.2 v
Vou Output HIGH Voltage Vee _Mm ot w «
Vin = Vi or Vi, loy=-3.2mA 2.4 v
Vee = Min lot = 100 uA 0.2 v
VoL Output LOW Voltage Viy=VgorV
(Note 1) loL =24 mA 05 v
Viy Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all 20 55 v
Inputs
vy, Input LOW Voltage Guaranteed Input Logical LOW Voltage for all 03 0.8 v
Inputs
IH Input HIGH Leakage Current Viy = 3.6V, Ve = Max (Note 2) 5 uA
n Input LOW Leakage Current Vin =0V, Ve = Max (Note 2) -5 uA
3 VOUT =36V, Vcc = Max
lozn Off-State Output Leakage Current HIGH Vi = Vi or Vi, (Note 2) 5 uA
3 VOUT =0 \/, VCC = Max N
loz Off-State Output Leakage Current LOW Vi =V or Vg (Note 2) 5 uA
Isc Output Short-Circuit Current Vour = 0.5V, Ve = Max (Note 3) -15 -160 mA
Notes:

1. Total Io,_ for one PAL block should not exceed 64 mA.
2. 170 pin leakage is the worst case of I;;_and Iqz_ (or I;4 and lgzp).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Notes:

1. See “MACH Switching Test Circuit” document on the Literature Download page of the Lattice web site.
2. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.
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ISPOMACH 4A TIMING PARAMETERS OVER OPERATING RANGES!

-5 -55 -6 -65 -7 -10 -12 -14

Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Unit
Combinatorial Delay:
topi (Ijr;tlf;rynal combinatorial propagation 35 40 43 A5 50 70 9.0 110 ns
top | Combinatorial propagation delay 5.0 55 6.0 6.5 7.5 10.0 12.0 14.0| ns
Registered Delays:
ts fé/gicsr;er?nous clock setup time, D-type 30 35 35 35 50 55 70 10.0 ns
tesr fzgicsgf”ous clock setup time, T-yype | 40 40 40 6.0 6.5 8.0 11.0 ns
to, /r\esg;;izrronous clock setup time, D-type 25 25 25 30 35 40 50 8.0 ns
tor ﬁ\sgy]insrt:(:lrronous clock setup time, T-type 30 30 30 35 45 50 6.0 9.0 ns
tys | Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
tha | Asynchronous clock hold time 25 25 25 30 35 4.0 5.0 8.0 ns
teosi | Synchronous clock to internal output 25 25 2.8 3.0 3.0 3.0 35 35| ns
tcos | Synchronous clock to output 4.0 4.0 45 5.0 55 6.0 6.5 65| ns
tcoai | Asynchronous clock to internal output 5.0 5.0 5.0 5.0 6.0 8.0 10.0 120| ns
tcoa | Asynchronous clock to output 6.5 6.5 6.8 7.0 85 11.0 13.0 15.0| ns
Latched Delays:
tss. | Synchronous latch setup time 4.0 4.0 4.0 45 6.0 7.0 8.0 10.0 ns
tsa. | Asynchronous latch setup time 3.0 3.0 35 35 4.0 4.0 5.0 8.0 ns
ths. | Synchronous latch hold time 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
tyaL | Asynchronous latch hold time 3.0 3.0 35 35 4.0 4.0 5.0 8.0 ns
topLi | Transparent latch to internal output 55 55 58 6.0 75 9.0 11.0 120| ns
topL f;rtgm%agﬁtl Sf'ay through transparent 7.0 7.0 75 8.0 10.0 12.0 14.0 150 | ns
tosi | Synchronous gate to internal output 30 30 30 3.0 35 45 7.0 80| ns
tsos | Synchronous gate to output 4.5 45 4.8 5.0 6.0 75 10.0 11.0| ns
tsoni | Asynchronous gate to internal output 6.0 6.0 6.0 6.0 85 10.0 13.0 15.0| ns
tson | Asynchronous gate to output 7.5 7.5 7.8 8.0 11.0 13.0 16.0 18.0| ns
Input Register Delays:
tyrs | Input register setup time 15 15 2.0 2.0 2.0 2.0 2.0 2.0 ns
thirs | Input register hold time 25 25 30 30 30 30 30 4.0 ns
ticosi | Input register clock to internal feedback 3.0 3.0 3.0 3.0 35 45 6.0 6.0 | ns
Input Latch Delays:
tg. | Input latch setup time 15 15 15 20 20 2.0 20 20 ns
ty. | Input latch hold time 25 25 25 30 30 30 30 4.0 ns
ticosi | Input latch gate to internal feedback 35 35 38 4.0 4.0 4.0 4.0 50| ns
ool :er:gé;);ient input latch to internal 15 15 15 15 20 20 20 20 | ns
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isp)MACH 4A TIMING PARAMETERS OVER OPERATING RANGES!

-5 -55 -6 -65 -7 -10 -12 -14
Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Unit

Input Register Delays with ZHT Option:
tgrz | Input register setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 ns
thirz | Input register hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
Input Latch Delays with ZHT Option:
tgz | Input latch setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 ns
thiz | Input latch hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
:D'L g:g;gg&e”tz;_’l‘f“t latch to internal 6.0 6.0 6.0 6.0 6.0 6.0 6.0 60 | ns
Output Delays:
tgye | Output buffer delay 15 15 18 2.0 25 30 30 30| ns
tgyy | Slow slew rate delay adder 25 25 25 25 25 25 25 25| ns
ten | Output enable time 75 75 85 85 95 10.0 12.0 15.0| ns
ter | Output disable time 75 75 85 8.5 95 10.0 12.0 150 ns
Power Delay:
to, | Power-down mode delay adder ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ns
Reset and Preset Delays:
- f:g::i::‘;:‘:;jtmset or presetto internal 75 77 8.0 8.0 95 11.0 13.0 160 | ns
e /SZ{;E?ronous reset or preset to register 9.0 9.2 10.0 10.0 12.0 14.0 16.0 190 | ns
- /r\:zgsz:;gfnues reset and preset register 70 70 75 75 8.0 8.0 10.0 15.0 ns
tspw | Asynchronous reset or preset width 7.0 7.0 8.0 8.0 10.0 10.0 12.0 15.0 ns
Clock/LE Width:
tys | Global clock width low 20 20 25 25 30 4.0 5.0 6.0 ns
tyns | Global clock width high 20 20 25 25 30 4.0 5.0 6.0 ns
tyia | Product term clock width low 30 3.0 35 35 4.0 5.0 8.0 9.0 ns
tyna | Product term clock width high 30 30 35 35 4.0 5.0 8.0 9.0 ns

Global gate width low (for low
tows | transparent) or high (for high 40 4.0 45 45 5.0 5.0 6.0 6.0 ns

transparent)

Product term gate width low (for low
towa | transparent) or high (for high 40 4.0 45 45 5.0 5.0 6.0 9.0 ns

transparent)
tyire | Input register clock width low 30 30 35 35 4.0 5.0 6.0 6.0 ns
twirn | INput register clock width high 30 3.0 35 35 4.0 5.0 6.0 6.0 ns
ty. | Input latch gate width 4.0 4.0 45 45 5.0 5.0 6.0 6.0 ns
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isp)MACH 4A TIMING PARAMETERS OVER OPERATING RANGES!

-5 -55 -6 -65 -7 -10 -12 -14
Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Unit
Frequency:
External feedback, D-type, Min of
143 133 125 118 95.2 87.0 74.1 60.6 MHz
U (tys + twhs) or 1 (tss + teos)
External feedback, T-ype, Min of 1/(tus | 15 125 118 111 87.0 80.0 69.0 57.1 MHz
+lyps) or L(tsst + teos)
Internal feedback (font), D-type, Min of
f 182 167 160 154 125 118 95.0 74.1 MHz
MAS 1 1/ (tys + twg) o 1(tss + teosi)
Internal feedback (foyr), T-ype, Minof | 1., 154 148 143 111 105 87.0 69.0 MHz
U(tys + twhs) or 1/ (tsst + toosi)
No feedback?, Min of 1/(tys + tyus)
' "1 250 250 200 200 154 125 100 83.3 MHz
U(tss + tys) or 1/(tssr + ths)
External feedback, D-type, Min of 1/ 111 108 100 833 66.7 55.6 435 MHz
(b + twha) 0OF 1/(tsa + toon)
External feedback, T-type, Min of 1/(tya 105 105 102 952 6.9 625 526 a7 MHz
+ twpa) OF L/(tsar + teon)
Internal feedback (foyra), D-type, Min of
f 133 133 125 125 105 83.3 66.7 50.0 MHz
MAXA 1/t + twa) OF 1/(tp + toon)
Internal feedback (foy). T-ype, Minof | 1 125 125 118 9.2 76.9 62.5 476 MHz
L (twa + twra) OF L/(tsar + tooai)
No feedback?, Min of 1/(ty.s + tuma)
' '] 167 167 143 143 125 100 62.5 55.6 MHz
U(tsp + tn) Or 1/ (tsar + tp)
Maximum input register frequency, Min
f 167 167 143 143 125 100 83.3 83.3 MHz
MA | of Uty + twil) OF U(tsies * thips)
Notes:
1. See “Switching Test Circuit” document on the Literature Download page of the Lattice web site.
2. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.
CAPACITANCE 1
Parameter Symbol Parameter Description Test Conditions Typ Unit
Cin Input capacitance Viy=2.0V 3.3Vor5V,25°C, 1 MHz 6 pF
Ciio Output capacitance Vour=2.0V 3.3Vor5YV,25°C, 1 MHz 8 pF
Note:

1. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where this parameter may be affected.
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lcc vs. FREQUENCY

These curves represent the typical power consumption for a particular device at system frequency. The
selected “typical” pattern is a 16-bit up-down counter. This pattern fills the device and exercises every
macrocell. Maximum frequency shown uses internal feedback and a D-type register. Power/Speed are
optimized to obtain the highest counter frequency and the lowest power. The highest frequency (LSBs) is
placed in common PAL blocks, which are set to high power. The lowest frequency signals (MSBs) are placed
in a common PAL block and set to lowest power.

400 Vee=5Vor33V,To=25°C M4A-512/160
350 — M4A-384/160
M4A-256/160
300 —
250 — M4A-256/128
g
35 200 —
O M4A-192/96
M4A-128/64
MA4A-64/64
.  _ M4A-64/32
50 M4A-32/32
0 | | | | | | T | | |
o o (@) o o o o o (@] o o
N < o [ee] o < o e} o
— — — — — N
Frequency (MHz)
Figure 19. ispMACH 4A | ¢ Curvesat High Speed Mode
250 — Vee =5V or 33V, Tp=25°C M4A-512/160
M4A-384/160
200 — M4A-256/160
z 150 — M4A-256/128
3 M4A-192/96
3
— 100 — M4A-96/48
M4A-128/64
M4A-64/64
50 e M4A-64/32
-  M4A-32/32
0 | | | | | | | | | |
o o o o o o o o o o o
N < O [0e) o N < © [ee] o
— — — — - N
Frequency (MHz)

Figure 20. isSpMACH 4A | ¢ Curvesat L ow Power Mode
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44-PIN PLCC CONNECTION DIAGRAM (M4A(3,5)-32/32 AND M4A(3,5)-64/32)
Top View

44-Pin PLCC
0N O N~ ~ O W
C C C C < ['a a2 I e 01}
¥ R
™M < 00 O~ ~N © oS
M4A(3,5)-64/32 < < < < < 3 g g g M4A(3,5)-64/32
o N 40 2 0 m®d® N
QLQQQOF5QLoooQ
I o o o o |
6 5 4 3 2 1 44 43 42 41 40 )
A2 A2 1os []7 d 39|] wo27 D3 B3
Al Al 1oe []s 38[] wo26 D2 B2
AO a0 o7 []o a7 wo2s D1 B1
™ [ & 7 36[] o024 po — BO
TDO
MAA(3.5)-32/32 cLkono [J11 | 35 e s
GND []12 /0 Cdll 34[] GND (3,5)-
Tck [J13 33|] cLkumn
A8 Bo o8 []14 PAL Block 32[] T™s
A9 BL 109 []15 31[] wo23 co — B8
A10 B2 1010 [|16 30[] o2z c1 B9
A1l B3 1/011 []17 29[] wo21 c2 B10
\__18 19 20 21 22 23 24 25 26 27 28 J
LI L L JL T J JL JL L I 1
N8 3I8Yg29583R
M4A(35)-64132 0 0 O 0 £ 5 0 O O O O M4A(35)-64/32
< W0 O N~ I~ O© I < ™M
0o N N m O O O O 0O
] L
N M < o N
L s T s R | — —
< < < < M o MmN m

17466G-026

PIN DESIGNATIONS
CLK/I= Clock or Input

GND
I/0 = Input/Output

Ground

Vee = Supply Voltage
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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44-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-32/32 AND M4A(3,5)-64/32)

Top View
44-Pin TQFP (1.0mm Thickness)

[(47] n O~ N~ O W0 <
<<l Do®o
1 | | I
2I2ELX BRA8 3
MA4A(3,5)-64/32 oo o MA4A (3,5)-64/32
TN —d000m®mAN
00000200000
===== S>S====
7 TOHO NAHODON OO
OSSTTTTOONMM O M
A2 A2 /05 CT—|1 33 |—T—1/027 D3 B3
Al Al /06 CT—|2 32 |==3 11026 D2 B2
AO —— A0 /07 =T|3 31 |—T—1/025 D1 B1
DICT4 . 30 [T 1/024 DO — BO
M4A(3,5)-32/32 CLKO/I0 =T—|5 — ' 29 | TDO
GND CT—i| 6 :éSLCE: . 28 |—T—1GND M4A(3,5)-32/32
TCK 1|7 oc 27 = cLkam
A8 — BO 108 =8 26 T T™MS
A9 Bl /09 —T—|9 25 |—T=1/023 CO — BS
A10 B2 1/010 |10 24 |=31/022 c1 B9
ALl B3 /011 CT—|11 23|=r=021 c2 B10
NM T O MN~NO0OOO O Jd N
A A A N NN
R = i
M4A(3,5)-64/32 8005022508050 M4A(3,5)-64/32
< W0 O N~ ~MNOWDS M
[aaRaa I aa ] [ONONONONS]
1 | | L
N M < W0 N <tTmMOAN -
L B B B | L e e B e B
LL<Z "omo o

PIN DESIGNATIONS

CLK/I= Clock or Input
GND = Ground
I/0 = Input/Output

Vee = Supply Voltage
TDI = TestData In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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48-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-32/32 AND M4A(3,5)-64/32)

M4A(3,5)-64/32

T 11/027 D3
T 11/026 D2
T 11/025 D1
T 11/024 DO
T 1TDO

T _1GND

NC

T 1CLK1/I1
T 1TMS
T 11/023 CO
T 11/022 C1
—T11/021 C2

MA4A (3,5)-64/32

Top View

48-Pin TQFP (1.4mm Thickness)
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17466G-028

PIN DESIGNATIONS

CLK/1= Clock or Input
GND = Ground

I/0 = 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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100-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-96/48)
Top View

100-Pin TQFP
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/046 F6
/045 F5
/044 F4
/043 F3
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TDI 04
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PAL Block

41
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49
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GND I
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/021 T | 32
/022 ] | 33
/023 CI] | 34

NC oI

/020 1T
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Vce 01
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/024 11
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13 TDO
[T NC
[T NC
Tt NC
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1 /037
[T11/036
[T 15/CLK3
13 GND
13 Vce
[T13 14/CLK2
1 /035
1 1/034
1 /033
[T1 /032
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EO
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17466G-029
PIN DESIGNATIONS
CLK/1= Clock or Input
GND = Ground
| = Input
I/0 = 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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100-PIN PQFP CONNECTION DIAGRAM (M4A(3,5)-128/64)

Top View

GND ]

GND ]
TDIC]

15C—]

B7 1108 ]
B6 1109 ]
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93| [
92| Fvce
91| —IGND
90| =GND
89| JVcc
88|
87| [
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17466G-031

PIN DESIGNATIONS

I/CLK = Input or Clock
GND = Ground

| = Input

I/0 = Input/Output
Vee = Supply Voltage
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 (M4A3-64/64 AND M4A(3,5)-128/64)

Top View
100-Pin TQFP
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PIN DESIGNATIONS

CLK/I= Clock or Input
GND = Ground

| = Input

I/0 = Input/Output
Ve = Supply Voltage
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-BALL caBGA CONNECTION DIAGRAM (M4A3-128/64)

Bottom View
100-Ball caBGA
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PIN DESIGNATIONS

CLK = Clock

GND = Ground

| = Input

I/0 = Input/Output

N/C = No Connect

VCC = Supply Voltage

TDI = Test Data In

TCK = Test Clock

TMS = Test Mode Select

TDO = Test Data Out c

TRST = TestReset T yocel
ENABLE = Program PAL Block

17466G-100cabga
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144-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-192/96)

Top View
144-Pin TQFP
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17466G-033

PIN DESIGNATIONS

CLK = Clock

GND = Ground

| = Input

I/0 = Input/Output
Vee = Supply Voltage
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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144-BALL FPBGA CONNECTION DIAGRAM (M4A3-192/96)

Bottom View
144-Ball fpBGA
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1/1060 11061 11062 1/063 11020 11017 1/1015 11014 1/013
VCC GND 17
G J3 J2 J1 Jo E3 E6 Co Cl Cc2 G
H 11056 11057 1/058 1/059 1/053 11041 /037 1/030 11022 /1018 /1016 vCe H
J7 J6 J5 J4 12 H1 G5 F1 E1l E5 E7
1/1055 1/1054 1/050 1/043 1/033 11027 11023 11021 /1019
\Y V BCLK2
J 10 11 cc 15 H3 cc Gl GBC F4 EO E2 E4 J
1/051 1/1052 1/1049 11044 1/036 1/032 11026
K 14 13 6 Ha GND Ga GO VCC 16 F5 TCK T™MS K
11048 11046 11042 1/039 1/035 1/1031 11029 11025
L GND 17 H6 H2 G7 G3 19 GND FO F2 F6 GND L
11047 1/045 1/040 1/038 1/034 11028 11024
M GND HT H5 HO G6 G2 18 GBCLK1 15 F3 F7 GND M
12 11 10 9 8 7 6 5 4 3 2 1
PIN DESIGNATIONS
CLK = Clock
GND = Ground
| = Input
I/0 = Input/Output
N/C = No Connect
VCC = Supply Voltage
TDI = Test Data In C 7
TCK = Test Clock T
TMS = Test Mode Select /O Cell
TDO = Test Data Out PAL Block
m4a3.192.96_144bga
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Lattice

Semiconductor
Corporation

208-PIN PQFP CONNECTION DIAGRAM (M4A(3,5)-256/128 AND
M 4A3-256/160)

Top View

208-Pin PQFP
n<sonaN— O <+ N I O =N M < 1N
EhobooD S & PRI BDBR<Z 2338 2808333885 883550600 M4A3-256/160
o NoOownmsTMmMA— OO © NoOowLmETmmAN— O
022R2Y¥NA ,C g nnountmalulroe o 20222 YY AIINIIINT
5220888585 982898928828083585282859582280850880885280888885
NOLnsSsmNHmAN - O NOLnsEsmMmMAN — O OO M W!LOIN~ O =N MS W]
Lo ) <<<<< << daoacaaaaa 00000000 M4A(3, 5)-
~NoOownsTNAN— O DO~ O MmN
OLIPNC 2o g0 uneusmase  2u00uu0Qul  SNNASSAS poCCooooog 2561128
5220888905999920908¢8.-.3555¥5552280080080088¢5080888885
ONOINTNAN—-—ONONONTNAN—ONONONTNAN—-ONONOWNTNA QOO MAN— QO 0N
RRRRRRRRR2Z222222 22X 22X XXX RRERRR2R20222022 020l
GND GND |1 156 | GND GND
DI ™ |2 155| DO TDO
c15 1020 | C7 1016 |3 RECOMMEND TO TIE TO VCC 154 | TRST NC
C14 1/021 | C6 1/017 |4 153 1/0111 N7 | /0139 N15
C13 1/022 | C5 11018 |5 152 170110 N6 | 1/0138 N14
C12 1/023 | C4 1/019 |6 151 1/0109 N5 | /0137 N13
C11 1/024 | C3 1/020 |7 150| 1/0108 N4 | 1/0136 N12
C10 1/025 | C2 1/021 |8 149| 10107 N3 | /0135 N11
C9 1/026 | C1 11022 |9 148| 1/0106 N2 | /0134 N10
c8 1/027 | Co 11023 |10 147| 170105 N1 | 1/0133 N9
vee vee |1 146 | 1/0104 NO | 1/0132 N8
GND GND |12 145 | veC vcc
c7 1/028 | D7 1/024 |13 144 | GND GND
c6 1/029 | D6 1/025 |14 143| 1/0103 M7 | 1/0131 N7
C5 1/030 | D5 1/026 |15 142| 110102 Mé | /0130 N6
c4 1/031 | D4 11027 |16 141 /0101 M5 | 1/0129 N5
C3 1/032 | D3 1028 |17 PIN DESIGNATIONS 140| 1/0100 M4 | 1/0128 N4
C2 1/033 | D2 1/029 |18 139| 11099 M3 | 1/0127 N3
C1 1/034 | D1 1/030 |19 138| 11098 M2 | 1/0126 N2
co 11035 [DO /031 |20 CLK = Clock 137| 097 m1 | o125 N
D14 1/036 12 |21 GND = Ground 136| 11096 Mo | 1/0124 NoO
D12 1/037 13 |22 | = Input 135 111 1/0123 M10
GND GND |23 _ 134 | GND GND
vce vee |24 4°] = Input/Output 133 vee /0122 M6
D6 1/038 vee |25 N/C = No Connect 132 vee 1/0121 M2
D4 1/039 GND |26 VCC = Supply Voltage 131| GND 1/0120 MO
E0 1/040 GND |27 _ 130| GND 1/0119 L4
E2 1/041 vee |28 TDI = TestDataln 129 vee 1/0118 L6
E6 1/042 vee |29 TCK = Test Clock 128 vce vee
GND GND |30 T™MS = Test Mode Select 127| GND GND
E10 1/043 14 |31 TDO = Test Data Out C 7 126 | 110 1/0117 112
FO 1/044 | EO 1/032 |32 e _ 125 19 1/0116 L14
F1 yo4s | ET 1033 |33 TRST _ = Test Reset L wocel 124|095 Lo | 10115 Ko
F2 1/046 | E2 1/034 |34 ENABLE = Program PAL Block 123] /094 L1 | 1/0114 K1
F3 1/047 | E3 1/035 |35 122| /093 L2 | /0113 K2
F4 1/048 | E4 1/036 |36 121 092 13| w0112 K3
F5 1/049 | E5 1/037 |37 120| /091 L4 | /0111 K4
F6 1/050 | E6 1/038 |38 119 1/090 L5 | 1/0110 K5
F7 1/051 | E7 1/039 |39 118 1/089 L6 | 1/0109 K6
GND GND |40 117| 1/088 L7 | /0108 K7
vce vee |41 116 | GND GND
F8 1/052 | FO 1/040 |42 15| vee vce
F9 1/053 | F1 1/041 |43 114| 1/087 KO | 1/0107 K8
F10 1/054 | F2 1/042 |44 13| 1/086 K1 | 1/0106 K9
F11 1/055 | F3 1/043 |45 112| 1/085 K2 | 1/0105 K10
F12 1/056 | F4 1/044 |46 111| /084 K3 | 1/0104 K11
F13 1/057 | F5 1/045 |47 110 1/083 K4 | 1/0103 K12
F14 1/058 | F6 1/046 |48 109| 1/082 K5 | 1/0102 K13
F15 1/059 | F7 1/047 |49 108 1/081 K6 | /0101 K14
™S ™S |50 107 /080 K7 | /0100 K15
TCK TCK |51 RECOMMEND TO TIE TO GND 106 | ENABLE NC
GND GND |52 105 | GND GND
mvmov\oco»o-—vam\ov\ocowo‘—wam\ov\ocowo‘—wam\ov\wmo‘—wam\or\oooxgsggg
MUNLNINNNOOOUOUOOUWOOOWORNNNNNNNNNRNOOWWOWWNVDWOVOVOVROIIITANINTNDNITAATAATNDN — — — — —
OO0 =—NMIETHNAUONRDNATD—NMOLO-LVUOAVUUOAQAUVUNRNOXSTODOR0NO—-—UAQNMTNOND0NAD
SEEBEE BV EREEBEEE " 5Y82YYegYS "~ 88588852555 585888
5883806083 TPL2IPTTS S-amzxwon Ssamyen
OB Y B Oy BB RN AR NN R U ORR B oYL eI RE RIS RRS
99000 LLQRUT>LRLRLLLLLLLT>ERRLRL>7gR223333000>pQLRL0Q0000Q0
GGGGGGOU \DU\DUUUOOEE T == gl gl el gl g
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Lattice

1 Semiconductor
= Corporation

208-PIN PQFP CONNECTION DIAGRAM (M4A3-384/160 AND M4A3-512/160)
Top View

208-Pin PQFP
5SEIBNES  5S533358%% zzRE REEE82388%  EEEEIEER M4A3-512/160
2@~ o wemNdoo®Rs © wyosooo®
25585858829885883888838255502855858885550825555888482
CE=E=E=E=E==S=0>=E==S===S====0>0====0350==========30========0
ERRIBIASA 58838838%x¢ ILIRR retexees SEILIRLE MaA3-384/160
T TITWWWWwW [CROVRURUROROLRORU]
~OLTONog O o 3358 B3B3 ILEE LILIISYY
DG dddaAd g A A 20000~ O TON A0 0D T d T IO Y dd A dd A A AT A0 D I A S A3 2
5200009005200 00899908g852280523220082000888588008088975
O N TN ISP R ORI NN SR B TR A DO ORI DN OB R QDL RN D DR
SRSRRSRRRE S SR AAC AR E N IEE NN ENE8888888883R,
GND GND |1 156 GND GND
DI T |2 155| TDO TDO
F7 1018 | c7 o1 |3 154] NC NC
F6 11019 | c6 1019 |4 153| 00137 FxX7 | 10137 KX7
F5 1020 | c5 1020 |5 152| 10136 FX6 | 110136 KX6
Fa 021 | ca w021 |6 151 10135 FX5 | 110135 KX5
F3 022 | c3 o2z |7 150 10134 FxX4 | 10134 Kx4
F2 1023 | c2 1023 |8 149| 00133 FX3 | 10133 Kx3
F1 024 | c1 w024 |9 148 10132 Fx2 | 10132 KX2
FO 11025 | co 1025 |10 147| w013t Fxt | o131 Kkx1
vee vee |1 146| 1/0130 FX0 | /0130 KX0
GND GND |12 145 vee vee
G7 11026 | F7 1026 |13 144 GND GND
G6 1027 | F6  yo27 |14 143| o129 cx7 | 10129 Ix7
G5 1028 | F5  1o28 |15 12| o128 cx6 | 10128 Ix6
G4 1029 | F4 yo29 |16 141 w0127 CX5 | 10127 X5
G3 1/030 F3 1/030 |17 PIN DESIGNATIONS 140| 1/0126 CX4 | 110126 JIX4
G2 103t | F2 w031 |18 139| o125 cx3 | 10125 IX3
Gl 1032 | F1 o2 |19 138| 0124 CxX2 | 10124 X2
G0 1033 | Fo 1033 |20 CLK = Clock 137] 10123 CX1 | 10123 JX1
E7 1034 | E7 034 |21 GND = Ground 136| 10122 CX0 | 10122 X0
E5 1035 | E5 1035 |22 I = Input 135] 0121 DX5 | 10121 LX5
GND GND |23 134 GND GND
vee vee | oa 110 = Input/Output 133 10120 DX3 | 10120 LX3
E2 1036 | E2 1036 |25 N/C = No Connect 132| 10119 DX2 | /0119 LX2
EO 1/037 EO 1037 |26 VCC = Supply Voltage 131| 1/0118 DX0 | /0118 LX0
L0 1038 | HO 1038 |27 DI - Test Data In 130| wow7 Axo | wou7 Exo
L2 1/039 H2 11039 |28 - C 7 129| 10116 AX2 | /0116 EX2
13 1040 | H3 1040 |29 TCK = Test Clock 128| vee vee
s I/Gof\ﬁ GND |30 T™S = Test Mode Select . 1/0 Cell 121 ?ND GND
H5 1041 |31 - 126| o015 AXs | 10115 EX5
0 042 | co wos2 |32 DO = Test Data Out PAL Block 125] o4 axz | wous Ex
i ooss | 61 os3 |33 124| wous BX0 | 110113 GxO
32 1044 | G2 ioas |34 123| wow2 BXL | o112 Gx1
33 1045 | G3 1045 |35 122| ot BX2 | ou1 Gx2
J4 1046 | G4 1046 |36 121| wo1o B3X | 10110 Gx3
J5 1047 | G5 1047 |37 120 10109 BX4 | 110109 Gx4
J6 1048 | G6 1048 |38 19| 10108 BX5 | /0108 GX5
J7 1049 | 67 1049 |39 18| 10107 BX6 | 110107 GX6
GND GND |40 17| 10106 BX7 | /0106 GX7
vee vee |41 16| GND GND
Ko 1050 | Jo woso |42 us| vee vee
KL o5t | a1 wos1 |43 14| 0105 00 | 110105 FX0
k2 1052 | 32 wos2 |44 13| o104 o1 | 10104 FX1
K3 1053 | 33 1053 |45 12| o103 02 | 10103 Fx2
Ka 1054 | 34 yoss |46 ut| o2 03 | 10102 FxX3
K5 1055 | 35 1oss |47 10| 10101 04 | 10101 Fx4
K6 1056 | 36 ose |48 109 o100 05 | 110100 Fx5
K7 1057 | 37 wos7 |49 108] 1099 06 | 11099 Fx6
™S ™S |50 107| voss 07 | 0% Fx7
TCK TCK |51 106 NC NC
GND GND |52 105 GND GND
D S DO R DO AN IO ERPO AN O T ON PO ANNTNVOENRIOANDILONDD ST S S
B8B83 8 888 RE N R R R RIBerR33558388588SSSSS
0N R O N0 OE R RO NE IO OO PP OUN AN T NOERAOOI A ND SO O
R R BT B8 8 B R N N RN RO ROl RE NI 8l 8832338833885 2
ORLRRLORROE>2222R202R20223>50522220>32222R028R08>02202222L0%
ceesogge rowsoaooN8 =953 SERFARTLeR 222322
R NI N OO EE R RO NP TN SO PPOUN NI e, RROOS TN DT DO O
R R BT B8 BN N R RO ROl RE RSB 82823538338852
ORLRRLORROE52R202200222R2023>50522220>5322228R8028R0285522022202L0%
58833888 tggzgvzsne 283 SRSRYIILER  gEygsgssk
< << L GGG RORSRSRORSNS] Mmoo monomoom
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Corporation

256-BALL BGA CONNECTION DIAGRAM (M4A3-256/128)

Bottom View
256-Ball BGA
20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
110108 | 110105 110100 | 11096 11095 | 11091 11087
Alenp | ne | enp |V 2| onp (VR0 YR8 | enp | eND | ehD | e | V9D D2t | ono | VRST 1 nic | eND [ GND | GND | A
/0113 110109 | /0106 | /0103 | 110102 | 11098 11093 | 1/os9 | 1oss | 1oss | 1083 | 1082
B | e [V2HR] N [V 2 | nez [ VO N | m | e | e | VS o o2 P s Q2| Nnec |onp | B
110116 —=a7 | V0111 |10107 | 10104 | V0101 | V097 11094 | 11090 | 1ose | 1084 | 1o80 11078 | 11074
c [VOUE | nic | vec |TRST | QU U L oL01 | VST | e | 1o 02 03 o8 o8 080 |ENABLE vee | Vo7 04| e
110120 | /0117 | /0112 110110 11099 11092 11081 1o79 | 11075 | o71
b | 25 |"%52 | vee | vee |"QE0 | vee | nie | VR3Y | Nic 19 292 | ne | vee | P8 | vee | vee | V9] % 2o
110123 | 110119 | 110114 11077 | o7z | 1oes
El" P4 | 00 | o5 | ™ DO | T35 J0 4 | E
110122 | 110118 | 110115 11076 | 1073 | 11069
FIGND | "ps™| 01 | o4 Ja i 5 |GND | F
110125 | 110121 11070 | 11065
G| 2 vee vee 8 |6
P2 P6 PIN DESIGNATIONS 16 i
110127 | 110126 | 110124 11067 | 11066 | 11064
H | GND | "5 PL | P3 CLK = Clock 13 2 o |GND|H
GND = Ground
J | Ne N/C N/C 113 | = Input 17 N/C | NIC NC |
1/0 = Input/Output
K | GND | cLK3 | NEC | NIC N/C = No Connect Nne | Nieo|ck2 | Ne | K
VCC = Supply Voltage
L] ne |cwko | ne | nie DI = TestDatn NC | NC ookt | GND | L
TCK = Test Clock
T™MS = Test Mode Select
M| ne | ne | ne | o - 7 /063 | /062
TDO = Test Data Out C 16 ne | VRS o2 m
TRST = Test Reset T yocel
oo | woz | o3 ENABLE = Program 11060 | /061 | 11059
N GND | a0 | ‘A2 | A3 9 PAL Block H3 | Hz | w4 |GND|N
o1 | 1os 11057 | 11058
Pl n o | vee vee | VRa7 | Va2 5 |p
1os | 109 1/os1 | 1os4 | 11056
R|cenp | V2 o2 | nie oL [ V24 | Vo%e | enp | R
o4 | wos | o1z 11050 | 1/055
TS o 032 | ek ™s | V20| YRR | ne | T
o7 | o1 | wois 11018 11024 | 11029 11035 11048 | 1/053
ul| o 57> | vec | vee | VYOI | vee | V92 o2 12 ne | V935 | nie | vee | e | vee | vee | V358 1VR33 | nie [ u
11010 | 11013 11016 | 11017 | 11021 | 1023 | 1027 | 11031 11033 | 11037 | 1041 | 1043 | vo46 | 1047 11052
V| B2 B5 | VCC | ¢c7 c6 | c2 co D4 | DO 13 L =1 E5 F1 F3 F6 F7 | VCC | "gz” | NC |V
11014 11019 | vo22 | 1o2s | no28 11034 | 1/o3s | 1039 | o4z | voas 11049
w|enp [ Y9I nie | e | VRI9 | 1R2 o2 0% | Nnc | e 14 ne | V93 o3 o3 2 225 | ne |99 enp | w
11020 11026 | 11030 11032 | 11036 11040 | 11044
Y |eno | oND | eND | e | V920 | Gnp | V92 930 | eND | GND | D | GND | VO3 936 | enp | V98 244l onp | N | GND [ Y
20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
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Lattice

Semiconductor
= a Corporation

256-BALL fpBGA CONNECTION DIAGRAM (M4A3-256/192)

Bottom View
256-Ball fpBGA

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

A 1/0167 | /0181 | 1/0180 | 1/0177 | 1/O174 | /0172 | 1/0191 | 1/0186 | 1/0O1 1103 GCLKO /09 | 1/013 | /015 | /018 | 1/020 A
N15 013 012 09 06 04 P14 P4 A2 A6 B1 B5 B7 B10 B12
B 1/0165 | /0166 | 1/0182 | 1/0179 | 1/O175 | /0173 | 1/0168 | 1/0187 | 1/00 1/05 /107 | /010 | 1/O16 | /019 | 1/021 NC B
N13 N14 014 on o7 05 00 P6 A0 Al10 Al4 B2 B8 B11 B13
c 110163 | /0164 NC 1/0183 | 1/0178 | 1/0170 | 1/O171 | 1/0189 | 1/0184 | 1/O6 | 1/012 | 1/014 | 1/023 | 1/022 DI 1/039 c
N11 N12 015 010 02 03 P10 PO Al2 B4 B6 B15 B14 C15
1/0158 | 1/0159 11017 | 1/038 | 1/037
D NG N7 TDO | GND | GND | VCC | GND | VCC | GND | GND | VCC | GND | VvCC B9 c1a c13 D
1/0156 /0162 1/0160 | 1/0161 | 1/0190 /0188 | 1/02 1108 /036 | 1/035 | 1/031
E N4 NC N10 vee N8 N9 P12 GCLK3 P8 A4 BO NC GND C12 cu C7 E
= 1/0152 | 1/0157 | 1/0155 GND 1/0154 | /0153 | 1/0176 | 1/0169 | /0185 | 1/04 | 1/011 | 1/034 Voo 11032 | 1/030 | 1/029 E
NO N5 N3 N2 N1 08 01 P2 A8 B3 C10 Cc8 C6 C5
110147 | 110150 | 1/0149 1/0148 | 1/0151 1/033 | 1/028 11026 | 1/025 | 1/047
G M6 M12 M10 vee M8 M14 VEC | GND | GND | veC C9 C4 GND C2 C1 D14 G
110144 | 110146 | 1/145 1/0136 | 1/0137 11027 | 1/024 11044 | 1/043 | 1/042
H MO M4 oM2 GND L0 L2 GND | VCC | VCC | GND C3 Cco vee D8 D6 D4 H
1/0138 | 1/0139 | 1/0140 110142 | /0141 11046 | 1/045 11049 | 1/048 | 1/050
J L4 L6 L8 GND L12 L10 GND | VCC | VCC | GND D12 D10 GND E2 EO E4 J
110143 | 1/0120 | 1/0121 110123 | 1/0122 11041 | 1/040 1/055 | 1/054 | 1/056
K L14 KO K1 vee K3 K2 VEC | GND | GND | VeC D2 DO vee E14 E12 FO K
L 110124 | 110125 | 1/0127 GND 1/0130 | /0126 | 1/098 | 1/091 | /075 | /077 | 1/052 | 1/051 GND 1/059 | 1/060 | 1/057 L
K4 K5 K7 K10 K6 14 H6 G3 G5 E8 E6 F3 F4 F1
M 110128 | 1/0129 | 1/0131 GND 1/0107 | /0105 | 1/0100 [ 1/090 | 1/O74 | 1/080 | 1/083 | 1/053 Ve 11068 | 1/063 | 1/058 M
K8 K9 K11 J3 J1 18 H4 G2 G8 Gl E10 F12 F7 F2
110132 | 1/0133 | 1/0135 11064 | 1/061
N K12 K13 K15 VCC | GND | VCC | GND | VCC | GND | GND | VCC | GND | GND | TCK Fs F5 N
p 1/0134 | /0117 | 1/0118 | 1/0119 | 1/O108 | /0106 | 1/0101 | 1/089 | 1/093 | 1/094 | 1/O79 | 1/084 | 1/087 ™S 11065 | 1/062 p
K14 J13 J14 J15 J4 J2 110 H2 H10 H12 G7 G12 G15 F9 F6
R 1/0116 | /0115 | 1/0112 | 1/O111 | 1/O104 | /0102 | 1/099 | 1/096 | 1/092 | 1/O72 | 1/O76 | 1/0O81 | 1/085 | 1/O71 | 1/067 | 1/066 R
J12 Jil J8 J7 Jo 112 16 10 H8 GO G4 G9 G13 F15 F11 F10
1/0114 | /0113 | 1/0110 | 1/0109 | /0103 1/097 | 1/088 I/095 | 1/073 | 1/O78 | 1/082 | 1/086 | 1/070 | 1/069
T J10 J9 J6 J5 114 GCLk2 12 HO GCLKL H14 Gl G6 G10 G14 F14 F13 T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
PIN DESIGNATIONS
CLK = Clock
GND = Ground
I = Input
1/0 = Input/Output
N/C = No Connect
VCC = Supply Voltage
TDI = Test Data In C 7
TCK = Test Clock
T™S = Test Mode Select L wocel
TDO = Test Data Out PAL Block
17466G-047
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Corporation

256-BALL BGA CONNECTION DIAGRAM - (M4A3-384/192)

Bottom View
256-Ball BGA
20 19 18 17 6 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
011 osa | 1058 o0 | 1076 0108 | 10116 0128 | 10134
Al oo | B | onp | MO | UOSE | gnp | MOTO | WOTS | Gnp | enp | oD | enp | Q108 | VOLG | gyp | VOLZ8 | WOISE | gy | enp | oD | A
| onp | W02 | w028 | wous | vose | woes | worr | worr | woss | wowo | woss | wow2 | wowe | wour | w0122 | woi2e | w0135 | w08 |04 | g | g
ox7 | Fxs | Fx3 | ox7 | cx5 | cx3 | Dx7 | Dxs | Dx2 | Axo | AX3 | AX6 | BX1 | BX4 | BX6 | 04 o6 | o7
c| oo | vow | \oo | oss | woso | uoes | wor2 | wors | woss | wosr | wos7 | wows | wowo | wowus | w0123 | uoiso | 1016 | o |woes |wost |
ox6 | 6xs e | mx2 | Bxt | oxa | cxo | oxa | Dxi | Axt | Axa | Bx2 | BXs | 00 o1 05 N7 N6
o1 | uow | w029 11066 079 | woss | 1os2 | woss | uoto4 | voim 0124 0149 | 10166 | 110182
Dl Ex7 | ox3 | Gxa | V€€ | VCC | mxg | VCC | cx1 | Dx3a | Dxo | ax2 | Axz | Bx | VEC | o2 | VEC | VCC | T\4 N5 7 | D
02 | uots | 1030 o150 | 10167 | 110183
Eleo | ox0 | oxxt | ™ 00 | "N2 N3 pe | B
016 | wost | woar 0137 | 10151 | 10168
F1OND | &1 | Ex6 | oxe NI NO ps | GND | F
o3 | otz | wos2 o152 | 10169 | 10184
G| hxe | Bxa | Ex5 | VCC VeC | Tpg P3 | ©
wl oo | Moz | woss | woss PIN DESIGNATIONS w0138 | 10153 | 10170 | o |
HXs | Ex2 | EX3 P2 PL =)
o4 | ot | wo3s | 1oag CLK = Clock 10139 | o154 | 10171 | 0185
I Rxo | HXt | Hx4 | HXT7 GND = Ground M6 M5 M4 M | Y
| = Input
K[ ono | ca | 195 | 10 110 = Input/Output VOLIO | VOLSS | cikp | VOIS |k
N/C = No Connect
L] ovos | o | toss | wost VCC = Supply Voltage wotat | 10156 | i | ono | L
A2 A0 Al TDI = Test Data In L3 L4
o6 | 1020 | w037 | 1os2 TCK = TestClock c o142 | wos7 | uoir2 | ois7
M A3 A5 26 T™MS = Test Mode Select T yocel L6 L5 Lo | M
TDO = Test Data Out
n | ono | 102t | oz | wos3 PAL Block vowes | vo1ss | 10173 | oo |
A7 Do D1 3 0 L7
o7 | o2 | wo3s o159 | o174 | 10188
Pl o2 D3 pa | VCC vee 0 1 L |P
1023 | w040 | w054 o144 | 0160 | 110175
R GND | "ps D6 D7 Ks Ko B | GND | R
o8 | o024 | woat o161 | 10176 | 110189
Tl & BO g7 | 1K ™S | g K1 2 |7
09 | o025 | wos 11067 oo | wos7 | 1oes | o099 | uoios | ot 10125 o162 | 10177 | 110190
Ul s Bl Bg | VCC | VCC | "o | VCC | Tgg E5 E2 H2 H5 co | VEC | Ty | Vee | vee | e K2 6 | Y
v | vow | w0z | oo | voss | wosr | uoes | wors | wosr | woss | wosa | wow00 | W06 | WO | O | 0126 | HOI3L | 05 | oo |WOLB | WO |
B5 B2 c5 c2 c1 F4 FL E4 EL HL He Gl G4 ) 2 3 K3 7
w | ono | W02 | voas | voss | wos2 | wose | wora | wos2 | wose | w095 | uotor | w0107 | wous | w0120 | wot2r | woiz2 | vows | w013 10179 | s | w
c7 e | c3 F7 F5 F3 E7 E3 E0 HO H3 H7 3 G5 67 I 36 7
057 | 11063 io7s | 1oss o115 | o121 10133 | 110147 110180
v[oew | eno | oo | 195 063 | onp | 107 083 | eNo | oD | oo | oo | 'OU L1 | enp | VOIS L7 | oo | 10180 | gno | v
20 19 18 17 6 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
17466G-046
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256-BALL fpBGA CONNECTION DIAGRAM (M4A3-256/128)

Bottom View
256-Ball fpBGA
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
——== | 0117 | 10116 | /0113 | 10126 | 1/O124 ot | wos | wor | 1o | o1z
TRST | 05 04 o1 P6 P4 112 NC NC NC | CLKO | % A5 A7 B2 B4
/0110 | yO111 | /o118 | /0115 | O127 | /0125 | 110120 o2 | uos | voi | 1013
NG N7 06 03 p7 P5 PO NC NC NC 1 A2 BO B3 B5 NC
110108 | 110109 /0119 | V0114 | 110122 | /0123 o4 | 106 | 1015 | 1014 11023
N4 N5 NC 07 02 P2 P3 NC Ne 10 A4 A6 B7 B6 o c7
110104 o9 | 1o22 | no21
NC Y4 | ToO | GND | GND | vec | GND | veC | GND | GND | vcC | GND | vee o o e
110102 110107 110105 | 110106 1100 11020 | 1019 | 1031
o NC 27| vee | QK s 13 | clk3 | NC NC Y ne | onp | Vo2 % o2
/098 | 110103 | 1/0101 110100 | 1099 | 10112 | /0121 o3 | wo1is /o6 | 1030 | 1029
M2 M7 Ms | GNP | g M3 00 P1 NC NC A3 c2 | V€€ | "o D6 D5
11096 11097 11017 | 1028 11026 | 1025
NC v m | vec | Ne 097 | vee | enp | enD | vee | VO 928 | onp | 192 o2 12
/088 11089 | 1/090 11027 | 1024
o 110 19 GND o3 5% | enp | vee | vee | eno | VD2 024 | vee | Ne NC NC
1091 | 1092 | 11093 11095 | 1094
D 2 o2 | eND D2 o4 | enp | vec | vee | onp 13 NC | GND | NC NC NC
NC NC NC | vec | Ne NC | vec | GND | GND | vee | Ne NC | vee 14 NC "‘égz
1/080 /083 11059 | o6l 11035 | 1036 | 11033
NC NC 200 | eno | MO8 NC NC NC NS oo NC ne | onp | VO3 o3 o3
/081 | 1082 | 11084 11067 | 1065 11058 | 1048 | 1051 /044 | 1039 | 1034
K1 K2 ka | GND 13 1 Ne NC H2 GO G3 NC | ovee F4 E7 E2
/085 | 1/O86 |ENABLE| vcc | GND | VCC | GND | VCC | GND | GND | vcC | GND | GND | Tck | 040 | 1037
K5 K6 Fo E5
os7 | 1077 | 1078 | 1079 | 108 | 11066 11063 | 11052 | 1055 1041 | 1038
K7 J5 J6 7 14 12 Ne NC Ne 16 H7 G4 gr | ™S F1 E6
o7e | 1075 | wor2 | wo71 | oea 7 NG NG NG | VOS6 | 1060 | 1049 | 11053 | 1047 | 1043 | 1042
Ja 13 Jo 17 10 HO H4 61 G5 F7 F3 F2
1074 | 1073 | 11070 | 1069 11057 | 1062 | 11050 | 11054 | 1046 | 1045
J2 a1 16 15 18| CLk2 | NC NC | CLkl 15 HL H6 G2 G6 F6 F5
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
PIN DESIGNATIONS
CLK = Clock
GND = Ground
| = Input
/10 = Input/Output
N/C = No Connect
VCC = Supply Voltage
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out c 7
TRST = Test Reset T yocel
ENABLE = Program PAL Block

m4a3.256.128_256bga
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Corporation

256-BALL fpBGA CONNECTION DIAGRAM (M4A3-384/192)

Bottom View
256-Ball fpBGA

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

A | /O175|1/0181 | /0180 [ /0177 | 1/0166 | /0164 | 1/0191 | /0186 | 1/O1 103 | cLko | Y025 [ 1/029 | 1/O31 [ 1/O10 | 1/O12 | A
FX7 GX5 GX4 GX1 EX6 EX4 HX7 HX2 Al A3 D1 D5 D7 B2 B4

B | V0173 1/0174 | 1/0182 | /0179 [ 1/O167 | 1/0165 | /0160 [ 1/0187 | 1/00 /05 /07 | 1/026 | 1/08 | /011 | 1/O13 N/C B
FX5 FX6 GX6 GX3 EX7 EX5 EX0 HX3 A0 A5 A7 D2 BO B3 B5

c | Vo171 10172 [ \c | VO183 | /0178 | /0162 | /0163 [ /0189 | 1/0184 | 1/06 | 1/O28 | 1/030 [ 1/O15 | 1/O14 ™I 11023 |
FX3 FX4 GX7 GX2 EX2 EX3 HX5 HXO0 A6 D4 D6 B7 B6 Cc7

1/0150 | 1/0151 /09 | 1/022 | 11021
D CX6 Cx7 TDO | GND [ GND | VCC | GND [ VCC | GND | GND | VCC | GND | VCC B1 c6 c5 D

/0148 /0170 /0168 | 169 | /0190 /0188 | 1/02 | 1/024 1/020 | 1/019 | 1/047
E CX4 NiC FX2 vee FX0 FX1 HX6 CLks HX4 A2 DO NiC GND C4 C3 F7 E

F | V0144 110149 [ /0147 | \p | /O146 [ /01451 1/0176 [ /0161 | 1/0185 [ 1/04 | 1/O27 | 1/018 [ /o | VVO16 [ 1/O46 | 1/O45 | |
CX0 CX5 CX3 CX2 CX1 GX0 EX1 HX1 Ad D3 Cc2 Co F6 F5

1/0155 | 1/0158 | 1/0157 1/0156 | 1/0159 /017 | 11044 1/042 | 1/041 | 1/039
G DX3 DX6 DX5 vee DX4 DX7 VCC [ GND | GND | veC C1 F4 GND F2 F1 E7 G

1/0152 | 1/0154 | 1/0153 1/0128 | 110129 1/043 | 1/040 1/036 | 1/035 | 1/034
H DX0 DX2 DX1 GND AXO AX1 GND | VEC | VeC | GND F3 FO vee E4 E3 E2 H

1/0130 | 1/0131 | 1/0132 1/0134 | 1/0133 1/038 | 1/037 /057 | 1/056 | 1/058
J AX2 AX3 AX4 GND AX6 AXS5 GND | VEC | VeC | GND E6 ES5 GND H1 HO H2 J

1/0135 | 1/0136 | 1/0137 1/0139 | 1/0138 /033 | 1/032 /063 | 1/062 | 1/048
K AXT7 BX0 BX1 vee BX3 BX2 VCC [ GND | GND | veC El EO vee H7 H6 GO K

L [ VO140| 110141 | /0143 | \p | /O114 [ 1/O142] 1/098 [ 1/O91 | 1/O67 | 1/O69 | 1/O60 | /059 [ syp | VOS1 [ 1/O52 | 1/049 | |
BX4 BX5 BX7 02 BX6 M2 L3 13 15 H4 H3 G3 G4 G1

M | VO112 | 170113 [ /0115 | sNp | /0123 | /0121 | /0100 [ 1/O90 | 1/O66 | 1/080 | 1/O83 | 1/061 [ o | WOT76 [ /OS5 | 1/O50 | \o
00 o1 03 P3 P1 M4 L2 12 KO K3 H5 J4 G7 G2

1/0116 | 1/0117 | 1/0119 /072 | 1/053
N 04 o5 o7 VCC | GND [ VCC | GND | VCC | GND | GND | VCC | GND | GND | TCK 30 G5 N

p | /0118 [ /0109 | /0110 [ I/O111 | 1/0124 | /0122 | 1/O101 | /089 [ 1/O93 | 1/094 [ I/O71 | 1/O84 | I/087 | g | WOT3 [ 1/O54 | p
06 N5 N6 N7 P4 P2 M5 L1 L5 L6 17 K4 K7 Ji G6

R | /0108 | /0107 | 1/0104 | /0127 [ /0120 | 1/0102  1/O99 | 1/O96 | /092 | 1/O64 | 1/068 [ 1/O81 | 1/O85 | I/O79 | 1/O75 | /074 [
N4 N3 NO P7 PO M6 M3 MO L4 10 14 K1 K5 J7 J3 J2

T | VO106 | /0105 | 1/0126 | /0125 [ /0103 | | o [ 1/O97 | 1088 | () g | VO95 | 1/O65 [ 1/O70 | 1/O82 | 1/086 | 1/O78 | /077 |
N2 N1 P6 P5 M7 M1 LO L7 11 16 K2 K6 J6 J5

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

PIN DESIGNATIONS

CLK = Clock

GND = Ground

| = Input

1/0 = Input/Output

N/C = No Connect

VCC = Supply Voltage

TDI = Test Data In c 7

TCK = Test Clock

™S = Test Mode Select L wocel
TDO = Test Data Out PAL Block

m4a3.384.192_256bga
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256-BALL fpBGA CONNECTION DIAGRAM (M4A3-512/192)

Bottom View
256-Ball fpBGA

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
/0159 /0181 [ 1/O180( 1/O177| /O174| /O172| /0191 | /0186 1/O1 | O3 | | o | /O17 | 1/O21 | 1/O23 [ 1/010 | /012
KX7 | OX5 [ OX4 | OX1 | NX6 | NX4 | PX7 | PXx2 Al A3 Cc1 C5 c7 B2 B4
/0157 | /0158 | 1/0182( 1/0179| /O175| /O173| /0168 /0187 1/O0 | VOS5 | 1/O7 | /018 | 1/O8 | 1/O1L [ 1/O13 | /e
KX5 | KX6 [ OX6 [ OX3 | NX7 | NX5 | NX0 [ PX3 A0 A5 A7 c2 BO B3 B5
/0155 /0156 [ N, [1/O183]1/0178]1/0170| /0171 1/0189 [ 1/O184| 1/O6 | 1/020 | /022 | /015 | 1/O14 [ 1p | VO39
KX3 | KX4 OX7 | OX2 | NX2 | NX3 [ PX5 | PX0 A6 c4 Cc6 B7 B6 F7
1/0150| 1/0151 I/09 | 1/038 | 1/037
36 | '3x7 | TDO | GND | GND | VCC | GND | VCC | GND | GND [ VCC [ GND | VCC B1 o o
110148 110154 1/0152| 1/0153 | /0190 I/0188| 1/02 | 1/016 11036 | 1/035 | 11047
xa | VC [ Tkxa | VOO [Tkxo | kx1 | pxs | CHK3 | pxa A2 Cco N/C | GND F4 F3 G7
1/0144(1/0149| 110147 | ~\p |/O146|1/0145(1/0176(1/0169| 1/O185| 1/O4 | I/O19 | /O34 | \,~c | VO32 | 1/046 | 1/045
JX0 | JIX5 | JX3 JX2 | JX1 | OXo | Nx1 [ Px1 Ad c3 F2 FO G6 G5
1/0163| /0166 | 1/0165 /10164 | 110167 1/033 | 1/044 11042 | 1/041 | /031
X3 | Lx6 | x5 | VCC | Lxa | x7 | VCC | GND | GND | VCC F1 Ga | GNP | a2 G1 E7
1/0160| /0162 /0161 1/0120] 1/0121 1/043 | 1/040 11028 | 11027 | 11026
X0 | Lx2 | ix1 | NP |"Exo | Ex1 | GNP | VCC | VCC | GND | "rq co | Vee E4 E3 E2
110122 1/0123 ]| /10124 1/0126 | 1/10125 1/030 | 1/029 1/065 | 1/064 | 11066
Ex2 | exa | Exa | NP [ Exs | Exs | GNP | VCC | VCC | GND | "pg gs | GND L1 LO L2
1/0127 1/0136 | /10137 1/0139] 1/0138 11025 | 1/024 1/071 | 1/070 | 11048
Ex7 | exo | ex1 | YCC€ | exa | Gx2 | VCC | GND | GND | vCC El EO vee L7 L6 Jo
/0140 /0141 | 1/O143| ~\p | VO130|1/0142| 1/098 | 1/O91 [ 1/O75 | 1/O77 | /068 | /067 | ~yp | VO5L | /052 | 11049
GX4 | GX5 | GX7 FX2 | GX6 | AX2 P3 N3 N5 L4 L3 J3 Ja J1
/0128 1/0129 | 1/0131| ~np | VOL115|1/0113 | /0100 1/O90 [ 1/074 | 1/O80 | 1/083 | /069 | \,c | 1/O60 | 1/O55 | /050
FX0 | FX1 | FX3 CX3 [ cx1 | Ax4 P2 N2 00 03 L5 K4 J7 J2
1/0132| 1/0133] 1/0135 1/056 | 1/053
Fxa | 'Fxs | 'Fx7"| YCC | GND | VCC | GND | VCC | GND | GND | VCC | GND | GND | TCK Ko 75
/0134 1/0109 | I/O110 | 1/O111 | /O116 | /0114 | I/O101 | 1/O89 [ 1/093 | 1/O94 | 1/O79 | /084 | /087 | g | VO57 | VOS54
FX6 | BX5 | BX6 | BX7 | CX4 | CX2 | AX5 P1 P5 P6 N7 04 o7 K1 J6
1/0108| 1/0107 | /0104 | 1/0119 | 1/0112 | 1/0102]| 1/099 | 1/096 | 1/092 | /072 | 1/076 | 1/081 | 1/085 | 1/063 | 1/059 | 1/058
BX4 | BX3 [ BXO | CX7 | CX0 | AX6 | AX3 [ AX0 P4 NO N4 o1 05 K7 K3 K2
/0106 | /0105 [ 1/O118 [ /0117 | /O103| | ko | HO97 | 1/O88 [ | 1 | VO95 | 1/O73 | 1/O78 | 1/O82 | 1/O86 | 1/062 | /061
BX2 | BX1 [ CX6 | CX5 | AX7 AX1 PO P7 N1 N6 02 06 K6 K5
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

PIN DESIGNATIONS

CLK = Clock

GND = Ground

| Input

I/0 = Input/Output

N/C No Connect

VCC = Supply Voltage

TDI Test Data In C 7

TCK = Test Clock

T™S Test Mode Select L wocel

TDO = Test Data Out PAL Block

mda3.512.192_256bga
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388-BALL fpBGA CONNECTION DIAGRAM (M4A3-512/256)

Corporation

Bottom View
388-Ball fpBGA
22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
A | onp [V0243[ 110240 110241{ 110236 110231 110228| 110226| 110255| 110251 110248| 1100 | 105 | 106 | 11027 [ 11030 [ 1017 [ HO22 [ 108 | 11010 | \yc | arD
Ox3 | Oxo | ox1 | Nx4 | Mx7 [ Mxa | Mx2 | Px7 | Px3 | Pxo| A0 | A5 | A6 | D3 | D6 | c1 | c6 | BO | B2
110245 110242| 110238 110234 110232| 110229 110224 110253| 110249 1102 11026 | 11029 | 1031 | 11020 | 109 | 11012 | 11013
B [ NIC [ GND [ T55e| "ox2 | Nx6 | Nx2 | Nx0 | Mx5 | Mxo | Px5 | Pxi| A2 [CKO| "2 | D5 | 7 | c4 | B1 | B4 | B5 | GNP TP
¢ [V0213] 1po | anp [10247| 10244 1/0239] 110235 110230| 110227| | 5 [1/0250| 101 | 1O7 | 1025 | 11016 | /018 | 1023 [ 1/O11 | 1015 | o\ p | 1047 | V044
KX5 OX7 | Ox4 [ NX7 | NX3 | Mx6 [ Mx3 px2| AL | A7 | D1 | co | c2 | c7 | B3 | BY F7 | F4
110210{ 10212 110215 110246 1/10237(1/0233 110254 1103 | 1024 11019 | /021 11014 11046 | 11043 | /041
D "kx2 | kxa | kx7 | NP | oxe | VO |"nxs | nx1 | YO© |Tpxe | VCC| Az | Do | VOC| ez | c5 | VC©| Bs | ONP| ke | F3 | F1
g |V0207(1/0209| /0211 | 110214 11045 | 11042 | 11040 | 1/O54
IX7 | KX1 | Kx3 | KX6 F5 | F2 | Fo | G6
110203 110205 110208 11055 | 1/052 | 1/050
Fl s | axs | kxo | V€€ VCC |67 | ea | G2
110200| 110202| 110204 110206 110225| 110252 1104 | 11028 11053 | /051 | 11049 | 11039
G "0 | ax2 | axa | ax6 VCC | VCC | NIC [T | 'pxa | as | Da | NC | VCC | vee G5 | 63 | 61 | E7
110221 110222 1/0223| 110201 11048 | 11038 | 11037 | 11036
I Ry s vl Ry vcc | nc | GND | GND | GND | GND | GND | GND | NiC | vee co | "Bl "R VS
110218 110219| 110220 11035 | 1/034 | 11032
I "%t o e vee N/C | GND | GND | GND [ GND | GND | GND | GND | GND | N/C vee [ 230 VRS VES
110197 1/0198| 110199 110216 110217 11033 11063 | 11062 | 11061 | 11060
N vl Rt v R Dxi| GND | GND [ GND | GND | GND [ GND | GND | GND | V23 Pl IRvicl [t I
110192| 110194/ 110195 110196 110193 11058 11059 | 11057 | /056
L "% 1S 1 e R | GND | GND | GND [ GND | GND | GND | GND | GND | "3 vee [PV e
110184 1/0185| 110187 110186 11069 11067 | 11065 | 11066 | 11064
M e el e | vee o’ GND [ GND | GND | GND | GND | GND | GND | GND | VOE 5 0 > o
110188| 1/0189| 110191 110190 110162 11089 11088 | 1071 | 11070 | 11068
N "Fixa | Hxs | bx7 | Hxe Exz2 | GNP | GND [ GND | GND [ GND | GND | GND | GND | Tfy Lo 17 16 14
110160 10161110163 11092 | 11091 | /090
P "Bl Bl B’ vee N/C | GND | GND | GND [ GND | GND | GND | GND | GND | N/C vee [P YES
110164 1/0165| 110166/ 110177 11074 | 11095 | 11094 | 11093
RV Bl Bl oxt vcc | nc | eND | GND | GND | GND | GND | GND | NiC | vee 5 il Rav-al e
110167|1/0176| 110179 110181 110152| 110131 1/0122| 11098 11078 | 1076 | 11073 | 11072
T |"ex7'| exo | ox3 | Gxs VCC | VCC | NIC | Toxo | axa | P2 | m2 | NC [ Vee | vee B | 34| an|
110178 1/0180| 110183 11080 | 11077 | 11075
U "exz | oxa | ox7 | V€€ VEC | o | s | a3
v |V0182| e [vo169|HO172 11086 | 11083 | 11081 | 11079
GX6 FX1 | Fx4 K6 | K3 | K1 | J7
110168| 1/0170| 110173 110143 1/0150( 110145 110153 110123 11096 110104 /0111 110119 11087 | 11084 | 11082
W Exo | Fx2 | x5 | GNP |Tex7 | VOO [Texs | exa | VEC [ oxa | ps | VOO | Mo | VOO | T No | N7 | VEC|To7 | ONP [ k7 | ke | k2
y |Vo171{10174| o\p |V0141(1/0138] /0136 110147 /0158|0156 | | VO132[ 110121 1/0125| 1/099 (1/0101| /0106 1/0110|1/0115| 110118 Gnp | Tms | O85
FX3 | FX6 BX5 | BX2 | BXO [ Cx3 | DX6 | Dx4 AXa| P1 | P5 | M3 | M5 | N2 | N6 | 03 | O6 K5
AA |10175| o [10142| 10140 10151110149 110144 1/0157| 1/0154| 1/0134] 110130| 110128| (| 1 | VO127|1/0100| /0103 /0108 /0109 /0113 [ 1/0116| Gnp | TeK
FX7 BX6 | BX4 | Cx7 [ cx5| cxo | Dx5 [ DXx2 | Ax6 | Ax2 | AX0 P7 | M4 | M7 | N4 [ N5 | 01 | O4
AB | onp | e |0139| 0137|0148 110146| 110159 110155 1/0135| 110133 1/0129| /0120 1/0124| /0126 11097 [1/0102| /0105 1/0107| /0112|0114 (1/0117| N\p
BX3 | BX1 | cxa [ cx2 | bx7 | Dx3 | Ax7 | Axs | Ax1 | Po | P4 | P6 | M1 | M6 | N1 | N3 | oo | 02 | 05
22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
PIN DESIGNATIONS
CLK = Clock
GND = Ground
| Input
I/0 = Input/Output
N/C No Connect
VCC = Supply Voltage
TDI Test Data In c 7
TCK = Test Clock
TMS Test Mode Select L vocel
TDO = Test Data Out PAL Block

AA

AB

mda3.512.256_388bga

iSpMACH 4A Family

59



L attice

111 Semiconductor

...... Corporation

ISPMACH 4A PRODUCT ORDERING INFORMATION
iISpPMACH 4A Devices Commercial and Industrial - 3.3V and 5V

Lattice programmable logic products are available with several ordering options. The order number (Valid Combination) is formed by a combina-

tion of:

M4A3-

256 /128 -7 Y

FAMILY TYPE

M4A3- = ispMACH 4A Family Low Voltage Advanced

Feature (3.3-V V¢c)

M4A5- = ispMACH 4A Family Advanced Feature

192 Macrocells
256 Macrocells
384 Macrocells
512 Macrocells

(5-V Vo)
MACROCELL DENSITY-
32 = 32 Macrocells 192 =
64 = 64 Macrocells 256 =
96 = 96 Macrocells 384 =
128 = 128 Macrocells 512 =
1/0s

/32 =32 1/0s in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP

/48 = 481/0s in 100-pin TQFP

/64 = 641/0s in 100-pin TQFP, 100-pin PQFP, or 100-ball caBGA

/96 =96 1/0s in 144-pin TQFP or 144-ball fpBGA

/128 =128 1/0s in 208-pin PQFP, 256-ball BGA or 256-ball fpBGA

/160 = 160 1/0s in 208-pin PQFP

/192 =192 1/0s in 256-ball BGA or 256-ball fpBGA

/256 = 256 1/0s in 388-ball fpBGA

*Package obsolete, contact factory.

Conventional Packaging

C

—L_48 = 48-pin TQFP for
M4A3-32/32 or M4A3-64/32
M4A5-32/32 or M4A5-64/32

OPERATING CONDITIONS

C = Commercial (0°C to +70°C)
| = Industrial (-40°C to +85°C)
PACKAGE TYPE

SA Ball Grid Array (BGA)

J Plastic Leaded Chip Carrier (PLCC)

JN Lead-free Plastic Leaded Chip Carrier
(PLCC)

\% = Thin Quad Flat Pack (TQFP)

VN = Lead-free Thin Quad Flat Pack
(TQFP)

Y = Plastic Quad Flat Pack (PQFP)

YN = Lead-fee Plastic Quad Flat Pack
(PQFP)

FA = Fine-pitch Ball Grid Array (fpBGA)

FAN = Lead-free Fine-pitch Ball Grid Array
(fpBGA)

CA = Chip-array Ball Grid Array (caBGA)

SPEED

-5 = 50ns tPD

-55 = 55ns tpD

-6 = 6.0ns tPD

-65 = 6.5ns tPD

-7 = 75ns tPD

-10 = 10ns tPD

-12 = 12ns tPD

-14 = 14ns tpD

3.3V Commercial Combinations
M4A3-32/32 -5,-7,-10 I, \IC, VC48
M4A3-64/32 IC, \C, vcas
M4A3-64/64 \C
M4A3-96/48 55,-7,-10 \C
M4A3-128/64 YC, VC, CAC
M4A3-192/96 -6,-7,-10 \C, FAC
M4A3-256/128 -55,-651 -7, -10 YC, FAC, SAC
M4A3-256/160 10 YC
M4A3-256/192 ' FAC
M4A3-384/160 YC
M4A3-384/192 65,-10,-12 SAC, FAC
M4A3-512/160 YC
M4A3-512/192 -7,-10,-12 FAC
M4A3-512/256 FAC

1. Use 5.5ns for new designs.

3.3V Industrial Combinations
M4A3-32/32 31, VI, V148
M4A3-64/32 31, VI, V148
MA4A3-64/64 Vi
M4A3-96/48 -7,-10, -12 Vi
M4A3-128/64 Y1, VI, CAI
M4A3-192/96 VI, FAI
M4A3-256/128 Y1, FAI, SAI
M4A3-256/160 v
M4A3-256/192 10,-12 FAl
M4A3-384/160 vl
M4A3-384/192 FAl
M4A3-512/160 -10,-12, -14 vl
M4A3-512/192 FAl
M4A3-512/256 FAl
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5V Commercial Combinations 5V Industrial Combinations
M4A5-32/32 -5, -7,-10, JC, VC, VC48 M4A5-32/32 -7,-10,-12 JI, VI, VI48
M4A5-64/32 JC, VC, VC48 M4A5-64/32 JI, VI, VI48
M4A5-96/48 -55,-7,-10 VC M4A5-96/48 -7,-10,-12 Vi
M4A5-128/64 YC, VC M4A5-128/64 Y1, VI
M4A5-192/96 6,-7,-10 VC M4A5-192/96 -7,-10,-12 Vi
M4A5-256/128 65, -7, -10 YC M4A5-256/128 -10,-12 Yi

L ead-free Packaging

3.3V Commercial Combinations 3.3V Industrial Combinations
M4A3-32/32 -5,-7,-10 VNC, VNC48, INC M4A3-32/32 VNI, VNI48, INI
M4A3-64/32 VNC, VNC48, JNC M4A3-64/32 VNI, VNI48, NI
M4A3-64/64 55,-7,-10 NG MAA3-64/64 -1,-10,-12 Wi
M4A3-128/64 UNC M4A3-128/64 NI
M4A3-192/96 6, -7,-10 VNC M4A3-192/96 VNI
M4A3-256/128 55,-7,-10 FANC, YNC M4A3-256/128 -10, -12 FANI, YNI
M4A3-256/160 710 YNC M4A3-256/160 YNI
M4A3-256/192 ' FANC M4A3-256/192 FANI
M4A3-384/192 -65, -10, -12 FANC M4A3-384/192 -10, -12, -14 FANI
M4A3-512/192 -7,-10, -12 FANC M4A3-512/192 FANI

5V Commercial Combinations 5V Industrial Combinations
M4A5-32/32 -5,-7,-10 VNC, VNC48, INC M4A5-32/32 VNI, VNI48, NI
M4A5-64/32 VNC, VNC48, INC M4A5-64/32 VNI, VNI48, NI
M4A5-96/48 -55,-7,-10 VNC M4A5-96/48 7 410.-12 VNI
M4A5-128/64 VNC, YNC M4A5-128/64 e VNI, YNI
M4A5-192/96 6,-7,-10 VNC M4A5-192/96 VNI
M4A5-256/128 65, -7, -10 YNC M4A5-256/128 YNI

Most ispMACH devices are dual-marked with both Commercial and Industrial grades. The Industrial speed grade is slower, i.e.,

M4A3-256/128-7YC-10Y1
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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Revision History

Date Version Change Summary
- K Previous Lattice release.
August 2006 L Updated for lead-free package options.
September 2006 M Revised M4A3-256/160 208-pin PQFP connection diagram.

© 2006 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www latticesemi.com/legal. All other brand
or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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