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Table 1. ispMACH 4A Device Features

3.3 V 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 I/O options 32 32/64 48 64 96 128/160/192 160/192 160/192/256

tPD (ns) 5.0 5.5 5.5 5.5 6.0 5.5 6.5 7.5

fCNT (MHz) 182 167 167 167 160 167 154 125

tCOS (ns) 4.0 4.0 4.0 4.0 4.5 4.0 4.5 5.5

tSS (ns) 3.0 3.5 3.5 3.5 3.5 3.5 3.5 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 I/O options 32 32 48 64 96 128

tPD (ns) 5.0 5.5 5.5 5.5 6.0 6.5

fCNT (MHz) 182 167 167 167 160 154

tCOS (ns) 4.0 4.0 4.0 4.0 4.5 5.0

tSS (ns) 3.0 3.5 3.5 3.5 3.5 3.5

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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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 
ispMACH 4A architecture, the macrocells are flexibly coupled to the product terms through the logic 
allocator, and the I/O 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.

   

Notes:
1. 16 for ispMACH 4A devices with 1:1 macrocell-I/O cell ratio (see next page).

2. Block clocks do not go to I/O 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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 Figure 1. ispMACH 4A Block Diagram and PAL Block Structure
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Table 4. Architectural Summary of ispMACH 4A devices

The Macrocell-I/O cell ratio is defined as the number of  macrocells versus the number of  I/O 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
◆ I/O cells
◆ Input switch matrix
◆ Clock generator
Notes:
1. M4A3-64/64 internal switch matrix functionality embedded in central switch matrix.

 ispMACH 4A Devices

M4A3-64/32, M4A5-64/32

M4A3-96/48, M4A5-96/48

M4A3-128/64, M4A5-128/64

M4A3-192/96, M4A5-192/96

M4A3-256/128, M4A5-256/128

M4A3-384

M4A3-512

M4A3-32/32

M4A5-32/32

M4A3-64/64

M4A3-256/160

M4A3-256/192

Macrocell-I/O Cell Ratio 2:1 1:1

Input Switch Matrix Yes Yes1

Input Registers Yes No

Central Switch Matrix Yes Yes

Output Switch Matrix Yes Yes
6 ispMACH 4A Family



        
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. 

Logic 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. 

Table 5. PAL Block Inputs

 Device Number of Inputs to PAL Block

M4A3-32/32 and M4A5-32/32

M4A3-64/32 and M4A5-64/32

M4A3-64/64

M4A3-96/48 and M4A5-96/48

M4A3-128/64 and M4A5-128/64

33

33

33

33

33

M4A3-192/96 and M4A5-192/96

M4A3-256/128 and M4A5-256/128

34

34

M4A3-256/160 and M4A3-256/192

M4A3-384

M4A3-512

36

36

36
ispMACH 4A Family 7



                                                                                                                                     
Table 6. Logic Allocator for All ispMACH 4A Devices (except M4A(3,5)-32/32)

Output Macrocell Available Clusters Output Macrocell Available Clusters

M0 C0, C1, C2 M8 C7, C8, C9, C10

M1 C0, C1, C2, C3 M9 C8, C9, C10, C11

M2 C1, C2, C3, C4 M10 C9, C10, C11, C12

M3 C2, C3, C4, C5 M11 C10, C11, C12, C13

M4 C3, C4, C5, C6 M12 C11, C12, C13, C14

M5 C4, C5, C6, C7 M13 C12, C13, C14, C15

M6 C5, C6, C7, C8 M14 C13, C14, C15

M7 C6, C7, C8, C9 M15 C14, C15

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

Output Macrocell Available Clusters Output Macrocell Available Clusters

M0 C0, C1, C2 M8 C8, C9, C10

M1 C0, C1, C2, C3 M9 C8, C9, C10, C11

M2 C1, C2, C3, C4 M10 C9, C10, C11, C12

M3 C2, C3, C4, C5 M11 C10, C11, C12, C13

M4 C3, C4, C5, C6 M12 C11, C12, C13, C14

M5 C4, C5, C6, C7 M13 C12, C13, C14, C15

M6 C5, C6, C7 M14 C13, C14, C15

M7 C6, C7 M15 C14, C15
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 Figure 2. Logic Allocator: Configuration of Cluster “n” Set by Mode of Macrocell “n”
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a. Synchronous Mode

b. Asynchronous Mode
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Macrocell

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. 

In either mode, a combinatorial path can be used. For combinatorial logic, the synchronous mode will 
generally be used, since it provides more product terms in the allocator.
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Table 13. Output Switch Matrix Combinations for M4A3-64/64

I/O8 M8  M9  M10  M11  M12 M13  M14 M15

I/O9 M8  M9  M10  M11  M12 M13  M14 M15

I/O10 M8  M9  M10  M11  M12 M13  M14 M15

I/O11 M8  M9  M10  M11  M12 M13  M14 M15

I/O12 M8  M9  M10  M11  M12 M13  M14 M15

I/O13 M8  M9  M10  M11  M12 M13  M14 M15

I/O14 M8  M9  M10  M11  M12 M13  M14 M15

I/O15 M8  M9  M10  M11  M12 M13  M14 M15

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

Macrocell Routable to I/O Cells

M0, M1, M2, M3, M4, M5, M6, M7 I/O0, I/O1, I/O2, I/O3, I/O4, I/O5, I/O6, I/O7

M8, M9, M10, M11, M12, M13, M14, M15 I/O8, I/O9, I/O10, I/O11, I/O12, I/O13, I/O14, I/O15

 

I/O Cell Available Macrocells

I/O0, I/O1, I/O2, I/O3, I/O4, I/O5, I/O6, I/O7 M0, M1, M2, M3, M4, M5, M6, M7

I/O8, I/O9, I/O10, I/O11, I/O12, I/O13, I/O14, I/O15 M8, M9, M10, M11, M12, M13, M14, M15

Macrocell Routable to I/O Cells

MO, M1 I/O0, I/O1, I/O10, I/O11, I/O12, I/O13, I/O14, I/O15

M2, M3 I/O0, I/O1, I/O2, I/O3, I/O12, I/O13, I/O14, I/O15

M4, M5 I/O0, I/O1, I/O2,I/O3, I/O4,I/O5,  I/O14, I/O15

M6, M7 I/O0, I/O1, I/O2, I/O3, I/O4, I/O5, I/O6, I/O7

M8, M9 I/O2, I/O3, I/O4, I/O5, I/O6, I/O7, I/O8, I/O9

M10, M11 I/O4, I/O5, I/O6, I/O7, I/O8, I/O9, I/O10, I/O11

M12, M13 I/O6, I/O7, I/O8, I/O9, I/O10, I/O11, I/O12, I/O13

M14, M15 I/O8, I/O9, I/O10, I/O11, I/O12, I/O13, I/O14, I/O15

 

I/O Cell Available Macrocells

I/O0, I/O1 M0, M1, M2, M3, M4, M5, M6, M7

I/O2, I/O3 M2, M3, M4, M5, M6, M7, M8, M9

I/O4, I/O5 M4, M5, M6, M7, M8, M9, M10, M11

I/O6, I/O7 M6, M7, M8, M9, M10, M11, M12, M13

I/O8, I/O9 M8, M9, M10, M11, M12, M13, M14, M15

I/O10, I/O11 M0, M1, M10, M11, M12, M13, M14, M15

I/O12, I/O13 M0, M1, M2, M3, M12, M13, M14, M15

I/O14, I/O15 M0, M1, M2, M3, M4, M5, M14, M15

Table 11. Output Switch Matrix Combinations for M4A3-256/160 and M4A3-256/192

Macrocell Routable to I/O Cells
16 ispMACH 4A Family



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. 
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 Figure 12. ispMACH 4A with 2:1 Macrocell-I/O Cell 
Ratio - Input Switch Matrix

 Figure 13. ispMACH 4A with 1:1 Macrocell-I/O Cell 
Ratio - Input Switch Matrix
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 Figure 16. PAL Block for ispMACH 4A with 2:1 Macrocell - I/O Cell Ratio
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BLOCK DIAGRAM – M4A(3,5)-96/48
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BLOCK DIAGRAM – M4A(3,5)-192/96
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BLOCK DIAGRAM – M4A(3,5)-256/128
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BLOCK DIAGRAM - M4A3-512/160, M4A3-512/192, M4A3-512/256

C
en

tr
al

 S
w

it
ch

 M
at

ri
x

Block B

CLK0–CLK3

Block A Block OXBlock PX

Block C 
Block F

Block D
Block E

Block NX
Block KX 

Block MX
Block LX

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

O
E

 8

16

8 

4 

16 

24 

8 

16 

16 

36 

 4

 4

 8

 24  36

 4

 8

8 

16 

16 

4 

4 

16

 16

O
E

 8

 24  36

 4

 8

8 

16 

16 

4 

4 

16

 16

O
E

O
E

 4

 4

 8

36 
24 

16 

16 

8 

16 
8 

4 

16

O
E

4 

4 

 36
 24

16

 16

 8

 16

 16

 4

 8

8 

O
E

4 

4 

 36
 24

16

 16

 8

 16

 16

 4

 8

8 

 4

 4

 8

36 
24 

16 

16 

8 

16 
8 

4 

16

O
E

 8

16

8 

4 

16 

24 

8 

16 

16 

36 

 4

 4

O
E

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

I/O Cells

Macrocells

72  X 90
AND Logic Array

and Logic Allocator

C
lo

ck
 G

en
er

at
or

In
pu

t S
w

itc
h

M
at

rix

Output Switch
Matrix

O
E

 8

16

8 

4 

16 

24 

8 

16 

16 

36 

 4

 4

 8

 24  36

 4

 8

8 

16 

16 

4 

4 

16

 16

O
E

 8

 24  36

 4

 8

8 

16 

16 

4 

4 

16

 16

O
E

O
E

 4

 4

 8

36 
24 

16 

16 

8 

16 
8 

4 

16

O
E

4 

4 

 36
 24

16

 16

 8

 16

 16

 4

 8

8 

O
E

4 

4 

 36
 24

16

 16

 8

 16

 16

 4

 8

8 

 4

 4

 8

36 
24 

16 

16 

8 

16 
8 

4 

16

O
E

 8

16

8 

4 

16 

24 

8 

16 

16 

36 

 4

 4

O
E

Block G
Block J

Block H
Block I

Block JX
Block GX 

Block IX
Block HX 

Block K
Block N

Block L
Block M

Block FX
Block CX 

Block EX
Block DX

Detail A

Repeat Detail A

Repeat Detail A

Block PBlock O Block AX Block BX

4 4 

 4

17466G-068
ispMACH 4A Family 35



44-PIN PLCC CONNECTION DIAGRAM (M4A(3,5)-32/32 AND M4A(3,5)-64/32)

Top View
44-Pin PLCC

PIN DESIGNATIONS
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100-BALL caBGA CONNECTION DIAGRAM (M4A3-128/64)

Bottom View
100-Ball caBGA
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144-BALL FPBGA CONNECTION DIAGRAM (M4A3-192/96)

Bottom View
144-Ball fpBGA
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256-BALL fpBGA CONNECTION DIAGRAM (M4A3-256/192)

Bottom View
256-Ball fpBGA
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256-BALL BGA CONNECTION DIAGRAM - (M4A3-384/192)

Bottom View
256-Ball BGA
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