m MACH 4 CPLD Family

| BEYOND PERFORMANCE High Performance EE CMOS
Programmable Logic
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High-performance, EE CMOS 3.3-V & 5-V CPLD families

Flexible architecture for 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 Commercial and 7.5ns tpp Industrial

— 182MHz fCNT

32 to 512 macrocells; 32 to 768 registers

44 to 352 pins in PLCC, PQFP, TQFP, BGA, or fpBGA packages

Advanced capabilities for easy system integration

— 3.3-V & 5-V JEDEC-compliant operations

— JTAG (IEEE 1149.1) compliant for boundary scan testing

— 3.3-V & 5-V JTAG in-system programming

— PCl 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 I/0s

— Hot-socketing

— Programmable security bit

— Individual output slew rate control

Flexible architecture for a wide range of design styles

— D/T registers and latches

— Synchronous or asynchronous mode

— Dedicated input registers

— Programmable polarity

— Reset/ preset swapping

Advanced EE CMOS process provides high-performance, cost-effective solutions

Supported by Vantis DesignDirect™ software for rapid logic development

— Supports HDL design methodologies with results optimized for Vantis

— Flexibility to adapt to user requirements

— Software partnerships that ensure customer success

Vantis and third-party hardware programming support

— VantisPRO™ (formerly known as MACHPRO®) software for in-system programmability
support on PCs and automated test equipment

— Programming support on all major programmers including Data I/O, BP Microsystems, Advin,
and System General
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Table 1. MACH 4 Device Features'2

M4-32/32 M4-64/32 M4-96/48 M4-128/64 M4-128N/64 M4-192/96 M4-256/128

Feature M4LV-32/32 | M4LV-64/32 | M4LV-96/48 | MA4LV-128/64 | M4LV-128N/64 | MA4LV-192/96 | M4LV-256/128
Macrocells 32 64 96 128 128 192 256
Maximum User I/0 Pins 32 32 48 64 64 96 128

tpp (nS) 7.5 7.5 7.5 7.5 7.5 7.5 7.5

fent (MH2) 111 111 111 111 111 111 111
tcos (ns) 5.5 5.5 5.5 5.5 5.5 5.5 5.5

tgs (ns) 55 5.5 5.5 5.5 5.5 5.5 5.5
Static Power (mA) 25 25 50 70 70 85 100
JTAG Compliant Yes Yes Yes Yes No Yes Yes

PCl Compliant Yes Yes Yes Yes Yes Yes Yes
Notes:

1. For information on the M4-96/96 device, please refer to the M4-96/96 datasheet at www.vantis.com.

2. “M4-xxx”is for 5-V devices. “M4LV-xxx" is for 3.3-V devices.
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Table 2. MACH 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 04 96 128 192 256 384 512
User 1/0 options 32 32/64 48 64/96/128 68/96/128 128/192 132/160/192 132/126506/192/
tpp (ns) 5.0 5.0 5.0 5.0 5.0 5.0 65 6.5
fent (MHz) 182 182 182 182 182 182 154 154
tcos (ns) 4.0 4.0 4.0 4.0 4.0 4.0 45 45
tgs (ns) 3.0 3.0 3.0 3.0 3.0 3.0 4.0 4.0
Static Power (mA) TBD TBD TBD TBD TBD TBD TBD TBD
JTAG Compliant Yes Yes Yes Yes Yes Yes Yes Yes
PCl Compliant Yes Yes Yes Yes Yes Yes Yes Yes

5V Devices
Feature M4A5-32 M4A5-64 M4A5-96 | M4A5-128 | M4A5-192 | M4A5-256
Macrocells 32 04 96 128 192 256
User 1/0 options 32 32 48 64 96 128
tpp (ns) 5.0 5.0 5.0 5.0 5.0 6.5
font (MHz2) 182 182 182 182 182 154
tcos (ns) 4.0 4.0 4.0 4.0 4.0 45
tgs (ns) 3.0 3.0 3.0 3.0 3.0 4.0
Static Power (mA) TBD TBD TBD TBD TBD TBD
JTAG Compliant Yes Yes Yes Yes Yes Yes
PCl Compliant Yes Yes Yes Yes Yes Yes

Notes:
1. All information on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on
availability.
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GENERAL DESCRIPTION

The MACH® 4 family from Vantis 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 MACH 4 devices offer densities ranging
from 32 to 512 macrocells with 100% utilization and 100% pin-out retention. Both the MACH
4 and the MACH 4A families offer 5-V (M4-xxx and M4A5-xxx) and 3.3-V (M4LV-xxx and
M4A3-xxx) operation.

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

All MACH 4 family members deliver First-Time Fit and easy system integration with pin-out
retention after any design change and refic. With multi-tiered central switch matrices, enhanced
logic arrays, intelligent logic allocators with an XOR gate and multi-clocking, the MACH 4
family has D or T-type registers and latches as well as synchronous/asynchronous logic and flexible
set/reset capabilities. For both 3.3-V and 5-V operations, MACH 4 products can deliver
guaranteed fixed timing as fast as 5.0 ns tpp and 182 MHz fyr through the SpeedLocking feature
when using up to 20 product terms per output (Tables 3 and 4).

Table 3. MACH 4 Speed Grades

Speed Grade'

Device -7 -10 -12 -14 -15 -18
Md-3232 c C1 C1 I c I
MALV-32/32
Mé-64/32 C C1 C1 I c I
MALV-64/32 ’ ’
Mé-96/48 c C1 C1 I c I
MALV-96/48 ’ ’
M4-128/64 . o o | . |
MALV-128/64
M4-128N/64 . ol ol | . |
MALV-128N/64 ’ ’
M4-192/96 . o o | . |
MALV-192/96 ’ ’
M4-256/128 . ol ol | . |
MALV-256/128
Note:

1. C = Commercial, I= Industrial

4 MACH 4 Family



Table 4. MACH 4A Speed Grades

Speed Grade' 2

Device -5 -55 -6 -65 -7 -10 -12 -14
MaA3-32 ¢ C C C C1 C1 C1 I
M4A5-32
M4A3-64
MAAS.64 C C C C C1 C1 C1 I
MaA3-96 C C C C C1 C1 C1 I
M4A5-96 ’ ’ ’

MaA3-128 C C C C C1 C1 C1 I
M4A5-128
M4A3-192
MAAS.192 C C C C C1 C1 C1 I
M4A3-256 C C C C C1 C1 C1 I
M4A5-256 C C C1 C1 I
M4A3-384 C C C1 C1 I
M4A3-512 C C C1 C1 I
Notes:

1. C = Commercial,

1= Industrial

2. All information on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on

availability.

The MACH 4 family offers 20 density-1/O combinations in Thin Quad Flat Pack (TQFP), Plastic
Quad Flat Pack (PQFP), Plastic Leaded Chip Carrier (PLCC), Ball Grid Array (BGA), and fine-
pitch BGA (fpBGA) packages ranging from 44 to 352 pins (Tables 5 and 6). It also offers I/O 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/Os, a
programmable power-down mode for extra power savings and individual output slew rate control
for the highest speed transition or for the lowest noise transition.

Table 5. MACH 4 Package and I/0 Options (Number of I/0s and dedicated inputs in Table)

M4-32/32 | M4-64/32 | M4-96/48 | M4-128/64 | M4-128N/64 | M4-192/96 | M4-256/128
Package M4LV-32/32 | MALV-64/32 | MALV-96/48 | MALV-128/64 | MALV-128N/64 | MALV-192/96 | MALV-256/128

44-pin PLCC 3242 3242

44-pin TQFP 3242 3242

48-pin TQFP 3242 3242

84-pin PLCC 64+6

100-pin TQFP 48+8 64+6

100-pin PQFP 64+6

144-pin TQFP 96+16

208-pin PQFP 128+16

256-ball BGA 128+16

MACH 4 Family 5
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Table 6. MACH 4A Package and 1/0 Options' (Number of 1/0s and dedicated inputs in Table)

3.3V Devices

Package

M4A3-32

M4A3-64

M4A3-96

MA4A3-128

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

68+2

100-pin PQFP

64+6

100-ball
fpBGA

64+6

64+6

68+2

144-pin TQFP

96+16

96+16

144-ball
fpBGA

96+16

96+16

176-pin TQFP

128+4

128+4

128+4

132

132

200-ball
fpBGA

128+4

128+4

128+4

208-pin PQFP

128+14, 160

160

160

320-ball
fpBGA

192

256-ball BGA

128+14

192

192

352-ball BGA

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

48+8

64+6

100-pin PQFP

64+6

144-pin TQFP

96+16

208-pin PQFP

128+14

256-ball BGA

128+14

Note:

1. All information on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on

availability.
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Vantis offers software design support for MACH devices in both the MACHXL® and DesignDirect
development systems. The DesignDirect development system is Vantis’ implementation software
that includes support for all Vantis CPLD, FPGA and SPLD devices. This system is supported
under Windows '995, '98 and NT as well as Sun Solaris and HPUX.

DesignDirect software is designed for use with design entry, simulaion and verification software
from leading-edge tool vendors such as Cadence, Exemplar Logic, Mentor Graphics, Model
Technology , Synopsys, Synplicity, Viewlogic and others. It accepts EDIF 2 0 0 input netlists,
generates JEDEC files for Vantis PLDs and creates industry-standard EDIF, Verilog, VITAL-
compliant VHDL and SDF simulation netlist for design verification.

DesignDirect software is also available in product configurations that include VHDL and Verilog
synthesis from Exemplar Logic and VHDL, Verilog RTL and gate level timing simulation from
Model Technology. Schematic capture and ABEL entry, as well as functional simulation, are also
provided.

MACH 4 Family 7
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FUNCTIONAL DESCRIPTION

The fundamental architecture of MACH 4 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
MACH 4 architecture, the macrocells have been decoupled from the product terms through the
logic allocator, and the I/O pins have been decoupled from 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.

Clock/Input
Pins
Note 3

Dedicated
Input Pins

Notes:

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

Central Switch Matrix

PAL Block
4
Clock Note 2
Generator
|
33/ j:j
- ” /
= Logic Logic [16 [ Output/ 16 | 5 8 2 Pins
Array [+ Allocator Buried S | O >§
with XOR Macrocells 2 Note 1 g
>
16 s
Input 8
Switch 16 o
Matrix I Plins
B PAL Block K3
<--=| PAL Block | EE

Figure 1. MACH 4 Block Diagram and PAL Block Structure

2. Block clocks do not go to /O cells in M4(LV)-32/32 or M4A(3,5)-32/32.

3. M4(LV)-192/96, M4(LV)-256/128, M4A(3,5)-192, M4A(3,5)-256, M4A3-384, and M4A3-512 bhave dedicated clock pins which
cannot be used as inputs and do not connect to the central switch matrix.

1/0
Pins

17466G-001
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Table 7. Architectural Summary of MACH 4 devices

MACH 4A Devices
M4-64/32, M4LV-64/32
M4-96/48, M4LV-96/48
M4-128/64, MALV-128/64 M4-32/32
M4-128N/64, M4LV-128N/64 M4LV-32/32
M4-192/96, M4LV-192/96
M4-256/128, M4LV-256/128
l;ellaixi:(rjocell-llo Cell 21 11
Input Switch Matrix Yes Yes
Input Registers Yes No
Central Switch Matrix Yes Yes
Output Switch Matrix Yes Yes

Table 8. Architectural Summary of MACH 4A devices

MACH 4A Devices

M4A3-64/32, M4A5-64/32 M4A3-32/32
M4A3-96/48, M4A5-96/48 M4A5-32/32
M4A3-128/64, M4A5-128/64 M4A3-64/64

M4A3-192/96, M4A5-192/96
M4A3-256/128, M4A5-256/128

M4A3-128/96, M4A3-128/128
M4A3-256/160

M4A3-384 M4A3-256/192
M4A3-512 M4A3-192/68, M4A3-192/128
II\?/Iaatxi:(r)ocell-I/O Cell 21 11
Input Switch Matrix Yes Yes
Input Registers Yes No
Central Switch Matrix Yes Yes
Output Switch Matrix Yes Yes

The Macrocell-1/O cell ratio is defined as the number of macrocells versus the number of I/O cells
internally in a PAL block (Tables 7 and 8).

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
MACH 4 devices communicate with each other with consistent, predictable delays.

The central switch matrix makes a MACH 4 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.

MACH 4 Family 9
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Each PAL block consists of:

Product-term array

Logic allocator
Macrocells

Output switch matrix
1/0 cells

Input switch matrix

Ooo0Oooognod

Clock generator
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 9), and
are provided in both true and complement forms for efficient logic implementation.

Table 9. PAL Block Inputs

Device Number of Inputs to PAL Block
M4-32/32 and M4IV-32/32 33
M4-64/32 and M4IV-64/32 33
M4-96/48 and M4LV-96/48 33
M4-128/64 and M4LV-128/64 33
M4-128N/64 and M4LV-128N/64 33
M4-192/96 and M4LV-192/96 34
M4-256/128 and M4LV-256/128 34
M4A3-32/32 and M4A5-32/32 33
M4A3-64/32 and M4A5-64/32 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
M4A3-64/64 36
M4A3-128/96 and M4A3-128/128 36
M4A3-192/68 and M4A3-192/128 36
M4A3-256/160 and M4A3-256/192 36
M4A3-384 36
M4A3-512 36

Because the number of product terms available for a given logic function is not fixed, the full sum
of products is not realized in the array. The product terms drive the logic allocator, which allocates
the appropriate number of product terms to generate the function.

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

10 MACH 4 Family
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unused—or wasted—product terms left over. The product term clusters available to each macrocell
within a PAL block are shown in Tables 10 and 11.

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.

MACH 4 Family 1
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Table 10. Logic Allocator for All MACH 4 and MACH 4A Devices (except M4(LV)-32/32 and M4A(3,5)-32/32)

Output Macrocell Available Clusters Output Macrocell Available Clusters
M, Co, C1, G Mg C7, G, Cg, Cyg
M, Co, Cp, Cy, C3 M Cg, Cy, C19, Cpy
M, Gy, Gy, G5, G4 My Gy, C105 C115 C12
M3 Gy, G5, C4, G5 My C10 G115 Cp2, Cy3
My G3, G4, G5, Gg My, Cy1, G2, Cy3, Cyg
M; Gy, G5, G, 7 M3 C12, C13, G145 Gy
Mg Gs, G, C7,Cg My4 €13, C14 Gy
M, Cg C7,Cg, Cg Mys Ci4 Cy5

Table 11. Logic Allocator for M4(LV)-32/32 and M4A(3,5)-32/32

Output Macrocell Available Clusters Output Macrocell Available Clusters
M, Cp, €1, Gy Mg Gg, Co, Cpo
Ml Co, Cl’ Cz, Cg M() Cs, C(), Clo, Cll
M, €, Gy, G5, G4 Mo Co, Cyg, Ci15 Cp2
M Gy, G3, Gy, Gs My, C10) G115 €12, Cy3
My G3, G4, Gs, Cg My, C1, Ciz, Cy3, Cig
Ms G4, G5, G, G My Cy2,C13, G4, G5
Mg Gs, G, G My4 €13, C14, Cy5
M, Ce, G M5 Ci4 Cy5

e R L e e e e P e L L PP e PR
L
cc¢c E Logic Allocator
oo 2
PP L

Basic Product
Term Cluster

q
Extra 0 Default

-

T'?T

Ton+l—!

- N
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Product |— == = = = — = — = = = gg
Term , 22
— )LI4' .

Basic Product
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Product - — - — = = = = = = — -
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g
o
Q
o
=
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o
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b. Asynchronous Mode

To Macrocell
n

17466G-005

To Macrocell
n

17466G-006

Figure 2. Logic Allocator: Configuration of Cluster “n” Set by Mode of Macrocell “n"
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oD E#D e 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 FDo FDo

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

= DD E=D}

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

17466G-008
Figure 4. Logic Allocator Configurations: Asynchronous Mode

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.

MACH 4 Family 13
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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.

PAL-Block

Power-Up
Reset

Initialization

Product Terms —D

Common PAL-block resource

Individual macrocell resources

From Logic Allocator

F Block CLKO
rom
Block CLK1
PAL-Clock Block CLK2
Generator
Block CLK3
Power-Up
Reset
Individual
Initialization
Product Term
| : :
L
From Logic
Allocator
From PAL-Block Block CLKO
Clock Generator Block CLK1
Individual Clock
Product Term E z

SWAP

AP AR

DITIL Q

a. Synchronous mode

To Output and Input

Switch Matrices

AP AR

L DITL Q

b. Asynchronous mode

Figure 5. Macrocell

17466G-009

To Output and Input

Switch Matrices

17466G-010

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.

14
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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 12. Note that a J-K latch is inadvisable as it will cause oscillation
if both J and K inputs are HIGH.

1] Q?

1] ?

||||Sj

AP AR
D Q

a. D-type with

D

AP AR

D

XOR

||||EE

b. D-type with programmable D polarity

AP AR

AP AR

||||?
|

c. Latch with XOR

d. Latch with programmable D polarity

AP AR

D

DD

f. Combinatorial with XOR

e. T-type with programmable T polarity

g. Combinatorial with programmable polarity

Figure 6.

17466G-011
Primary Macrocell Configurations

MACH 4 Family 15



v

Table 12. Register/Latch Operation

Configuration Input(s) CLK/LE ' Q+

D=X 01,1 (1) Q

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

T=X 0,1, 1 (1) Q

T-type Register T=0 (1) Q
T=1 1 (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 J and 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 4@7 PAL-Block
Initialization Initialization
Product Terms —D— Product Terms —D
AP AR AP AR
D/T/IL Q D/L Q

D D

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

17466G-012 17466G-013
Figure 7. Synchronous Mode Initialization Configurations
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A reset/preset swapping feature in each macrocell allows for reset and preset to be exchanged,

P pping 1% g
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

T I ) S L -
Reset Product Term

Product Term

AP AR AP AR
DIULT Q pUT  Q

D P

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 13. 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 13. Asynchronous Reset/Preset Operation

AR AP CLK/LE! Q+
0 0 X See Table 12
0 1 X 1
1 0 X 0
1 1 X 0

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

Output Switch Matrix

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

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

MACH 4A devices.

Mo [] mo []—{] voo mo ] —{] voo
m1 ] M1 [J|— vo1 m1 ] |—] vo1
m2 ] m2 []||— vo2 m2 ] ||—{] vo2
M3 [] M3 [] 1/03 m3 [] 1103
- ma ] /00 M4 [] 1104 m4 [] /04
[T M5 [] /01 ms [] 1/05 M5 [] 1/05
T me [] 1102 me [] 1106 meé [] 1106
D_ < T M7 1/03 M7 /07 M7 1107
< ) ] ©
T = o M8 [] 0 voa ms [] 0 vos ms [] [ vos
T M9 [] 0 vos M9 [] 0 o9 Mo [J [ o9
[ M10 [] 0 vos M10 [] O wo1o m10 [] Owo1o
= M11 [] 0oz M11 [ 0o M11 [] 0 wo11
M12 [] mMi2[]  [Jvo12 Mi2[]  [Quo1z
m13 [] mis[]  [Jvo1s mis[]  [wois
M14 [] Mia[]  [Jvois Mia[]  [uois
M15 [] mMis[]  [vois Mis[]  [uois
Each 1/O cell can Each macrocell can drive Each macrocell can drive Each macrocell can drive
choose one of 8 one of 4 1/0 cells in MACH 4 one of 8 1/0 cells in MACH one of 81/0 cells in
macrocells in and MACH 4A devices with 4A devices with 1:1 M4(LV)-32/32 and
all MACH 4 and 2:1 macrocell-lI/O cell ratio. macrocell-I/O cell ratio except M4A(3, 5)-32/32 devices.

M4A(3, 5)-32/32 devices.

Figure 9. MACH 4 Output Switch Matrix

Table 14. Output Switch Matrix Combinations for MACH 4 and MACH 4A
Devices with 2:1 Macrocell-1/0 Cell Ratio

Macrocell Routable to 1/0 Cells
MO, M1 /00, 1/05, 1/06, /07
M2, M3 1/00, /01, /06, 1/07
M4, M5 /00, /01, /02, /07
M6, M7 1/00, /01, /02, /03
M8, M9 /01, /02, /03, /04
M10, M11 1/02, 1/03, /04, /05
M12, M13 /03, /04, /05, 1/06
M14, M15 1/04, 1/05, 1/06, 1/07
1/0 Cell Available Macrocells
100 MO, M1, M2, M3, M4, M5, M6, M7
/01 M2, M3, M4, M5, M6, M7, M8, M9
102 M4, M5, M6, M7, M8, M9, M10, M11
/03 M6, M7, M8, M9, M10, M11, M12, M13
/04 MS, M9, M10, M11, M12, M13, M14, M15
/05 MO, M1, M10, M11, M12, M13, M14, M15

18
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Table 14. Output Switch Matrix Combinations for MACH 4 and MACH 4A

Devices with 2:1 Macrocell-1/0 Cell Ratio

Macrocell Routable to 1/0 Cells
/06 MO, M1, M2, M3, M12, M13, M14, M15
/07 MO, M1, M2, M3, M4, M5, M14, M15

Table 15. Output Switch Matrix Combinations for MACH 4 and MACH 4A Devices with 1:1 Macrocell-1/0 Cell
Ratio except M4(LV)-32/32 and M4A(3,5)-32/32

Macrocell Routable to 1/0 Cells
MO 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1707
M1 1700 1/01 1/02 1/03 /04 1/05 1/06 /07
M2 1/00 1/01 1/02 1/03 1/04 1/05 1/06 /07
M3 1700 1/01 /02 1/03 /04 1/05 1/06 /07
M4 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1707
M5 1700 1/01 /02 1/03 /04 1/05 1/06 /07
M6 1/00 1/01 1/02 1/03 1/04 1/05 /06 /07
M7 1700 1/01 /02 1/03 /04 1/05 1/06 /07
M8 1/08 1/09 1/010 /011 /012 /013 /014 /015
M9 1/08 /09 1/010 /011 /012 1/013 /014 /015
M10 1/08 1/09 /010 /011 /012 /013 /014 /015
M11 1/08 /09 1/010 /011 /012 1/013 /014 /015
Mi12 1/08 1/09 /010 /011 /012 /013 /014 /015
M13 1/08 /09 17010 /011 /012 1/013 /014 /015
M14 1/08 /09 /010 /011 /012 /013 /014 /015
M15 1/08 /09 1/010 /011 /012 1/013 /014 /015
1/0 Cell Available Macrocells
/00 MO M1 M2 M3 M4 M5 M6 M7
/01 MO M1 M2 M3 M4 M5 M6 M7
/02 MO M1 M2 M3 M4 M5 M6 M7
/03 MO M1 M2 M3 M4 M5 M6 M7
/04 MO M1 M2 M3 M4 M5 M6 M7
/05 MO M1 M2 M3 M4 M5 M6 M7
/06 MO M1 M2 M3 M4 M5 M6 M7
/07 MO M1 M2 M3 M4 M5 M6 M7
/08 M8 M9 M10 MI11 Mi12 M13 Mi4 M15
/09 M8 M9 M10 Ml11 Mi12 M13 Mi4 M15
/010 M8 M9 M10 MI11 Mi12 M13 Mi4 M15
1/011 M8 M9 M10 Ml11 Mi12 M13 Mi4 M15
1/012 M8 M9 M10 MI11 Mi12 M13 Mi4 M15
1/013 M8 M9 M10 Ml11 Mi12 M13 Mi14 M15
/014 M8 M9 M10 Ml11 M12 M13 Mi4 M15
1/015 M8 M9 M10 Ml11 Mi12 M13 M14 M15

MACH 4 Family
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Table 16. Output Switch Matrix Combinations for M4(LV)-32/32 and 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, /04, 1/05, 1/06, 1/07

M8, M9, M10, M11, M12, M13, M14, M15

1/08, 1/09, 1/010, /011, /012, /013, I/014, I/015

1/0 Cell

Available Macrocells

1/00, /01, 1/02, /03, 1/04, /05, 1/06, 1/07

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

1/08, /09, 1/010, /011, /012, 1/013, /014, I/015

MS, M9, M10, M11, M12, M13, M14, M15

20
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The I/O cell (Figures 10 and 11) simply consists of a programmable output enable, a feedback path,
and flip-flop (except MACH 4 and MACH 4A devices with 1:1 macrocell-I/O cell ratio.) An
individual output enable product term is provided for each I/O cell. The feedback signal drives the
input switch matrix.

1/0 Cell

Individual

Output Enable
Product Term
From Output Kz

Switch Matrix Individual

Output Enable
Product Term

To From Output
Input Switch Matrix Q
Switch
Matrix Q D/ILH-
To
—— Block CLKO Input
< —— Block CLK1 Switch
— Block CLK2 Matrix
— Block CLK3
l Power-up reset
17466G-017 17466G-018
Figure 10. 1/0 Cell for MACH 4 and MACH 4A Devices Figure 11. 1/0 Cell for MACH 4 and MACH 4A Devices
with 2:1 Macrocell-1/0 Cell Ratio with 1:1 Macrocell-1/0 Cell Ratio

The I/O 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 I/O pin and compared with the previous stored value.

Note that the flip-flop used in the MACH 4 I/O cell is independent of the flip-flops in the
macrocells. It powers up to a logic low.

Zero-Hold-Time Input Register

The MACH 4 devices have a zero-hold-time (ZHT) fuse which controls the time delay associated
with loading data into all I/O 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.

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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A

From Macrocell 1

A

From Macrocell 2

From Input Cell

To Central Switch Matrix

A

From I/O Pin

From Macrocell

Figure 12. MACH 4 and MACH 4A with 2:1
Macrocell-1/0 Cell Ratio - Input Switch Matrix

PAL Block Clock Generation

O ©
g | 2
~ [8]
0| R
=
©
o
Q <
[72] =
@ °
=
=
(9p]
©
IS
[
O -
(o]
'_
17466G-002

[

17466G-003

Figure 13. MACH 4 and MACH 4A with 1:1
Macrocell-1/0 Cell Ratio - Input Switch Matrix

Each MACH 4 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 17
lists the possible combinations.

GCLKO

GCLK1

GCLK2

GCLK3

i Y Y J> Y Y

_|_|

Block CLKO
(GCLKO or GCLK1)

Block CLK1
(GCLK1 or GCLKO)

Block CLK2
(GCLK2 or GCLK3)

Block CLK3
(GCLK3 or GCLK?2)

Figure 14. PAL Block Clock Generator '

Note:
1. MA4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 and M4A(3,5)-64/32 have only two clock pins, GCLKO and GCLK1. GCLKZ2 is tied

to GCLKO, and GCLK3 is tied to GCLK]1.

17466G-004
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Table 17. 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 (GCLK1)
X X GCIK3 (GCLK1) GCLK3 (GCLK1)
X X GCLK2 (GCLKO) GCLK2 (GCLKO)
X X GCIK3 (GCLK1) GCLK2 (GCLKO)

Note:
1. Values in parentheses are for the M4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 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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MACH 4 TIMING MODEL

The primary focus of the MACH 4 timing model is to accurately represent the timing in a MACH
4 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, tgyp is defined as the time it takes to go from feedback through the output buffer
to the I/O pad. If a signal goes to the internal feedback rather than to the I/O pad, the parameter
designator is followed by an “i”. By adding tgyyp to this internal parameter, the external parameter
is derived. For example, tpp = tpp; + tgyp A diagram representing the modularized MACH 4
timing model is shown in Figure 15. Refer to the Technical 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 *emulated out
|:> Switch ' tss(m) tppi Q taur | H ,_D
Matrix tsam) tepLi
tH(sia) tcosiayi
tssaL  teosm)i
tpL themL  tsri
—1> Isrr
INPUT REG/
INPUT LATCH SR tea
tsirs toii  Q ter
tHirs ticosi
tsi ticosi
thiL tppILZi
tsirz
> thirz
tsiLz
thiLz

BLK CLK
>

Figure 15. MACH 4 Timing Model

17466G-025

SPEEDLOCKING FOR GUARANTEED FIXED TIMING

The MACH 4 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 non-Vantis 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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IEEE 1149.1-COMPLIANT BOUNDARY SCAN TESTABILITY

All MACH 4 devices, except the M4(LV)-128N/64, 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.

IEEE 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 MACH 4 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.

MACH 4 devices can be programmed across the commercial temperature and voltage range. Vantis
provides its free PC-based VantisPRO software to facilitate in-system programming. VantisPRO
takes the JEDEC file output produced by Vantis’ design implementation software, along with
information about the JTAG chain, and creates a set of vectors that are used to drive the JTAG
chain. VantisPRO software can use these vectors to drive a JTAG chain via the parallel port of a
PC. Alternatively, VantisPRO software can output files in formats understood by common
automated test equipment. This equpment can then be used to program MACH 4 devices during
the testing of a circuit board. For more information about in-system programming, refer to the
separate document entitled MACH ISP Manual.

PCl COMPLIANT

MACH 4(A) devices in the -5/-55/-6/-65/-7/-10/-12 speed grades are compliant with the PCI Loca/
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 Vc MACH 4 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 INPUTS AND 1I/0S

All MACH 4 devices have inputs and I/Os which feature the Bus-Friendly circuitry incorporating
two inverters in series which loop back to the input. This double inversion weakly holds the input
at its last driven logic state. While it is good design practice to tie unused pins to a known state,
the Bus-Friendly input structure pulls pins away from the input threshold voltage where noise can
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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 Input/Output Equivalent Schematics (page 393) in the
General Information Section of the Vantis 1999 Data Book.

All MACH 4A devices have a programmable bit that configures all inputs and I/Os with either
pull-up or Bus-Friendly characteristics. If the device is configured in pull-up mode, all inputs and
I/O pins are weakly pulled up. For the circuit diagram, please refer to the Input/Output Equivalent
Schematics (page 393) in the General Information Section of the Vantis 1999 Data Book.

POWER MANAGEMENT

Each individual PAL block in MACH 4 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 MACH 4 device I/O has an individually programmable output slew rate control bit. Each
output can be individually configured for the higher speed transition (3 V/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 MACH 4 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

MACH 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
I/Os 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 - M4(LV)-32/32 AND M4A(3,5)-32/32
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BLOCK DIAGRAM - M4(LV)-64/32 AND M4A(3,5)-64/32
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BLOCK DIAGRAM - M4(LV)-96/48 AND MA4A(3,5)-96/48
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BLOCK DIAGRAM - M4(LV)-128N/64, M4(LV)-128/64 AND M4A(3,5)-128/64
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BLOCK DIAGRAM - M4(LV)-192/96 AND M4A(3,5)-192/96
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BLOCK DIAGRAM - M4(LV)-256/128 AND M4A(3,5)-256/128
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BLOCK DIAGRAM - M4A3-384/192
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BLOCK DIAGRAM - M4A3-512/256
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ABSOLUTE MAXIMUM RATINGS

M4 and 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 Respect to Ground . .......... -0.5Vto+7.0V
DC Input Voltage . ........... -0.5VtoVec+ 05V
Static Discharge Voltage .. ............... 2000 V
Latchup Current (T = -40°C to +85°C). . . . . .. 200 mA

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (Ty)
Operating in Free Air. . ............. 0°C to +70°C

Supply Voltage (V)
with Respect to Ground . . .. ... .. +4.75V to +5.25V

Industrial (I) Devices
Ambient Temperature (Ty)

Operating in Free Air. . ............ -40°C to +85°C
Supply Voltage (V)
with Respect to Ground. . .. ... ... +4.50 Vto +55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

5-V DC CHARACTERISTICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Typ Max Unit
Tog = =3.2 mA, Vg = Min, Viy = Vi or V, 24 i
Vou Output HIGH Voltage o « nom- ot
IOH =0 H]A, VCC = Ma.X, VIN = VIH or VIL 3.3 \'
Vor Output LOW Voltage Ior, = 24 mA, Ve = Min, Vi = Vi or Vi, (Note 1) 0.5 v
iy nput HIGH Voliage Guaranteed Input Logical HIGH Voltage for all Inputs 20 v
(Note 2)
- Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs 0.8 v
‘ (Note 2)
I Input HIGH Leakage Current Viy = 5.25V, V¢ = Max (Note 3) 10 pA
Iy, Input LOW Leakage Current Vi = 0V, Vo = Max (Note 3) -10 HA
oz Off-State Output Leakage Current HIGH | Vouy = 5.25 V, V¢ = Max, Viy = V or Vi (Note 3) 10 HA
loz Off-State Output Leakage Current LOW | Voyp = 0V, Voo = Max , Viy = Vi or Vi, (Note 3) -10 HA
Igc Output Short-Circuit Current Vour = 0.5V, Ve = Max (Note 4) -30 -160 mA
Notes:

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

b\

These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included.
/0O pin leakage is the worst case of Iy and Iz (or Iy and Inzpp).

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

Vour = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation.
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ABSOLUTE MAXIMUM RATINGS
MA4LV and 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 Respect to Ground . .......... -0.5Vito+45V
DC Input Voltage . ................ -05Vto6.0V
Static Discharge Voltage ... .............. 2000V
Latchup Current (T, = -40°C to +85°C). . ... .. 200 mA

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (T,)
Operating in Free Air. . ............. 0°C to +70°C

Supply Voltage (V)
with Respect to Ground . . .. ... . ... +3.0Vto+3.6V
Industrial (I) Devices

Ambient Temperature (T,)

Operating in Free Air. .. ......... .. -40°C to +85°C
Supply Voltage (V)

with Respect to Ground . . .. ... . ... +3.0Vto+3.6V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

3.3-V DC CHARACTERISTICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Typ Max Unit
- Mi Toy = —100 pA Voo —0.2 v
Vou Output HIGH Voltage Vg = Min on «
Viy = Vi or Vg Iog = —3.2 mA 24 v
Vee = Min Top = 100 pA 0.2 v
Vo Output LOW Voltage Viy = Vg or Vg,
(Note 1) Iy = 24 mA 0.5 v
Vig Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all 20 55 v
Inputs
- Input LOW Voltage Guaranteed Input Logical LOW Voltage for all 03 08 v
Inputs
Iy Input HIGH Leakage Current Viy = 3.6V, V¢ = Max (Note 2) 5 MA
I Input LOW Leakage Current Viy = 0V, Voo = Max (Note 2) ) HA
, , Vour = 3.6V, Vg¢ = Max
Tozn Off-State Output Leakage Current HIGH Viy = Vi o Vy, (Note 2) 5 MA
V()UT =0 V, VCC = Max
TozL Off-State Output Leakage Current LOW Vix = Vg or Vy, (Note 2) 5 HA
Igc Output Short-Circuit Current Vour = 0.5V, V¢ = Max (Note 3) -15 -160 mA
Notes:

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

2. /O pin leakage is the worst case of Iy and Iz (or Iy and Iozrp.

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

-7 -10 -12 -14 -15 -18
Min ‘Max Min ‘Max Min ‘ Max | Min ‘ Max | Min ‘ Max | Min | Max | Unit

Combinatorial Delay:

tpp; | Internal combinatorial propagation delay 55 8.0 10.0 12.0 13.0 16.0 | ns
tpp Combinatorial propagation delay 7.5 10.0 12.0 14.0 15.0 18.0 | ns
Registered Delays:

tsg Synchronous clock setup time, D-type register 5.5 6.0 7.0 10.0 10.0 12.0 ns
tsor | Synchronous clock setup time, T-type register 6.5 7.0 8.0 11.0 11.0 13.0 ns
tsa Asynchronous clock setup time, D-type register 3.5 4.0 5.0 8.0 8.0 10.0 ns
tsyr | Asynchronous clock setup time, T-type register 4.5 5.0 6.0 9.0 9.0 11.0 ns
tys Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns
tHa Asynchronous clock hold time 3.5 4.0 5.0 8.0 8.0 10.0 ns
tcosi | Synchronous clock to internal output 3.5 45 6.0 8.0 8.0 100 | ns
tcos | Synchronous clock to output 5.5 0.5 8.0 10.0 10.0 120 | ns
tcoai | Asynchronous clock to internal output 7.5 10.0 12.0 16.0 16.0 18.0 | ns
tcoa | Asynchronous clock to output 9.5 12.0 14.0 18.0 18.0 200 | ns
Latched Delays:

ts, | Synchronous Latch setup time 0.0 7.0 8.0 10.0 10.0 12.0 ns
tsa, | Asynchronous Latch setup time 4.0 4.0 5.0 8.0 8.0 10.0 ns
tyst | Synchronous Latch hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns
tya, | Asynchronous Latch hold time 4.0 4.0 5.0 8.0 8.0 10.0 ns
tppr; | Transparent latch to internal output 8.0 10.0 12.0 15.0 15.0 180 | ns
tpp, | Propagation delay through transparent latch to output 10.0 12.0 14.0 17.0 17.0 20.0 | ns
tcosi | Synchronous Gate to internal output 4.0 5.5 8.0 9.0 9.0 10.0 | ns
tcos | Synchronous Gate to output 6.0 7.5 10.0 11.0 11.0 12.0 | ns
tconi | Asynchronous Gate to internal output 9.0 11.0 14.0 17.0 17.0 20.0 | s
tcon | Asynchronous Gate to output 11.0 13.0 16.0 19.0 19.0 220 | ns
Input Register Delays:

tgrs | Input register setup time 2.0 2.0 2.0 2.0 2.0 2.0 ns
tyrs | Input register hold time 3.0 3.0 3.0 4.0 4.0 4.0 ns
ticosi | Input register clock to internal feedback 3.5 4.5 6.0 6.0 6.0 6.0 | ns
Input Latch Delays:

tar, Input latch setup time 2.0 2.0 2.0 2.0 2.0 2.0 ns
tym, | Input latch hold time 3.0 3.0 3.0 4.0 4.0 4.0 ns
ticosi | Input latch gate to internal feedback 4.0 4.0 4.0 5.0 5.0 6.0 | ns
tppii | Transparent input latch to internal feedback 2.0 2.0 2.0 2.0 2.0 20 | ns
Input Register Delays with ZHT Option:

tgrz | Input register setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 ns
tyrz | Input register hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 ns
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)
-7 -10 -12 -14 -15 -18
Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Unit
Input Latch Delays with ZHT Option:
tgrz | Input latch setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 ns
tyz | Input latch hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 ns
tpprzi | Transparent input latch to internal feedback - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 | ns
Output Delays:
tggg | Output buffer delay 2.0 2.0 2.0 2.0 2.0 20 | ns
tgw | Slow slew rate delay adder 2.5 2.5 2.5 2.5 2.5 25 | ns
tea Output enable time 9.5 10.0 12.0 15.0 15.0 170 | ns
tgR Output disable time 9.5 10.0 12.0 15.0 15.0 170 | ns
Power Delay:
tpr Power-down mode delay adder ‘ 2.5 ‘ ‘ 2.5 ‘ ‘ 25 ‘ ‘ 2.5 ‘ ‘ 2.5 ‘ ‘ 2.5 ‘ ns
Reset and Preset Delays:
topi Asynchronous reset or preset to internal register output 10.0 12.0 14.0 18.0 18.0 20.0 | ns
tgr Asynchronous reset or preset to register output 12.0 14.0 16.0 20.0 20.0 220 | ns
tsgr | Asynchronous reset and preset register recovery time 8.0 8.0 10.0 15.0 15.0 17.0 ns
tspw | Asynchronous reset or preset width 10.0 10.0 12.0 15.0 15.0 17.0 ns
Clock/LE Width:
tyrs | Global clock width low 3.0 5.0 6.0 6.0 6.0 7.0 ns
twys | Global clock width high 3.0 5.0 6.0 6.0 6.0 7.0 ns
twa | Product term clock width low 4.0 5.0 8.0 9.0 9.0 10.0 ns
typs | Product term clock width high 4.0 5.0 8.0 9.0 9.0 10.0 ns
fous ?fl(())rbﬁl1 gg}?t; a\jvnlsdgzrleorﬁl) (for low transparent) or high 50 50 6.0 6.0 6.0 70 ns
v Rl I ol I R I R I I R
twir, | Input register clock width low 45 5.0 6.0 6.0 6.0 7.0 ns
tyra | [nput register clock width high 4.5 5.0 6.0 6.0 6.0 7.0 ns
tyy, | Input latch gate width 5.0 5.0 0.0 0.0 6.0 7.0 ns
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)

-7 -10 -12 -14 -15 -18
Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Unit
Frequency:
External feedback, D-type, Min of 1/(ty;g + tygs) OF 90.9 800 66.7 50.0 50.0 417 MHz
1/(tss + tos)
External feedback, T-type, Min of 1/(ty;s + twys) OF 833 4.1 625 476 476 400 Mz
1/(t5sy + toos)
Internal feedback (foyy), D-type,
fyaxs Min of 1/(tygs + tygs) o 1/(iss + teog) 111.1 95.2 76.9 55.6 55.6 455 MHz
Internal feedback (fyy), T-type,
Min of 1/(tyys + typs) or 1/(issg + feos) 100.0 87.0 71.4 52.6 52.6 43.5 MHz
2 ap:
No feedback y Min of 1/(1W[S + lWHS)i 1/([58 + [HS) or 153.8 100.0 833 83.3 833 714 MHz
1/(tSST + tHS)
External feedback, D-type, Min of 1/(tyy, + twys) OF 769 625 52.6 385 385 333 Miz
1/(t5 + toon)
External feedback, T-type, Min of 1/(tyyy + twga) OF 714 58.8 50.0 37.0 37.0 323 MHz
1/(tsgr + teon)
Internal feedback (foyyy), D-type,
s | ngin of 1/ (tyis + ) OF Vs, + teon) 90.9 71.4 58.8 417 417 35.7 MHz
Internal feedback (fonyy), T-type,
Min of 1/(tygy + ) of 1/syr + teoy) 83.3 060.7 55.0 40.0 40.0 34.5 MHz
No feedback?, Min of 1/(tyy, + tygs)
(g, + ) or Wty + i) 125.0 100.0 0625 55.6 55.6 50.0 MHz
Maximum input register frequency,
fvaxt Min of 1/(tyqgg + tygeg) O 1/ (g + tigs) 111.0 100.0 83.3 83.3 83.3 714 MHz
Notes:
1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book.
2. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.
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
Combinatorial Delay:
| niernal combinatorial 35 40 40 45 5.0 7.0 9.0 10| ns
propagation delay
| Combinatorial propagation 5.0 55 6.0 65 75 10.0 12.0 140 | ns
delay
Registered Delays:
Synchronous clock setup
'S | time, D-type regiser 3.0 3.5 40 40 5.5 6.0 7.0 10.0 ns
Synchronous clock setup
ST | e, Type register 4.0 4.0 45 45 6.5 7.0 8.0 11.0 ns
Asynchronous clock setup
S | ime, Deype register 25 25 3.0 3.0 35 4.0 5.0 8.0 ns
Asynchronous clock setup
S fime, Ttype regiser 3.0 3.0 3.5 3.5 45 5.0 6.0 9.0 ns
g | chronous clockhold -, o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
* time
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)

-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
s A'synchronous clock hold 25 2.5 3.0 3.0 3.5 4.0 5.0 8.0 ns
time
Synch lock t
08 | imermal output 25 25 25 25 25 25 35 35 | ns
teos Synchronous clock to 40 40 45 45 5.0 55 6.5 6.5 ns
output
| Asynchronous clock to 50 50 50 50 6.0 8.0 10.0 120 ns
fcoui internal output ' ' ' ' ' ' ' '
oy | Synchironous clock to 6.5 65 7.0 7.0 8.5 11.0 13.0 150 | ns
output
Latched Delays:
g | ynchronouslatchsetp |, 40 45 45 6.0 7.0 8.0 10.0 ns
time
fsq A.synchronous latch setup 30 30 35 35 40 40 50 8.0 ns
| time
g, | chronoustaichhold -, o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
time
- }%synchronous latch hold 30 30 35 35 40 40 50 3.0 s
time
o Transparent latch to 55 55 6.0 6.0 75 9.0 11.0 120 ns
PDLi 1 internal output ' ' ' ’ ' ' ' '
Propagation delay through
YL | ransparent laich to output 7.0 7.0 8.0 8.0 10.0 12.0 14.0 150 | ns
Synchronous gate to
01| internal output 3.0 3.0 3.0 3.0 3.5 45 7.0 80 | ns
tcos | Synchronous gate to output 45 4.5 5.0 5.0 6.0 7.5 10.0 110 | ns
Asynchronous gate to
08 [ internal output 6.0 6.0 6.0 6.0 85 10.0 13.0 150 | ns
Asynchronous gate to
tGoA 7.5 7.5 8.0 8.0 11.0 13.0 16.0 180 | ns
output
Input Register Delays:
tgrs | Input register setup time 15 1.5 2.0 2.0 2.0 2.0 2.0 2.0 ns
tyrs | Input register hold time 25 25 3.0 3.0 3.0 3.0 3.0 4.0 ns
Input register clock to
408 | internal teedback 3.0 3.0 3.0 3.0 35 45 6.0 60 | ns
Input Latch Delays:
torr Input latch setup time 1.5 1.5 2.0 2.0 2.0 2.0 2.0 2.0 ns
tyr, | Input latch hold time 2.5 2.5 3.0 3.0 3.0 3.0 3.0 4.0 ns
Input latch gate to internal
tIGOSi feedback 35 35 40 40 40 40 40 50 ns
Transparent input latch to
DI | 1 ernal foedback 15 15 15 15 2.0 2.0 2.0 20 | ns
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)

-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:
gy | DU Tegister setup time - | 6.0 6.0 6.0 6.0 6.0 6.0 6.0 s
ZHT
Input register hold time -
iRz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
ZHT
Input Latch Delays with ZHT Option:
gy | Mputlatchsetup time- | o 6.0 6.0 6.0 6.0 6.0 6.0 6.0 ns
* ZHT
tynz | Input latch hold time - ZHT | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
Transparent input latch to
tPDILZi internal feedback - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 ns
Output Delays:
tgop | Output buffer delay 15 1.5 2.0 2.0 2.5 3.0 3.0 30 | ns
tgw | Slow slew rate delay adder 2.5 25 2.5 25 2.5 25 2.5 25 | ns
tea Output enable time 7.5 75 85 85 9.5 10.0 12.0 150 | ns
tir Output disable time 7.5 75 85 85 9.5 10.0 12.0 150 | ns
Power Delay:
o Power-down mode delay 25 25 25 25 25 25 25 25 | s
adder
Reset and Preset Delays:
Asynchronous reset or
topi preset to internal register 75 7.7 8.0 8.0 9.5 11.0 13.0 16.0 | ns
output
g | synchronous reset or 9.0 9.2 10.0 10.0 12.0 14.0 16.0 19.0 | ns
* preset to register output
Asynchronous reset and
tsrr | Preset register recovery 7.0 7.0 7.5 7.5 8.0 8.0 10.0 15.0 ns
time
Asynchronous reset or
SO | reset widih 7.0 7.0 8.0 8.0 10.0 10.0 12.0 15.0 ns
Clock/LE Width:
tyis | Global clock width low 2.0 2.0 2.5 2.5 3.0 5.0 6.0 6.0 ns
twys | Global clock width high 2.0 2.0 2.5 2.5 3.0 5.0 6.0 0.0 ns
tyia E)r;)]duct term clock width 30 30 35 35 40 50 3.0 9.0 ns
— P?oduct term clock width 30 30 35 35 40 50 8.0 9.0 s
high
Global gate width low (for
tews | low transparent) or high | 4.0 4.0 45 45 5.0 5.0 6.0 6.0 ns
(for high transparent)
Product term gate width
low (for low transparent)
transparent)
IR, {Egut register clock width 30 30 35 35 40 50 6.0 6.0 ns
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)

-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

bR

Input register clock width
high

3.0

3.0

3.5

3.5

4.0

5.0

6.0

6.0

ns

by

Input latch gate width

4.0

4.0

45

4.5

5.0

5.0

6.0

6.0

ns

Frequency:

External feedback, D-type,
Min of 1/([WLS + tw}]s) or
1/(tss + tcos)

143

133

118

118

95.2

87.0

74.1

60.6

MHz

External feedback, T-type,
Min of 1/(tWLS + tWHS) or
1/(tst + teos)

125

125

111

111

87.0

80.0

69.0

57.1

MHz

fvaxs

Internal feedback (foxy),
D-type, Min of 1/(ty;g +
tyis) or 1/(tgs + teogi)

182

167

154

154

125

100

83.3

74.1

MHz

Internal feedback (foxy),
T-type, Min of 1/(ty;g +
tyrs) or 1/(tssr + toos)

154

154

143

143

111

105

87.0

69.0

MHz

No feedback?, Min of 1/
(tWLS + tWHS)’ 1/(tss + tHS)
or 1/(LSST + tHS)

250

250

200

200

154

125

100

83.3

MHz

External feedback, D-type,
Min of 1/(tyyy + tyga) OF
1/(tgy + teon)

111

111

100

100

83.3

00.7

55.6

43.5

MHz

External feedback, T-type,
Min of 1/t + tyga) OF
1/(tssr + ton)

105

105

95.2

95.2

76.9

02.5

52.6

41.7

MHz

fMAXA

Internal feedback (foyry),
D-type, Min ()f 1/(tWIA +
tWHA) or 1/(tSA + tCOAl)

133

133

125

125

105

83.3

60.7

50.0

MHz

Internal feedback (foyry),
T-type, Min of 1/(tWLA +
twna) Or 1/(tgur + toonr)

125

125

118

118

95.2

76.9

625

47.6

MHz

No feedback?, Min of 1/
(tyia + twaa), 1ty +
tHA) or 1/(tSAT + tHA)

167

167

143

143

125

100

625

55.6

MHz

fMAXI

Maximum input register
frequency, Min of 1/(typy
+ tyre) Of 1/(tgpg +
tiRs)

167

167

143

143

125

100

833

83.3

MHz

Notes:

1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book.

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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CAPACITANCE !

Parameter Symbol Parameter Description Test Conditions Typ Unit
Ciy Input capacitance ViN=2.0V 3.3Vor5YV,25°C, 1 MHz 6 pF
Cro 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.

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.

Vec=5Vor3.3V,Ty=25°C

350 —
M4(LV)-256/128
300 —
250 — M4(LV)-192/96
200 —
<
E MA4(LV)-128/64
O
= 150 —
M4(LV)-96/48
100 — M4(LV)-64/32
M4(LV)-32/32
50 —
0
o o o o o o o o o o o o o o
- N ™ < Yol © N~ [o0] (@] o — N ™
- i i -
Frequency (MHz) 17466G-066
Figure 19. I¢c Curves at High Power Mode
17466G-044
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350

300

250

200

Icc (mA)

150

100

50

Icc (mA)

Vcc=5Vor3.3V,TA=25°C

M4(LV)-256/128

M4(LV)-192/96

MA4(LV)-128/64
MA4(LV)-96/48
MA4(LV)-64/32
MA4(LV)-32/32

300 —

250

200

150

100

50

10

o o o o o o o o o o o
N o™ < n © M~ [e] (o] o — N
— — —

Frequency (MHz) 17466G-065

Figure 20. Ic Curves at Low Power Mode

Vce =3.3V, T =25°C

: M4A3-256/128 (HP)
HP: High Power

LP: Low Power

M4A3-256/128 (LP)

M4A3-128/64 (HP)

M4A3-128/64 (LP)

M4A3-32/32 (HP)

M4A3-32/32 (LP)

60 80

100 120 140 160 180 200 220 240 260

Frequency (MHz)

Figure 21. MACH 4A Device Dynamic lcc Curves at High and Low Power Modes

17466H-066
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CONNECTION DIAGRAM (M4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 AND
M4A(3,5)-64/32)

Top View
44-Pin PLCC
< N~ ~ ©
CC < < m m
5 I
M < 00 O~ ~ © 1 <
M4(LV)-64/32 < < < T < 3 g g ODO M4(LV)-64/32
] Qo :
M4A (3,5)-64/32 358388 29 8388 M4A (3,5)-64/32
A AarAararAararararir
6 5 4 3 2 1 44 43 42 41 40 )
A2 a2 1os []7 d 39|] wo27 D3 B3
Al AL o6 []8 38[] 1026 D2 B2
A | L—— a0 wor [Jo 37 wozs b1 B1
™ [J10 36[] w024 Do — BO
TDO
MA(LV)-32/32 cLkono [J11 35
M4A (3,5)-32/32 GND []12 34[] oND M4(LV)-32/32
Tck [[13 33[] cLkum M4A(3,5)-32/32
A8 ——— B0 108 []14 32[] T™s
A9 B1 109 []15 31|] 1o23 co B8
A10 B2 1010 []16 s0[] wo22 c1 B9
Al1 B3 1011 []17 29[] wo21 c2 B10
\__18 10 20 21 22 23 24 25 26 27 28 J
N2 3928985238
M4(LV)-641322 © 0 0 0 935000 0 O  M4LV)-64/32
M4A(5)-64/32 — = = =~ T === == M4A (3,5)-64/32
< 00 O~ I~ © 1 < ™M
m M M m O O O O 0O
| L
< w0 n < MO N
S| o
C C < < M o mmMmMm
17466G-026
CLK/I = Clock or Input
GND = Ground
C 7
I/O0 = Input/Output _[
V, = Supply Voltage
e PPy 8 1/0 Cell (0-7)
TDI = Test Data In
TCK = Test Clock PAL Block (A-D)

TMS = Test Mode Select
TDO = Test Data Out
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CONNECTION DIAGRAM (M4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 AND

M4A(3,5)-64/32)
Top View
44-Pin TQFP
M < 0N O~ N~ O W <
<I<<< oMo o
2392ex 58383
M4(LV)-64/32 fodoo® M4(LV)-64/32
MA4A(3,5)-64/32 5 88 5 8 z § 8 8 5 R MA4A(3,5)-64/32
032998385883
A2 A2 /05 |1 33 |[—r=11/027 D3 B3
Al Al 1/06 |2 32 |[=T11/026 D2 B2
AO —— A0 /07 —T|3 31 [—r—=1/025 D1 B1
TDI 1|4 30 [[=r=11/024 DO — BO
M4(LV)-32/32 CLKO/I0 —T—|5 29 == TDO
M4A(3,5)-32/32 GND 1|6 28 |[CT—IGND M4(LV)-32/32
TCK CT—|7 27 | CLK1/11 MA4A(3,5)-32/32
A8 —— BO /08 —1—]|8 26 |3 TMS
A9 Bl 1/09 1|9 25 |—T—11/023 C0 — B8
A10 B2 1/010 —I—]|10 24 |—=31/022 C1 B9
A1l B3 /011 |11 23|—T=11/021 C2 B10
NM TN OM~NOWMO O AN
A NN N
8893892853838
M4(LV)-64/32 00009250000 M4(LV)-64/32
M4A(3,5)-64/32 ===="Y===== M4A(3,5)-64/32
< W0 O N~ ~NODS M
oMo O0O0O0O0
| ‘ ‘ L
NMm < W0 0N <tmMAN -
L B B B | A
<< << Domom
CLK/I = Clock or Input
GND = Ground
I/O0 = Input/Output C 7
Vee = Supply Voltage |
TDI = Test Data In 1/0 Cell (0-7)

TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out

PAL Block (A-D)
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CONNECTION DIAGRAM (M4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 AND

M4A(3,5)-64/32)

Top View
48-Pin TQFP
M <N O~ N~ O W<
<<<<< Oomo
1 [
23I28% 5833
VeAGS 642 388232088 BRE  maa@s e
(3.5) 0800838229838 00 (@5)
/\ ON~NOUTOHOANAO DO N
va<r<r<r<r<r<r<rmmm
A2 A2 /05 —T—||1 36 |[—T11/027 D3
Al Al 1/06 1|2 35 (1T 1/026 D2
A0 A0 /07 —1—|3 34 |1 1/025 D1
TDI 1|4 33 |[T—1/024 DO
CLKO/I0 1|5 32|—T3TDO
M4(LV)-32/32 NC —r—|6 31|—TGND
M4A(3,5)-32/32 GND |7 30 |[—INnC
TCK |8 29 [T ICLK1/11
A8 BO 1/08 C—1—|9 28|—TITMS
A9 B1 1/09 —T1—]|10 27 |—T—31/023 CO
Al0 B2 1/010 1|11 26 |1 1/022 C1
All B3 1/011 1|12 25|T11/021 C2
M ITIHO~NOOOOOANM
= A NN N NN
N83I8QLas85ERSR
M4(LV)-64/32 0000 Q= 5 00000 M4(LV)-64/32
M4A(3,5)-64/32 ====" T ===== M4A(3,5)-64/32
< W0 O MO WM
D mmo OO0O0O0O
| ‘ ’ |
N M << W10 < OMN -
- —
<< << mmmom
C 7

B3
B2
B1
BO

M4(LV)-32/32
M4A(3,5)-32/32

B8
B9
B10

17466G-028

PIN DESIGNATIONS

CLK/I = Clock or Input

I/0 Cell (0-7)

GND = Ground

I/O0 = Iaput/Output
Vee = Supply Voltage
NC = No Connect
TDI = Test Data In

TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out

PAL Block (A-D)
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CONNECTION DIAGRAM (M4(LV)-96/48 AND M4A(3,5)-96/48)

Top View
100-Pin TQFP
LI TEese
goomvmw\—io o%oo oggggggoo%
ozzggggggtﬁ)wzz£zggggggzzw
OO~ OULITOANTODDONOLUOTMANAOO XN O
O 8 OO0 OO OO 0000 0 00 0 00 O O M~~~
NC I |1 75| I3 NC
TDI T |2 74| (133 TDO
NC T |3 73| (I3 NC
NC T |4 72| Em NC
Al 1/06 CI1] |5 71| (I3 NC
A0 1107 ] |6 70 | E 1/041 F1
BO 1108 1 |7 69 | 13 1/040 FO
Bl 1109 T |8 68 | [T 1/039 EO
B2 /010 1] |9 67 | 13 1/038 El
B3 /011 ] |10 66 | L1 1/037 E2
10/CLKO T |11 65| [ 1/036 E3
Vee O |12 64 | 113 I15/CLK3
GND 11 |13 63 | (12 GND
11/CLK1 o] |14 62| £ Vee
B4 1/012 ] |15 61| L1 14/CLK2
B5 /013 ] |16 60| 1 1/035 E4
B6 /014 17 | 17 59 | 1 1/034 E5
B7 1/015 ] |18 58 | 13 1/033 E6
CO /016 T |19 57 | Eo 1/032 E7
Cl /017 T | 20 56 | L1 1/031 DO
NC 1 |21 55| 13 1/030 D1
NC ] |22 54 | T3 NC
TMS 11 | 23 53| (= NC
TCK 1 |24 52| F=3 NC
NC 11 |25 51| FI33 NC
O~V O A NMTUOONODOANMIETL ONWO O
ANANNNOOOOOOOHOOHOMOHOOSTTTITITITTTT WO
NOOPPIOHNMONOOA OOITWONDDO 0N
5-°00QQ000% =5> 000Q000=%5
NS LD © I~ ~NOWS M 17466G-029
[SRSNSRSRSRS) [afalalalala)
CLK/I = Clock or Input
GND = Ground
C 7
1 = Input
I/O0 = Input/Output
1/0 Cell (0-7)
Vee = Supply Voltage
NC = No Connect PAL Block (A-F)
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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CONNECTION DIAGRAM (M4(LV)-128N/64)

Top View
84-Pin PLCC
MNO S MOAN dO O d N M << WO O N~
QA ACCCICC I T T T T T IT T
fa) oo o RIII2BHE S8
20883888805 0.,89688088
3 e e e I e B e e e e
/1110 9 8 7 6 5 4 3 2 184838281807978777675
B7 o8 Q12 ° 74
B6  1/09 []13 73
B5 1/010 []14 72
B4 1/011 15 71
B3 /012 []16 70
B2 1013 [J17 69
Bl 1/014 []18 68
BO /015 19 67
CLKp/lp L]20 66
vee et 65
GND []22 64
CLK1/17 []23 63
co 1016 [J24 62
c1 11017 [25 61
c2 1018 []26 60
c3 1019 [J27 59
c4 11020 []28 58
C5 1/021 []29 57
c6 1/022 [130 56
c7 1023 []31 55
GND []32 54
3334 3536 3738 39 404142 43 444546 47 48 49 50 515253
I
L RIISINL2OYBILEEII2
00000000 25F0000380003
BR8388818 RN R IR R 17466G-030
Note:
Pin-compatible with the MACH131, MACH231, MACH435.
PIN DESIGNATIONS
CLK/I = Clock or Input C 7
GND = Ground
1 = Input I_— 1/0 Cell (0-7)
1/0 = Input/Output
Vee = Supply Voltage PAL Block (A-H)
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CONNECTION DIAGRAM (M4(LV)-128/64 AND M4A(3,5)-128/64)

Top View
100-Pin PQFP
PEES PP E, TTRIRRE
~owgmado 00003 3RBH B
00000000928000000000
I00M0ANAA0nAAnAAANAT
o §38B88§83$8%%58£%$%5
GNDE] |1 52T CeEsEE S88TELEPoeo| —IGND
GND] |2 = === === =79 JGND
T™DIC] |3 78| —TDO
5] |4 (83) 77| =3 TRST
B7 1108 C—] (5 (12) (73) 76 | ==1/055  G7
B6 1/09] |6 (13) (72) 75| 31054 G6
B5 /010 |7 (14 (71) 74| 31053 G5
B4 1011 [8 (1) (0)73| ==11052 G4
B3 1/012C—] |9 (6) 69) 72| w051  G3
B2 1013 [10117) (68) 71| 31050 G2
Bl 1/014C—] |11 (18) (67) 70| = 11049 G1
BO 1/015] |12(19) (66) 69| —— /048 GO
10/CLKO ——] |13(20) (65) 68| 1 14/CLK3
Vee] |14 67| —GND
VecE=] |15 66| —GND
GNDL[] |16 65| —Vce
GND[] |17 64| F3Vce
11/CLK1 ] |18 (23) (62) 63| [—13/CLK2
co 1016 ] |19 (24) (61) 62| =—11047  FoO
C1 /017 |20 (25) (60) 61| =046 F1
c2 /o018 |21 (26) (59) 60| ==1045 F2
C3  1/019C] [22(27) (58) 59| (= 1/044 F3
ca 11020 |23 (28) (57)58| E=1/043  F4
C5 11021 ] |24 (29) (56) 57| == /042 F5
C6 11022 ] [25(30) (55) 56 | = 1/041 F6
C7 11023 |26 (31) (54) 55| = /040 F7
TMS [ |27 (41) 54| =12
TCKE=—] (28 53| E=JENABLE
[c]\[o) I .1 52| E=—1GND
GND] (3088585882 2333388851 —IGND
HTAMNMIN ONODOAANMIT ON0OOO
NNOOMNMMN OO MNIITIITIIITTIT TN
Q‘WOI\ODOOHODQUNMQ‘LOLOI\(DQ
68838848 DodOSnieD 17466G-031
Note:
The numbers in parentbeses reflect compatible pin numbers for 84-pin PLCC.
I/CLK = Input or Clock
GND = Ground
I = Input c U
I/O = Input/Output
1/0 Cell (0-7
Vee = Supply Voltage (0-7)
TDI = Test Data In PAL Block (A-H)
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
TRST = Test Reset
ENABLE = Program
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CONNECTION DIAGRAM (M4(LV)-128/64 AND M4A(3,5)-128/64)
Top View

100-Pin TQFP
~NoOo<SSMAN O OdNMS< LW O~
<<<I<<C<< ITIITIIIII
DO0rhowsoando OO0 0 3333 BFB800
zZz zZz zZZz
55222020002 955 5w 20R08R20R08QGFG5
COONOULTONNTAODDONOUTOANAO O OO
O 8 OO OO O OO OO 0000 000 000 000 WOMMNIMNSIDMNS
GND I |1 75| = GND
TDI 11 |2 74 | 13 TDO
B7 /108 ] |3 73| (I3 TRST
B6 /109 T |4 72 | I3 11055 G7
B5 /0101 |5 71| 13 1/054 G6
B4 /011 |6 70| 1 1/053 G5
B3 /0121 |7 69 | 13 1/052 G4
B2 1/013 1] |8 68| [ 1/051 G3
Bl /0141 |9 67 | [CT13 1/050 G2
BO /015 111 |10 66 | 13 1/049 Gl
10/CLKO T |11 65| [TI131/048 GO
Vee o | 12 64| FTTO 14/CLK3
GND 1 |13 63| 13 GND
I1/CLK1 cT | 14 62| I Vee
co /016 ] |15 61| L1 I3/CLK2
c1 /017 T | 16 60 | [ 1/047 FO
c2 /018 |17 59 | L1 1/046 F1
c3 /019 T |18 58| [T 1/045 F2
c4 /020 7 | 19 57| I3 1/044 F3
c5 /021 T |20 56 | 13 1/043 F4
ce /022cCT] |21 55| 1 1/042 F5
c7 /02311 |22 54 | [T131/041 F6
TMS T |23 53| = 1/040 F7
TCK I |24 52 | 13 ENABLE
GND ] |25 51| Er= GND
OMNVOODOAANMITULONODDOANMST W ONOO O
NANNNOOOOONHNOHOHOHNMHNITITITITITITTTT WO
SO BRNB22 3883388 HRIS2
00990900000 >pHp>200009000094K0
E8838838 RN R 17466G-032
CLK/I = Clock ot Input
GND = Ground
1 = Input
p c 7
1/0 = Input/Output
V, = Supply Voltage
:C PP 8 /0 Cell (0-7)
TDI = Test Data In
TCK = Test Clock PAL Block (A-H)
TMS = Test Mode Select
TDO = Test Data Out
TRST = Test Reset

ENABLE = Program
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CONNECTION DIAGRAM (M4(LV)-192/96 AND M4A(3,5)-192/96)

Top View

/095 B7
/094 B6
/093 B5
/092 B4
/091 B3
/090 B2
/089 B1
/088 BO
GND

-]
-]
-]
-]
o — |
o — |
-]
-]

/087 A7
/086 A6
/085 A5

T3 Ve
o
o
I — |
o
1
o

/084 A4
/083 A3
/082 A2
/081 Al
/080 A0

-]
-]

/079 LO
/078 L1
/077 L2
/076 L3
/075 L4
/074 L5
/073 L6
/072 L7
T GND

-]
o — |
o — |

O 3ILIIIRBEIRIBISSIRRTLAIRIIRIZSE8IBNSSE
T A A A A A A A A A A A A A A A A A A A A A A A A AAAA A A A A A A
GND 1 108 13 GND
Dl |2 107 | 1= TDO
D7 /100 1 |3 106 | T3 NC
D6 /101 7 |4 105 113 /071 KO
D5 1102 1 |5 104 113 /070 K1
D4 1103 1 |6 103 T /069 K2
D3 1104 7 |7 102 113 1/068 K3
D2 1105 17 |8 101 | [T /067 K4
D1 1106 T | 9 100 11 /066 K5
Do 1107 T 10 99 11 /065 K6
12 T 11 98 11 /064 K7
13 |12 97 | 112
Vee O |13 96 | T3 Vee
GND 7 | 14 95 | = GND
14 T |15 94| 1
c7 1/08 1T 16 93 13110
C6 1109 1T 17 92 [T 1/063 JO
C5 /010 T |18 91| [T 1/062 J1
Cc4 1/011 T 19 90 1 1/061 J2
C3 11012 T | 20 89 13 1/060 J3
c2 /013 T |21 88 T3 1/059 J4
C1 11014 7 | 22 87 [T 1/058 J5
CO 1/015 17 |23 86 | [T /057 J6
GND 1] |24 85 [T 1/056 J7
Vee T | 25 84 | [T GND
E7 /016 ] | 26 83 | I3 Vce
E6 11017 1 | 27 82 T /055 10
E5 /018 T | 28 81| [rr—o /054 |1
E4 /019 7 | 29 80 [T /053 12
E3 11020 ] | 30 79 1o /052 13
E2 /021 T |31 78 [T /051 14
El 11022 1 | 32 77 [T 1/050 I5
EO /023 I |33 76 | I 1/049 16
TMS T 34 75 1 1/048 17
TCK 1T |35 74 13 NC
GND T | 36 73 [T GND
HEERIFTIVILET IR IBBERRIBICBIBBEES8BREN
OAOTLONVDPOALONAEAN ONXIODANMIOLONOVDD ONOANMIT L O©N
ZNNNNNN(")(‘O_—_XZ O = = MNMmMMmMmMmmmm L)Zﬁ’ﬁ'ﬁ'?‘fﬁ’ﬁ'ﬁ'
6202202202¢R¢Q 30”73 222222082~ 522020008
TELTELEE 85333885 SIYPILE: 17466G-033
CIK = Clock
GND = Ground
1 = Input C 7
I/O0 = Input/Output
Vee = Supply Voltage /0 Cell (0-7)
TDI = Test Data In
PAL Block (A-L
TCK = Test Clock (A-L)
TMS = Test Mode Select
TDO = Test Data Out
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CONNECTION DIAGRAM - M4A3-256/128, M4A3-192/128, M4A3-128/128,
AND M4A3-384/132

Top View
176-Pin TQFP
ERRIBDD SRILIRRE SXIIRKE M4A3-384/132
== ww il wiow [ONORCROROCROVNGRO)
a o CHnopn3ARNERIR L5828 ee,
5 88 58850588225555585555555583
=) 2000Q 0g o M4A3-128/128 &
Z00000000 J0Zz=Z3 0O0000000O0OZ00000000=
ORI OSC00 2222222250222 2R22L06 M4A3-192/128
ERRIBDD PLRRIRER 8588 8 5 M4A3-256/128
ORICPNC2 5 o SLooeSS8I8YER gereexed
522R2Qeee 3886680 eee =¥
EEERECE28c8838828BBL883 TSBBEEBE8
GND | GND GND | 1 132 | GND GND | GND
I | TDI I |2 131 | TDO TDO | TDO
c7 uote| wo|cr uote |3 RECOMMEND TO TIETO VCC 130 | TRST vce | vee
c6 o017 | 1O |ce 1017 |4 129 | w0111 N7 |0 | o114 Fx7
c5 1018 | o |cs 1018 |5 128 | 10110 N6 | /O | /0113 FX6
c4 1019 | o |ca 1019 |6 127 | 110109 N5 | 0 | IO112 FX5
€3 1020 | wWo|c3 1020 |7 126 | 10108 N4 | /O | IO111  FX4
c2 o1 | wo|c2 o2t |8 125 | 10107 N3 | /O | 1O110 FX3
c1 o2 | wo|ct o2 |9 124 | 10106 N2 | /0 | 110109 FX2
Co 1023 | o |co 1023 |10 123 | 10105 N1 | O | 10108 FX1
vce | vee vee | 11 122 | 10104 No | O | 110107 FX0
GND | GND GND | 12 121 | vee vce | vee
F7 024 | 10 | D7 1024 |13 PIN DESIGNATIONS 120 | GND GND | GND
F6 1025 | 10 | D6 11025 | 14 119 | 10103 M7 | 1O | 10106 CX7
F5 1026 | 10 | D5 1026 |15 _ 118 | 110102 M6 | 10 | 110105 CX6
F4 o027 | 1o | D4 1027 |16 CLK = Clock 17| 110101 M5 | 1O | 110104 CX5
F3 1028 | 1O |D3 1028 |17 GND = Ground 116 | /0100 M4 | /O | /0103 CX4
F2 1/029 10 | D2 /029 | 18 | = |nput ( ) shows equiva|ent p|n in M4A3-256/128 (208PQFP) 115 /1099 M3 | 110 110102 CX3
Ft o030 | 1o | D1 1030 |19 /o = Input/Output 1411098 M2 |10 | 10101 CX2
Fo 1031 | 1o | Do 1031 |20 - P p 13| 11097 M1 |10 | 10100 CX1
GND | GND GND |21 N/C = No Connect 1211096 Mo | /O | 1099  CX0
vce | vee vee | 22 VCC = Supply Voltage 11| 124(1) | 11098  DX5
H5 11032 | 10%(14) | 23 - 110 | vee vce | vee
GO 1/033| 1O | E0 1032 |24 lgL B FSt (D:?takln 109 | GND GND | GND
Gt uos4| wo|E1 1033 |25 = TestCloc 108 | 1095 Lo [ WO |1097 BXO
G2 1035| 1O |E2 1034 |26 TMS = Test Mode Select 107 | 1094 L1 |0 |09  BX1
G3 1036 | 10| E3 1035 |27 TDO = Test Data Out C 7 106 | 1093 L2 |0 | 1095 BX2
G4 1037 | 1O | E4 1036 |28 _ 105 | 1092 L3 |0 |09 BX3
65 1o | 1o |Es 1037 |2 EﬁliTBLE = ;est Reset ‘L wocel©7) 104 | voe1 La|wo |woss Bxa
G6 /039 | 10| E6 1038 |30 = FProgram _ 103|109 L5| 10 |109%2 BX5
G7 1040 | 1O | E7 1039 |31 PAL Block (A-HX) 102 | 1089 L6 | IO | 11091  BX6
GND | GND GND |32 101 | 1088 L7 |0 |10  BX7
vce | vee vee |33 100 | GND GND | GND
Jo o4t | 1o | Fo 1040 |34 99 | vee vce | vee
J1ovod2| wo | F1 o4t |35 98| 1087 Ko |wOo |08y 00
J2 o043 | o | F2 1042 |36 o7 |08 Ki|uo |uoss 01
J3 o044 | o | F3 1043 |37 % |1/085 k2|0 |uos7T 02
Ja 1045 | o | F4 1044 | 38 95| os4 K3 |wo |uose 03
J5 ode | 1o | F5 1045 | 39 94| 1083 k4|0 |Uo8s 04
J6 1047 | 10 | Fe 1046 |40 93| o082 K5 |0 |uoss 05
J7 o048 | o | F7 1047 |41 92| 1081 ke |WO |08y 06
™S | T™MS ™S | 42 o1|oso k7 |wo |uos2 o7
TCK | TCK TCK | 43 RECOMMEND TOTIETOGND 90 | ENABLE | GND | GND
GND | GND GND | 44 89 | GND GND | GND
LT RIBL ORI BEERBBBCTBICECBBRTINCIRRCRERRISIIIBLER
ORI ANODOFSTLOLAOAQOONEOVODODO - NOEFC OO O0ONTITOVOSO0ORIO-—O0OAOND T WO O©N~0DA
223858838288 888858825238328858385588555556582
58833353 RIS oS-rnoswor SsSNg38gy
DOOOOOOOODUOOOOOOOO_‘;DOOQOOOOOOOOOOOOOOOOOOD
Z=E=SE=S=SE=S=sSs=s==Z00=s=Ss=Ss=s=s=== _.ZZOJ:E:::i:)QZ:}:E:::}Z
[ o> D00>g >0 [©]
O - ANODFTLOAOAONEVIO-—ANDTO o NN O0ONOEODDIO-—NODOAOTOVON~0DO — N
238888288208 8885882885238385888555588555658882
ceesegre rowroa=of [S N 2z22322%
17466G-042
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CONNECTION DIAGRAM - M4A3-256/128, M4A5-256/128, M4-256/128,

M4LV-256/128, AND M4A3-384/160

Top View
208-Pin PQFP

S ———  C LS LNDTOOL SLoOTLOo
o e e e ) o0o0ooco0oa<< < << X X X X X X X X X X X X XXX XXX X X M4A3-384/160
T ITTWwwww [CROCROURGRORURORD)
s @ " - U
ORI PN O o pronrnaro S0 BBB8y 0B RBEEBYRTE S FITITSEEE,
L2225 920222002003982222589322222202220852L220°2223
e E S RN S  ~oosoo-o ST am T oo Sram=osn
P R L3I faaedada 80003000 M4A(3, 5)-
0T CYE2on0urensanss £g0oguoogl  SSRIBNIR ZE=gezedy 2561128
5222202000520 928008-o32852S8680282222009002085292229025 M4(LV)-
S ey 256/128
CSEE8SEERE8858838 25388038 B Lo BRREEREIRECREEcEE23L8e3BBE
GND GND |1 156| GND GND
DI ™ |2 155 TDO D0
c7 1ot |c7 ot |3 RECOMMEND TO TIE TOVCC 154 | TRST NC
c6 1019 |c6 o1 |4 153] o111 N7 | 0137 Fx7
c5 1020 |¢5 1018 |5 152 10110 N6 | 10136 FX6
c4 1021 |ca o9 |6 151] 110109 N5 | 0135 FX5
c3 1022 |c3 o |7 150] 10108 N4 | O34 FX4
c2 1023 |c2 wo21 |8 19| o107 N3 | w0133 FX3
c1 1024 |ct o2 |9 148] 10106 N2 | 10132 FX2
co 1025 |co 1023 |10 147| 10105 N1 [ 10131 FX1
vee vee |11 146] 10104 N0 | O130  FX0
GND GND |12 145 vec vce
F7 w026 D7 w024 |13 144 GND GND
F6 1027 D6 1025 |14 143] 10103 M7 | 0129 CX7
F5 1028 [D5 1026 |15 142] 10102 M6 | 0128 CX6
F4 1029 |Da w027 |16 141| o101 Ms | 0127 x5
F3 1030 D3 1028 |17 PIN DESIGNATIONS 140] 10100 M4 | 10126 Cx4
F2 1031 [D2 1029 |18 139] 1099 M3 | 0125 CX3
F1 1032 [Dp1 1030 |19 138] 1098 M2 | 0124 CX2
FO /033 [D0 1031 |20 CLK = Clock 137] 1097 M1 | 110123 CX1
E7 1034 2 |2t GND = Ground 136] 11096 M0 | /0122 CX0
E5 1035 B2 | = Input () shows equivalent pin in M4A3-256/128 (208PQFP) I Vo121 DX5
GND GND |23 - 134 GND GND
vee vee |2 110 = Input/Output 133| vee 10120 DX3
E2 1036 vee |25 N/C = No Connect 132 vee 10119 DX2
E0 1037 GND |26 vCe = Supply Voltage 131] GND 018  DX0
HO 11038 GND |27 - 130| GND IOM7  AX0
H2 1039 vee |28 DI Test Data In 129] vee 016 AX2
H3 11040 vee |29 TCK = Test Clock 128] vee vee
GND GND |30 TMS = Test Mode Select 127| GND GND
H5 1041 1 |31 - c 7 126] 110 015 AX5
G0 los2 [E0 032 |32 TDO - Test Data Out 125] 19 oM4  AX7T
61 1043 [E1 w033 |33 EEiELE = ;’est Reset L vocel(©7) 124 o095 o] w013 BXO
G2 1044 |E2 o34 |34 = Program 123|094 L1 |02 BX1
G3 1045 |E3 1035 |35 9 PAL Block (A-HX) 122] 1093 2| U011 BX2
G4 1046 |E4 1036 |36 21| vos2 3| w010 BX3
65 1047 |E5 1037 |37 120] 1091 4] 10109 BX4
G6 1048 |E6 1038 |38 19| 0% 5| 0108 BXS
67 049 |E7 1039 |39 18| oss L6 | 0107 BX6
GND GND |40 17| voss 17| w0t BX7
vee vee |41 16| GND GND
J  1os0 [Fo wos0 |42 15| vee vee
s wost |F1owost |43 14| 1087 ko | o105 00
J2 052 |F2 wos2 |aa 13[vosse k1 |wotoa o1
J3 1053 [F3 1043 |45 12| ioss k2| o103 02
J nos4 |Fa uosa |46 11| voss k3| uow2 03
J5 105 |F5 1045 |47 mo| oss k4| o101 o4
J6 1os6 |Fe 1046 |48 109] 1082 K5 | 0100 05
g1 wos7 | F7 w047 |49 108] 1081 K6 | 099 06
™S ™S |50 107) oso K7 | 0% o7
TCK TCK | 51 RECOMMEND TO TIE TO GND 106 | ENABLE NC
GND GND |52 105| GND GND
B3 BEb 3 UNI 88BN N e3R8 8s833558388588828888
QOO - NMS AN O ODO T NMWD © oo oo NI~ T OWON®ODO ONMD T ON~0DAO
588EBBBEB308 8888888 58583088835 "888BBEE5S3EE85E8E55E82
588338503 EeeTeexe oraosxwor SSyg3Qgy
QRO - NIV AOORNORO - NDNIO OO ONDI A0V NNILONOROAND T N®TLWONA
500888858558 8055050050555805005S5838885888885538888838383
cegsegce rowsoazoNg =1 SEraRTeeR szg2z2es

17466G-044
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CONNECTION DIAGRAM (M4(LV)-256/128 AND M4A(3,5)-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
Al ono | nco | onp | Q108 | VOIS | gy | WOO0 | 0% | gnp | enD | en | enp | YOS | WO | gnp | MOBT | wc | eND | eND | GND | A
0113 10109 | 10106 | 10103 | o102 | 1098 1093 | woss | 1oss | uoss | woss | wos2
Bl o | 'O ne | 1QK 0| e o2 | VOBl ne | om | one | one | S o8 08 o o % | ne | ew B
o116 o111 | o107 | o104 | woto1 | wosr 1094 | voso | 1oss | uos4 | 1oso lors | 1074
c |6 | Nc | vec | TRsT | VOH o e o0t | VosT | ne | 1o ot 09 08 08 080 lenagLe | vee | VO ol
10120 | Wo17 | Wom2 10110 11099 11092 11081 yore | ors | wort
D [ O o M2 | vee | vee |00 | vee | N | V0% | ne 19 0% 1 we | vee | 8T | vee | vec | Y97 o 7 | o
o123 | ot1e | ot o7z | o2 | woss
N 00 os | T O | "J5 30 u | E
0122 | vot1s | o115 o076 | 1073 | 1069
F [ GND | "ps o1 04 W N 5 | GND | F
10125 | 110121 1070 | 11065
6| m vee vee B |6
P2 P6 PIN DESIGNATIONS 16 11
o127 | 10126 | 10124 1067 | 1oss | 1os4
H [ GND | "pg P1 P3 CLK = Clock 3 2 o | GND | H
GND = Ground
o ne | ne | ne | ons I = Input 17 ne | one | one |
1/0 = Input/Output
K| oND | CLk3 | NIC NIC N/C = No Connect NIC NC | Clke | NC | K
VCC = Supply Voltage
L| nc | oo | neo | ne DI = TestDatalin ne | neo | okt | e | L
TCK = Test Clock
T™MS = Test Mode Select 1083 | 1os2
M| NC N/C N/C 10 TDO = Test Data Out C 7 16 N/C o ¥ M
TRST = TestReset T yocel©7)
oo | woz | o3 = 1060 | wost | 1os9
N[ GND | Ao 2| oA ENABLE Program PAL Block (A-P) H3 He | ma | GND [N
o1 | wos 1os7 | 1058
3 o %6 | vee vee | 1087 | V08 5 |p
os | o9 yost | voss | 1ose
R| oo | % 00| e o % 9% | e | R
ios | wos | wor 1050 | 11055
T o 012 | ek s | VO30 VIS | e 7
or | wor | wots 1018 1024 | 11029 11035 1048 | 1053
u | "o o 15 | vee | vee | 918 | vec | V92 02 12 ne | V95| we | vee | ne | vee | ovec | V48| VOSSN ng | w
10 | 1013 016 | o1z | wo2t | wo2s | woz2z | wo3t 1033 | vo37r | o4t | uos3 | woss | wo47 11052
V[ e Bs | VCC | c7 cs c2 co D4 Do B NC | g E5 F1 F3 F6 fr| VeC | ‘g | NMC [V
1014 io19 | 022 | wo2s | o028 o34 | vo3s | o390 | o2 | woss 11049
wloen |01 N | neo | U018 | V02 oz 0% | nc | we 14 ne | 193 o o3 o 05 | N | V9 enn [w
1020 1026 | 11030 1032 | 11036 1040 | 1044
Y| oo | oo | ono | N | 920 | eno | V02 9% | eNo | eND | oND | enp | VO3 0% | onp | 19 Ok | onp | nC | enD | Y
20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
17466G-045
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CONNECTION DIAGRAM - M4A3-384/192

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
1011 loss | 1058 o7 | 1ors 10108 | 10116 0128 | 10134
Al oono | MM | onp | UOK | VOB | gnp | WOTD | WOTS | N | GND | eND | onp | VOR08 | WOUE | np | 0128 | VOIS | Gnp | oD | GND | A
8| ono | 7012 | w0z | uoss | wose | woss | wort | vorr | uoss | woso | woss |uoto2 | uotos | wott7 | o122 | w0129 | WO135 | WOMB | 10164 | oo | B
ox7 | FXs | Fx3 | ox7 | cxs | cx3 | Dx7 | Dxs | Dx2 | AX0 | AX3 | AX6 | BX1 | BX4 | BX6 | 04 | 06 | O7
¢ | oo | w03 | o | voss | voso | woes | worz | wors | woss | wost | wogr | wo0s | wotto | wotte | w0123 | 0130 | WO136 | o | UOMES | WOMET | o
GX6 | X5 FX4 | Fx2 | FX1 | Cxé | cxo | Dxa | DXt | Axt | Ax4 | BXx2 | BXs | o0 | of 05 N7 N6
o1 | vot4 | wo29 11066 o079 | uoss | o2 | uogs | wotoa | 1ot 10124 o149 | o166 | 110182
Dl Exr | ox3 | oxa | YCC | VCC | &xo | VCC | cx1 | bx3 | Dxo | Aax2 | Axz | Bx3 | VCC | "oz | VGG | VCC | Ty N5 p7 | D
102 | uots | 1030 10150 | 10167 | 110183
El exo | oxo | oxt | ™ DO | "\2 N3 pe | E
1016 | o3t | woar 10137 | v0151 | 110168
FLCND | Ext | Ex6 | oxe N1 NO ps | OND | F
103 | o7 | wos2 10152 | 10169 | 110184
G| e | Exa | Exs | VCC VeC | Tpy P3 w | ©
PIN DESIGNATIONS
018 | 1033 | wods 10138 | 10153 | 110170
HIGND | x5 | Ex2 | EX3 P2 P1 Po | OND | H
o4 | o9 | wo3s | 1o CLK = Clock 10139 | Vo154 | 10171 | 0185
I Hxo | X1 | Hxe | HX7 GND = Ground M6 M5 | M4 I
| = Input
K| oo | cka | IS | 1050 110 = Input/Output VOII0 | VOISS | cika | VOIS |
N/C = No Connect
VCC = Supply Voltage
1105 1036 | 1051 0141 | 10156
ol B R A I DI = TestData In 13 | 14 |CKTpeND L
o6 | wo20 | wos7 | vos2 TCK = TestClock c 7 o142 | vo1s7 | o172 | ots7
L Y, A3 A5 | A6 T™MS = Test Mode Select T wocel (0-7) L6 L5 Lo oM
TDO = Test Data Out
v | ono | 1021 | woss | wos3 PAL Block (A-HX) vo143 | uotss | 10173 | oo | n
A7 Do | D1 15 0 L7
o7 | o2 | 103 10159 | 10174 | 110188
Pl o D3 b4 | VeC vee 4 i L |P
1023 | 040 | 1054 o144 | vo160 | 110175
R[ GND | "ps D6 D7 K5 Ko ;3 | GND | R
o8 | 1024 | 1oat o161 | 10176 | 110189
Tl & BO g7 | TOK ™S | Mg K1 2 |7
oo | wozs | wosz 11067 oo | wos7 | 1oe3 | 1099 | uotos | otz 110125 ote2 | 10177 | 10190
U &4 B1 Bg | VCC | VCC | Tgp' | VCC | TR E5 E2 H2 H5 go | VEC | Ty | Vee | vee | Ny k2 6 | Y
v | vowo | wozs | o | voss | uost | woss | uors | wost | woss | vos4 | 0100 | U006 | WON3 | WOM | V0126 | WO13T | WOMS | \eo | UOITE | HOMST | y
B5 B2 c5 c2 | o1 F4 F1 E4 E1 H1 He | G G4 0 2 35 K3 7
wl onp | V027 | woss | woss | wos2 | uoso | vora | wos2 | uoss | woss | wOtor | Vo107 | U014 | V0120 | UOM27 | WO132 | UOM4s | HO163 | WOTT9 | o | w
c7 cs | c3 F7 F5 F3 E7 E3 EO HO H3 W | 63 | &5 | 67 4 16 37
os7 | 1063 1075 | 11083 o115 | 10121 10133 | 10147 110180
Y| e | onp | ono | 108 083 | enp | 197 083 | eND | GND | oND | GNp | VOUS | V021 | gnp | VO W7 | oo | 10180 | ono | Y
20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
17466G-046
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PRODUCT ORDERING INFORMATION
MACH 4 Devices Commercial & Industrial - 3.3V and 5V

Vantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed
by a combination of:

M4- 256 /128 -7 Y C
FAMILY TYPE 48 =48-pin TQFP for M4(LV)-32/32
M4- = MACH 4 Family (5-V V) or M4(LV)-64/32
MALV- = MACH 4 Family Low Voltage (3.3-V V() OPERATING CONDITIONS
C = Commercial (0°C to +70°C
MACROCELL DENSITY 1 = Industrial (-48 °C to +85 03)
32 = 32 Macrocells 128N = 128 Macrocells, Non-ISP
64 = 64 Macrocells 192 = 192 Macrocells PACKAGE TYPE
96 = 96 Macrocells 256 = 256 Macrocells A = Ball Grid Array (BGA)
128 = 128 Macrocells ] = Plastic Leaded Chip Carrier
(PLCC)
1/Os \% =Thin Quad Flat Pack (TQFP)
/32 = 321/Os in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP Y =Plstic Quad Flat Pack (PQFP)
/48 = 481/0s in 100-pin TQFP
/64 = 641/Os in 84-pin PLCC, 100-pin PQFP or 100-pin TQFP SPEED
/96 = 961/Os in 144-pin TQFP -7 =75nstpp
/128 =128 1/Os in 208-pin PQFP or 256-ball BGA -10 =10 ns tpp
-12° =12 ns tpp
-14 =14 ns tpp
-15 =15ns tpp
-18 =18 ns tpp
Valid Combinations Valid Combinations
M4-32/32 JC, VG, V(48 M4-32/32 JL, VI, V48
M4IN-32/32 JC, VC, VC48 M4IN-32/32 J1, VI, VI48
M4-64/32 JC, VC, VC48 M4-64/32 JI, VI, VI48
M4IV-64/32 JC, VC, VC48 M4IV-64/32 JI, VI, V148
M4-96/48 VC M4-96/48 VI
M4IV-96/48 VC M4IV-96/48 VI
M4-128/64 YC, VC M4-128/64 YL, VI
MA4IV-128/64 7,710, -12, -15 YC, VC MA4IV-128/64 10,-12,-14,-18 [y
M4-128N/64 jC M4-128N/64 I
MA4IV-128N/64 JjC MA4IV-128N/64 JI
M4-192/96 VG M4-192/96 VI
M4IV-192/96 VG M4IV-192/96 VI
M4-256/128 YG, AC M4-256/128 Y1, AI
M4IV-256/128 YC, AC M4IV-256/128 Y1, Al

All MACH devices are dual-marked with both Commercial and

Industrial grades. The Industrial speed grade is slower, i.e., M4-256/

128-7YC-10YI

Valid Combinations

Valid Combinations list configurations planned to be supported

in volume for this device. Consult the local Vantis sales office to

confirm availability of specific valid combinations and to check

on newly released combinations.
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PRODUCT ORDERING INFORMATION

MACH 4A Devices Commercial and Industrial - 3.3V and 5V

Vantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed

by a combination of:

M4A3- 256 /128 -7 Y C
FAMILY TYPE 48 = 48-pin TQFP for
M4A3- = MACH 4 Family Low Voltage Advanced Feature M4A3-32/32 or M4A3-64/32
(3.3-V Vo) M4A5-32/32 or M4A5-64/32
M4A5- = MACH 4 Family Advanced Feature (5-V V()
OPERATING CONDITIONS
MACROCELL DENSITY C = Commercial (0°C to +70°C)
32 =32Macrocells 192 = 192 Macrocells I = Industrial (-40 °C to +85 °C)
64 = 64 Macrocells 256 = 256 Macrocells PACKAGE TYPE
125 = 13 Marmouels 512 = 512 Macmech A = Bl Gid Amy (BGA)
J = Plastic Leaded Chip Carrier
(PLCC)
\Y = Thin Quad Flat Pack (TQFP)
1/0s Y = Plastic Quad Flat Pack (PQFP)
/32 = 321/Os in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP FA = Fine-pitch Ball Grid Array 0.8mm
/48 = 481/Os in 100-pin TQFP (fpBGA)
/64 = 641/0s in 100-pin TQFP, 100-pin PQFP, or 100-ball f{pBGA
/68 = 681/0s in 100-pin TQFP or 100-ball f{pBGA SPEED
/96 = 961/0s in 144-pin TQFP or 144-ball f{pBGA -5 = 5.0 ns tpp
/128 = 128 1/Os in 176-pin TQFP, 200-ball f{pBGA, 208-pin PQFP, or -55 = 5.5ns tpp
256-ball BGA 6 =60nstpp
/132 = 1321/Os in 176-pin TQEFP 65 = 6.5 ns tpp
/160 = 1601/Os in 208-pin PQFP -7 = 7.5ns tpp
/192 =1921/0Os in 256-ball BGA or 320-ball f{pBGA -10 = 10 ns tpp
/256 = 256 1/Os in 352-ball BGA -12 = 12 ns tpp
-14 = 14 ns tpp
3.3V Commercial Combinations 3.3V Industrial Combinations
M4A3-32/32 ]G, VC, VC48 M4A3-32/32 ]I, VI, V48
M4A3-64/32 ]JC, VC, VC48 M4A3-64/32 ]I, VI, V48
M4A3-64/64 VC, FAC M4A3-64/64 VI
M4A3-96/48 VG M4A3-96/48 VI
M4A3-128/64 YC, VC, FAC M4A3-128/64 Y1, VI
M4A3-128/96 555,665 VG, FAC M4A3-128/96 VI
M4A3-128/128 R VC, FAC M4A3-128/128 7,-10,-12, -14 VI
M4A3-192/68 7,-10,-12 VC, FAC M4A3-192/68 VI
M4A3-192/96 VG, FAC M4A3-192/96 VI
M4A3-192/128 VG, FAC M4A3-192/128 VI
M4A3-256/128 YC, VC, AC, FAC M4A3-256/128 Y1, VI, AT
M4A3-256/160 YC M4A3-256/160 YI
M4A3-256/192 AC M4A3-256/192 Al
M4A3-384/132 VG M4A3-384/132 VI
M4A3-384/160 YC M4A3-384/160 YI
M4A3-384/192 AC M4A3-384/192 Al
M4A3-512/132 -65,-7,-10, -12 VG M4A3-512/132 -10, -12, -14 VI
M4A3-512/160 YC M4A3-512/160 YI
M4A3-512/192 AC M4A3-512/192 Al
M4A3-512/256 AC M4A3-512/256 AL

MACH 4 Family
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5V Commercial Combinations 5V Industrial Combinations
M4A5-32/32 JC, VC, VC48 M4A5-32/32 J1, VI, V148
M4A5-64/32 JC, VC, VC48 M4A5-64/32 J1, VI, V148
M4A5-96/48 -5,-55, -0, -65, A M4A5-96/48 710,12, -14 VI
M4A5-128/64 -7,-10,-12 YC, VC M4A5-128/64 o YI, VI
M4A5-192/96 Ve M4A5-192/96 VI
M4A5-256/128 -65,-7,-10, -12 YC, VC, AC M4A5-256/128 -10, -12, -14 YL, VI, AI

Most MACH devices are dual-marked with both Commercial and Industrial grades. The Industtial speed grade is slowet, i.c., M4A3-256/128-7YC-
10YT

Valid Combinations
Valid Combinations list configurations planned to be supported in volume for this device. Consult the local Vantis sales office to confirm
availability of specific valid combinations and to check on newly released combinations.

Trademarks

Copyright © 1999 Vantis Corporation. All rights reserved.

Vantis, the Vantis logo, and combinations thereof, First-Time-Fit, Speedlocking, Bus-Friendly, DesignDirect, and VantisPRO are trademarks, and MACHPRO,
MACHXIL, and PAL are registered trademarks of Vantis Corporation.

Other product names used in this publication are for indentification purposes only and may be trademarks of their respective companies.
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