HLatlice MACH 5 CPLD Family
Fifth Generation MACH Architecture

FEATURES

O

O

O

High logic densities and 1/Os for increased logic integration

— 128 to 512 macrocell densities

— 68 to 256 1/0s

Wide selection of density and 1/0 combinations to support most application needs

— 6 macrocell density options

— 8 1/0 options

— Up to 5 I/O options per macrocell density

— Up to 6 density & I/O options for each package

Performance features to fit system needs

— 5.5 ns tpp Commercial, 7.5 ns tpp Industrial

— 182 MHz fCNT

— Four programmable power/speed settings per block

Flexible architecture facilitates logic design

— Multiple levels of switch matrices allow for performance-based routing

— 100% routability and pin-out retention

— Synchronous and asynchronous clocking, including dual-edge clocking

— Asynchronous product- or sum-term set or reset

— 16 to 64 output enables

— Functions of up to 32 product terms

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

— PCI compliant (-5/-6/-7/-10/-12 speed grades)

— Safe for mixed supply voltage system design

— Programmable pull-up or Bus-Friendly™ Inputs & 1/Os

— Individual output slew rate control

— Hot socketing

— Programmable security bit

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

— Lattice/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 5 Device Features !

M5-128 M5-192 M5-256 M5-320 M5-384 M5-512
Feature M5LV-128 M5LV-256 M5LV-320 M5LV-384 M5LV-512

Supply Voltage (V) 5 33 5 5 33 5 33 5 33 5 33
Macrocells 128 128 192 256 256 320 320 384 384 512 512
Maximum User 1/0 Pins 120 120 160 160 160 192 192 192 192 256 256
tpp (NS) 75 55 75 75 55 75 75 75 75 75 75
tss (ns) 40 3.0 4.0 40 3.0 4.0 40 4.0 4.0 4.0 40
tcos (NS) 6.0 45 6.0 6.0 45 6.0 6.0 6.0 6.0 6.0 6.0
font (MHz) 125 182 125 125 182 125 125 125 125 125 125
Static Power (mA) 35 35 45 55 55 70 70 75 75 100 100
JTAG-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
PCI-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Note:
1. “M5-xxx" is for 5-V devices. “M5LV-xxx" is for 3.3-V devices.

Table 2. MACH 5A Device Features ! 2

M5A3-128 M5A3-192 M5A3-256 M5A3-320 | M5A3-384 | M5A3-512
Feature M5A5-128 M5A5-192 M5A5-256

Supply Voltage (V) 33 5 33 5 33 5 33 33 33
Macrocells 128 128 192 192 256 256 320 384 512
Maximum User I/0 Pins 120 120 120 120 160 160 192 192 256
tpp (NS) 55 55 55 55 55 55 55 55 55
tss (ns) 30 30 30 30 30 30 30 30 30
tcos (NS) 45 45 45 45 45 45 45 45 45
font (MHz) 182 182 182 182 182 182 182 182 182
Static Power (mA) TBD TBD TBD TBD TBD TBD TBD TBD TBD
JTAG-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes
PCI-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes:

1. All information on MACH 5A devices is Advance Information. Please contact a Vantis sales representative for details on

availability.

2. “M5A5-xxx" is for 5-V devices “M5A3-xxx" is for 3.3-V devices.

GENERAL DESCRIPTION

The MACH® 5 family consists of a broad range of high-density and high-1/0 Complex

Programmable Logic Devices (CPLDs). The fifth-generation MACH architecture yields fast speeds

at high CPLD densities, low power, and supports additional features such as in-system

programmability, JTAG testability, and advanced clocking options (Tables 1 and 2). Both the
MACH 5 and the MACH 5A families offer 5-V (M5-xxx and M5A5-xxx) and 3.3-V (M5LV-xxx and

M5A3-xxx) operation.

Manufactured in state-of-the-art ISO 9000 qualified fabrication facilities on EECMOS process
technologies, MACH 5 devices are available with pin-to-pin delays as fast as 5.5 ns (Tables 3 and
4). The 5.5, 6.5, 7.5, 10, and 12-ns devices are compliant with the PCI Local Bus Specification.
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Table 3. MACH 5 Speed Grades

Speed Grade!
Device -5 -7 -10 -12 -15 -20

M5-128 C C, 1 C 1 C 1 |
M5LV-128 C Cl C 1 C 1 |
M5-192 C C, 1 C 1 C 1 |
M5-256 C C 1 C 1 Gl |
M5LV-256 C C 1 C, 1 C 1 |
M5-320 C C I C I C I I
M5LV-320 C C, 1 C 1 C 1 |
M5-384 C C 1 C 1 C 1 |
M5LV-384 C C, 1 C 1 C 1 |
M5-512 C C 1 C 1 C 1 |
M5LV-512 C C, 1 C 1 C 1 |
Note:
1. C=Commercial grade, | = Industrial grade

Table 4. MACH 5A Speed Grades

Speed Grade?!

Device -5 -6 -7 -10 -12 -15
M5A3-128 C Gl C 1 (Nl |
M5A5-128 C C 1 C, 1 C 1 |
M5A3-192 C Gl C 1 (Nl |
M5A5-192 C G 1 C, 1 C 1 |
M5A3-256 C Gl C 1 (Nl |
M5A5-256 C C 1 C, 1 C 1 |
M5A3-320 C (Note 2) C (Note 2) C, I (Note 2) G C I
M5A3-384 C (Note 2) C (Note 2) C, I (Note 2) C 1 o [
M5A3-512 C (Note 2) C, I (Note 2) G C I

Notes:
1. C=Commercial grade, | = Industrial grade. All information on MACH 5A devices is Advance Information. Please contact a

Vantis sales representative for details on availability.

2. The -5 and -6 commercial and -7 industrial speed grades are under development for M5A3-320, M5A3-384, and M5A3-512.
Please contact a Vantis sales representative for details on availability.

With Vantis’ unique hierarchical architecture, the MACH 5 family provides densities up to 512
macrocells to support full system logic integration. Extensive routing resources ensure pinout
retention as well as high utilization. It is ideal for PAL® block device integration and a wide range
of other applications including high-speed computing, low-power applications, communications,
and embedded control. At each macrocell density point, Vantis offers several 1/0 and package
options to meet a wide range of design needs (Tables 5 and 6).
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Table 5. MACH 5 Package and I/0 Options 1

M5-128 M5-192 M5-256 M5-320 M5-384 M5-512
Package M5LV-128 M5LV-256 M5LV-320 M5LV-384 M5LV-512
100-pin TQFP 68, 74* 68 68, 74*
100-pin PQFP 68 68 68
144-pin TQFP 104* 104*
144-pin PQFP 104 104 104
160-pin PQFP 120 120 120 120 120 120
208-pin PQFP 160 160 160 160 160
240-pin PQFP 184 184 184
256-ball BGA 192 192 192
352-ball BGA 256
Note:
1. The I/O options indicated with a “*” are only available for the “LV” devices.
Table 6. MACH 5A Package and I/0 Options!
M5A3-128 M5A3-192 MB5A3-256 MB5A3-320 M5A3-384 M5A3-512
Package M5A5-128 M5A5-192 M5A5-256
100-pin PQFP 68 68 68
100-pin TQFP 74 74 74
144-pin TQFP 104 104 104
160-pin PQFP 120 120 120 120 120 120
208-pin PQFP 160 160 160 160
256-ball BGA 192 192 192
352-ball BGA 256
Note:

1. All information on MACH 5A devices is Advance Information. Please contact a Vantis sales representative for details on

availability.

Advanced power management options allow designers to incrementally reduce power while

maintaining the level of performance needed for today’s complex designs. 1/0O safety features
allow for mixed-voltage design, and both the 3.3-V and the 5-V device versions are in-system
programmable through a JTAG-compliant interface.

Vantis offers software design support for MACH devices in both the MACHXL® and DesignDirect
development systems. The DesignDirect development system is the Vantis implementation
software that includes support for all Vantis CPLD, FPGA and SPLD devices. This system is
supported under Windows '95, '98 and NT as well as Sun Solaris and HPUX.

DesignDirect software is designed for use with design entry, simulation 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 netlists 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.
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FUNCTIONAL DESCRIPTION

The MACH 5 architecture consists of PAL blocks connected by two levels of interconnect. The block
interconnect provides routing among 4 PAL blocks. This grouping of PAL blocks joined by the
block interconnect is called a segment. The second level of interconnect, the segment
interconnect, ties all of the segments together. The only logic difference between any two MACH
5 devices is the number of segments. Therefore, once a designer is familiar with one device,
consistent performance can be expected across the entire family. All devices have four clock pins
available which can also be used as logic inputs.

CLK
Block:

16 MCs 4

Segment: W
4 Blocks .
[

|Block Interconnect |

PZN t
N~ ~ A
Segment Interconnect % %

Figure 1. MACH 5 Block Diagram

20446G-001

The MACH 5 PAL blocks consist of the elements listed below (Figure 2). While each PAL block
resembles an independent PAL device, it has superior control and logic generation capabilities.

1/0 cells

O

Product-term array and Logic Allocator

0

0 Macrocells
O Register control generator
O

Output enable generator

I/0O Cells

The 1/0s associated with each PAL block have a path directly back to that PAL block called local
feedback. If the I/O is used in another PAL block, the interconnect feeder assigns a block
interconnect line to that signal. The interconnect feeder acts as an input switch matrix. The block
and segment interconnects provide connections between any two signals in a device. The block
feeder assigns block interconnect lines and local feedback lines to the PAL block inputs.

MACH 5 Family 5
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Figure 2. PAL Block Structure

PRODUCT-TERM ARRAY AND LOGIC ALLOCATOR

The product-term array uses the same sum-of-products architecture as Vantis’ PAL devices and
consists of 32 inputs (plus their complements) and 64 product terms arranged in 16 clusters. A
cluster is a sum-of-products function with either 3 of 4 product terms.

Logic allocators assign the clusters to macrocells. Each macrocell can accept up to eight clusters
of three or four product terms, but a given cluster can only be steered to one macrocell (Table 7).
If only three product terms in a cluster are steered, the fourth can be used as an input to an XOR
gate for separate logic generation and/or polarity control.

The wide logic allocator is comprised of all 16 of the individual logic allocators and acts as an
output switch matrix by reassigning logic to macrocells to retain pinout as designs change. The
logic allocation scheme in the MACH 5 device allows for the implementation of large equations
(up to 32 product terms) with only one pass through the logic array.

Table 7. Product Term Steering Options for PT Clusters and Macrocells

Macrocell Available Clusters Macrocell Available Clusters
Mo Cor Cp, Cp, C3, Gy Mg Cs, Ce, C7, Cg, Co, C10, C11, Ca2
My Co, C1, G2, C3, Cy, Cs Mg Ce: C7, Cg, Ca, C10, C11, Cp2: Cy3
M, Co: €1, Co, C3, Cy, Cs, Cg Mio C7.Cg, g, C10, C11, Gy, Cy3, Cg
M3 Co: C1, Cp, C3, Gy, Cs, G, Gy Myy Cq: Co, C10, C11, C12, €13, C14) G5
My Co: C1, Ca, C3, Cy, Cs, G, C Mip Cs: Ca: C10, C11, C12: Ca3i Caar G5
Ms C1, €2, C3, Gy, G5, Cg, C7, Cg Mi3 Co: C10 C11 G120 C13, Cyas Cgs
Ms C2: C3, G4, Cs, Cg, C7, Cg, Cg Myq C10 €11, C12, Cy3, Cyg Gy
My Cs: Cy, Cs, Cg, C7, Cg, Co, Cao M;s5 C11: C12, C13, C14, Cgs

6 MACH 5 Family



Macrocells

The macrocells for MACH 5 devices consist of a storage element which can be configured for
combinatorial, registered or latched operation (Figure 3). The D-type flip-flops can be configured
as T-type, J-K, or S-R operation through the use of the XOR gate associated with each macrocell.

Each PAL block has the capability to provide two input registers by using macrocells 0 and 15. In
order to use this option, these macrocells must be accessed via the 1/0 pins associated with
macrocells 3 and 12, respectively. Once the macrocell is used as an input register, it cannot be used
for logic, so its clusters can be re-directed through the logic allocator to another macrocell. The
I/0 pins associated with macrocells 0 and 15 can still be used as input pins. Although the I/O pins
for macrocells 3 and 12 are used to connect to the input registers, these macrocells can still be
used as “buried” macrocells to drive device logic via the matrix.

Macrocell

Logic
Allocator

5-8
Clusters/
o MC
o ) > D Q
7

Prog. Polarity

Control Bus

\_ Mode

Selection

20446G-003

Figure 3. Macrocell Diagram

Control Generator

The control generator provides four configurable clock lines and three configurable set/reset lines to
each macrocell in a PAL block. Any of the four clock lines and any of the three set/reset lines can
be independently selected by any flip-flop within a block. The clock lines can be configured to
provide synchronous global (pin) clocks and asynchronous product term clocks, sum term clocks,
and latch enables (Figure 4). Three of the four global clocks, as well as two product-term clocks
and one sum-term clock, are available per PAL block. Positive or negative edge clocking is
available as well as advanced clocking features such as complementary and biphase clocking.
Complementary clocking provides two clock lines exactly 180 degrees out of phase, and is useful
in applications such as fast data paths. A biphase clock line clocks flip-flops on both the positive
and negative edges of the clock. The configuration options for the four clock lines per PAL block
are as follows:

Clock Line 0 Options

0 Global clock (0, 1, 2, or 3) with positive or negative edge clock enable
0 Product-term clock (A*B*C)

0 Sum-term clock (A+B+C)

Clock Line 1 Options

0 Global clock (0, 1, 2, or 3) with positive edge clock enable

MACH 5 Family 7
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0 Global clock (0, 1, 2, or 3) with negative edge clock enable

0 Global clock (0, 1, 2, or 3) with positive and negative edge clock enable (biphase)
Clock Line 2 Options

0 Global clock (0, 1, 2, or 3) with clock enable

Clock Line 3 Options

0 Complement of clock line 2 (same clock enable)

0 Product-term clock (if clock line 2 does not use clock enable
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20446G-004 20446G-005
Figure 4. Clock Generator Figure 5. Set/Reset Generator

The set/reset generation portion of the control generator (Figure 5) creates three set/reset lines for
the PAL block. Each macrocell can choose one of these three lines or choose no set/reset at all.
All three lines can be configured for product term set/reset and two of the three lines can be
configured as sum term set/reset and one of the lines can be configured as product-term or sum-
term latch enable. While the set/reset signals are generated in the control generator, whether that
signal sets or resets a flip-flop is determined within the individual macrocell. The same signal can
set one flip-flop and reset another. PT2 or /PT2 can also be used as a latch enable for macrocells
configured as latches.
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OE Generator

There is one output enable (OE) generator per PAL block that generates two product-term driven
output enables. Each 1/0 cell is simply an output buffer. Each I/O cell within the PAL block can
choose to be permanently enabled, permanently disabled, or choose one of the two product term
output enables per PAL block (Figure 6).

Output Enable
Generator

lv)

Vee
£
il

Internal Feedback _ K

External Feedback

20446G-006
Figure 6. Output Enable Generator and 1/0 Cell
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MACH 5 TIMING MODEL

The primary focus of the MACH 5 timing model is to accurately represent the timing in a MACH 5
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, tgg, is defined as the time it takes to go through the output buffer to the 1/0 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 tgf to this internal parameter, the external parameter is derived.
For example, tpp = tpp; + tgyr A diagram representing the modularized MACH 5 timing model is
shown in Figure 7. Refer to the Technical Note entitled MACH 5 Timing and High Speed Design
for a more detailed discussion about the timing parameters.

(External Feedback)

(Internal Feedback)

COMB/DFF/
LATCH
IN ts (s/a) tppi ouT
> . . . tH (s1a) fcosmi Q o>
tsaL tpoLi
thaL teoni
INPUT REG/ ¢ tpLe tsrR tsri
INPUT LATCH b toiz ter fees
SEG tpLs tcen
tsir(sia)  fcosmi Q
tir(s/a)  teoiLi tea
tsiL tGoAi —] CE SR ter
i tsRi

tsrRR
tees
tcen

|7 CE SR

PIN CLK |:>—<D7

Figure 7. MACH 5 Timing Model
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MULTIPLE 1/0O AND DENSITY OPTIONS

The MACH 5 family offers six macrocell densities in a number of 1/0 options. This allows designers
to choose a device close to their logic density and 1/0 requirements, thus minimizing costs. For

the same package type, every density has the same pin-out. With proper design considerations, a
design can be moved to a higher or lower density part as required.

JTAG BOUNDARY SCAN TESTABILITY

All MACH 5 devices have JTAG boundary scan cells and are compliant to the JTAG standard, IEEE
1149.1. 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.

JTAG 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 5 devices provide in-system programming (ISP) capability through their JTAG ports. This
capability has been implemented in a manner that insures that the JTAG port remains compliant
to the IEEE 1149.1 standard. By using JTAG as the communication interface through which ISP is
achieved, customers get the benefit of a standard, well-defined interface.

MACH 5 devices can be programmed across the commercial temperature and voltage range. Vantis
provides its free PC-based Lattice/VantisPRO software to facilitate in-system programming. Lattice/
VantisPRO software 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. Lattice/VantisPRO software can use these vectors to drive a JTAG chain
via the parallel port of a PC. Alternatively, Lattice/VantisPRO software can output files in formats
understood by common automated test equipment. This equipment can then be used to program
MACH 5 devices during the testing of a circuit board. For more information about in-system
programming, refer to the separate document entitled MACH ISP Manual.

PCI COMPLIANT

MACH 5(A) devices in the -5/-6/-7/-10/-12 speed grades are compliant with the PCI Local Bus
Specification version 2.1, published by the PCI Special Interest Group (SIG). The 5-V devices are
fully PCl-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. MACH 5
devices provide the speed, drive, density, output enables and 1/Os for the most complex PCI
designs.

MACH 5 Family 11



SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS *

Both the 3.3-V and 5-V V¢ MACH 5 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 devices will accept inputs up to 5.5 V. Both the
3.3-V and 5-V versions have the same high-speed performance and provide easy-to-use mixed-
voltage design capability.

Note:

1. Except for M5-128, M5-192, and M5-256. Please refer to Application Note titled “Hot Socketing and Mixed Supply Design with
MACH 4 and MACH 5 Devices”.

PULL-UP OR BUS-FRIENDLY INPUTS AND I/0S

All MACH 5 devices have inputs and 1/0s which feature the Bus-Friendly circuitry incorporating
two inverters in series which loop back to the input. This double inversion weakly holds the input
at its last driven logic state. While it is a good design practice to tie unused pins to a known state,
the Bus-Friendly input structure pulls pins away from the input threshold voltage where noise can
cause high-frequency switching. At power-up, the Bus-Friendly latches are reset to a logic level
“1.” For the circuit diagram, please refer to the Input/Output Equivalent Schematics (page 393) in
the General Information Section of the Vantis 1999 Data Book. All MACH 5A devices have a
programmable bit that configures all input and I/Os with either pull-up or Bus-Friendly
characteristics. If the device is configured in pull-up mode, all inputs and 1/Os 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

There are 4 power/speed options in each MACH 5 PAL block (Table 8). The speed and power
tradeoff can be tailored for each design. The signal speed paths in the lower-power PAL blocks
will be slower than those in the higher-power PAL blocks. This feature allows speed critical paths
to run at maximum frequency while the rest of the signal paths operate in a lower-power mode.
In large designs, there may be several different speed requirements for different portions of the
design.

Table 8. Power Levels

High Speed/High Power 100% Power
Medium High Speed/Medium High Power 67% Power
Medium Low Speed/Medium Low Power 40% Power
Low Speed/Low Power 20% Power

PROGRAMMABLE SLEW RATE

Each MACH 5 device 1/0 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.

12 MACH 5 Family



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 5 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 5A devices are well-suited for those applications that require hot socket capability. Hot
socketing a device requires that the device, when powered-down, can tolerate active signals on
the 1/0s and inputs without being damaged. Additionally, it requires that the effects of the
powered-down MACH device be minimal on active signals.

MACH 5 Family 13
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BLOCK DIAGRAM — M5(LV)-128/XXX, M5A(3,5)-128/XXX
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Lattice
emiconductor

orporation

ABSOLUTE MAXIMUM RATINGS

M5 and M5A5

Storage Temperature. ... .......... -65°C to +150°C
Device Junction

Temperature (Note 1) .. ......... +130°C or +150°C
Supply Voltage

with Respectto Ground .. ......... -05Vto+7.0V
DC InputVoltage ................. -05Vto55V
Static Discharge Voltage . ................ 2000 V
Latchup Current (-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 (Tp)

Operating in Free Air. . ............. 0°C to +70°C
Supply Voltage (V¢c)
with Respect to Ground. .. ... ... +4.75 V to +5.25 V

Industrial (I) Devices

Ambient Temperature (Tp)

Operating in Free Air. . ............ -40°C to +85°C
Supply Voltage (V¢c)
with Respect to Ground . . . ........ +45Vto+55V

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

5-V DC CHARACTERISITICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Description Min | Typ | Max | Unit
Output HIGH Voltage lop =-3.2mA, Voo = Min, Viy =VyorVy 2.4 Vv
(For M5-320, M5-384, M5-512, M5A5-128, _ _ _
Vou MB5A5-192, M5A5-256 Devices) lon = 0 MA, Vee = Max, Viy=VjyorVy 33 Vv
Output HIGH Voltage lon =-3.2 A, Vo = Min, Viy = Vigor V). 2.4
(For M5-128, M5-192, M5-256 Devices) loy =-25MA, Ve =525V, Vjy=Vyor vy 36 v
VoL Output LOW Voltage (Note 2) loL = +16 mA, Vec = Min, Vin=VigorVy 05 v
Guaranteed Input Logical HIGH Voltage for all Inputs
ViH Input HIGH Voltage (Note 3) 20 Vv
Guaranteed Input Logical LOW Voltage for all Inputs
ViL Input LOW Voltage (Note 3) 0.8 v
I Input HIGH Leakage Current Viy = 5.25, V¢ = Max (Note 4) 10 HA
n Input LOW Leakage Current Vin =0, Ve = Max (Note 4) -10 HA
lozH Off-State Output Leakage Current HIGH Vout = 5.25, Ve = Max, Viy = Vjyor Vi (Note 4) 10 HA
lozL Off-State Output Leakage Current LOW Vour =0, Ve = Max, Viy =V or Vi (Note 4) -10 MA
Isc Output Short-Circuit Current Vout = 0.5 Ve = Max, Vi =V or V) (Note 5) -30 -180 mA
Note:

1. 150° for M5-128, M5-192 and M5-256 devices. 130° for M5-320, M5-384, M5-512 and all M5A5-xxx devices.
Total 1, between ground pins should not exceed 64 mA.

o s D

I/0 pin leakage is the worst case of I;. and Iz or I;y and lgzp.

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

These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included.
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ABSOLUTE MAXIMUM RATINGS
M5LV and M5A3

Storage Temperature. . ............ -65°C to +150°C
Device Junction Temperature . ............ +130°C
Supply Voltage

with Respect to Ground . ......... -05Vto+4.5V
DC Input Voltage . . ............... -05Vto55V
Static Discharge Voltage .. ............... 2000 V
Latchup Current (-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 (Tp)

Operating in Free Air. .. ............ 0°C to +70°C
Supply Voltage (V¢c)
with Respect to Ground. . .. ....... +3.0Vto +3.6 V

Industrial (I) Devices

Ambient Temperature (Tp)

Operating in Free Air. . ............ -40°C to +85°C
Supply Voltage (V¢c)
with Respect to Ground. . ......... +3.0Vto +3.6V

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

3.3-V DC CHARACTERISITICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Description Min Max Unit
Vou Output HIGH Voltage Yoo =Min lon = 100 pA Yo 02 !
Vin= Vinor Vi loy =3.2mA 24 Vv
VoL Output LOW Voltage Vog = Min lo = 100 A 02 !
Vin= ViHor Vi loy =16 mA (Note 1) 05 v
Viy Input HIGH Voltage Vour = Vou Min or Vgyr < Vg Max (Note 2) 2.0 55 v
ViL Input LOW Voltage Vout 2 Von Min or Vgt < Vo Max (Note 2) 0.3 038 v
i1 Input HIGH Leakage Current Viy = 3.6, Ve = Max (Note 3) 10 HA
n Input LOW Leakage Current Viy =0, Ve = Max (Note 3) -10 HA
lozH Off-State Output Leakage Current HIGH | Voyr = 3.6, V¢ = Max, Vi =V or V) (Note 3) 10 HA
lozt Off-State Output Leakage Current LOW | Voyr =0, Ve = Max, Vi = Vi or V) (Note 3) -10 HA
Isc Output Short-Circuit Current Vour = 0.5 Ve = Max, Vy = Vg or V) (Note 4) -15 -160 mA
Notes:

1. Total Iy, between ground pins should not exceed 64 mA.

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

2
3. 1/0 pin leakage is the worst case of I} and Igz or Iy and lgzy.
4

Not more than one output should be shorted at one time. Duration of the short-circuit should not exceed one second.
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES!

-5 -7 -10 -12 -15 -20
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit

Combinatorial Delay:

topi Lr;t;;nal combinatorial propagation 35 55 8.0 10.0 13.0 180 | ns
tp Combinatorial propagation delay 55 75 10.0 12.0 15.0 200 | ns
Registered Delays:

tss Synchronous clock setup time 3.0 4.0 5.0 6.0 8.0 10.0 ns
tsa Asynchronous clock setup time 3.0 4.0 5.0 6.0 7.0 8.0 ns
ths Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns
tha | Asynchronous clock hold time 3.0 4.0 5.0 6.0 7.0 8.0 ns
tcosi | Synchronous clock to internal output 25 4.0 5.0 6.0 8.0 100 | ns
tcos | Synchronous clock to output 45 6.0 7.0 8.0 10.0 120 | ns
tcoai | Asynchronous clock to internal output 6.0 8.0 10.0 13.0 15.0 18.0 | ns
tcoa | Asynchronous clock to output 8.0 10.0 12.0 15.0 17.0 200 | ns
Latched Delays:

tsy, | Latch setup time 30 4.0 5.0 6.0 7.0 8.0 ns
thae | Latch hold time 30 4.0 5.0 6.0 7.0 8.0 ns
topi | Transparent latch internal 6.0 7.0 8.0 9.0 10.0 100 | ns
oo IF;rti):ﬁagation delay through transparent 8.0 90 10.0 11.0 120 120 | ns
tsoa | Gate to internal output 7.0 8.0 9.0 10.0 11.0 120 | ns
tcon | Gate to output 9.0 10.0 11.0 12.0 13.0 140 | ns
Input Register Delays:

wn [momirpimesns oo [ oo Jaw| Ja| Ja| Ju| |
wn [merespimesmn oo [ Joo | oo Joo| [w] Je| [«
o [saresioimenge oo | e | | | Ja| Jwe| e
w [mamiionimesnn oo | oo | [ | Ju| [w] |
Input Latch Delays:

toi Input latch setup time 20 20 30 30 30 30 ns
ty. | Input latch hold time 6.0 6.0 7.0 7.0 7.0 7.0 ns
topii | Transparent input latch 5.0 5.0 6.0 6.0 6.0 6.0 ns
Output Delays:

tgue | Output buffer delay 20 20 20 20 20 20 ns
tgw | Slow slew rate delay 25 25 25 25 25 25 ns
tea Output enable time 75 9.5 10.0 12.0 15.0 200 | ns
ter Output disable time 75 9.5 10.0 12.0 15.0 200 | ns
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED)

-5 -7 -10 -12 -15 -20
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Power Delays:
toy | Power level 1 delay (Note 2) (g:g) (g:g) (g:g) (g:g) (g:g) (g:g) ns
top | Power level 2 delay (Note 2) (gzg) (gzg) (gzg) (gzg) (gzg) (gzg) ns
tug | Power level 3 delay (Note 2) (197'95) (197'95) (197'95) (197'95) (197'95) (197'95) ns
Additional Cluster Delay:
tor Product term cluster delay | 0.3 | | 0.3 | | 0.3 | | 0.3 | | 0.3 | | 0.3 | ns
Interconnect Delays:
tak | Block interconnect delay 15 15 20 20 20 20 ns
tseg | Segment interconnect delay 45 5.0 6.0 6.0 6.0 6.0 | ns
Reset and Preset Delays:
e fj;/ir;zrr(()ﬁ;jtreset or preset to internal 6.0 8.0 100 120 140 160 | ns
e g\?;gﬁ?ronous reset or preset to register 8.0 10.0 12.0 14.0 16.0 180 | ns
tser | Reset and set register recovery time 55 75 8.0 9.0 10.0 11.0 ns
tsew | Asynchronous reset or preset width 3.0 4.0 5.0 6.0 7.0 8.0 ns
Clock Enable Delays:
tcgs | Clock enable setup time 4.0 5.0 6.0 7.0 7.0 8.0 ns
teen | Clock enable hold time 30 4.0 5.0 6.0 6.0 7.0 ns
Width:
tyrs | Global clock width low (Note 3) 25 30 4.0 5.0 6.0 6.0 ns
tyns | Global clock width high (Note 3) 25 30 4.0 5.0 6.0 6.0 ns
tya | Product term clock width low 30 4.0 5.0 6.0 7.0 8.0 ns
tyna | Product term clock width high 30 4.0 5.0 6.0 7.0 8.0 ns
on [ o™ a0 [ a0 | [so] Je| [w] Ju| [
tyir | Input register clock width low or high 3.0 4.0 5.0 6.0 7.0 8.0 ns
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED)

-5 -7 -10 -12 -15 -20
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Frequency:
External feedback, PAL block level. Min
' 133 100 83.3 714 55.6 455 MHz
of 1/(ts + twhs) or 1/(tss + teos)
Internal feedback, PAL block level. Min
f y 182 125 100 83.3 62.5 50.0 MHz
MAX | of 1/(twys + twws) OF 1/(tss +teos)
No feedback PAL block level. Min of
200 167 125 100 83.3 83.3 MHz
U(twis + twhg) or L/(tss + tys)
External feedback, PAL block level. Min
X 91 714 58.8 47.6 41.7 35.7 MHz
of 1/ (tyya + twna) OF 1/ (tsp + teon)
Internal feedback, PAL block level. Min
f . 111 83.3 66.7 52.6 455 385 MHz
MAXA | of 1/(tiyua + tipn) OF 1/(tp +tooni)
No feedback, PAL block level. Min of
' 167 125 100 83.3 714 62.5 MHz
U(twia + twra) Or L/ (tsa + typ)
Maximum input register frequency
f 167 125 100 83.3 714 62.5 MHz
MAXL 1 1/ tgips+HuiRs) OF 1/(2 X tygiew)
Notes:

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

2. Numbers in parentheses are for M5-128, M5-192, and M5-256.
3. Ifasignal is used as both a clock and a logic array input, then the maximum input frequency applies (fyax/2)-
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M5A(3,5) TIMING PARAMETERS OVER OPERATING RANGES !

-5 -6 -7 -10 -12 -15

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Combinatorial Delay:
topj | Internal combinatorial propagation delay 35 45 55 8.0 10.0 130 | ns
top | Combinatorial propagation delay 5.5 6.5 75 10.0 12.0 15.0 | ns
Registered Delays:
tss | Synchronous clock setup time 30 30 4.0 5.0 6.0 8.0 ns
tsn | Asynchronous clock setup time 2.0 2.0 4.0 5.0 6.0 7.0 ns
ths | Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns
tya | Asynchronous clock hold time 20 20 4.0 5.0 6.0 7.0 ns
teosi | Synchronous clock to internal output 25 30 4.0 5.0 6.0 80 | ns
tcos | Synchronous clock to output 45 5.0 6.0 7.0 8.0 100 | ns
tcoai | Asynchronous clock to internal output 5.0 5.0 8.0 10.0 13.0 150 | ns
tcoa | Asynchronous clock to output 7.0 7.0 10.0 12.0 15.0 170 | ns
Latched Delays:
tsa | Latch setup time 3.0 4.0 4.0 5.0 6.0 7.0 ns
tha, | Latch hold time 30 30 4.0 5.0 6.0 7.0 ns
topi | Transparent latch internal 6.0 7.0 7.0 8.0 9.0 100 | ns
top. | Propagation delay through transparent latch 8.0 9.0 9.0 10.0 11.0 12.0 | ns
tgoai | Gate to internal output 7.0 8.0 8.0 9.0 10.0 110 | ns
tcon | Gate to output 9.0 10.0 10.0 11.0 12.0 130 | ns
Input Register Delays:
tsrs | Input register setup time using a synchronous clock 2.0 2.0 2.0 3.0 3.0 3.0 ns
tgra | INput register setup time using an asynchronous clock 0.0 0.0 0.0 0.0 0.0 0.0 ns
thirs | Input register hold time using a synchronous clock 30 30 30 4.0 4.0 4.0 ns
tyira | Input register hold time using an asynchronous clock 6.0 6.0 6.0 7.0 7.0 7.0 ns
Input Latch Delays:
tg. | Input latch setup time 20 20 20 3.0 3.0 3.0 ns
th. | Input latch hold time 6.0 6.0 6.0 7.0 7.0 7.0 ns
topyLi | Transparent input latch 5.0 5.0 5.0 6.0 6.0 6.0 | ns
Output Delays:
tgyr | Output buffer delay 2.0 2.0 2.0 2.0 2.0 20 | ns
toyy | Slow slew rate delay 25 25 25 25 25 25 | ns
ten | Output enable time 75 9.5 9.5 10.0 12.0 150 | ns
ter | Output disable time 75 95 9.5 10.0 12.0 150 | ns
Power Delays:
tog | Power level 1 delay 4.0 4.0 4.0 4.0 4.0 40 | ns
too | Power level 2 delay 6.0 6.0 6.0 6.0 6.0 6.0 | ns
toi3 | Power level 3 delay 9.0 9.0 9.0 9.0 9.0 9.0 | ns
Additional Cluster Delay:
tor | Product term cluster delay | | 0.3 | | 03 | | 0.3 | | 0.3 | | 0.3 | | 0.3 | ns
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M5A(3,5) TIMING PARAMETERS OVER OPERATING RANGES ! (CONTINUED)

-5 -6 -7 -10 -12 -15
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Interconnect Delays:
taik | Block interconnect delay 320, 384 and 512 Macrocells 1.0 1.0 15 15 15 15 | ns
tseg | Segment interconnect delay 320, 384, and 512 Macrocells 20 20 25 4.0 4.0 40 | ns
tgx | Block interconnect delay 128, 192 and 256 Macrocells 15 15 15 15 15 15 | ns
tseg | Segment interconnect delay 128, 192 and 256 Macrocells 25 25 25 4.0 4.0 40 | ns
Reset and Preset Delays:
tspi | Asynchronous reset or preset to internal register output 6.0 8.0 8.0 10.0 12.0 14.0 | ns
tsg | Asynchronous reset or preset to register output 8.0 10.0 10.0 12.0 14.0 16.0 | ns
tser | Reset and set register recovery time 55 75 75 8.0 9.0 10.0 ns
tsrw | Asynchronous reset or preset width 3.0 4.0 4.0 5.0 6.0 7.0 ns
Clock Enable Delays:
tegs | Clock enable setup time 4.0 5.0 5.0 6.0 7.0 7.0 ns
teen | Clock enable hold time 30 4.0 4.0 5.0 6.0 6.0 ns
Width:
tys | Global clock width low (Note 2) 25 30 30 4.0 5.0 6.0 ns
twhs | Global clock width high (Note 2) 25 30 3.0 4.0 5.0 6.0 ns
tyia | Product term clock width low 30 4.0 4.0 5.0 6.0 7.0 ns
twha | Product term clock width high 3.0 4.0 4.0 5.0 6.0 7.0 ns
Gate width low (for low transparent)
6w | or high (for high transparent) 30 40 40 50 6.0 70 s
tyir | Input register clock width low or high 3.0 40 40 5.0 6.0 7.0 ns
Frequency:
External feedback, PAL block level
Min of 1(tys + by OF 1/(tss + toog) 133 125 100 83.3 714 55.6 MHz
Internal feedback, PAL block level
fiax Min of 1(tyys + ty) 0F 1/(lss +eos) 182 167 125 100 83.3 62.5 MHz
No feedback, PAL block level
Min of L/(tys + ) O ltss + tg) 200 167 167 125 100 83.3 MHz
External feedback, PAL block level
Min of 1/( 0 + ) O 1(lss + teoe) 111 111 714 58.8 47.6 417 MHz
Internal feedback, PAL block level
fuaxa Min of 1/(tys + tyse) OF 1(tss *+eon) 143 125 83.3 66.6 52.6 45.5 MHz
No feedback, PAL block level
Min of /(s + fype) OF 1ty + t) 167 125 125 100 83.3 714 MHz
Maximum input register frequency
f 167 125 125 100 83.3 714 MHz
M| 1 (tipsHips) oF 1/(2 X tyiow)
Notes:

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

2. If asignal is used as both a clock and a logic array input, then the maximum input frequency applies (fyax/2)
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CAPACITANCE?!
Parameter
Parameter Symbol Description Test conditions Typ Unit
iy I/CLK pin Vi =2.0V 3.3Vor5V,25°C, 1 MHz 12 pF
Ciio 1/0 pin Vour =2.0V 33Vor5V,25°C, 1 MHz 10 pF
Note:

1. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where
these parameters 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. For a more detailed discussion about MACH 5 power consumption, refer to the
application note entitled MACH 5 Power in the Application Notes section of the Vantis 1999 Data
Book.

lcc CURVES AT HIGH /LOW POWER MODES

Vee=5Vor3.3V, Ty =25°C

700 —
M5(LV)-512
high power
600 —
M5(LV)-384
500 — high power
M5(LV)-320
high power
. 400 — gnp
<
£ M5LV-256
IS} high power
= 300 —|
M5(LV)-512 low power
200 —] S
M5(LV)-384 low power M5LV-128
M5(LV)-320 low power = high power
M5LV-256 low power
100
M5LV-128 low power
0
I I I I I I I I I I I I I I I
o o o o o o o o o o o o o o o o
— N (e2] < Lo [{e] N~ [ee] (o] o i N ™ < Lo
- — - — - —
Frequency (MHz) 20446G-048

Figure 8. Icc Curves at High/Low Power Modes
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Figure 9. Icc Curves at High/Low Power Modes
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100-PIN PQFP CONNECTION DIAGRAM

Top View
100-Pin PQFP (68 1/0)
M5(LV)-128 Moo Sam M5(LV)-128
M5A(3,5)-128 IL5253I28 apafayayapapatal MBA(3,5)-128
OO0OO0OO0OO0OO0OO0OOo OO0OO0OO0OO0O0O0O0O
M5-192 2223211 IIL2I28% M5-192
MB5A(3,5)-192 SSSSoSoo NaNNNN N MB5A(3,5)-192
M5(LV)-256 NOWS NN O OHNMI QOIS M5(LV)-256
M5A(3,5)-256 SS85583S S SSeSS M5A(3,5)-256
~NOWULSMAN-HO [aYa) OO0~ OSTMON
QOO OWOOOOY O oL LWLWLWLW0
00000000 08Z2Z 800000000
S=S=S=S=S===>500>========
o §88'&£5€3§8%88%%5%£§%%8
GND |1 80| [ GND
GND |2 79| [ GND
TDI |3 78| [ TDO
0A14 | 0A12 | 0A12 1100 | | 4 77| [ VO51 | 3A12 | 2A12 | 0D14
0B13 | 0B13 | 0B13 1101 | |5 76| [ /050 | 3B13 | 2B13 | 0C13
0B12 | OB12 | 0B12 1102 | |6 75| [ /049 | 3B12 | 2B12 | OC12
0B11 | OB11 | 0B11 o3 | |7 74| [ /048 | 3B11 | 2B11 | OC11
0B8 | 0B8 | 0B8 /o4 | |8 73| [ /047 |3B8 |2B8 |O0C8
0B7 | OB7 | O0B7 1105 | |9 72| [ 1046 |3B7 |2B7 |OC7
0B4 | 0B4| 0B4 1106 ] | 10 71| [ 1/045 |3B4 |2B4 |o0C4
0B3 | 0B3| 0B3 1107 . |11 70| /044 |3B3 |[2B3 |[0C3
0B2 | 0B2 | 0B2 /08 T | 12 69| [ 1/043 |3B2 |[2B2 |O0C2
10/CLKO 1| 13 68 | [ 13/CLK3
Vee T | 14 67| [ GND
Vee T | 15 66 | [ GND
GND [ | 16 65| [ Vee
GND [ |17 64| [ Vee
11/CLK1 ] | 18 63| [ 12/CLK2
1B2 | 1B2 | 1B2 1109 T | 19 62| V042 |2B2 |2c2 |1c2
1B3 | 1B3| 1B3| 1/010 |20 61| [ 1041 |2B3 |2C3 |1C3
1B4 | 1B4 | 1B4| Oo11 |21 60| [ 1/040 |2B4 |2C4 |1C4
1B7 | 1B7 | 1B7 | /012 |22 59| [—J1/039 |2B7 |2C7 |1C7
1B8 | 1B8 | 1B8 | 1/013 |23 58| [ 1/038 |2B8 |2C8 |1C8
1B11 | 1B11 | 1B11 | 1/O14 ]| 24 57| [ 1037 |2B11 | 2C11 | 1C11
1B12 | 1B12 | 1B12 | 1/O15 |25 56| [ /036 | 2B12 | 2C12 | 1C12
1B13 | 1B13 | 1B13 | /016 | |26 55| [ /035 | 2B13 | 2C13 | 1C13
1A14 | 1A12 | 1A12 | 1JO17 | 27 54| [ 1/034 | 2A12 | 2D12 | 1D14
TCK 1|28 53| [ TMS
GND [ |29 52| [ GND
GND |30 51| [ GND
— N T OMNODDOTANMTNHDONOOO
mm NDMOMONMITIITIITITIT ST 0
o O SANMST OO0 QOO O HANM
o NANANNN UZZ ONNNANMMMM
00Q00000>55E>2990900009
M5(LV)-256 NOWSTMON O CHNMILON M5(LV)-256
MBA(3,5)-256 SEIIIISS JSIISSSEE M5A(3,5)-256
M5-192 NOUSSMAN-HO O NMSS LD O~ M5-192
[afayalalalalalal
M5A(3,5)-192 51 i |<—(| 5« \<—(| Sc 5« :(c NNNNNNNN M5A(3,5)-192
M5(LV)-128 S9d253I2< apaayayapaiap M5(LV)-128
M5A(3,5)-128 SIJAAS SEisielale MBA(3,5)-128
20446G-016
Pin Designations
CLK = Clock Vee Supply Voltage 3 D 15
GND = Ground TDI Test Data In |
I = Input TCK Test Clock Macrocell (0-15)
I/0 = Input/Output TMS Test Mode Select PAL Block (A-D)
NC = No Connect TDO Test Data Out

Segment (0-3)

MACH 5 Family

31



orporation

100-PIN TQFP CONNECTION DIAGRAM

Top View
100-Pin TQFP (68 1/0)
M5(LV)-128 R B e R NS~ M5(LV)-128
LI [ayaNaNalalalala)
[eNeoNeoNeNeoNoNeNe) [esNeNeNeNeNeNeNe)
M5-192 T223I29%¢% 2LIIILER M5-192
Oo0ooooooo NANNNNNNN
M5(LV)-256 ~NOWSTONAO OHN®TW O~ M5(LV)-256
383383888 PR EE
00 588IBLI3 22, . BBRHBBIBDO
ZZ0 zzZ O Z
5652228228088 L055L522R8R28882875
O 888588385588 85883BI58RRKE
TDI 1 75 GND
0A14 | 0A12 | O0Al2 oo—j | 2 74 | 1 TDO
0B13 | 0B13 | 0B13 1101 — | 3 73 | [ 11051 3Al12 | 2A12 | 0OD14
0B12 | 0B12 | 0OB12 1102 — | 4 72 | [ /050 3B13 | 2B13 | 0C13
0B11 | OB11 | 0OB11 1/103 5 71 11049 3B12 | 2B12 | 0C12
0B8 | 0B8 0B8 1104 —] | 6 70 | [ 11048 3B11 | 2B11 | 0C11
0B7 | 0B7 0B7 1/05 7 69 11047 3B8 2B8 0C8
0B4 | 0B4 0B4 1/106 8 68 11046 3B7 2B7 0C7
0B3 | 0B3 0B3 1107 9 67 11045 3B4 2B4 0C4
0B2 | 0B2 0B2 1/108 10 66 11044 3B3 2B3 0C3
10/CLKO 11 65 1/1043 3B2 2B2 0c2
Vee 12 64 13/CLK3
GND 13 63 GND
GND 14 62 Vce
11/CLK1 15 61 12/CLK2
1B2 | 1B2 1B2 1109 C ] | 16 60 | [ 1/042 2B2 2C2 1c2
1B3 | 1B3 1B3 /1010 ] | 17 59 | [ 1/041 2B3 2C3 1C3
1B4 | 1B4 1B4 /1011 ] | 18 58 | [ 1/040 2B4 2C4 1C4
1B7 | 1B7 1B7 11012 ] | 19 57 | 1 1/039 2B7 2C7 1Cc7
1B8 | 1B8 1B8 11013 ] | 20 56 | [—1 1/038 2B8 2C8 1C8
1B11 | 1B11 1B11 11014 ] | 21 55 | 1 1/037 2B11 | 2C11 | 1C11
1B12 | 1B12 1B12 11015 ] | 22 54 | 1 1/036 2B12 | 2C12 | 1C12
1B13 | 1B13 | 1B13 /1016 ] | 23 53 | [—1 11035 2B13 | 2C13 | 1C13
1A14 | 1A12 | 1A12 11017 T | 24 52 | [ 1/034 2A12 | 2D12 | 1D14
TCK ] | 25 51 | —1 TMS
ON~NOVODOATNMITUHONODDO ANM noON~Wwo o
NN ANNOOMHMOHOOOOOOOS I T IO
OOV OAdNMNMIENNO OAN ONMNDOIOANMAAN
ZZHHNNNN(\INZUZZO(\INNN(‘O(’O(‘OO’)ZZ
BoRR2RRLALALT>50>RRRLACRALHLS
~NOUSEOMONHO OHANMS N O
T LTI
M5(LV)-256 AdAddd A NaNNNNNNN M5(LV)-256
~NO<STOMON Ao OdNMIT W O~
M5-192 33333333 QSRRKR88R M5-192
99de53I2S aR3B8=SS
M5(LV)-128 R R R SoS44000 M5(LV)-128
20446G-017
Pin Designations
CLK = Clock Vee = Supply Voltage 3 D 15
GND = Ground TDI = Test Data In |
I = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)
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100-PIN TQFP CONNECTION DIAGRAM

Top View
100-Pin TQFP (74 1/0)

M5LV-128 S99 S8 00~ <mna N R R it M5LV-128
MS5A(3,5)-128 S3SS33833S 8858888888 MS5A(3,5)-128
LI [ e - G G - G
[eNeNeoNoNolNoNoNoNeNe) oNANANNNNNN
M5LV-256 NOBWTON DO Socdamswonr M5LV-256
MS5A(3,5)-256 $3383338388 33553583 MS5A(3,5)-256
ORRNRBBE883 000 03X BBBRVY
522022220200 205552280 80R225

O 8885833865553 85383BI83RRRR
TDI 1 75 GND
0Al14 0A12 | 0A12 1100 —1 | 2 74 | [ TDO
0B13 0B13 | 0B13 1101 — | 3 73 | [ 1/1054 3A12 | 2A12 0D14
0B12 | 0B12 | 0B12 o2 —j | 4 72 | — /053 | 3B13 |2B13 | 0C13
0B11 0B11 | OB11 1/03 5 71 1/1052 3B12 | 2B12 0C12
0B8 0oB8 0B8 1104 6 70 1/051 3B11 | 2B11 0C11
0B7 0B7 | 0B7 vos —j | 7 69 | [~ /050 |3B8 |2B8 | oCc8
0B4 0B4 0B4 1106 8 68 11049 3B7 2B7 0C7
0B3 0B3 0B3 1107 9 67 11048 3B4 2B4 0C4
0B2 0B2 0B2 1/108 10 66 11047 3B3 2B3 0C3
10/CLKO . | 11 65 | [~ 11046 |3B2 |2B2 | oc2
Vee T | 12 64 | [ 13/CLK3
GND 13 63 GND
GND 14 62 Vce
11/CLK1 ] | 15 61 1 12/CLK2
1B2 1B2 1B2 1109 ] | 16 60 | [ 1/045 2B2 2C2 1Cc2
1B3 1B3 1B3 /1010 ] | 17 59 1 1/044 2B3 2C3 1C3
1B4 1B4 1B4 /011 ] | 18 58 | [ 1/043 2B4 2C4 1C4
1B7 1B7 1B7 /1012 ] | 19 57 1 1/042 2B7 2C7 1C7
1B8 1B8 1B8 /1013 T | 20 56 | [ 1/041 2B8 2C8 1C8
1B11 | 1B11 | 1B11 | 1O14 | 21 55 | [ 1/040 |2B11 |2C11 | 1C11
1B12 1B12 1B12 11015 ] | 22 54 | [11/039 2B12 | 2C12 1C12
1B13 1B13 1B13 11016 ] | 23 53 | [—1 1/038 2B13 | 2C13 1C13
1A14 1A12 1A12 11017 ] | 24 52 —11/037 2A12 | 2D12 1D14
Tck ] | 25 51 | [ TMS
OMN~NVODO A NMITETULONODDOANMT N ONWOWDO
NANANNOOOOOOHOOHOHOOHOOITITITITTITTITTITTT TN
NAOODOANMIEIOOON~N OAN VOO ANMS L OAN
ZHHNNNNNNNNUzzoNN(’JC‘)mmmmC‘)Z
0QQQLQ0000Q0>FE>200920009004¢
_________ — e |
M5LV-256 282322429y NIIILRILSLR M5LV-256
M5A(3,5)—256 Adddd A 9 e e NaNNNNNNN M5A(3,5)-256
N~ O©Wn — O m O-dNMIT OO~
<< << 0O DDDDDDDOE
M5A(3,5)-192 AR S NN ENG M5A(3,5)-192
M5LV-128 9338253222 aR3IE8S8293 M5LV-128
M5A(3,5)-128 S3JF S SSES€g655 M5A(3,5)-128
20446G-018
Pin Designations
CLK = Clock Vee = Supply Voltage 3 D 15
GND = Ground TDlI = Test Data In |
| = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)
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144-PIN PQFP CONNECTION DIAGRAM

Top View
144-Pin PQFP
M5(LV)-128 90 corne wTmaNoo oodnmgw or~oadIY M5(LV)-128
LI LK [ajayaNalaya) [ajaYayalayala)
Scood<dooco [eloNoNoNeNa} [eNeNeNeNeNa] OO0 O0OO0OO0CO0OOo
M5-192 zacor\omv Mo N M~ m:ﬁamm vmor\waz M5-192
CLCCLCILIC L - gaajaia] [aNaNalal ¢ LTI
oo ooooo oOoo0Oo0oo0oo oocoonN N aNNNNNNN
M5(LV)-256 NOWwsS MmN mvr\m::‘c ﬁ:m:\vm HN MWD O~ M5(LV)-256
LI [ayajayagalal [ayaayajyalal O O O - G- ¢
[eleololololeNe) [eleleleNeNe} MmMMmMMmMMmMmm MMM MmMmMOM
MmN -HO
0 LSS5 S88508838388 400 u82385880388882R 0
5220202000500 0000 55 90R00R0888R880222°L5
Oﬂ't")t\lv—<OCDOOV\(DLl’)?MNHOC\OON(DLDV(")NHOO’CDI\LDIDQ(‘?NHOO’)
ST TOOMOMOOOOmOmOmmomoNNNNNNNNNNAAAAAAAA A O
T A A A A A A A A A A A A A A A A A AAAAAAAAAA A A A A A A A
TDI — 1 108 TDO
0A14 | 0A12 0A8 1100 — 2 107 11077 3A8 2A12 | 0D14
0B13 | 0A13 0A9 1101 — 3 106 11076 3A9 2A13 | 0C13
0B12 | 0A14 | OAl0 1102 — 4 105 11075 3A10 | 2A14 | 0C12
0B11 | 0B13 | 0Al1 1103 —] 5 104 11074 3A11 | 2B13 | 0C11
0B10 | 0B12 | 0A12 1104 —] 6 103 11073 3A12 | 2B12 | 0C10
GND — 7 102 GND
0B8 | 0B11 | 0B13 1105 —] 8 101 11072 3B13 | 2B11 | 0C8
0B7 0B8 | 0B12 1106 —] 9 100 11071 3B12 | 2B8 0C7
0B6 0B5 | 0B11 1107 —] 10 99 1/1070 3B11 | 2B5 0C6
0B5 0B4 0B8 1108 —— 11 98 11069 3B8 2B4 0C5
GND — 12 97 GND
0B4 0B3 0B5 1109 — 13 96 1/1068 3B5 2B3 0C4
0B3 0B2 0B4 /010 — 14 95 11067 3B4 2B2 0C3
0B2 0B1 0B3 /1011 — 15 94 1/1066 3B3 2B1 0c2
0B1 0BO 0B2 11012 — 16 93 1/1065 3B2 2B0 0C1
10/CLKO — 17 92 13/CLK3
Vee T | 18 91 GND
GND 1 |19 90 Vee
11/CLK1 — 20 89 12/CLK2
1B1 1BO 1B2 /013 — 21 88 1/1064 2B2 2C0 1C1
1B2 1B1 1B3 /014 — 22 87 1/1063 2B3 2C1 1C2
1B3 1B2 1B4 1/015 — 23 86 11062 2B4 2C2 1C3
1B4 1B3 1B5 /016 —] 24 85 1/061 2B5 2C3 1C4
GND /] 25 84 GND
1B5 1B4 1B8 /017 — 26 83 1/060 2B8 2C4 1C5
1B6 1B5 | 1B11 1/018 — 27 82 1/059 2B11 | 2C5 1C6
1B7 1B8 | 1B12 1/019 —] 28 81 1/058 2B12 | 2C8 1C7
1B8 | 1B11 | 1B13 1/020 —] 29 80 1/1057 2B13 | 2C11 | 1C8
GND —] 30 79 GND
1B10 | 1B12 | 1A12 1/021 — 31 78 — 1/056 2A12 | 2C12 | 1C10
1B11 | 1B13 | 1A11 1/022 — 32 77 — 1/055 2A11 | 2C13 | 1C11
1B12 | 1A14 | 1A10 11023 — 33 76 /1 1/1054 2A10 | 2D14 | 1C12
1B13 | 1A13 1A9 11024 — 34 75 —1 1/1053 2A9 2D13 | 1C13
1A14 | 1A12 1A8 11025 — 35 74 /1 /1052 2A8 2D12 | 1D14
TCK = |36 73| F— T™s
NOODOTNMISTULONODIDOATNMNMTULONDVDIOATNMTLHONODNDO AN
MOMOMETITTTTITTTTITOLLLLOLOLOOOOWO O O O©O©OOOOWOONNNDMNS
C88RAA BN NRnR 822 8337993288532 3 1 82
§>0000000F000000>55>99000059900009>5F
~NOoWnsSOON A o~ 00N N — 0N~ M HANMST DO~
3333333 85858583843 o8R8 S3STSSS
M5(LV)-256 = q M5(LV)-256
— oM~ On<s MmN NMS W —=HNMNM <N OMN~W0O A
s - == L - galalalal O4dd94900 oo dd
M5-192 $$HHHHH Ad A A Haaamm NNNNN%% M5-192
M AN—O N O n<ssmN-dHo O HNM< LW ON~NDOAHNM
Addd L LI [aNaNaNaNalal [aNaNal Il
M5(LV)-128 5555—4—4—1 L e R e e | A A A HHH9999 M5(LV)-128
20446G-019
Pin Designations
CLK = Clock Vce = Supply Voltage 3 D 15
GND = Ground TDI = Test Data In |
| = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out
Segment (0-3)
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144-PIN TQFP CONNECTION DIAGRAM

Top View
144-Pin TQFP
M5LV-128 33:'300,\@ L) ocdaNmgw oroodd 9 M5LV-128
MS5A(3,5)-128 $832338 333333 888888 8888888 MS5A(3,5)-128
M5A(3,5)-192 :aoor\uomv MmN NOM S~ w:ggmm vmwv\ooa: M5A(3-5)'192
O - -gaajaia] [aNaNalal- o4 LLC<C<CCT T
OoOoooooo oOoo0oocoo ocoooonN N NNNNNNN
M5LV-256 NOWSTOND OFNRoo S8orso Jomsmo~ M5LV-256
MS5A(3,5)-256 $333338 8588888 0888588 S$S$33SS M5A(3,5)-256
MmN -HO
2SS S288508838858 000 (S2BEEB0IVIBIRAR 40
5522020020095 000000 955520009 2522R0200020°5
TONTAODDONOUTNANAODDON~NOUTONNTAOODONONTMANAOD
O<r<r<r<rvmmmmmmmmmMNNNNNNNNNN‘—c‘—c‘—c‘—c‘—cHHH-—q-—«o
TFTAd A A A AT A A A A A A A A AAAAAAAAAAAAAAAAA A A A A A
TDI — 1 108 —— TDO
0A14 | 0A12 0A8 1100 —] 2 107 —— 11077 3A8 2A12 | 0D14
0B13 | 0A13 0A9 1101 — 3 106 —— /076 3A9 2A13 | 0C13
0B12 | 0A14 | 0OA10 1102 —] 4 105 — /075 3A10 | 2A14 | 0C12
0B11 | 0B13 | 0Al1 1103 —] 5 104 — /074 3A11 | 2B13 | 0C11
0B10 | 0B12 | 0A12 1104 —] 6 103 — /073 3A12 | 2B12 | 0C10
GND — 7 102 —— GND
0B8 | 0B11 | 0B13 1/105 — 8 101 —— /072 3B13 | 2B11 | 0C8
0B7 0B8 | 0B12 1106 — 9 100 —— /071 3B12 | 2B8 0C7
0B6 0B5 | 0B11 1107 — 10 99 —— 1/070 3B11 | 2B5 0C6
0B5 0B4 0B8 1108 T 11 98 — 1/069 3B8 2B4 0C5
GND 12 97 — GND
0B4 0B3 0B5 1109 T 13 96 — 1/068 3B5 2B3 0c4
0B3 0B2 0B4 1/010 — 14 95 —— 1/067 3B4 2B2 0C3
0B2 0B1 0B3 /011 — 15 94 — 1/066 3B3 2B1 0c2
0B1 0BO 0B2 /012 — 16 93 —— 1/065 3B2 2B0 0C1
10/CLKO 17 92 — I13/CLK3
Vee T |18 91| —= GND
GND T |19 90 | /3 Vce
11/CLK1 20 89 [— 12/CLK2
1B1 1BO 1B2 /013 — 21 88 —3 1/064 2B2 2C0 1C1
1B2 1B1 1B3 /1014 — 22 87 —— 1/063 2B3 2C1 1C2
1B3 1B2 1B4 1/015 — 23 86 —— 1/062 2B4 2C2 1C3
1B4 1B3 1B5 /016 — 24 85 —1 1/061 2B5 2C3 1C4
GND ] 25 84 1 GND
1B5 1B4 1B8 /017 — 26 83 ——1 1/060 2B8 2C4 1C5
1B6 1B5 | 1B11 /018 — 27 82 ——1 1/059 2B11 | 2C5 1C6
1B7 1B8 | 1B12 /019 —] 28 81 —— 1/058 2B12 | 2C8 1C7
1B8 | 1B11 | 1B13 11020 —] 29 80 —— 11057 2B13 | 2C11 | 1C8
GND —] 30 79 —— GND
1B10 | 1B12 | 1A12 11021 — 31 78 1 1/056 2A12 | 2C12 | 1C10
1B11 | 1B13 | 1A11 11022 — 32 77 —1 1/1055 2A11 | 2C13 | 1C11
1B12 | 1A14 | 1A10 /023 — 33 76 /1 1/054 2A10 | 2D14 | 1C12
1B13 | 1A13 1A9 11024 — 34 75 —1 1/053 2A9 2D13 | 1C13
1A14 | 1A12 1A8 11025 — 35 74 ——1 1/1052 2A8 2D12 | 1D14
TCK — 36 73 /—— TMS
NOODOTNMITULONODIDOATNMNMTULONOVDIOANMNMTONHONODDNDO AN
MOMTITTTTITTTITITOLLLLLOLOOOOWL O O©O©OOOOOOONNMNMNS
C B8RRI RRH® 822 83T ILISLETRIBp 82
5>000000905999999>55>999900059900900090>5
~NOoWnsSOON A M~ N N = 00N~ M
MB5LV-256 STITIETT 99959FE 2aRRR8R M5LV-256
M5A(3,5)-256 IS N M5A(3,5)-256
—O0ONOWn < M ANNMS N~ W —=HNMNM T W OMN~W0O
AL << L - gaNalalal O4dd4d00 [aNaNaNaNal il
MS5A(3,5)-192 i(.i(.‘—h—n—«-—q-—q L I R e ] AQQQNN NNNNNQQ M5A(3,5)-192
M5A(3,5)-128 3333 T A A4 93333 MS5A(3,5)-128
20446G-020
Pin Designations
CLK = Clock Vce = Supply Voltage 15
GND = Ground TDI = Test Data In |
I = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)
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160-PIN PQFP CONNECTION DIAGRAM
Top View
160-Pin PQFP (128, 192, 256 Macrocells)

M5(LV)-128 ONHO o-HaN®m M5(LV)-128
M5A(3,5)-128 I8¢ 23I28<% 828838 AbhR38aan M5A(3,5)-128
Oo0o0O0OoO0OO0OOo ooocooo oooooo oOo0oOO0OO0OO0O0OO0OOoO
M5-192 J80o~0wy Mo I~ 0dNSam Two~no 3o M5-192
MB5A(3,5)-192 S$3833338 338888 888853 33333383 MB5A(3,5)-192
M5(LV)-256 NOUWITONAdO mqnw:-‘:‘c ﬁ:wr\vm OdNMI W O©N M5(LV)-256
MBA(3,5)-256 33383388 888888 85888 ISITSISS MBA(3,5)-256

OO~ OnTMON —HO O N~ O LY ON-HO
Q oOTSSSHaTH2 0O H S92 S 080 0992299 003R5833 8] 02
5008880085.58000888555888008580888588 83
COOMNOULTMNANTODDONOULTSTNANTAODONOULTNANTODDONOTON A
OLDLOLDLOLOLDLnLDLOLOL{)<l‘<T<l‘<r<f<l‘VWQ’V(’)MMMO’JMMMMMNNNNNNNNN
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AAAAAA A A A
TDI — 1 120 | —=2 TDO
0A14 | 0A12 | 0A8 oo — | 2 119 | /= 1091 | 3A8 | 2A12 | OD14
0A15 | 0A13 | 0A9 101 — |3 118 | == 11090 | 3A9 | 2A13 | OD15
0B14 | 0A14 | 0A10 1102 ——| | 4 117 | == 11089 | 3A10 | 2A14 | 0C14
0B13 | 0A15 | 0A11 o3 — |5 116 | —— /088 | 3A11 | 2A15 | 0C13
0B12 | OB15 | 0A12 o4 ——| |6 115 | |—= 11087 | 3A12 | 2B15 | 0C12
0B11 | 0B14 | 0A13 1os — | 7 114 | /= 1086 | 3A13 | 2B14 | OC11
0B10 | OB13 | 0A14 o6 —— |8 113 | —— /085 | 3A14 | 2B13 | 0C10
0B9 | 0B12 | 0A15 117 — | 9 112 | —— /084 | 3A15 | 2B12 | OC9
GND — 10 111 —— GND
0B8 | 0B11 | 0B13 /08 —— | 11 110 | |—= 1083 | 3B13 | 2B11 | OC8
0B7 | 0B8 | 0B12 1109 — | 12 109 | —— vo82 | 3B12 | 2B8 | OC7
0B6 | 0B5 | 0B11 | 1010 — | 13 108 | —— o081 | 3Bi1 | 2B5 | OC6
0B5 | OB4 | O0B8 | 1Ol — |14 107 | ——= o080 |3B8 |[2B4 |o0C5
0B4 | 0B3| OB5| 1012 — |15 106 | —— /079 |3B5 |[2B3 |oc4
0B3 | 0B2| OB4 | 1013 — |16 105 | —— 1078 |3B4 |[2B2 |ocC3
0B2 | 0B1| OB3| 1O14 — |17 104 | /= vo77 |3B3 |[2B1 |oOC2
0B1| OBO| O0B2| 1015 — |18 103| == 1076 |3B2 |2B0 |oOC1
10/CLKO —— | 19 102 | — I13/CLK3
Vee T | 20 101 | == GND
GND — | 21 100 | /= Vce
1/CLK1 —— | 22 99 | —— 12/CLK2
1B1 | 1BO | 1B2 | 1016 —— |23 98| = wo7s [ 2B2 |2c0 |1c1
1B2 | 1B1| 1B3 | 1017 — |24 97 | —— w074 |2B3 |2c1 |1c2
1B3 | 1B2 | 1B4 | 1018 — |25 9% | 1073 |[2B4 |2c2 |1C3
1B4 | 1B3 | 1B5 | 11019 — |26 95| = o72 | 2B5 |2c3 |1c4
1B5 | 1B4 | 1B8 | 1020 — |27 94| ——o71 | 2B8 |2c4 |1cs
1B6 | 1B5 | 1B11 | 1021 — | 28 93| —— /070 | 2B1l | 2C5 | 1C6
1B7 | 1B8 | 1B12 | 1022 — | 29 92 | —— 1069 | 2B12 | 2c8 | 1C7
1B8 | 1B11 | 1B13 | 1/023 —— | 30 91| = o068 | 2B13 | 2Cil | 1C8
GND — | 31 90 | —— GND
1B9 | 1B12 | 1A15 | 1024 — | 32 89 | — /067 | 2A15 | 2c12 | 1C9
1B10 | 1B13 | 1A14 | 1025 — | 33 88 | [— /066 | 2A14 | 2C13 | 1C10
1B11 | 1B14 | 1A13 | /026 — | 34 87 | — /065 | 2A13 | 2C14 | 1C11
1B12 | 1B15 | 1A12 | 1027 — | 35 86 | [— 1064 | 2A12 | 2C15 | 1C12
1B13 | 1A15 | 1A11 | 1028 — | 36 85 | — /063 | 2A11 | 2D15 | 1C13
1B14 | 1A14 | 1A10 | 1029 — | 37 84| — 1062 | 2A10 | 2D14 | 1C14
1A15 | 1A13 | 1A9 | 1030 — | 38 83| — /061 | 2A9 | 2D13 | 1D15
1A14 | 1A12 | 1A8 | 1031 — | 39 82| —= /060 | 2A8 | 2D12 | 1D14
TCK — | 40 81| —— TMS
HTANOOITNDONDDOANMINONOIOATNMNMTIULONODIDOANNITONDONDOD O
TELTTLTLTLITITILLLOLOOOLDOLDINDNOOOOOOWOWWOONMNMNMNNNNNNNNS®O
O O0NMTLONDOAN OOdANMTL 0NN QOUNVDDOAd OANMSTWONOD OO
ZU(‘OO’)(")MMMO’)(‘OZ B 5-0-0-04 L)ZZ oY 1O W uzmmmmmmmm UZ
5>880888885>888509>55>088868>58886588855
M5(LV)-256 3223233k 835833 S28538 22333I288% M5(LV)-256
M5A(3,5)-256 A A AA A A ‘—n—n—n—«ge Q(QNNNN aNaNaNNNNNN M5A(3,5)-256
M5-192 —HOoO o OWnS N NOMS I~ W =HNMNM SO0 O M5-192
M5A(3,5)-192 §§$5$$5$ 33585885 Qéééﬁﬂ EQQQQQQQ MBA(3,5)-192
M5(LV)-128 595392238 232L9<ER 228838 85333299 M5(LV)-128
M5A(3,5)»128 $$$S‘HHHH A A A A A A A Hw—lﬁﬁeeee M5A(3.5)-128
20446G-021
Pin Designations
CLK = Clock Vce = Supply Voltage 3 D 15
GND = Ground TDlI = Test Data In |
I = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out
Segment (0-3)
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160-PIN PQFP CONNECTION DIAGRAM

Top View

160-Pin PQFP (320, 384, 512 Macrocells)

M5(LV)-320 N N -~ Moo M5(LV)-320
M5A3-320 PROmAnoD @ <IIl<IL BInPnn DooaDooo M5A3-320
OO0OO0OO0OO0CO0OO0OOoO TS TS MMMMmMNHMmONmM
M5(LV)-384 N R R e 0~ o R e ] M5(LV)-384
M5A3-384 8888888 F53355 53558 feexgooy M5A3-384
M5A3-512 SEIIEIIY  pppppp 883888 ITE3TEITES M5A3-512

OO~ OWnTMHN —HO N~ O nETMON-HO
QOSSOSO oo E oSS S 022 0SS S 2SS 0038533388 02
522000202005 000000 9559200209 052000000202F
DOONOUTNANAODONOULTONN—AODONOULTNANAODON~NONTNN A
OLDLfJLOLDI!)LﬂL()LOLOLOLn<l‘<l‘<l‘<l‘<l‘<l‘v???mmﬂ)mmmﬂﬂ)mmNNNNNNNNN
T AT AT A AT A AAAAAAAAAAAAAAAAAAAAA A A A A A A A A
TDI — 1 120 —— TDO
0A2 | 0A2 | 0A2 1100 — | 2 119 | = 1091 | 5A2 | 4A2 | 3A2
0A3 | 0A3 | 0A3 o1 — |3 118 | == 11090 | 5A3 | 4A3 | 3A3
0A4 | 0A4 | om4 o2 — | 4 117 | = 11089 | 5A4 | 4A4 | 3A4
0A7 | 0A7 | O0A7 1103 —— |5 116 | [—= 11088 | 5A7 | 4A7 | 3A7
0A8 | 0A8 | o0A8 o4 —— |6 115 | —= 11087 | 5A8 | 4A8 | 3A8
0All | OAll 0All 1105 — 7 114 — /086 5A11 | 4A11 3A11
0A12 | OA12 | 0A12 1106 ——| |8 113 | == 11085 | 5A12 | 4A12 | 3A12
0A13 | OA13 | 0A13 o7 — |9 112 | = /084 | 5A13 | 4A13 | 3A13
GND — | 10 111 | = GND
0D13 | 0D13 | 0D13 /o8 — | 11 110 | == 11083 | 5D13 | 4D13 | 3D13
oD12 | 0D12 | 0D12 1109 —— | 12 109 | == 1082 | 5D12 | 4D12 | 3D12
oDi1 | 0D11 | OD11 | 1010 — |13 108 | |—= 1081 | 5Di1 | 4D11 | 3D11
op8 | 0D8 | 0D8 | VOl — |14 107 | F— 1080 |5D8 | 4D8 | 3D8
op7 | op7 | oD7 | Wo12 — |15 106 | —— 11079 |5D7 |4D7 | 3D7
0D4 0D4 0D4 11013 — 16 105 — /078 5D4 4D4 3D4
op3 | 0D3| O0D3 | 1Ol — |17 104 | == 1077 |5D3 |4D3 | 3D3
op2 | op2 | oD2 | 1O15 — |18 103 | == 1076 |5D2 |4D2 | 3D2
I0/CLKO ——] | 19 102 | = I3/CLK3
Vee T | 20 101 | 3 GND
GND — 21 100 —3 Vce
11/CLK1 —— | 22 99 | == 12ICLKk2
12 | 1D2 | 1D2 | 1016 — | 23 98| = w075 | 4D2 | 3D2 | 2D2
1D3 | 1D3 | 1D3 | 1017 T | 24 97| == 1074 |4D3 |3D3 | 2D3
1D4 | 1D4 | 1D4 | /018 —— | 25 9% | — 1073 |4D4 | 3D4 | 2D4
1D7 1D7 1D7 11019 — 26 95 [— /072 4D7 3D7 2D7
108 | 1D8 | 1D8 | 11020 — | 27 94| =071 |4D8 |3D8 | 2D8
1D11 | 1D11 | 1D11 11021 — 28 93 [— /070 4D11 | 3D11 | 2D11
1D12 | 1D12 | 1D12 | 1022 — | 29 92| = 1069 | 4D12 | 3D12 | 2D12
1D13 | 1D13 | 1D13 | 1023 —— | 30 91| —— 1068 | 4D13 | 3D13 | 2D13
GND — | 31 90 | == GND
1A15 | 1A13 | 1A13 | 1/024 — | 32 80| —= 1067 | 4A13 | 3A13 | 2A15
1A14 1A12 1A12 11025 — 33 88 [—1 1/066 4A12 | 3A12 2A14
1A13 | 1A11 | 1A11 | 1/026 ——] | 34 87 | 2 1065 | 4A11 | 3A11 | 2A13
1A12 | 1A8 | 1A8 | 11027 — | 35 86| — 1064 | 4A8 | 3A8 | 2A12
1A11 | 1A7 | 1A7 | /028 —— | 36 85| — 1063 | 4A7 |3A7 | 2All
1A10 | 1A4 | 1A4 | 11029 — | 37 84| 1062 | 4A4 | 3A4 | 2A10
1A9 | 1A3 | 1A3 | 1030 — |38 83| — 1061 | 4A3 | 3A3 | 2A9
1A8 | 1A2 | 1A2 | /031 — | 39 82| 1060 |4A2 |3A2 | 2A8
TCK 40 81 — TMS
NI ONDDOANMNMTNONODDIOANMNMTULONODIDOANMITIHONDD O
TETITTTTTITTIOLLLLOOOLOODODIDOOCOOOOWOWOWOWONNMNNMNNNNNNNN®
O O0ANMSIULONOOOOAN OOHANMSL ONN CONVDOOHd OANMSEONOD OO
ZUmmmmmmmmZ oY I (_)ZZ oY WO W OZLOI.DLOIDI.OLDIDLO UZ
0>RQL20Q2R20QRKB>RQRRRRR>BE>2R2RR8>5RRRRQLAR>DE
M5(LV)-512 S959253I2Y DImASS SoRhaa  $23IS2D99 M5(LV)-512
M5A3-512 §§§NNNNN NNNN%E ﬁf@“’"’mm mmmmmg%:(’ M5A3-512
M5(LV)-384 NRemAdNS 342332 Romady g e M5(LV)-384
MB5A3-384 Hecdd-0gm FININA NaNNDQ QOD®E OO M5A3-384
I223I2Y<T  [IEISN SoRmaE 0 III2ILELR
M5(LV)-320 33333333 q58%ay I S NS S S S S S S M5(LV)-320
M5A3-320 N M5A3-320
20446G-022
Pin Designations
CLK = Clock Vee = Supply Voltage 7 D 15
GND = Ground TDI = Test Data In |
| = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-7)

MACH 5 Family
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orporation

208-PIN PQFP CONNECTION DIAGRAM
Top View

208-Pin PQFP (192, 256 Macrocells)

M5-192 — o o oM< o M5-192
IBonorons SUICRENE SEEE 2228 Y0¥ uye swosoedd
LI L -galayaial oooo [ajajaja) [aNaNalal- o Y LTI
Ooocoocooo oOooocoooo oooo oooo ocoocoooaNaNNN aNNNNNNNN
M5(LV)-256 ~owI oA dO NoTwormo SS9 2982 owrowson coNmTwon M5(LV)-256
M5A(3,5)-256 $3353383 588858888 8888 5888 5883588888 S3333S3S MS5A(3,5)-256
DN O MmN HO OO WM OLWS MmN -HO o @I~ O NDITMNANAO D ~NOWLSTONAdO
SBBLRBINN, HB2I5993,.9999 L. .9858,850958888 L NE8IONE8,
2500000002 3000000002000082280000200000000982000000002
O=E=E=E=E=E===0>======E==0=2===500>5==E==0========>50========0
OB858832835838588325583
TDI 1NNNNNNNNN\—4\—1‘—<HHHH\—|HH TDO
0A12 0A8 1/00 2 /0119 3A8 2A12
0A13 0A9 /01 3 /0118 3A9 2A13
0A14 | 0A10 /102 4 /0117 3A10 | 2A14
0A15 | 0A11 1/03 5 1/0116 3Al11 | 2A15
0B15 | 0A12 /04 6 1/0115 2A12 | 2B15
0B14 | 0A13 1/05 7 /0114 3A13 | 2B14
0B13 | 0A14 1106 8 1/0113 3A14 | 2B13
0B12 | 0A15 /107 9 /0112 3A15 | 2B12
Vee Vee
GND GND
0B11 | 0B13 1/08 /0111 3B13 | 2B11
0B10 | 0B12 1109 /0110 3B12 | 2B10
0B9 | 0B11 1/010 1/0109 3B11 | 2B9
0B8 | 0B10 /011 1/0108 3B10 | 2B8
0B7 0B9 1/012 1/0107 3B9 2B7
0B6 0B8 1/013 1/0106 3B8 2B6
0B5 0B7 /014 1/0105 3B7 2B5
0B4 0B6 1/015 1/0104 3B6 2B4
GND GND
0B3 0B5 1/016 1/0103 3B5 2B3
0B2 0B4 1/017 1/0102 3B4 2B2
0B1 0B3 /018 1/0101 3B3 2B1
0BO 0B2 1/019 1/0100 3B2 2B0
10/CLKO 13/CLK3
Vee GND
GND Vee
11/CLK1 12/CLK2
1BO 1B2 1/020 1/099 2B2 2Co
1B1 1B3 /021 1/098 2B3 2C1
1B2 1B4 1/022 1/097 2B4 2Cc2
1B3 1B5 1/1023 1/096 2B5 2es)
GND GND
1B4 1B6 11024 1/095 2B6 2C4
1B5 1B7 11025 11094 2B7 2C5
1B6 1B8 1/026 1/093 2B8 2C6
1B7 1B9 11027 1/1092 2B9 2C7
1B8 | 1B10 1/1028 1/091 2B10 | 2C8
1B9 | 1B11 1/029 1/090 2B11 | 2C9
1B10 | 1B12 1/030 1/089 2B12 | 2C10
1B11 | 1B13 1/031 1/088 2B13 | 2C11
GND GND
Vee Vee
1B12 | 1A15 1/032 1/087 2A15 | 2C12
1B13 | 1A14 1/033 1/086 2A14 | 2C13
1B14 | 1A13 1/034 1/085 2A13 | 2C14
1B15 | 1A12 1/035 1/084 2A12 | 2C15
1A15 | 1A11 1/036 1/083 2A11 | 2D15
1A14 | 1A10 1/1037 1/082 2A10 | 2D14
1A13 1A9 1/038 1/081 2A9 2D13
1A12 1A8 1/039 1/080 2A8 2D12
TCK T™MS
MS(LY) 256 $2233332 88388588 2333 2992 BBB88E8Y 23¥ZI%EX MS(LV) 256
M5A(3,5)-256 R R e R R | HHdd-eHS 00004 0022 NNNNNNAN NN MB5A(3,5)-256
HEEEEEnY  PNICEmAEE SEER PEES NESORAE®  SEOEEmed
AL < <<<< 0000 [aNaNaNal oodd dd4d9490000 [alaNalaNaNali-
L AAAAAA A A A A A Ao R =00 O000NNNN EYENENENENNala)
V5102 23 g5 gEge SIS M5.192
20446G-023
Pin Designations
CLK = Clock Vce = Supply Voltage 3 D 15
GND = Ground TDlI = Test Data In
| = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)
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Corporation

208-PIN PQFP CONNECTION DIAGRAM
Top View

208-Pin PQFP (320, 384, 512 Macrocells)

M5(LV)-320 ymssasS9  999859q0e msos vass @afdSE8S8  8YSonamm MS5(LV)-320
MS5A3-320 AEEEEERE  SEEESEEE SdEE Edh WREEEEEE MS5A3-320
M5(LV)-384 N ® LY ON—AO odN®S WD oo M5(LV)-384
MS5A3-384 §R3ib8%5oy 23323322 399 4235 B2FEndEd oEEaEags MS5A3-384
MEEEEEEE FESERERER SRER WAl EEAEREEE  oEbma
M5(LV)-512 Q980 rson odnmswen~ od99 9800 rowsoqdo sosrod S M5(LV)-512
R R S T R Y Jrale s alea Jva s R va e mmmao o omomm Jalea e lva e o Jaa yea) L L
M5A3-512 NENNRNRRNN®N NESRSRSNNSNSS NSNS OOOO ©©OOWOOOOO PR R Rt R M5A3-512
SBELERTNN ., ERI95993,.995% .o .2858,.83944888 N89S 38H8,

2500000002 800000000200005228800020000000082000000002
O=E=E=E=E=E=S=S=S0>5==E=E=E=S=S==S0====>500>5====0====S==S==>50========0

O
TDI 1 TDO
0A2 0A2 0A2 1100 2 /0119 5A2 4A2 3A2
0A3 0A3 0A3 /o1 3 /0118 5A3 4A3 3A3
0A4 0A4 0A4 1102 4 110117 5A4 4A4 3A4
0A7 0A7 0A7 1103 5 /0116 5A7 4A7 3A7
0A8 0A8 0A8 1104 6 /0115 5A8 4A8 3A8
0Al1l | OAl1l | OAl1l1 1105 7 /0114 5A11 | 4A11 | 3Al11
0A12 | 0A12 | 0A12 1106 8 /0113 5A12 | 4A12 | 3A12
0A13 | 0A13 | 0A13 1107 9 /0112 5A13 | 4A13 | 3A13
Vee Vee
GND GND
0D15 | 0D15 | 0D15 1108 /0111 5D15 | 4D15 | 3D15
0D14 | 0D14 | 0D14 1109 /0110 5D14 | 4D14 | 3D14
0D13 | 0D13 | 0D13 /1010 /0109 5D13 | 4D13 | 3D13
0D12 | 0D12 | OD12 /011 110108 5D12 | 4D12 | 3D12
0D11 | OD11 | OD11 11012 /10107 5D11 | 4D11 | 3D11
0D10 | OD10 | OD10 /013 /0106 5D10 | 4D10 | 3D10
0D9 0D9 0D9 /014 110105 5D9 4D9 3D9
0D8 0D8 0D8 /015 /0104 5D8 4D8 3D8
GND GND
oD7 oD7 oD7 11016 /0103 5D7 4D7 3D7
0D4 0D4 0D4 /017 110102 5D4 4D4 3D4
0D3 0D3 0D3 /018 /0101 5D3 4D3 3D3
0D2 0D2 0D2 /019 /0100 5D2 4D2 3D2
10/CLKO 13/CLK3
Vee GND
GND Vee
11/CLK1 12/CLK2
1D2 1D2 1D2 11020 11099 4D2 3D2 2D2
1D3 1D3 1D3 11021 1/1098 4D3 3D3 2D3
1D4 1D4 1D4 11022 11097 4D4 3D4 2D4
1D7 1D7 1D7 11023 11096 4D7 3D7 2D7
GND GND
1D8 1D8 1D8 /1024 11095 4D8 3D8 2D8
1D9 1D9 1D9 11025 11094 4D9 3D9 2D9
1D10 | 1D10 | 1D10 11026 11093 4D10 | 3D10 | 2D10
1D11 | 1D11 | 1D11 11027 11092 4D11 | 3D11 | 2D11
1D12 | 1D12 | 1D12 /028 /091 4D12 | 3D12 | 2D12
1D13 | 1D13 | 1D13 11029 1/090 4D13 | 3D13 | 2D13
1D14 | 1D14 | 1D14 1/030 1/089 4D14 | 3D14 | 2D14
1D15 | 1D15 | 1D15 /031 1/088 4D15 | 3D15 | 2D15
GND GND
Vee Vee
1A15 | 1A13 | 1A13 /032 11087 4A13 | 3A13 | 2A15
1A14 | 1A12 | 1A12 /033 1/086 4A12 | 3A12 | 2A14
1A13 | 1A11 | 1A11 /034 1/085 4A11 | 3A11 | 2A13
1A12 1A8 1A8 /035 11084 4A8 3A8 2A12
1A11 1A7 1A7 /036 1/083 4A7 3A7 2A11
1A10 1A4 1A4 11037 11082 4A4 3A4 2A10
1A9 1A3 1A3 1/038 /081 4A3 3A3 2A9
1A8 1A2 1A2 /039 1/080 4A2 3A2 2A8
TCK T™MS
8
Q
M5(LV)-512 MmN HONTON OHNMT WO~ © N0 0N o © NOWYTONAOD NN O AN M5(LV)-512
HEe 99985338 gERB3888 B33g SOHE 58828¥88 3%3IcEIUc fots
338 dEE HEE 338
NRERACNE  OOOStCns hSos RSE AaedeESE  aocnnSne
M5(LV)-384 omafooEy IIfITSS I33F 9848 S8FFFHrE HEE35383 MS5(LV)-384
e mnt S IYISS SEEERIES G e
M5(LV)-320 28232342 FrURIB8E 24992 OO TRNIRNDa 2IILILER M5(LV)-320
M5A3-320 AddAddd A AAd A AAAA A HEE& EﬁﬁN NNNNNNNN aNaNaNNNNNN M5A3-320
20446G-024
Pin Designations
CLK = Clock Vee = Supply Voltage 7 D 15

GND
|

1/0
NC

TDI
TCK
TMS
TDO

Test Data In
Test Clock

Test Mode Select
Test Data Out

Ground
Input
Input/Output
No Connect

Macrocell (0-15)
PAL Block (A-D)
Segment (0-7)

MACH 5 Family
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204-PIN PQFP CONNECTION DIAGRAM
Top View
240-Pin PQFP

M5(LV)-320 aos~od D 039983800 rowsown NoTwor ooaodgNa e e T | M5(LV)-320
MmmMmmOmaoo LT <L < moao oo OO0 0000 mmomoomooo
5888888 IIIIIIST IS SETILTT SILSIIT BF858888
M5(LV)-384 Nos~odSd 83890800 rowsoon amswor ooSHdSRIS i R T M5(LV)-384
88883888 FIFIIISS So5558 BEER0R 33358888 22999292%¢
M5(LV)-512 R e T T odnmywor ooSHda 288 %0w rowsoaodo ams~od Sl M5(LV)-512
LI 0OOO000mon oooomoon [oolysalalyea Talyes) mOmoOmoma@o LT
SEIINRIRT  ERRRRRRR RRERRR 888858 83888888 $38333ES
(©)
DI 1 DO
0A2 | 0A2 | o0A2 1100 2 110139 | 5A2 | 4A2 | 3A2
0A3 | 0A3 | 0A3 /01 3 110138 | 5A3 | 4A3 | 3A3
0A4 | 0A4 | o0A4 1102 4 110137 | 5A4 | 4A4 | 3A4
0A7 | 0A7 | 0A7 1103 5 110136 | 5A7 | 4A7 | 3A7
0A8 | 0A8 | o0A8 1104 6 110135 | 5A8 | 4A8 | 3A8
0A11 | 0A11 | 0A1L 1105 7 110134 | BA11 | 4A11 | 3A11
0A12 | 0A12 | 0A12 1106 8 110133 | 5A12 | 4A12 | 3A12
0A13 | 0A13 | 0A13 1107 9 110132 | 5A13 | 4A13 | 3A13
Vee Vee
GND GND
o0D15 [ 0D15 | 0D15 1108 110131 | 5D15 | 4D15 | 3D15
0D14 [ 0D14 | 0D14 1109 110130 | 5D14 | 4D14 | 3D14
0D13 [ 0D13 | 0D13 | 1O10 110129 | 5D13 | 4D13 | 3D13
op12 [o0p12 | oD12 | WO1L 110128 | 5D12 | 4D12 | 3D12
op11 [opi1 | obi1 | wO12 110127 | 5D11 | 4D11 | 3D11
0D10 [ 0D10 | OD10 | 1013 110126 | 5D10 | 4D10 | 3D10
oD9 | oD9 [ oD9 | wO14 110125 | 509 | 4D9 | 3D9
opg | op8 [ op8 | 1015 o124 | sp8 | 4D8 | 3p8
GND GND
op7 | o7 [ ob7 | wo1e o123 | 507 | 4D7 | 3D7
oD6 | 0D6 [ O0D6 | 1017 o122 | 506 | 4D6 | 3D6
oDs | 0D5 [ o0D5 | 1018 o121 | 5D5 | 4D5 | 3D5
oD4 | 0D4 [ o0D4 | wO19 110120 | 5D4 | 4Da | 3D4
op3 | 0D3 [ o0D3 | 1020 o119 | 5p3 | 4D3 | 3D3
op2 | op2 [ op2 | wo21 o118 | 5p2 | 4D2 | 3D2
op1 | obi | ob1 | w022 o117 | 5p1 | 4p1 | 3D1
opo | obo [ obo | 1023 o116 | 500 | 4D0 | 3D0
10/CLKO 13/CLK3
Vee GND
GND Vee
11/CLK1 12/CLK2
100 | 100 | 1DO | 1O24 10115 | 4o | 300 | 2D0
11 | 101 | 1D1 | 1O25 o114 | ap1 | 3p1 | 2p1
102 | 102 | 1D2 | 1026 o113 | 4p2 | 3D2 | 2p2
103 | 103 | 1D3 | o27 o112 | 4p3 | 3p3 | 2p3
104 | 104 | 1D4 | O28 o111 | 4Da | 3Da | 2p4
105 | 1D5 | 1D5 | 1029 10110 | 4p5 | 3D5 | 2D5
106 | 1D6 | 1D6 | 1030 110109 | 4D6 | 3D6 | 2D6
107 | 107 | 107 | Wo31 o108 | 4p7 | 3D7 | 207
GND GND
108 | 108 | 1D8 | 032 10107 | 4p8 | 3p8 | 2p8
109 | 1D9 | 1D9 | 1033 110106 | 4D9 | 3D9 | 2p9
1D10 [ 1D10 | 1D10 | O34 110105 | 4D10 | 3D10 | 2D10
111 [ 1D11 | 1011 | 1O35 110104 | 4p11 | 3p11 | 2D11
112 [ 1012 | 1012 | 1036 110103 | 4D12 | 3D12 | 2D12
1D13 [ 1D13 | 1D13 | 1037 110102 | 4D13 | 3D13 | 2D13
1D14 [ 1D14 | 1D14 | 1038 /0101 | 4D14 | 3D14 | 2D14
1D15 [ 1D15 | 1D15 | /039 /0100 | 4D15 | 3D15 | 2D15
GND GND
Vee Vee
1A15 | 1A13 | 1A13 | 1040 11099 | 4A13 | 3A13 | 2A15
1A14 | 1A12 | 1A12 | 1041 11098 | 4A12 | 3A12 | 2A14
1A13 | 1A11 | 1A11 | 1042 11097 | 4A11 | 3A11 | 2A13
1A12 | 1A8 [ 1A8 | 1043 11096 | 4A8 | 3A8 | 2A12
1A11 | 1A7 [ 1A7 | 1044 11095 | 4A7 | 3A7 | 2A11
1A10 | 1A4 [ 1A4 | 1045 11094 | 4A4 | 3a4 | 2A10
189 | 1A3 | 1A3 [ 046 11093 | 4A3 | 3A3 | 2A9
18 | 1A2 | 1A2 [ 047 11092 | 4A2 | 3A2 | 2A8
TCK ™S
9992532 Snoldssm 833493 S9OSR R mRldsddme 92332393
M5(LV)-512 IEEVIINQ NNNNNNNN NNDDDRD DIJDOO ooooooon BHHHDL LT M5(LV)-512
IRIERINS 83290922 2329 SRIRBE BIJ-SIID ONCREIRE
MS5(LV)-384 SESEEaEE FEIGIGIY ININH Nennen NEEEREE  GEEeEeEE MS5(LV)-384
SOWIONLS OHNMILON OO oN® OMNHOO® ~OMTONCDO  OdNmIBLON
MS(LV)-320 333333353 ool ol EE§§§§ ﬁﬁﬁﬁﬁﬁ 208248838 333335888 MS5(LV)-320
20446G-025

Pin Designations

CLK
GND
|

1/0
NC

Clock Vce = Supply Voltage 7 D 15
Ground TDI Test Data In

Input TCK Test Clock Macrocell (0-15)
Input/Output TMS Test Mode Select PAL Block (A-D)
No Connect TDO Test Data Out

Segment (0-7)
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20446G-026
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MACH 5 Family
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: To) T 4 € 14 S 9 L 8 6 OfT IT 2T € %I ST 9T /LT 8T 6T 02
(X5 1
w Mnu A | GND |08TO/| AND |Z¥TO/N|EETO/| AND [TZTO/N|STTO/| AND | AND | AND | AND | €80/1 | S20/1 | AND | €90/ | 250/I | AND | AND | AND
i W M | AND |62T0/1|1€9TO/N|9¥TO/|2ETO/|L2TON|0ZTO/N|FTTO/N|L0TO/N|TOTO/| G60/I | 680/1 | 28011 | ¥LO/I | 69011 | 2901 | 90/ | YO/ | L2O/ | AND
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M_nu < W |8TO/I[22TON|LSTO/|ZYTON = ZSO/I | LEO/1 | 02041 | 9011
0}
o o
_ Lo 2 7 | ano |enom|oston|TrToN = = T 5 TSO/I | 950/ | B[ SO/l
SS> Z 28£=.90
A & ) [98TO/I|&X101|SSTO/|0VTON m c W m 8 .w m 0SO/I | GEO/I o100l AND
- e c -
o N @ w E .S 020Q00=0
- [ |S8TON[TLTON|YSTO/N|6ETO/ c $3550ac_-°=_ 6v0/1 | ¥EO/I | 6TO/ | ¥OII
<0 S 88328058883
< < H | ano |ozTon|esTon|gsTonN 8 COZEEZark K 8v0/I | €50/1 | 8TO/ | AND
mv 2 1 1 1 T 1 I A A N O 1 |
= 9 [¥8TON|69TO/I|2STO/N| 2PN o 9OA |zeodt| LTon| o
£ 10 2 xS o, 85% 2 3
c 1 O O
D S 4 | AND [89TO/I|TSTO/N|LETOI £ 36_22SLLEE LyO/l | TEO/ | 9TO/I | AND
_Plu < —~ 3 |£8TO/|L9TO/|0STO/N| OAL IdL | 0£O/ | STO/ | 20/
w 0 28
= Q_u S a |2810N(99TO/|6¥TO/| 2°A | OOA [F2TO/N| 2°A [TTTO/|FOTO/N| 860/ | 26011 | 980/ | 620/ | P3A | 99011 | 2PN | 22A |620/ | ¥TON | TON
o
<)
nNu W c D [18TO/|S9TO/N| 9°A [9€TO/I|0STO/N|EZTO/N|STTO/|0TTO/N|E0TO/I| L60/I | T6O/I | S80I | 82011 | 2,0/ | S90/1 | 090/1 | 9¥0/1 | 22A | €TO/ | 00/
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256-BALL BGA CONNECTION DIAGRAM — M5(LV)-320, M5A3-320

Bottom View (Macrocell Association)

256-Ball BGA
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256-BALL BGA CONNECTION DIAGRAM — M5(LV)-384, M5A3-384

Bottom View (Macrocell Association)

256-Ball BGA
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256-BALL BGA CONNECTION DIAGRAM — M5(LV)-512, M5A3-512

Bottom View (Macrocell Association)

256-Ball BGA

S Z o xx - D > =2 >

L T VA |

< n O O w w O I

T 4 € ¥ g 9 L 8 6 OfT TIT 2T € %I ST 9T /LT 8T 6T 02
dND |€IVE | AND | 2ve | T9 |AND | 29€ | TTEE | AND | AND | AND | AND | TT9Z | 292 | AND | T9Z | 2vZ | AND | AND | AND
aNo | evy | Zve | vve | 09e | vas | sac | 69€ |zT9E | ST9E | 192 | 2Tae | 69¢ | S9¢ | vde | 09z | vve | LvZ | €IvZ | AND
STav | 8vy | 99N |2Tve | TTvE | €ve | zac | 9g¢ |otTge | vTde | ¥T9z | 0Tgz | 992 | 292 | €ve | TIve | 2tve | 99N | evT | TTVI
€Tav | TTVY | 2vy | 99N | OOA | 8ve | 99A | ege | 89¢ |eTde | €192 | 892 | €92 | 2°A | 8ve | 29A | 9O | gvT | 8vT |S1dT
0Tav | €TVY | ¥v¥ | SWL MOL | vVT | €IVT | 2Tat
adNo |ZTav | 2TV | Lvb LVT | 2IVT | £TAT | AND
—~~ ~
Lav | sav |viay | 2°A w a A |vTat | eart | 4t
S I w
aNo | vav | eav | TIav - ¢ 2 TTAT | 0TAT | 84T | AND
. 8 8 E
zav | eav | sav | oav S S o m 9aT | saT | vat | €at
e P —
adND |o1or1| 0av | 1AV 5. 8 ¢ 3 3 3 9 TAT | 04T |oom| Zat
o o = £ (@] = a o
529 358
zas |enoel| 0ds | 1As S A EZ 8 o % & TA0 | 0A0 o100 AND
2 xS =328 =200 =20
€ds | vas | sas | 9as 8 82333288388 un 900 | Qo0 | €40 | zao
T oOoEfEEczarggse o
adno | 8as | otas | TTas =4 1TA0 | 640 | ¥A0O | AND
= I n 1l I 1l I 1l I )
7]
£as | 6as |v1as| 2°a < A |¥T@O0| 8@0 | 240
o [a) — v »n O
c M zZ Oou 8o O =0 5_‘
dND | £TAS | 2TVS | LVS d OO _SZ>SFFFF /V0 | ZTV0|Z2Tao | ano
21as | €TVS | vvs | odl IdL | ¥v0 | €TVO0 | 0TA0
GTAS| 8VS | 2vS | 9N | 99N | 8v9 | 99N | €99 | 899 |eTd9 | €19 | 892 | €92 | OOA | 8vL | POA | O2A | 2zvo | TTVO | £TA0
TIVS | €vS | OOA | 2Tv9 [ TTV9 | €v9 | 299 | 999 | 0T99 | ¥T99 | ¥Td. | 0T9L | 992 | 29 | €vL | TTVL | 2TvL | 2°A | 8v0 | STAO
aND |€TV9 | 2v9 | ¥v9 | 099 | v99 | S99 | 699 |2T99 |ST99|ST9. |2TaL | 692 | S92 | vaL | 09L | VL | LVL | €V0 | AND
AND |aND | aND | 2v9 | T99 |AND | 289 |TTE9 | AND | AND | AND | AND | TT9Z | 292 |AND | T9L | 2V. | AND | €TIVL | AND
T 4 € ¥ g 9 L 8 6 OfT TIT 2T € %I ST 9T /LT 8T 6T 02

= Z o x - D> 2 > 20446G-027

L T VA |

< nmn O O w w O I

MACH 5 Family

44



Corporation

352-BALL BGA CONNECTION DIAGRAM — M5(LV)-512, M5A3-512

Bottom View (I/0 Pin-outs)

352-Ball BGA
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352-BALL BGA CONNECTION DIAGRAM — M5(LV)-512, M5A3-512

Bottom View (I/0 Pin-outs)

352-Ball BGA

S Z o x + D> > 32 > 3

L T A |

< m O A W w O T

T 4 € 14 S 9 L 8 6 0OT Tt ¢ € vT ST 9T /LT 8T 61T O0OC T¢ <¢¢ € Vv G 9
ON [ANOD | ON |2TvE |AND | GvE | OVE | ON | ANO | 99¢ | 0T=E | ¥T9€ | AND | ¥TdZ | 0TdZ | 992 |AND | T92 | TvZ [AND | ON |AND | ON | AND | ON | ON
ON | AN | ON |€lve | 6ve | Lve | eve | 09¢ | zge | sg¢ | 69€ | €19¢ | ST9e [ €T9¢ | 692 | S9¢ | 292 | Ove | vve | 9ve | 6ve |2Tve [ ¥Ive [ AND | ON | ON
aND | TV | SWL | STve | TTvE | 8ve | vve | Tve | Tae | vae | 89¢ | zTae | ST9z | 2192 | 892 | ¥9z | 092 | ¢ve | Gve | 8vZ | OTvZ [ €Ive | ON | ON | ON | ON
ovy | evy | 2wy | O9A | vTve | O0Tve | 9ve | 2ve | O°A | ege | zge | tTge | O°A | TTgz | 292 | €92 | OA | eve | Lvz | TTvz | STvZz | O°A | MOl | TVT | 2vI | aNo
ON | 8v¥ | Svv | Ov¥ m OvVT | ¥VT | GVT | ON
aNo | vy | Lvv | V¥ m eVT | LVT | 6VT | 2IVI
<
€TVY | 2Ty | 0Ty | O°A & 9vT | 8VT | ¥IVT | AND
STav | SIVY | ¥TIvy | TIVR A | 0TVT | STVT | STAT
ano | eTav | vIay | 2°a TIVT | €TVI | €1AT | TTAT
—~~ ~
6av | otav | T1a¥ | 2Tay B D_ — A | vTat | 0TAT | AND
1 A N~
e < g
sav | 9av | sav | sav = ¢ 2 z1at | eat | sar | 94t
d [&] —
- 8 © ¢
1av | zav | vav | eay 5] = o /AT | saT | vat | eat
() ) e m e
ano | oav [orom| 29 5 ok w = 3 = 2 zat | Tat | oat |vom
2 w m £ v o (@) = a ou
S ¢ S O T S 20
ex1o/ell 0as | TAS | zAs o O € W, £ 9 0 % A [0d10/01f 000 | AND
£ 555383899209
€as | vas | sas | .as .m m © 33 5 m. m w w m 0 €40 | ¥Qo | zao | TAo
T OO0 E£EEzZ2aFFFF
9as | 8as | 6as | ztas c 800 | 240 | 940 | sdo
W | R Y R 1 I | R T R VR | o
ano | otas | vias | 2°A o} 2TAo | TTA0 | 0TAO0 | 6A0
o v @) =¥ 0 O
=z (@)
< . o o c 3 1 O O0N O =0 ~ 29
TTAS | €145 | €TVS | TTV g OO0 _SZ>SFFFF A | ¥TQ0 | €TA0 | AND
STAS | STVS | 0TVS | 9°A TIVO | ¥TVO | STVO | STA0
aNo | ¥IVS | 8VS | 9vs 99A | 0TVO | 2TV0 | €TV0
ZIVS | 6VS | LVS | VS ¥v0 | LV0 | 6Y0 | AND
ON | SVS | ¥VvS | OovS Ov0 | SV0 | 8V0 | ON
AND | 2vS | TvS | 0aLl | O°A | GTv9 | TTVO | 2v9 | €v9 | 9OA | €89 | 299 | 1199 | OA [ T19s | 8aL | 8L | O°A | vVvL | 8vL | 2TVL | STVL | POA | 2v0 | €V0 | 9v0
ON [ ON | ON | ON |€Tv9 |OTv9 | 8v9 | Gv9 | 2vo | 099 | ¥A9 | 899 |2Ta9 | STA9 |2Tds | 692 | 9. | 29L | TVL | €ve | Zve | TTVL |¥TvLZ | 1AL | TVO | AND
ON [ ON [aND | ¥Tv9 | 2TV9 | 6v9 | 9v9 | ¥v9 | Ov9 | 299 | a9 | 699 | €1Q9 | STAL | €Td. |0Td. | 992 | €9. | o9l | 2ve | 9vL | 6vL |€TVZ| ON | AND | ON
ON [ ON [AND| ON |AND | ON |AND | Tv9 | T99 |ANS | 999 | 0799 | ¥TAQ9 | AND |[¥Td. | ON | 292 |AND | Td. | OVZ | SvZ | AND [0OTVZ | ON | AND | ON
T 4 € 14 S 9 L 8 6 OT Tt ¢ € vT ST 9T /LT 8T 61T O0OC T¢ ¢¢ € Vv G 9¢

=\
v

S Z o x - D > =2 >

- XY

< o O A W w O T

MACH 5 Family

46



attice
= Semiconductor

= Corporation

5V M5 AND M5A5 ORDERING INFORMATION

Vantis standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed
by a combination of the elements below.

FAMILY TYPE

M5-

M5-

512 /256 -7

MACH 5 (5-V Vcc)

M5A5- = MACH 5A(5-V V)

MACROCELL DENSITY

128
192
256
320
384
512

I/Os
/68
/74

/104

/120

/160

/184

/192

/256

= 128 Macrocells

192 Macrocells
256 Macrocells
320 Macrocells
384 Macrocells
512 Macrocells

—A—

C

L OPERATING CONDITIONS

C = Commercial (0°C to +70°C)
I = Industrial (-40°C to +85°C)

PACKAGE TYPE

Y = Plastic Quad Flat Pack (PQFP)
V = Thin Quad Flat Pack (TQFP)
A = Ball Grid Array (BGA)

H = Plastic Quad Flat Pack (PQFP)

with exposed heat sink

= 68 1/0s in 100-pin PQFP or TQFP

74 1/0s in 100-pin TQFP

104 1/0s in 144-pin PQFP or TQFP
120 1/0s in 160-pin PQFP

160 1/0s in 208-pin PQFP

184 1/0s in 240-pin PQFP

192 1/0s in 256-ball BGA

= 256 1/Os in 352-ball BGA

SPEED

-5 =55ns tPD
-7 =75ns tPD
-10 = 10 ns tPD
-12 =12 ns tPD
-15 = 15ns tPD
-20 = 20 ns tPD
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Valid Combinations

M5-128/68

M5A5-128/68

M5A5-128/74

M5-128/104

M5A5-128/104

M5-128/120

M5A5-128/120

M5-192/68

M5A5-192/68

M5A5-192/74

M5-192/104

M5A5-192/104

M5-192/120

M5A5-192/120

M5-192/160

M5-256/68

M5A5-256/68

M5A5-256/74

M5-256/104

M5A5-256/104

M5-256/120

M5A5-256/120

M5-256/160

M5A5-256/160

Commercial:

M5: -7, -10, -12, -15
M5AS: -5, -7, -10, -12

Industrial:

M5: -10, -12, -15, -20
M5A5: -7, -10, -12, -15

YC, VC, Y1, VI

YC, Yl

VC, VI

YC, Yl

VC, VI

YC, Yl

YC, YI

YC, VC, Y1, VI

YC, YI

VC, VI

YC, YI

VC, VI

YC, YI

Valid Combinations
M5-320/120 HC, HI
M5-320/160 HC, HI
M5-320/184 HC, HI
M5-320/192 AC, Al
M5-384/120 Commercial: HC, HI
M5-384/160 -7, -10, -12, -15 HC, HI
M5-384/184 HC, HI
M5-384/192 Industrial: AC, Al
M5-512/120 -10, -12, -15, -20 HC, HI
M5-512/160 HC, HI
M5-512/184 HC, HI
M5-512/192 AC, Al
M5-512/256 AC, Al

YC, Yl

YC, YI

YC, VC, Y1, VI

YC, YI

VC, VI

YC, YI

VC, VI

YC, YI

YC, Yl

YC, YI

YC, Yl

Actual device marking differs from the ordering part number
(OPN). “MACH 5” is marked on a device wherever “M5-" is
used in the OPN. All MACH devices are dual-marked with both
Commercial and Industrial grades. The Industrial grade is

Device Marking

slower, i.e., MACH5-512/256-7AC-10Al.

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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3.3V M5LV AND M5A3 ORDERING INFORMATION

Vantis standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed

by a combination of the elements below.

MS5LV-

512 /256 -7

FAMILY TYPE

MS5LV- = MACH 5 Low Voltage (3.3-V V¢c)
M5A3- = MACH 5A Low Voltage (3.3-V V)

MACROCELL DENSITY

128 = 128 Macrocells

—A—

C

—L OPERATING CONDITIONS

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

Y = Plastic Quad Flat Pack (PQFP)

192 = 192 Macrocells \ = Thin Quad Flat Pack (TQFP)
256 = 256 Macrocells A = Ball Grid Array (BGA)
320 = 320 Macrocells H = Plastic Quad Flat Pack (PQFP)
384 = 384 Macrocells with exposed heat sink
512 = 512 Macrocells

1/0s SPEED

/68 = 68 1/0s in 100-pin PQFP or TQFP -5 =55nstpp

/74 = 74 1/0s in 100-pin TQFP -6 =6.5nstpp

/104 = 104 1/Os in 144-pin PQFP or TQFP -7 =7.5nstpp

/120 = 120 1/Os in 160-pin PQFP -10 =10 ns tpp

/160 = 160 I/Os in 208-pin PQFP -12 =12 ns tpp

/184 = 184 1/0s in 240-pin PQFP -15 =15ns tpp

/192 = 192 I/Os in 256-ball BGA -20 =20 ns tpp

/256 = 256 1/0s in 352-ball BGA

MACH 5 Family
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Valid Combinations

Valid Combinations

MS5LV-128/68 YC, VC, VI, VI
M5A3-128/68 YC, VI
MS5LV-128/74 VC, VI
M5A3-128/74 VC, VI
MS5LV-128/104 YC, VC, VI, VI
M5A3-128/104 VC,VI
MS5LV-128/120 YC, YI
M5A3-128/120 YC, VI
M5A3-192/68 Commercial: YC, YI
M5A3-192/74 MSLV: -5, -7, -10, -12 VC, VI
MEAs 102104 | oA 8 o7 -0, 12 VC, VI
M5A3-192/120 _ YC, VI
MS5LV-256/68 Industrial YC, VC, VI, VI
M5LV: -7, -10, -12, -15
M5A3-256/68 M5A3: -7, -10, -12. -15 YC, VI
MS5LV-256/74 VG, VI
M5A3-256/74 VC, VI
MS5LV-256/104 YC, VC, VI, VI
M5A3-256/104 VC, VI
MS5LV-256/120 YC, YI
M5A3-256/120 YC, VI
MS5LV-256/160 YC, YI
M5A3-256/160 YC, VI

Device Marking

Actual device marking differs from the ordering part number
(OPN). “MACH 5” is marked on a device wherever “M5-" is
used in the OPN. All MACH devices are dual-marked with both
Commercial and Industrial grades. The Industrial grade is
slower, i.e., MACH5 LV-512/256-7AC-10Al.

M5LV-320/120 HC, HI
M5A3-320/120 HC, HI
M5LV-320/160 HC, HI
M5A3-320/160 HC, HI
M5LV-320/184 HC, HI
MS5LV-320/192 AC, Al
M5A3-320/192 AC, Al
MS5LV-384/120 HC, HI
MS5A3-384/120 Commercial: HC, HI
M5LV-384/160 MBLV: -7, -10, -12, -15 HC, HI
MS5A3-384/160 M5A3: -5, -6, -7, -10, -12 |  HC, HI
M5LV-384/184 HC, HI
M5LV-384/192 Industrial: AC, Al
M5A3-384/192 MSLV: -10, -12, -15, -20 AC, Al
MS5LV-512/120 M5A3: -7, -10, 12, -15 HC, HI
M5A3-512/120 HC, HI
M5LV-512/160 HC, HI
M5A3-512/160 HC, HI
M5LV-512/184 HC, HI
MS5LV-512/192 AC, Al
M5A3-512/192 AC, Al
MS5LV-512/256 AC, Al
M5A3-512/256 AC, Al

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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