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FEATURES

O

O

O

High logic densities and 1/0s 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

— 7 1/0 options

— Up to 4 I/0 options per macrocell density

— Up to 5 density & I/0O 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

— IEEE 1149.1 compliant for boundary scan testing

— 3.3-V & 5-V in-system programmable via IEEE 1149.1 Boundary Scan Test Access Port
— PCl compliant (-5/-6/-7/-10/-12 speed grades)

— Safe for mixed supply voltage system design

— Bus-Friendly™ Inputs & I/0Os

— Individual output slew rate control

— Hot socketing

— Programmable security bit

Advanced EZCMOS process provides high performance, cost effective solutions
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Table 1. MACH 5 Device Features !

M5-128/1 M5-192/1 M5-256/1 M5-320 M5-384 M5-512
Feature M5LV-128 M5LV-256 M5LV-320 M5LV-384 M5LV-512
Supply Voltage (V) 5 3.3 5 5 3.3 5 3.3 5 3.3 5 3.3
Macrocells 128 128 192 256 256 320 320 384 384 512 512
Maximum User I/0 Pins 120 120 120 160 160 192 160 160 160 256 256
tpp (nS) 5.5 5.5 5.5 5.5 5.5 6.5 6.5 0.5 6.5 6.5 6.5
tgg (0S) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
toos (nS) 4.5 45 45 45 45 5.0 5.0 5.0 5.0 5.0 5.0
foxr (MHz) 182 | 182 182 182 | 182 | 167 | 167 | 167 | 167 | 167 | 167
Typical Static Power (mA) 35 35 45 55 55 70 70 75 75 100 100
IEEE 1149.1 Boundary Scan 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.

GENERAL DESCRIPTION

The MACH® 5 family consists of a broad range of high-density and high-I/O 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, Boundary Scan testability, and advanced clocking options (Table 1). The MACH
5 family offers 5-V (M5-xxx) and 3.3-V (M5LV-xxx) operation.

Manufactured in state-of-the-art ISO 9000 qualified fabrication facilities on E2CMOS process
technologies, MACH 5 devices are available with pin-to-pin delays as fast as 5.5 ns (Table 2). The
5.5, 6.5, 7.5, 10, and 12-ns devices are compliant with the PCI Local Bus Specification.

2 MACH 5 Family
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Table 2. MACH 5 Speed Grades

Speed Grade!
Device -5 -6 -7 -10 -12 -15 -20

M5-1282 C c,1 c,1 c,1 I
M5-128/1 C C 1 C,I C 1 C,1 I
M5LV-128 C cl G 1 C 1 I

M5-192/1 C C 1 C,I C 1 C,1 I
M5-256° c G 1 G 1 C1 I
M5-256/1 C C 1 C,I C 1 C,1 I
M5LV-256 C G 1 G 1 C 1 I

M5-320 C C 1 C,1 C 1 C,1 I
MS5IV-320 C G 1 G 1 G 1 C1 I
M5-384 C C 1 C,1 C 1 c,1 I
MS5LV-384 c G 1 G 1 G 1 C1 I
M5-512 c C 1 C,I C 1 C,1 I
M5LV-512 c G 1 G 1 G 1 C1 I
Note:

1. C = Commercial grade, I = Industrial grade

2. /1 version recommended for new designs

With Lattice’s 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, Lattice offers several I/O and package
options to meet a wide range of design needs (Table 3).

Table 3. MACH 5 Package and I/0 Options !

M5-128/1 M5-256/1 M5-320 M5-384 M5-512
M5LV-128 M5-192/1 M5LV-256 M5LV-320 M5LV-384 M5LV-512
Supply Voltage 5 3.3 5 5 3.3 5 3.3 5 3.3 5 3.3
100-pin TQFP 68 68, 74 68 68 68*, 74
100-pin PQFP 68 68* 68* 68* 68
144-pin TQFP 104 104
144-pin PQFP 104 104* 104* 104* 104*
160-pin PQFP 120 120 120 120 120 120* 120 120* 120 120* 120
208-pin PQFP 160 160 160 160 160 160 160 160
240-pin PQFP 184* 184* 184* 184* 184* 184*
256-ball BGA 192 192* 192* 192* 192* 192*
352-ball BGA 256 256

Note:
1. The I/O options indicated with a “*” are obsolete, please contact factory for more information.

Advanced power management options allow designers to incrementally reduce power while
maintaining the level of performance needed for today’s complex designs. I/O safety features

MACH 5 Family 3
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allow for mixed-voltage design, and both the 3.3-V and the 5-V device versions are in-system
programmable through an IEEE 1149.1 Test Access Port (TAP) interface.

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:O
16 MCs 4

Segment:J W
4 Blocks .
[

|Block Interconnect |

PZN /I
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.

0 1/O cells
Product-term array and Logic Allocator
Macrocells

Register control generator

O o o 0O

Output enable generator

1/0 Cells

The 1/Os 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.

4 MACH 5 Family



:Lattice

== Semiconductor

= = Corporation

OE Generator

Control Generator ﬂ
32
BlockO #
Feeder % P
- Product-term[] § 8
Q A < o
o rray P S
& 32 2 | =
8 -
o) S
= 3
N~ e]
8 o
5 L
' .
8 Input Reglsterq 2
- 32, Path

/
/

[/\J AN Interconnect Feeder

20446G-002
Figure 2. PAL Block Structure

Product-Term Array and Logic Allocator

The product-term array uses the same sum-of-products architecture as 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 4). 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 4. Product Term Steering Options for PT Clusters and Macrocells

Macrocell Available Clusters Macrocell Available Clusters
M, Co» €y, Gy, C3, G4 Mg Cs, g, C7, Cs, Co, Gy, Gy, G
M, Co, Cp, Gy, C3, C4, G5 M, Ge, C7, G, Co, €19, C1, Cp2, Ci3
M, Co, C1, G, G5, G4, G5, Cg My G5, Cg, Cg, Gy, 11, G, Gy3, Crg
M; Cos Gy, Gy, C3, G4, Gs, G, Gy M Cg, Co, G105 G115 C12, C3, C14, Cy5
My Co, Gy, G2, G5, G4, Gs, G, G5 My, Cg, Co, C19» C115 Ci2, 3, Gy G5
M; Cy, Gy, Gz, Gy, G5, Gg, C5, Cg M3 Gy, C19, C11, C12, €13, C14, Cy5
Mg Gy, G3, G4, G5, Cg, C7, Cg, Gy My4 C10, C11, C12, Gy3, Gy, G5
M, C3, G4, Cs, Cg, C7, G, G, Gy M5 Cy1, Cp2, Cy3, Cpg, G5

MACH 5 Family 5
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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 I/O 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/O 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

LogicO
Allocator(J

O
5-80
Clusters/O
MC
R | Do e
7

Prog. Polarity

Control Bus

N\ ModeO

Selection
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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

O Product-term clock (A*B*C)
O Sum-term clock (A+B+C)

6 MACH 5 Family
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Clock Line 1 Options

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

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)

O Product-term clock Gf clock line 2 does not use clock enable
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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.

MACH 5 Family 7
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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 I/O 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

gg
A/

Vee
£
il

Internal Feedback _q 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, tpyy is defined as the time it takes to go 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 tgyp to this internal parameter, the external parameter is derived.
For example, tppy = tpp; + tgyp 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.
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Figure 7. MACH 5 Timing Model
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MULTIPLE I/0O AND DENSITY OPTIONS

The MACH 5 family offers six macrocell densities in a number of I/O options. This allows designers
to choose a device close to their logic density and I/O 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.

IEEE 1149.1 - COMPLIANT BOUNDARY SCAN TESTABILITY

Most MACH 5 devices have boundary scan registers 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 5 devices provide in-system programming (ISP) capability through their IEEE 1149.1-
compliant Boundary Scan Test Access Port. By using the IEEE 1149.1-compliant Boundary Scan
Test Access Port 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. The
PC-based LatticePRO software facilitates in-system programming of MACH 5 devices. LatticePRO
software takes the JEDEC file output produced by design implementation software, along with
information about the Boundary Scan chain, and creates a set of vectors that are used to drive the
Boundary Scan chain. LatticePRO software can use these vectors to drive a Boundary Scan chain
via the parallel port of a PC. Alternatively, LatticePRO 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.

PCl COMPLIANT

MACH 5 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 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. MACH 5
devices provide the speed, drive, density, output enables and 1/Os for the most complex PCI
designs.

10 MACH 5 Family
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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. Excludes original M5-128, M5-192, and M5-256 while M5-128/1, M3-192/1 and M5-256/1 are supported. Please refer to
Application Note titled “Hot Socketing and Mixed Supply Design with MACH 4 and MACH 5 Devices”.

BUS-FRIENDLY INPUTS AND 1/0S

All MACH 5 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 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 document entitled MACH Endurance
Characteristics on the Lattice Data Book CD-ROM or Lattice web site.

POWER MANAGEMENT

There are 4 power/speed options in each MACH 5 PAL block (Table 5). 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 5. 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 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

MACH 5 Family 1
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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.

12 MACH 5 Family
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== Semiconductor

= = Corporation

ABSOLUTE MAXIMUM RATINGS

M5

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

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

with Respect to Ground . ... ....... -05Vito+7.0V
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 (Ty)
Operating in Free Air. .. ............ 0°C to +70°C

Supply Voltage (V)
with Respect to Ground. . . ... ... +475Vto +5.25V

Industrial (I) Devices

Ambient Temperature (Ty)

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

with Respect to Ground. . .. ... .... +45Vto+55V

Operating ranges define those limits between which the
Junctionality 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 Iog = -3.2 mA, V¢ = Min, Viy = Vi or Vyp 2.4 v
(For M5-128/1, M5-192/1, M5-256/1, M5-320,
VOH M5-384, MS'S]Z DeViCeS) IOH =-100 ].IA, VCC = Ma.X, VIN = VIH or VIL 35 56 \%
Ol]tput HIGH VOltage IOH =-3.2 mA, VCC = Min, VIN = VIH or VIL 2.4 \'
(For M5-128, M5-192, M5-256 Devices) Tog = 2.5 MA, Ve = 5.25 V, Vpy = Vg or Vy, 3.6
VOL Output LOW VOltage (N()te Z) IOL =+16 mA, VCC = Min, VIN = V]H or VIL 0.5 \'
Vi Input HIGH Voliage Guaranteed Input Logical HIGH Voltage for all Inputs 20 v
(Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs 0.8 v
(Note 3)
Iy Input HIGH Leakage Current Viy = 5.25, Ve = Max (Note 4) 10 uA
Iy Input LOW Leakage Current Viy = 0, Voo = Max (Note 4) -10 uA
lozn Off-State Output Leakage Current HIGH Vour = 5.25, Ve = Max, Vi = Vi or Vy, (Note 4) 10 uA
Loz Off-State Output Leakage Current LOW Vour = 0, V¢ = Max, Vi = Vi or Vi (Note 4) -10 uA
ISC Ol]tput ShOI‘t-CirCuil Current VOUT = 05 VCC = MaX, VIN = VIH or VIL (NOte 5) '50 -180 mA
Note:

1. 150° for M5-128, M5-192 and M5-256 devices. 130° for M5-128/1, M5-192/1, M5-256/1, M5-320, M5-384 and M5-512 devices.

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 andy/or tester noise are included.

2
3
4. I/O pin leakage is the worst case of Iy, and 1y or Iy and 1oy
5

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

ABSOLUTE MAXIMUM RATINGS

M5LV

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

with Respect to Ground . ... ....... -05Vto+4.5V
DC Input Voltage . . ............... -05Vto 55V
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 (T,)
Operating in Free Air. . . ... ......... 0°C to +70°C

Supply Voltage (Vo)
with Respect to Ground. . .. ....... +3.0 Vto +3.6 V

Industrial (I) Devices

Ambient Temperature (Ty)

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

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

Operating ranges define those limits between which the
JSunctionality 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 Yo = Min Lo = 100 ph Yo 02 !
Vix = Virtor Vit Ioy = 3.2 mA 2.4 v
VoL Output LOW Voltage Veg = Min lo, = 100 A 02 v
Viv = Vit or Vi Iop = 16mA (Note 1) 0.5 v
Viu Input HIGH Voltage Vour = Vo Min or Voyp =< Vor Max (Note 2) 2.0 5.5 v
Vi Input LOW Voltage Vour = Vo Min or Vo < Vor Max (Note 2) 0.3 0.8 i
Iy Input HIGH Leakage Current Viy = 3.6, V¢ = Max (Note 3) 10 uA
I Input LOW Leakage Current Viy = 0, Ve = Max (Note 3) -10 UA
Lozn Off-State Output Leakage Current HIGH | Vouy = 3.6, Vo = Max, Viy = Vi or Vi, (Note 3) 10 uA
TozL Off-State Output Leakage Current LOW | Voyp = 0, Ve = Max, Viy = Vi or Vi (Note 3) -10 UA
Igc Output Short-Circuit Current Vour = 0.5 Ve = Max, Viy = Vi or V. (Note 4) -15 -160 mA
Notes:

1. Total I; 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. /O pin leakage is the worst case of Iy, and Ioz; or I and Iozy.
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 -6 -7 -10 -12 -15 -20

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Combinatorial Delay:
tony firzzl;lnal combinatorial propagation 35 45 55 8.0 100 13.0 180 | ns
tpp Combinatorial propagation delay 5.5 6.5 7.5 10.0 12.0 15.0 20.0 | ns
Registered Delays:
tsg Synchronous clock setup time 3.0 3.0 4.0 5.0 6.0 8.0 10.0 ns
toy Asynchronous clock setup time 3.0 3.0 4.0 5.0 6.0 7.0 8.0 ns
ts Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
tys | Asynchronous clock hold time 3.0 3.0 4.0 5.0 6.0 7.0 8.0 ns
teosi | Synchronous clock to internal output 2.5 3.0 4.0 5.0 0.0 8.0 10.0 | ns
tcos | Synchronous clock to output 45 5.0 6.0 7.0 8.0 10.0 12.0 | ns
tooai | Asynchronous clock to internal output 6.0 6.0 8.0 10.0 13.0 15.0 180 | ns
tcoa | Asynchronous clock to output 8.0 8.0 10.0 12.0 15.0 17.0 20.0 | mns
Latched Delays:
teap | Latch setup time 3.0 4.0 4.0 5.0 6.0 7.0 8.0 ns
tyar | Latch hold time 3.0 3.0 4.0 5.0 6.0 7.0 8.0 ns
tppr; | Transparent latch internal 6.0 7.0 7.0 8.0 9.0 10.0 10.0 | ns
oo ll;i(c)ﬁagation delay through transparent 8.0 9.0 9.0 10.0 110 12.0 120 | ns
tgoai | Gate to internal output 7.0 8.0 8.0 9.0 10.0 11.0 120 | ns
tgoa | Gate to output 9.0 10.0 10.0 11.0 12.0 13.0 14.0 | ns
Input Register Delays:
toims i‘y‘ﬁgﬁ:ﬁﬁfiﬁiﬁﬁf time using a 20 20 20 3.0 3.0 30 30 ns
_— ;‘;‘;f‘:&f{%ﬁi Scel:fiﬁme using an 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
_— i‘y‘gﬁ;gﬁf&iﬁl‘gﬁ time using 2 3.0 3.0 3.0 40 40 40 40 ns
— ;‘;;’I‘fé}fff:gi‘; };fi‘jl:‘me uing At 6.0 6.0 6.0 7.0 7.0 7.0 7.0 ns
Input Latch Delays:
torr Input latch setup time 2.0 2.0 2.0 3.0 3.0 3.0 3.0 ns
tyr, | Input latch hold time 6.0 6.0 6.0 7.0 7.0 7.0 7.0 ns
tppii | Transparent input latch 5.0 5.0 55 6.0 6.0 6.0 6.0 | ns
Output Delays:
tgor | Output buffer delay 2.0 2.0 2.0 2.0 2.0 2.0 20 | ns
tgw | Slow slew rate delay 2.5 2.5 2.5 2.5 25 25 25 | ns
tia Output enable time 7.5 7.5 9.5 10.0 12.0 15.0 20.0 | ns
tgR Output disable time 7.5 7.5 9.5 10.0 12.0 15.0 20.0 | ns
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)

-5 -6 -7 -10 -12 -15 -20
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Power Delays:
tpry | Power level 1 delay (Note 2) é:g) 4.0 (2:8) é:g) é:g) (2:8) (2:8) ns
o | Power level 2 delay (Note 2) (g:g) 60 ((9):8) (g:g) (g:g) (g:g) (g:g) s
fg | Powerlevel 3 delay (Note 2) (197'.(;) 0 <19%2) (?%2) (19%2> (1%2) (19%2> "
Additional Cluster Delay:
tpr Product term cluster delay | | 0.3 | | 0.3 | | 0.3 | | 0.3 | | 0.3 | | 0.3 | | 0.3 | ns
Interconnect Delays:
tpx | Block interconnect delay 1.5 1.5 1.5 2.0 2.0 2.0 20 | ns
g | Segment interconnect delay 45 4.5 5.0 6.0 6.0 6.0 6.0 | ns
Reset and Preset Delays:
- f:;nisfg‘(’;‘gs:ese‘ or preset to internal 6.0 8.0 8.0 100 120 140 160 | ns
- ﬁfly;ﬁl:mnous reset or preset to register 8.0 10.0 10.0 12.0 14.0 16.0 180 | ns
tsgr | Reset and set register recovery time 5.5 7.5 7.5 8.0 9.0 10.0 11.0 ns
tsgw | Asynchronous reset or preset width 3.0 4.0 4.0 5.0 6.0 7.0 8.0 ns
Clock Enable Delays:
tegs | Clock enable setup time 4.0 5.0 5.0 6.0 7.0 7.0 8.0 ns
tegy | Clock enable hold time 3.0 4.0 4.0 5.0 6.0 6.0 7.0 ns
Width:
tyis | Global clock width low (Note 3) 2.5 3.0 3.0 4.0 5.0 6.0 6.0 ns
tyis | Global clock width high (Note 3) 2.5 3.0 3.0 4.0 5.0 6.0 6.0 ns
tyia | Product term clock width low 3.0 4.0 4.0 5.0 6.0 7.0 8.0 ns
tyia | Product term clock width high 3.0 4.0 4.0 5.0 6.0 7.0 8.0 ns
fowa ﬁ:ﬁ V(Vflfrﬂ;nlg: tgsg'e:gn sparent) or | 5 40 40 50 6.0 70 8.0 ns
tyir | Input register clock width low or high | 3.0 4.0 4.0 5.0 6.0 7.0 8.0 ns
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)

-5 -6 -7 -10 -12 -15 -20
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Frequency:
External feedback, PAL block level. Min
of 1(tyys + typs) 0F 1/(tss + tgog) 133 125 100 83.3 71.4 55.6 45.5 MHz
Internal feedback, PAL block level. Min
fyax of Uty + byp) 0 V(lss +gog) 182 167 125 100 83.3 62.5 50.0 MHz
No feedback PAL block level. Min of
V“WLS N tWHS) or VQSS N tHS) 200 167 167 125 100 83.3 83.3 MHz
External feedback, PAL block level. Min
of Ultypy + tygy) 0 Uty + teoy) 91 91 71.4 58.8 47.6 41.7 35.7 MHz
Internal feedback, PAL block level. Min
faxa of 1ty + typy) 0F V(tsy +on) 111 111 83.3 66.7 52.6 455 38.5 MHz
No feedback, PAL block level. Min of
s + typ) 0F 1(tgs + t0) 167 125 125 100 83.3 71.4 62.5 MHz
Maximum input register frequency
f, 167 12 12 100 83. 71.4 62. MH
MAXI 1/(tSIRS+lHIRS) or 1/(2 X lWICW) 5 5 5 5 5 z
Notes:

1. See “MACH Switching Test Circuits” documentation on the Lattice Data Book CD-ROM or Lattice web site.
2. Numbers in parentbeses are for M5-128, M5-192, M5-256.

3. Ifasignal is used as both a clock and a logic array input, then the maximum input frequency applies (fyr4x/2).
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CAPACITANCE'
Parameter
Parameter Symbol Description Test conditions Typ Unit
Ciy I/CLK pin Vi =2.0V 3.3Vor5V,25°C, 1 MHz 12 pF
Cro 1/0 pin Vour =2.0V 3.3Vor5V,25°C, 1 MHz 10 pF

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 on the Lattice Data Book
CD-ROM or Lattice web site.

Icc CURVES AT HIGH /LOW POWER MODES
Vec=5Vor3.3V,Ty=25°C

700 — M5(LV)-512 high power

600 —

/ M5(LV)-384 high power

500 —
M5(LV)-320 high power
5-256/1 and
< 400 — M5LV-25 high power
E
O
= 300 — \
M5-192/1 high power
— M5(LV)-512 low power M5-128/1 and M5LV-128 high power
M5(LV)-384 low power —

M5(LV)-320 low power =—
M5-256/1 and M5LV-256 low power

100 < M5-192/1 low power
M5-128/1 and 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 o™ < Te} (<] N~ [ee] (o2} o — N o™ < Lo
— — — — — —
Frequency (MHz) 20446G-048

Figure 8. Icc Curves at High/Low Power Modes
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VCC=5V'TA=25°C

700 —
M5-256 high power
600 —
500 — M5-192 high power
— 400 —
<
E
o] M5-128 high power
= 300 | ghp
200 —
M5-256 low power
M5-192 low power
. _/ M5-128 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
— N o™ < Lo © N~ [c¢) (e} o — N ™ < Lo
— — — — — —
Frequency (MHz) 20446G-049

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)
O™ O
M5-1280 AN OO00 0D0000AN ™ M5-1280
M5LV-128* 27<2532¢ asdndaan M5LV-128*
[elclololololoNe] OO0 O0OO0OOO0o
N N N N N i L N N N N B
102+ £223295¢ CEREREEE v 102+
leeolojojojeoleNe) ANANANNNNNN
M5-256*0] H%H#%Hﬂo SHH(\T")#H%I\ M5-256*0]
M5LV-256 EEEEEEE FeSSFTTSS MBLV-256
NOWULSMOANAHO O OO~ OWnsEmMma
COOOOVWOE® 028 oW LW W W WL LW
00000000 0ZZ 000000000
=S=S=S=S====>00>========
o) §8%B%3§8888%%B%£§$%&!
GNDIIT] | 10 80[) [— GNDO
GNDIIT—] | 20 7900 [— GNDO
TDIT—] | 30 780 [— TDOO
0A140 0A120] 0A12(] /00— | 40 7700 [—3 /0510 | 3A120 2A120| 0D14(]
0B13(] 0B13[] 0B13[] 1yo1m—] | 50 76— /0500 | 3B130 2B130| 0C13(
0B12[] 0B12[] 0B12(] 1/02—] | 60 7501 1 /0490 | 3B120 2B120| 0C12(
0B11[0] 0B110 0B11[] 11030—] | 70 7410 [—3 /0480 | 3B110 2B110| OC11[]
0B8L] 0B8[ 0B8[ /04— | 800 730 [— /0470 | 3880 | 2B8O | 0C8O
0B70 0B70 O0B70 110s0—] | 90 7201 [ /0460 | 3B70 | 2B70 | 0C70
0B4[] 0B4[] 0B4[ 1106 | 100 710 [ /0450 | 3B40 | 2B40 | 0C40
0B3[] 0B3[ 0B3[] 1/070—] | 110 7000 [— /0440 | 3B30 | 2B30 | 0C30
0B2 | 0B2| 0B2 /08— | 120 69— /0430 | 3B2 |2B2 |O0C2
10/CLKOT—] | 130 68I[ [ 13/CLK3I]
Vecl—] | 140 67[) [ GNDO
VeeI—] | 150 66[) [ GNDO
GNDIIT] | 160 650 [ Ve
GNDII——] | 170 6401 [ Vel
11/CLK1T—] | 180 63 [ 12/CLK2(]
1B20] 1B20] 1B20]  ONIO9C—] | 190 62[) [ /0420 | 2B20 | 2c20 | 1C20
1B30] 1B3[ 1B3[ 1/O100_—] | 200 610 [ /0410 | 2B30 | 2C30 | 1C30
1B40] 1B40 1B40 1O110—] |210 600 [ 10400 | 2B40 | 2C40 | 1C40
1B70] 1B70] 1B70] 1O12—] | 220 5901 1 /0390 | 2B70 | 2C70 | 1C70
1B8C] 1B8[] 1B8[ /013 | 230 58[) [ /0380 | 2B80 | 2C80 | 1C80
1B11[] 1B11[] 1B11[] 1/O140—] | 240 5701 [ /0370 | 2B110 2C110| 1C11(
1B12[] 1B12[] 1B120] 1/O150_—] | 250 5601 [ /0360 | 2B120 2C120| 1C12(
1B13[] 1B13[ 1B13[ 1/O160—] | 260 550 [ /0350 | 2B130 2C130| 1C13(]
1A14 | 1A12 | 1A12 yo17t—] | 270 540 [ /0340 | 2A12 | 2D12 | 1D14
TCKII_] | 280 530 [ TMSO
GNDII—] | 290 5200 [ GNDO
GND [ 3ODDDDDDDDDDDDDDDDDDD 51| —J GND
AANNMTUOLONODNDOANMITOONOO O
MMM MNOMHMOMOMNMITITITITITITTIT W0
DROUOUIguR OO ago
VOO AdNMTN 0NN CO~NOVDOANM
HeE NN NNNN UZZ ONANANNMMMM
QQQQ0QQ0>FE>220002009
M5-256*0] NobI®mado SEREEETS M5-256+0]
M5LV-256 b o s SEEEERRE M5LV-256
« NeBI®mI oo OHNRID® N~ "
M5-192 I3<3I<<<< apapayapayatata) Ms5-192*00
e e e NNNNNNNN [}
O N I
M5-1280 9992532 883584393 M5-1280
M5LV-128% 3354 S-=-<--080849 M5LV-128*
*Package obsolete, contact factory.
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)
/O = 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 -68 1/0

Top View
100-Pin TQFP (68 1/0)
T =T
M5-1280) RN R ARy EEIERISY M5-12801
M5LV-128 33353353 86888888 M5LV-128
NobBI®Hado CdNmIBoN~
M5-192 I22I2I<3 LI Ms-192
[eNeoNeolNeNeNolNeNe) AN AN NNNNNN
M5-2560] SeBImNdo 8588YB6n~ M5-2560)
M5LV-256* $35538388 SISSSSSS MS5LV-256*
N N Ny | (] I I N Oy |
gS%%%%%SS%gg%g%%BSBEB%
2200000020 29552202280¢020¢°
TDI—] — GNDO
0A14[) 0A120] 0A120 /OO — TboO
0B13[) 0B13C] 0B130  VO10—] — /0510 | 3A120] 2A12[] 0D14(]
0B12[) 0B120] 0B120  O20—] — /0500 | 3B130 2B13C] 0C13(]
0B110J 0B110] 0B110) /O30 —] [ 10490 | 38120 2B120] 0C12(]
0B8] 0BSC] O0BSL)  I/OAT—] [ 10480 | 38110 28110 0C11(]
0B70) 0B7C] O0B70 /OS] — 10470 | 3880 | 2880 | 0C80
0B4) 0BAC| 0B4D /OS] — o460 | 3870 | 2870 | 0C70
0B3) 0B3C] 0B3]  NO7(—] [ 110450 | 3B40 | 2B40 | 0C40
0B2| 0B2 | OB2 1/08—] — 10440 | 3830 | 2B30 | 0C30
10/CLKOT—] — 10430 | 382 |2B2 |o0C2
Vel [ 13/CLK3(]
GNDIT—] — GNDO
GNDIT—] 3 VeeD
11/CLK1IT—] — 12/cLK2(]
1B20 1B20| 1B20  1/O9 ] 1 10420 | 2820 | 2c20| 1C20
1830 1830 1B30 1/O100T_—] 1 10410 | 2B30 | 2C30 | 1C30
1B40 1B40| 1B40 1/O110_—] [ /o400 | 2B40 | 2c40 | 1C40
1870 1B70 1B70 1/O120—] 1 10390 | 2870 | 2¢70| 1C70
1880 1BsO| 1B8{ ONO13C ] 1 10380 | 2B8O | 2¢80 | 1C80)
1B110) 1B110| 1B110 1/O140T ] — 10370 | 28110/ 2¢110 1C110]
1B120]) 1B120| 1B120 1/O15(T] 1 10360 | 2B120| 2C120] 1C12[]
1B130] 1B130| 1B130] 1/O16[ ] [ /0350 | 2B130| 2C130] 1C130]
1A14 |1A12 | 1A12 | 1O170——] 1 1/0340 | 2A12 | 2D12 | 1D14
TCK 1 T™s
OOoooooooooogoogoogoogogoooogg
ON~NVDO AT ANMNMITHLONOVDDOANMTET N OO
NANANNOONNOHOOHOOHNHNOHMNMIETITITITITITISTTT T WO
iy
SO382RNRNRIRL 82283 IAIeRe=
00202000090 >55>Q20020000958
O [y
M5-25601 $82324<% IILIILER M5-2560]
M5LV-256% i i i i i i s s | NANANANNNA MB5LV-256*
N N N N N Iy o I N N N Iy |
~NOST MmN AdO O A NMIT W O~
M5-192 SI33333S RRRIRR]RKRRR M5-192
R NBI Do m
M5-1280] d992332< faRaffaaaps B M5-1280
M5LV-128 R ====2508 M5LV-128
*Package obsolete, contact factory.
20446G-017
Pin Designations
CLK = Clock Vee = Supply Voltage 3 15
GND = Ground TDI = Test Data In —|__
I = Input TCK = Test Clock Macrocell (0-15)
I/O = 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 -741/0

Top View
100-Pin TQFP (74 1/0)
| I I Sy
M5LV-128 29dSeers®w deesINedND M5LV-128
gL afafafafayagagagal
M5LV-256 SRR NeES8BS8E~ M5LV-256
<g<IgC<<I00 OICCLIL<I<C
[eNoNeoNoNoNoNoNoNoNe] MO MOMHOOMHOMOHOOMOMOM™M
[ g 5 e e I_II_IH\_I\_H_H_H_II_‘
TR T
O=E=========>00>=========0
TDIT—] —1 GNDO
0A140| 0A12(] 1100 — TDOO
0B130| 0B13[] 11010 1 /0540 | 3A120| 0D140
0B1200| 0B12[] 11020—] 1 1/O530 | 3B130| 0C130
0B110| 0B11[ 11031 — /0520 | 3B120| 0C120
0B8O| 0B8] 1104 — /0510 | 3B110| 0C110
0B70| OB70 1/O51—] — /o500 | 3B8O | 0C8O
0B40| 0BA4[ 11061 —1 1/0490 | 3B70 | 0C70
0B30| 0B3[] 11071 1 1/0480 | 3B40 | 0C40
0B2 0B2 1/10801—] 1 1/0470 | 3B30 | 0C30
10/CLKOT—] 1 1/0460 | 3B2 0c2
Veell ] 1 13/CLK3[
GNDIIT——] 1 GNDO
GNDIT—] — VeeD
11/CLK10T—] 1 I12/CLK20
1B20| 1B20 /09— [ /0450 | 2B20 | 1C20
1B30| 1B30 1/0100—] 1 /0440 | 2B30 | 1C30
1B40| 1B4O 1/0110—] 1 1/0430 | 2B40 | 1C40
1B70| 1B700 l/O12(—] 1 /0420 | 2B70 | 1C70
1B8O| 1B8O 0OI/O13C ] 1 /o410 | 2B8O | 1C80
1B110| 1B110 1/O141 ] 1 /0400 | 2B110| 1C110
1B120| 1B120 1/O150 ] 1 1/0390 | 2B120| 1C120
1B130| 1B130 /0161 ] 1 1/0380 | 2B130| 1C130
1A14 1A12 1/0170C—] 1 1/0370 | 2A12 | 1D14
TCK [ — T™MS
OoDooooooooogogooooooogoodg
O~V O AT ANMNMTETOLONOVDDOANMTLLL ONOOODO
NANANNOOOOONOOHOOHOOHOOHOOONMETITITITTTTTETTET WO
gy
NOOOdTNMSTEULONN OO0 OO0 d AN M D O =
zZ A NN NNNNNN O zZ ONANMOMHMMHMOMHOMmOMM
0QQ0Q00Q00Q0>EE>QL20099020008
————————— — e |
I I N o | N N Sy
MS5LV-256 522323 <2d3 NIIIILEL: M5LV-256
HH\—IHHHHHQE gNNNNNNNN
MNDTOBRI®HA o NP IRB®O O m
M5LV-128 M5LV-128
ILLE33333S 5858585832384
L B B ] -
20446G-018
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/O = 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
M5-1280 2Yd58~38 bImado 293353 3E@S399% M5-1280
M5LV-128* 0o333353303533330u000888858580:8858585888 M5LV-128*
o
Ms-192* 22826859 3S53%s EEEFEREEETEEE M5-192*
LI LCILI L - -gajajajia [ayaNalal o LTI
ODdococoocococococllcoocooocoldbibdlococoooaadNlaNaNANNNNN
OO [mpm]
M5-256*0) EE558HE 99¥Nedy Soerse SHBEBE~ M5-256*0]
M5LV-256* 0038383 333088888800n00RR8888 03358558 S MSLV-256*
0 emNoOolOOO0qOOOOO0 g O0OO00O0goOoOOoO0
SR8 55388508283333 9209338302303 a88RRP0
552220202050 02000 55 500000088820802022°5
0397933586338 533858833J38385883383338
AT 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 A
o o g ToIT— |10 1080 [—— TDOO | O u] a]
0A14[] 0A120] 0A8L  I/OOC— | 20 1070 == /0770 | 3A80 | 2A12C] 0D14L]
0B13C] 0A130] 0A90  /O1C— |30 1060 [— /0760 | 3A90 | 2A13C] 0C13L]
0B12C] 0A140] 0A100  1/O20—— | 40 1050 [——= /0750 | 3A10LC] 2A14C] 0C12C]
o0B11C] 0B13C] 0A110  1/O3C— | 50 1040 [—— /0740 | 3A110] 2B13C] 0C11L]
o0B10r] 0B12(] 0A120]  1/O4AT— | 60 1030 [—= /0730 | 3A12C] 2B12C] 0C10L]
o § 0 GeNb— |70 1020 = GNDO | O o o
oBsC| oB11C| 0B130]  WOsO— | 80 1010 [—= /0720 | 38130 2B11C] 0C80
oB7C| ossC| 0B120]  Woe— |90 1000 [—= /0710 | 3B12C] 2B80 | 0C70)
oB6C| 0B5C| 0B110 /07— | 100 990 [—— /0700 | 3B11C] 2B50 | 0C60
oBs| 0B4r| oBsd  Ios— | 110 98[] [— /0690 | 3880 | 2B40 | 0C50
o § 0 GeNbo— | 120 970 1 GNDO | O a] o
oBar| o3| oB50  O9— | 130 96[] [— /0680 | 3B501 | 2B30 | 0C40]
oB3| 0B2C] 0B4  ol0o— | 140 950 [— /0670 | 3840 | 2B20 | 0C30
oB2r] o1l 0B3d Wol1i— | 150 941] [—= /0660 | 3830 | 2B10 | 0C20]
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20446G-019
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/O = 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
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20446G-020
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/O = 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)
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20446G-021
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/O = 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 (WITH INTERNAL HEAT SPREADER) CONNECTION DIAGRAM
Top View

160-Pin PQFP (320, 384, 512 Macrocells)
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*Package obsolete, contact factory.
20446G-022
Pin Designations
CLK = Clock Vee = Supply Voltage 7 D 15
GND = Ground TDI = Test Data In |
I = Input TCK = Test Clock Macrocell (0-15)
/O = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out
Segment (0-7)
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208-PIN PQFP CONNECTION DIAGRAM
Top View
208-Pin PQFP (256 Macrocells)

ogoogooog googoooog O-HNM MmN - O ogoooooog gooooog
M5-25600 SNOBLSTOHNAO NOFTOONRD oo dddd OONOLTON SAdN®MI D ON M5-25601
M5LV-256 08833335530 055588585508888000u08888088888888003SS53358S MS5LV-256
Sy S o 0y S0 Iy S
O092ONOUMSOND _ H00XNOLIINANTAO 00 Q0RO UVITNNAOODD IR OOINONAO
gﬁﬁﬁﬁﬂﬂﬂﬂg%ﬂﬁﬁﬁﬁﬁﬁ3g3333%gg%ﬂﬂﬁﬂgﬂﬂﬂﬂﬂﬂﬁﬁ%%ﬁﬁﬁﬁﬁﬁﬁﬁg
5222202022592200202090025202225502025220222029522022022953
O 8588388588858 838050080 0803033 RRRLCRRRREREB:883IBE33385

N i |InSSRSERRRRRASAAAAAATAICACCIRCSHEENEEEREAS338833839 33 561 —— 1o o
0A8[] yoo——] | 20 15500 [—— /01190 | 3A80
0A9T] yoir——] |30 15400 [ 101180 | 3A90

0A10(] yo2——] | 40 15300 [— 101170 | 3A1000
0A11(] yo3m——] | so 15200 [— 101160 | 3A110)
0A12] yoam—] | 60 15100 [ 101150 | 2A1200
0A130] yosm——] | 70 15000 [— /01140 | 3A130
0A140] yoe——] | 80 1490 [— 1101130 | 3A140
0A15(] yor——] | 90 1480] [— 101120 | 3A150

[ Vecd—] | 100 14700 [ VecD u}

[ GNDIT—] | 110 14600 [—1 GNDO 0
0B13(] yos——] | 120 1450 [— 101110 | 3B130
0B12(] yoor——] | 130 14400 [— 101100 | 3B120J
0B11C] Vol | 140 14300 [— 1101090 | 3B110
oBlor]  yoiul——] | 150 14200 [— 101080 | 3B100J
oBo]  voi2lr——] | 160 14100 [— 101070 | 3B9O
0B8]  1013C—| | 170 1400] [— 1101060 | 3B8O
oB70]  vola——| | 180 1390] [—1 101050 | 3B70
oBe]  voiso——] | 190 1380] [— 1101040 | 3B60

[ GNDIL—] | 200 13700 [—1 GNDO [u}
0Bs] WOl | 210 1360 [ 101030 | 3BSO
oBa]  voi17o——] | 220 13500 [—1 /01020 | 3B40
0B3  voi8——] | 230 13400 [— 101010 | 3B30
oB20]  Wo19C——| | 240 1330] [— 101000 | 3B20

0 lo/CcLKomC——] | 250 1320 [ 13/CLK30 | O

0 Vec_—] | 260 1310 [ GNDO n]

[ GNDLL—] | 270 1300 [ VecO [u}

0 1eki—] | 280 1200 [ 12/CLK20 | O
1B20]  yo0—] | 290 12801 [——1 110990 2820
1830  vo21——] | 300 12700 [— 10980 2B30
1840l yo2(——] | 310 1260] [—1 110970 2B40
1B50] 0230 | 320 12500 [ /0960 2850

O GNDIC_— | 330 12401 [ GNDO u}
1B60] Vo240 | 340 1230 [—1 110950 2B60
1B7(] 1/0250C——] | 350 12200 [/ 110940 2870
1B8C] Vo6 | 360 12100 [ /0930 2880
1BoC]  Wo27C——] | 370 1200] [—1 10920 2B90
1B1000] Vo280 | 380 11000 [ 10910 2B100
18110} 10200 | 390 11800 [/ 10900 2B110
1B120] VO30 | 400 1170 [ 110890 2B120]
1B130]  Vo31——] | 410 11600 [ 10880 2B130

O GNDIT——]| | 420 1150 [/ GNDO u]

[ Vecl_—] | 430 11400 [ VecO u}
1A150  VO320——] | 440 1130] [—1 10870 2A150
1A140 10330 | 450 11200 [ /0860 2A140
1A130] 1/0340C—] | 460 1110 [/ o850 2A130
1A1200 VO3] | 470 1100 [ /0840 2A120
1A110  VO3e[___| | 480 1090 [ 10830 2A110
1A100] /0370C—] | 490 1080 [/ 10820 2A100
1A9(] 1/0380C—] | 500 10700 [/ o810 2A90
1A8 yo39—] | 510 106C] [ /0800 2A8

TCK ] | 520 gogg 10500 [—1 T™S
RS
I I OoOooo] ooog I
M5-25601 DRCRCESRT RN K- NOIFTDOLORNRVD O-dN® MNEAO OONOLIT NN QdNMIT WO M5-25601
I [ayaNaNaNalNalalal S Pl == [ayaNaNalalalala) LTI
M5LV-256 Adddddd4 Addd A A A A 9999 gggg NNNNNNNN NaNaNNNN M5LV-256
20446G-023
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/O = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)

MACH 5 Family
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208-PIN PQFP (WITH INTERNAL HEAT SPREADER) CONNECTION DIAGRAM

Top View

208-Pin PQFP (320, 384, 512 Macrocells)
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0D150] 0D15C0 0D15C] los—] 120 14500 [ vo1110 5D1500f 4D15[] 3D150]]
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0D10C] oD10C} OD10C] 110130 170 1400 [ 101060 5D100f 4D10C] 3D100]|
0oD9l oD9r] obary /o140 1801 1390 [ /01050 5D901 | 4D90] | 3DII
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0D4[] o0D4C] 0D4L] 110170C—] 220 13500 [ 101020 5D40 | 4D401 | 3D40
0D3[] 0D3r] 0D3C] lo18—] 230 1340 [ 101010 5D30] | 4D30] | 3D30
0D2C] oD20 oD2C) (e} K°] m— 240 1330 [— 101000 5D20 | 4D201 | 3D20
n| 1 ] lo/cLKoCC——] 2500 1320 [ 13/CLK3I o o o
O u| u| Vecd—] 260 1310 [ GNDO o u] o
8 n| n| (€1 o)m m— 270 13000 [— Vecb a a o
n| 0 O 1eLkio—/—] 280 12900 [ 12/CLK20 | O u] ]
1D200 1D20 1D20 1/10200C—] 290 12800 [ 110990 4D20 | 3D20 | 2D20
1D3I 1D30] 1D30] 1yo210—] 3000 1270 [ 110980 4D30] | 3D30| 2D3(
1D400 1D40 1D4 110220 310 12600 [— /0970 4D40 | 3D40 | 2D40
1D70] 1Db70 1D70 110230 320 1250 [ o960 4D70) | 3D70 | 2D70
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1D8C] 1D8C] 1D8C] 110240 340 1230 [ 10950 4D80 | 308U | 2D80
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1D11(] 1D110) 1D11C]) 110270C—] 370 12000 [ 109200 4D110) 3D11[] 2D110]|
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1D130] 1D130] 1D130] 110290 390 1180 [ /09001 4D130) 3D13[] 2D130]|
1D14[] 1D140] 1D14L] 1/0300C—] 400 11700 [ /0890 4D140| 3D140 2D140]
1D1500 1D150] 1D150] /0310 410 1160 [ /0880 4D150) 3D15[] 2D150]|
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Pin Designations
CLK = Clock Vee = Supply Voltage 7 D 15

GND
I

/O
NC

Ground
Input

Input/Output
No Connect

TDI
TCK
TMS
TDO

Test Data In
Test Clock

Test Mode Select

Test Data Out

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

Segment (0-7)
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256-BALL BGA CONNECTION DIAGRAM — M5-320
< m O A m

Bottom View (I/0 Pin-outs)

1 z ¢ ¥ ¢ 9 L 8 6 01 Tzt ¢r %L ST 9T LI 8T 61 02
ANDS [08TO/I| AND |LFTO/N|EETO/| AND [TZTO/N|STTO/I| AND | AND | AND | AND | €80/1 | G20/ | AND | £90/1 | LSO/I | AND | AND | AND
aNo |6.TO/I|€9TO/|9¥TO/I|ZETO/|22TO/N|0ZTO/|FTTO/|L0TO/N|TOTO/I| S60/1 | 680/1 | 280/ | #2011 | 690/1 | 29011 | 9SO/I | YO/ | .20/ | AND
T6TO/|8LTO/N| 2°A |SYTO/|TETO/N|9ZTO/N|6TTO/N|ETTO/|90TO/|00TO/| #6011 | 880/ | T8O/ | £L0/1 | 890/1 | 190/ | 5SSO/ | 2°A | 920141 | 0TO/
06TO/I|22TON[29TO/| O°A | 99A |szTO/| 22A [2TTO/N|S0TO/| 66071 | €60/ | 28011 | 080/ | PPN | 29041 | 2°A | 2OA | 2v0/I | S20N | 60/
68TO/I|92TO/N|TITO/| SL MOL | T¥O/ | ¥20i1 | 80/
aND [GLTO/I|09TO/N|PFTOl ¥S0/1 | 0¥0/I | €20/ | AND
88TO/I|72TON|BSTO/| 29N 9O | g0/ | 220N | LON
aAND [€LTO/I|8STO/N|EYTOI €50/I | 8€0/1 | T2O/I | AND
/8TO/I|2LTON|LSTON|ZYTO/I 5 2SO/1 | LEO/ | 02011 | 9011

) o
aND |2119721|9STO/|THTO/ g o0 9 3 TSO/I | 950/ |Trori| SO/l
855239
98TO/I|e312/e1 |GSTO/I|0FTO/ - m c > SER s 0S0/1 | SEO/I |0310/01] AND
< <
» 4 £ .5 82A0T =A
S8TO/I|TLTO/|YSTO/|6ETO/ c ¥ 3 5s50a T 6v0/1 | ¥EO/I | 6TO/ | ¥OII
2 & L aaop W 238 87
AND |0LTO/I|ESTO/N|BETO/I T OO EEZ2ZsE PR EH 8v0/I | €€0/1 | 8TO/I | AND
2 Il ] Il Il ] Il Il ] Il Il
v8TO/|69TO/|2STO/| O°A 8 A | zeon | LTO/ | €oN
222 oo 8rEZR
AND [89TO/I|TSTO/|LETOI c 3 O @) L0/l | TEO/ | 9TO/I | AND
|TSTON LETO/ S 00 _SzsSsERER | Teon | oto/
€8T0/I|29TO/|0STO/I| OdL IdL | 0g0/ | STO/ | 2O/
Z8TO/1|99TO/N|67TON| 2PN | 22A |p2ToN| 29A |TTTO/N|P0TO/I| 86011 | 26011 | 980/ | 62011 | 2°A | 990/ | 22A | 99 | 620/ | ¥TO/ | TO/I
T8TO/I|S9TO/| 2°A [9€TO/I|0ETO/N|EZTO/N|8TTO/N|0TTO/|E0TO/I| 60/ | T6O/I | S80/1 | 82011 | 2LO/1 | S90/1 | 09011 | 9¥O/ | P°A | €TO/ | 0011
aNo |¥9TO/I|87TO/|SETO/I|62TO/1(22TO/N|LTTO/|60TO/|20TO/I| 960/ | 06011 | ¥80/1 | 2O/ | TLO/I | ¥90/1 | 65O/ | G¥O/I | 820/1 | 2TO/ | AND
AdNS | AND | AND |FE€TO/[82ZTO/I| AND [9TTO/I[80TO/I| AND | AND | AND | AND | 920/1 | 020/ | AND | 850/ | #¥O/I | AND | TTO/I | AND
I z ¢ ¥ < 9 L 8 6 01 Tzt ¢ %L ST 9T LI 8T 61 02
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256-BALL BGA CONNECTION DIAGRAM — M5-320

Bottom View (Macrocell Association)

256-Ball BGA

= =2 Z A 2 E D > B -

< Mm O A B K O - = X

1 z ¢ ¥ ¢ 9 L 8 6 01 T2t ¢ %L ST 9T LI 8T 61 0T
AND | LvZ |AND | OvZ | T92 |AND | 292 | TT92 | AND | AND | AND | AND | TT9T | 29T |[AND | T9T | OVT | AND | AND | AND
aNS | 6vZ | €vZ | 2ve | 092 | v9¢ | 9z | 69 |2Tgz | ST9C | STAT |2T9aT | 69T | S9T | v9T | 09T | 2vT | €VI | ZVT | AND
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STAac| 8ve | 2ve | 99N | OA | 29g | OOA |z1av | L9V | zav | evy | vy | 2Tvr | P°A | 290 | POA | P2A | 2vo | TTVO | £TA0
TIVE | €ve | 29N | €ge | vas |zTgc | €19y | 69V | sav | 19y | Tvy | Svy | 6vP | €Tvy | 2190 | ¥90 | €90 | 2°A | 8v0 | S5TAO
aNS | zge | 8de | TTE | GTaY | TTGY |0Tav | 99y | €9y | 09y | Ovy | €V¥ | 9vv | OTVY | TTVY | GTVY | TTS0 | 890 | €V0 | AND
AND | AND | aND | €T9E | ¥Tar |AND | 88Y | ¥a¥ | AND | AND | AND | AND | ¥vv | 8vF | AND | ¥TVY | €190 | AND | 290 | AND
1 z ¢ ¥ ¢ 9 L 8 6 01 IT 2t ¢ %L ST 9T LI 8T 61 0T
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352-BALL BGA CONNECTION DIAGRAM — M5-512, M5LV-512

Bottom View (I/0 Pin-outs)

352-Ball BGA

= = Z &~ =2 = D > B » 5

< m O QO ®\m = O o -~ X

1 (4 ¢ 4 S 9 L S 6 0r I 2 ¢r %I ST 9T LT 8T 61 0OC 1z T2 €T ¥ Sz OT
ON | AND | ON |¥0ZO/I| AND [28TO/I|SLTO/I| ON | AND |SSTO/I|6¥TO/|TPTO/| AND (22TO/I|TZTO/|ETTO/I| AND |00TO/I| ¥60/1 | AND | ON [AND | ON [ AND | ON | ON
ON | AND | ON |€0ZO/I|.8TO/I|T8TO/I|#2TO/I|{89TO/I|T9TO/|¥STO/|8¥TO/|0VTO/I |€ETO/I|92TO/I|0ZTO/I|ZTTO/1|90TO/I| 660/ | €60/ | 980/ | 620/ | 22O/ | 290/ | AND | ON | ON
aNo |v¥zOo/| SWL |Z0Z0/I|98TO/I|08TO/I|€LTO/I|29TO/1|09TO/|ESTO/ | L¥TO/|6ETO/ |2ETO/ |SZTO/ |6TTO/I|TTTO/I|SOTO/I| 860/1 | 260/1 | S80/ | 820/ [ TLON | ON | ON | ON | ON
G520/I|ev20ri{€z2o/l| PPN |S8TO/I|62T0/|22T0N|99TO/N| 99N |25TO/|9vTO/|8ETON| POA |#2T0/|8TTON|0TTO/N| O°A | 260/ | T6O/ | ¥80/I | L2041 | POA | MOL | 050/ | TEO/N | AND
ON |z¥z0/|z2zon|10zol Q | 99011 | 6vO/I | 0£O/ | ON
o
aNo |T¥z0o/|1220/|0020/ g | s90oi | 8vorl | 620/ | OTO/
<
<
¥520/1{0v20/1|0220/| 29N Q | veon | Lvon | 8zon | ANO
£520/1|6€20/1|6120/1|66TO/I 9OA | ovorl | Lzof | 601
aNo |8ezoy|8TzoN| 2°A €90/1 | svO/ | 9zon | 8on
2520/1|L€20/1|LT120/1|86TO/I 9O | vrO/l | 52O/ | AND
-
QO
1520/1|9€20/1{9T20/1 | L6TO/I ) © 290/1 | evon | ¥zon | Lon
= o0 [5) m
0520/1|S€20/1|STZO/I|96TO/I &% 3T T & v 190/1 | 2vO/ | €zon | 9o/
: 0::583¢
< <
aNo |vezori|zd1oz| 29A w . £ _ S0 = A0 = A 090/ | T¥O/l | 22O/ [T1o/TI
ex19/e1| €620/ |y T20N |S6TON 2 228820 58%%8% 29 |00 TzZON | ano
8 DO ELEEZAEFEE
61720/1|2€20/1|€120/1|¥6TO/I W R T | T T 650/1 | 0vO/ | 0ZO/N | son
)
8%20/1|T€20/1 2120/ |£6TO/I o v a8 o= ©v O 850/1 | 6€0/1 | 61O/ | YO/
c 3 % Qv cp U =2
20 a OO0 - 3 Z » FHFFHKFK
ano |ogzon|tTZon| 2°A 1S0/1 | 8€0/ | 8TO/N | €0/
1¥20/1|6220/1|0T20/1|26TO/I 9OA | Lg0f1 | LTON | AND
9%20/1|8220/1{6020/1| °A 950/1 | 9€0/1 | 9TO/N | ZON
aNo |22zon|80zo/|T6TO/ 9OA | geol | sTO/N | TON
S20/1|9220/1|2020/1|06TO/I SS0/1 | ¥€O/ | ¥TO/N | AND
ON |52z20/1|9020/1|68TO/ ¥SO/I | €€0/1 | €TI0/ | ON
aNo |v2zo/|sozo/| odL | 2°A [82TO/|TLTON|S9TON|6STO/N| 29N |stTO/|LeTON|TETON| 2PN |2TTO/N|60TO/N|¥0TO/N| 99N | 060/ | €80/ | 9,01 | 02041 | P°A | Z€O/I | 2TO/N | 00/
ON | ON | ON | ON |¢8TO/I|{2LTO/I|0LTO/|¥9TO/I|8STO/|TSTO/ |v¥TO/|9ETO/|0ETO/I[€2TO/|9TTO/I|80TO/I|E0TO/I| 960/1 | 680/1 | 280/ | SLO/ | 690/ | €SO/1 | 1AL | TTO/I | AND
ON | ON | AN |88TO/I|€8TO/I|9.TO/I|69TO/I|€9TO/I|LSTO/|0STO/ |EXTO/|SETO/ |62TO/I|22TO/|STTO/I|20TO/1{20TO/I| S60/1 | 880/1 | T8O/ | ¥20/ | 890/ | 2SO/ | ON | AND | ON
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352-Ball BGA
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352-BALL BGA CONNECTION DIAGRAM — M5-512, M5LV-512

Bottom View (Macrocell Association)
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5V M5 ORDERING INFORMATION 2

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

by a combination of the elements below.

M5- 512

/256

FAMILY TYPE
M5- = MACH 5 (5-V V()

MACROCELL DENSITY

128 = 128 Macrocells
192 = 192 Macrocells
256 = 256 Macrocells
320 = 320 Macrocells
384 = 384 Macrocells
512 = 512 Macrocells
1/0s
/68 = 68 1/Os in 100-pin PQFP or TQFP
/104 = 104 I/Os in 144—pir1 PQFP or TQFP
/120 = 120 I/Os in 160—pin PQFP
/160 = 160 I/Os in 208-pin PQFP
/192 = 192 1/Os in 256-ball BGA
/256 = 256 1/Os in 352-ball BGA
Note:

1. See below for valid device/package combinations.

=L SA C
—I——PROGRAMMING DESIGNATOR

Blank = Initial Algorithm
/1 = First Revision
OPERATING CONDITIONS
C = Commercial (0°C to +70°C)
1 = Industrial (-40°C to +85°C)
PACKAGE TYPE
Y = Plastic Quad Flat Pack (PQFP)
V = Thin Quad Flat Pack (TQFP)
SA = Ball Grid Array (BGA)
SPEED
-5 =55nstpp
-6 = 6.5ns tpp
-7 =7.5nstpp
-10 = 10 ns tpp
-12 = 12 ns tpp
-15 = 15 ns tpp
-20 = 20 ns tpp

2. M5-128/1, M5-192/1 and M5-256/1 recommended for new designs.

Valid Combinations
M5-128/68 YC, VC, YI, VI
M5-128/104 YC, YI
M5-128/120 Commercial: YC, YI
M5-192/68 -5, -7, -10, -12, -15 VC, VI
M5-192/120 Industrial: YC, YI
M5-256/68 -7, -10, -12, -15, -20 VC, VI
M5-256/120 YC, YI
M5-256/160 YC, YI

Device Marking

Actual device marking differs from the ordering part number
(OPN). All MACH devices are dual-marked with both
Commercial and Industrial grades. The Industrial grade is
slower, i.e., M5-512/256-7AC-10Al.

Valid Combinations
M5-320/160 YC, Y1
Commercial:
M5-320/192 SAC, SAI,
-6, -7, -10, -12, -15
M5-384/160 YC, Y1
Industrial:
M5-512/160 YC, Y1
-7, -10, -12, -15, 20
M5-512/256 SAC, SAI

Valid Combinations

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

MACH 5 Family
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3.3V M5LV ORDERING INFORMATION

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

by a combination of the elements below.

M5LV- 512 7 SA C
FAMILY TYPE OPERATING CONDITIONS
M5LV- = MACH 5 Low Voltage (3.3-V Vo) C = Commercial (0°C to +70°C)
1 = Industrial (-40°C to +85°C)
MACROCELL DENSITY PACKAGE TYPE
128 = 128 Macrocells Y = Plastic Quad Flat Pack (PQFP)
256 = 256 Macrocells V = Thin Quad Flat Pack (TQFP)
320 = 320 Macrocells SA = Ball Grid Array (BGA)
384 = 384 Macrocells
512 = 512 Macrocells
1/0s
/68 = 68 1/Os in 100-pin PQFP or TQFP SPEED
/74 = 74 1/Os in 100-pin TQFP -5 =5.5ns tpp
/104 = 104 1/Os in 144-pin PQFP or TQFP -6 =0.5ns tpp
/120 = 120 I/Os in 160-pin PQFP -7 =7.5ns tpp
/160 = 160 I/Os in 208-pin PQFP -10 =10 ns tpp
/256 = 256 1/Os in 352-ball BGA -12 =12 ns tpp
-15 =15 ns tpp
-20 =20 ns D
Note:
1. See below for valid device/package combinations.
Valid Combinations Valid Combinations
MS5IV-128/68 VC, VI M5IV-320/120 YC, YI
MSIV-128/74 VC, VI MSIN-320/160 Commercial: YC, VI
M5LV-128/104 Commercial: VC, VI M5LV-384/120 -0, -7,-10, -12, -15 YC, Y1
M5LV-128/120 -5 7210, -12 YC, YI M5IV-384/160 YC, YI
T Industrial:
MS5IV-256/68 YC, YI M5IV-512/120 YC, YI
. -10, -12, -15, -20
M5ILV-256/74 Industrial: VC, VI M5IV-512/160 YC, YI
M5LV-256/104 -7, -10, -12, -15 VC, VI M5LV-512/256 SAC, SAI
M5IV-256/120 YG, Y1 Valid Combinations
MSLY-256/160 ye, i Valid Combinations list configurations planned to be

Device Marking

Actual device marking differs from the ordering part number
(OPN). All MACH devices are dual-marked with both
Commercial and Industrial grades. The Industrial grade is
slower, i.e., M5LV-512/256-7AC-10AL.

supported in volume for this device. Consult the local Lattice
sales office to confirm availability of specific valid
combinations and to check on newly released combinations.
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