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FEATURES

O High logic densities and I/Os for increased logic integration
— 128 to 512 macrocell densities
— 68 to 256 1/0s
O Wide selection of density and I/O combinations to support most application needs
— 6 macrocell density options
— 7 1/0 options
— Up to 4 1/O options per macrocell density
— Up to 5 density & I/O options for each package
O Performance features to fit system needs
— 5.5 ns tpp Commercial, 7.5 ns tpp Industrial
— 182 MHz font
— Four programmable power/speed settings per block
O 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
0O 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 Pol
— PCI compliant (-5/-6/-7/-10/-12 speed grades)
— Safe for mixed supply voltage system design
— Bus-Friendly™ Inputs & 1/Os
— Individual output slew rate control
— Hot socketing
— Programmable security bit
Advanced E2CMOS process provides high performance, cost effective solutions
O Supported by ispDesignEXPERT™ software for rapid logic development
— Supports HDL design methodologies with results optimized for MACH 5 devices
— Flexibility to adapt to user requirements
— Software partnerships that ensure customer success
O Lattice and Third-party hardware programming support
— LatticePRO™ software for in-system programmability support on PCs and Automat
Equipment
— Programming support on all major programmers including Data I/O, BP Microsyster
and System General

O
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Table 1. MACH 5 Device Features !

M5-128/1 M5-192/1 M5-256/1 M5-320 M5-384

Feature M5LV-128 M5LV-256 M5LV-320 M5LV-384
Supply Voltage (V) 5 33 5 5 33 5 33 5 33
Macrocells 128 128 192 256 256 320 320 384 384
Maximum User I/0 Pins 120 120 120 160 160 192 192 160 192
tpp (nS) 55 | 55 55 55 | 55 | 652 | 65° | 65° | 65
tsg (ns) 3.0 3.0 3.0 3.0 30 | 302 | 30% | 30% | 3.0?
teos (nS) 45 | 45 45 45 | 45 | 50° | 50% | 50% | 50° |
fonr (MHz) 182 | 182 182 182 | 182 | 1672 | 167% | 167> | 1677
Typical Static Power (mA) 35 35 45 55 55 70 70 75 75
IEEE 1149.1 Boundary Scan Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes
PCI-Compliant 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.

2. Preliminary specifications for new 6.5ns (Tpd) speed grade. 7.5ns speed grade in production now.

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 fe
at high CPLD densities, low power, and supports additional features such as in-system
programmability, Boundary Scan testability, and advanced clocking options (Table 1). T
5 family offers 5-V (M5-xxx) and 3.3-V (M5LV-xxx) operation.

Manufactured in state-of-the-art 1SO 9000 qualified fabrication facilities on E2CMOS pro
technologies, MACH 5 devices are available with pin-to-pin delays as fast as 5.5 ns (Tab
5.5, 6.5, 7.5, 10, and 12-ns devices are compliant with the PCI Local Bus Specification.

2 MACH 5 Family



Table 2. MACH 5 Speed Grades

Speed Grade!

Device -5 -6 -7 -10 -12 -15
M5-1282 C o C I Cl
M5-128/1 c Cl o C I o
M5LV-128 c o o C I |
M5-192/1 c Cl o o Cl
M5-2567 c C C I o
M5-256/1 c Cl o C I o
M5LV-256 c o o C I |
M5-320 C Cl o C I o
M5LV-320 c Cl C I C I o
M5-384 c? cI® o o Cl
M5LV-384 o 1B o C I o
M5-512 c? cI® o C I o
M5LV-512 3 1B Cl C I Cl
Note:
1. C=Commercial grade, | = Industrial grade

2. /1 version recommended for new designs
3. Preliminary specificatons

With Lattice’s unique hierarchical architecture, the MACH 5 family provides densities uj
macrocells to support full system logic integration. Extensive routing resources ensure |
retention as well as high utilization. It is ideal for PAL® block device integration and a w
of other applications including high-speed computing, low-power applications, commu
and embedded control. At each macrocell density point, Lattice offers several 1/0 and |
options to meet a wide range of design needs (Table 3).

Table 3. MACH 5 Package and 1/0 Options 1

M5-128/1 M5-256/1 M5-320 M5-384
M5LV-128 M5-192/1 M5LV-256 M5LV-320 M5LV-384 |
Supply Voltage 5 3.3 5 5 3.3 5 3.3 5 3.3 5

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
208-pin PQFP 160 160 160 160 160 160 16(
240-pin PQFP 184* 184* 184* 184* 184
256-ball BGA 192 192* 192* 192* 192
352-ball BGA 25¢

Note:
1. The I/O options indicated with a “*” are obsolete, please contact factory for more information.
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Advanced power management options allow designers to incrementally reduce power
maintaining the level of performance needed for today’s complex designs. 1/0 safety fe
allow for mixed-voltage design, and both the 3.3-V and the 5-V device versions are in-:
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.
interconnect provides routing among 4 PAL blocks. This grouping of PAL blocks joine
block interconnect is called a segment. The second level of interconnect, the segmen
interconnect, ties all of the segments together. The only logic difference between any t
5 devices is the number of segments. Therefore, once a designer is familiar with one d
consistent performance can be expected across the entire family. All devices have four ¢
available which can also be used as logic inputs.

CLK
Block:

16 MCs 4

Segment: W
N B
[ ]

1

|Block Interconnect |

PZN t
N~ ~ A
Segment Interconnect % %

Figure 1. MACH 5 Block Diagram

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

1/0 cells

O

Product-term array and Logic Allocator

0

0 Macrocells
O Register control generator
O

Output enable generator

I/0 Cells

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

4 MACH 5 Family
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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 PAL devices and c
32 inputs (plus their complements) and 64 product terms arranged in 16 clusters. A cluste
of-products function with either 3 of 4 product terms.

Logic allocators assign the clusters to macrocells. Each macrocell can accept up to eight ¢
three or four product terms, but a given cluster can only be steered to one macrocell (T
only three product terms in a cluster are steered, the fourth can be used as an input to
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
switch matrix by reassigning logic to macrocells to retain pinout as designs change. Th
allocation scheme in the MACH 5 device allows for the implementation of large equatic
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
Mo Co: Cp, Cp, G5, Gy Mg Cs, Ce: C7, Cg, Co, Cyp, Cay, €
M, Co: C1, G, C3, Gy, G5 Mg Ce: C7, Cg, o, Crg, C11, Cpp,
M Co: C1, G2, C3, G4, G5, Cg M1o C7,Cg, Co, C1g, Cp1, Caa, Cy3,
M3 Co: C1, Ca, C3, Cy, Cs, G, G Myy Cs: Co, C10, C11, C1: Ca3, Caa
My Co: C1, G2, C3, Gy, G5, G, 7 M1, Cs: Cg, C10: C11, C12, C3, Gy
Mg C1, G, Cg, Gy, Cs, Cg, C7, Cg My3 Cg: C10 C11, Cp2 C3, Cpg €
Ms Ca, C3, €4, G5, Cg, C7, Cg, Cg M4 C10: C11 C12 Cy30 Cyg Coe
My Cs, C4, Cs, G, C7, Cg, Co, Cog M;s C11, C12 C13, Crg, G5
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Macrocells

The macrocells for MACH 5 devices consist of a storage element which can be configu
combinatorial, registered or latched operation (Figure 3). The D-type flip-flops can be ¢
as T-type, J-K, or S-R operation through the use of the XOR gate associated with each 1

Each PAL block has the capability to provide two input registers by using macrocells 0O
order to use this option, these macrocells must be accessed via the 1/0 pins associated
macrocells 3 and 12, respectively. Once the macrocell is used as an input register, it canne
for logic, so its clusters can be re-directed through the logic allocator to another macro
I/0 pins associated with macrocells 0 and 15 can still be used as input pins. Although th
for macrocells 3 and 12 are used to connect to the input registers, these macrocells can
used as “buried” macrocells to drive device logic via the matrix.

Macrocell

Logic
Allocator

5-8
Clusters/
MC
o ) D e
7

Prog. Polarity

Control Bus

\_ Mode

Selection

Figure 3. Macrocell Diagram

Control Generator

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

6 MACH 5 Family



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)

0 Product-term clock (if clock line 2 does not use clock enable
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NO__lin(0)
NL_lin ()
N2 OUT
NN PTO
U1
Fo o FL
PT (0:2) C>—
PTO SETOR
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N ot ouT |———
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¥\§\N(Z) out 4 CLKIN Fo
IN3) Clock Enable
u3
FO o FL
CLk3
Block
~{> Clock:
0-3
20446G-004 20
Figure 4. Clock Generator Figure 5. Set/Reset Genere

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

MACH 5 Family
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OE Generator

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

Output Enable
Generator

o]y
/\/i

Vee
ki
il

Internal Feedback _ K3

External Feedback

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
device, and at the same time, be easy to understand. This model accurately describes a
combinatorial and registered paths through the device, making a distinction between ir
feedback and external feedback. A signal uses internal feedback when it is fed back into t
matrix or block without having to go through the output buffer. The input register spe
are also reported as internal feedback. When a signal is fed back into the switch matrix af
gone through the output buffer, it is using external feedback.

The parameter, tgr, is defined as the time it takes to go through the output buffer to the
If a signal goes to the internal feedback rather than to the I/O pad, the parameter desi
followed by an “i”. By adding tgr to this internal parameter, the external parameter is
For example, tpp = tppj + tgyr A diagram representing the modularized MACH 5 timing
shown in Figure 7. Refer to the Technical Note entitled MACH 5 Timing and High Spee
for a more detailed discussion about the timing parameters.

(External Feedback)

(Internal Feedback)

COMB/DFF/
LATCH

IN ts (s/a) tppi
[: . . ' th (s/a) tco simyi Q
tsaL tpoLi
tHaL teoni
INPUT REG/ [ tsrR tsri

[t
INPUT LATCH BLK to2 tor fees
tsec tpLa tcenH
tsir(sia)  tcosmi Q
thir (sia)  teouLi tea
tsiL teoni — CE SR ter

i tsRi
tsrRR
tces
teen

|7 CE SR

PIN CLK |:>—<D7

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

The MACH 5 family offers six macrocell densities in a number of 1/0 options. This allows
to choose a device close to their logic density and I/0O requirements, thus minimizing c
the same package type, every density has the same pin-out. With proper design conside
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
This allows functional testing of the circuit board on which the device is mounted throu
scan path that can access all critical logic nodes. Internal registers are linked internally,
test data to be shifted in and loaded directly onto test nodes, or test node data to be cap
shifted out for verification. In addition, these devices can be linked into a board-level s
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: raj
prototyping, lower inventory levels, higher quality, and the ability to make in-field mod
All MACH 5 devices provide in-system programming (ISP) capability through their IEEE
compliant Boundary Scan Test Access Port. By using the IEEE 1149.1-compliant Bound
Test Access Port as the communication interface through which ISP is achieved, custome
benefit of a standard, well-defined interface.

MACH 5 devices can be programmed across the commercial temperature and voltage r:
PC-based LatticePRO software facilitates in-system programming of MACH 5 devices. L:
software takes the JEDEC file output produced by design implementation software, alo
information about the Boundary Scan chain, and creates a set of vectors that are used to
Boundary Scan chain. LatticePRO software can use these vectors to drive a Boundary S
via the parallel port of a PC. Alternatively, LatticePRO software can output files in form
understood by common automated test equipment. This equipment can then be used tc
MACH 5 devices during the testing of a circuit board.

PCI COMPLIANT

MACH 5 devices in the -5/-6/-7/-10/-12 speed grades are compliant with the PCI Local
Specification version 2.1, published by the PCI Special Interest Group (SIG). The 5-V d
fully PCl-compliant. The 3.3-V devices are mostly compliant but do not meet the PCI co
clamp the inputs as they rise above V¢ because of their 5-V input tolerant feature. MA
devices provide the speed, drive, density, output enables and 1/Os for the most compls
designs.

10 MACH 5 Family



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
The 5-V devices will not overdrive 3.3-V devices above the output voltage of 3.3 V, wh
accept inputs from other 3.3-V devices. The 3.3-V devices will accept inputs up to 5.5V
3.3-V and 5-V versions have the same high-speed performance and provide easy-to-use
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
Application Note titled “Hot Socketing and Mixed Supply Design with MACH 4 and MACH 5 Devices”.

BUS-FRIENDLY INPUTS AND 1I/0OS

All MACH 5 devices have inputs and 1/0s which feature the Bus-Friendly circuitry inco
two inverters in series which loop back to the input. This double inversion weakly holds
at its last driven logic state. While it is a good design practice to tie unused pins to a knc
the Bus-Friendly input structure pulls pins away from the input threshold voltage where
cause high-frequency switching. At power-up, the Bus-Friendly latches are reset to a lo
“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 anc
tradeoff can be tailored for each design. The signal speed paths in the lower-power PA
will be slower than those in the higher-power PAL blocks. This feature allows speed crif
to run at maximum frequency while the rest of the signal paths operate in a lower-pow
In large designs, there may be several different speed requirements for different portiol
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 1/0 has an individually programmable output slew rate control b
output can be individually configured for the higher speed transition (3 V/ns) or for the
noise transition (1 V/ns). For high-speed designs with long, unterminated traces, the slow
will introduce fewer reflections, less noise, and keep ground bounce to a minimum. Fc
with short traces or well terminated lines, the fast slew rate can be used to achieve the
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 macrc
configured to SET on a signal from the control generator, then that macrocell will be S
device power-up. If a macrocell is configured to RESET on a signal from the control gel
is not configured for set/reset, then that macrocell will RESET on power-up. To guaran
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initialization values, the V¢ rise must be monotonic and the clock must be inactive unti
delay time has elapsed.

SECURITY BIT

A programmable security bit is provided on the MACH 5 devices as a deterrent to unat
copying of the array configuration patterns. Once programmed, this bit defeats readbac
programmed pattern by a device programmer, securing proprietary designs from comp
Programming and verification are also defeated by the security bit. The bit can only be
erasing the entire device.

12 MACH 5 Family



MACH 5 PAL BLOCK
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BLOCK DIAGRAM — M5(LV)-128/XXX
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BLOCK DIAGRAM — M5-192/XXX
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BLOCK DIAGRAM — M5(LV)-256/XXX

I0jes9Ua9
100U0D

DR

z
10BN
1d 9 4 &3

A

SIIeD O/l -
511290108 “

1d ¥9

101e13U99
101u0D

9T
€

Joye20|ly 21607 pue
feuy 21607 ANY

101200]1 01607 pue
feuy 01607 ANV

Kewy 21607 ANV

ELX Y9 €LX¥9
(43 €
Ym 193UL02I31U %20]9
€ €
J101e00]|y 21607 pue J01e20]|y 21607 pue

Aeiy 21607 ANV

€L%X 49 €LX 49
1d¥9 z€ 1dz « 1d¥9
|onuod l |onuod

S1[90 Off - oT

9T

ST-0 S|1920408N/a %2018

S0 O/l - oT

9T

GT-0 SI[39019B /Y %20|8

I0je18ua9
j01U0D

1d wm#

R

9T
sl180 O/l -

1d v9 3

10121890
j0u0D

101001 21607 pue
fewy 1607 ANV
£LXp9

101200]1 01607 pue
feuy 01607 ANV
€L X9

193UL0213)U] %20|g

€

1012901y 01607 pue
Rewy 21607 ANY

E€LX¥9

Joyedo|ly 21607 pue
Keiy 21607 ANV
ELX¥9

1d v9

10je13U3D
j01U0D

k43

ST-0 S11290198N/a %0018

1d ¥9

.EL

I0je18ua9
1013U0D

190 O/l - oT
T

9

192010BIN/Y %20|9

1O3INNODHILNI LNIWO

3

L T

ST-0 w__wuo_wm_\fo 2019

9T
SII80 O/l -

S|[90010e N “

101BI3U3D
[onuod

01818099 |,

GT-0 SI1900198N/9 %2018

9T

SI18D O/l

9T

|013U0D

S|[20010B

EL

J01B13U9D
[onuod

S|[90010B

199040 N/@ %2018

h:«

101eI2UBD

1d+9 [43 €
Joyesolly 21607 pue Joyedol|y 91607 pue
Keany 21607 ANY Keuny 21607 ANY
ELX¥9 ELX V9
[43 €
Ym 109UU02J33U] %90/
€ €
Joyedoljy 21607 pue Joyedol|y 91607 pue
Keuy 01607 ANV AKeny 21607 ANy
€LX V9 ELXV9
1dv9 23 1dv9 e

L

j0u0D

ST-0 SI1890198N/Y %009

€ INJNO3TS

ST-0 SI192049BN/D 2018

9T
S0 O/l -

511290108 n

10jRI8URD
jo1u0D

1d v9 3

ST-0 S||132040eN/9 %2018

9T

S0 O/l

9T

101RI8URD
j0u0D

[4>3

I0)es0u89
j0u0Q

511290108 “

sll32 o/I

9T

ST-0 SI129019BIN/Q %20|9

1dv9
107800}y 0160 pUR 101800]1y 01607 puUe
Reuy 21607 ANV Keuy 21607 ANV
€LX¥9 €LX¥9
(43 €
vm 199UU02.31U 40|19
z€ (43
J10ye20]|v 91607 pue J0ye00||y 21607 pue
Kely 91607 ANY Keany 216071 ANY
€LX¥9 €LX Y9
1dv9 1dv9 ze

101e13U99
|o1u0D

GT-0 11990198/ 00]9

0 INTJNO3TS

€410
2410
™0
0410

MACH 5 Family

16



BLOCK DIAGRAM — M5(LV)-320/XXX

ST-0 S11390J0BN/D %o0i8

GT-0 SI[82019eN/8 00I8

Jorea]y 21607 pue
Keuy 21607 ANV

Keuy 21607 ANY

ST-0 SI199019BN/D %2019

9T

J0ne18U89 |,
[o1u0)

SII200108 N

1d¥9 4 e

ST-0 SI192019e /8 #2018

9T

sl120 O/l

Jo1e20]1y 01607 pue
Aeay 2160 AN

Joreao]ly 21607 pue
ey 1607 ANV

ST-0 S11990J9BIN/D %o0|8

9T
siI20 O/l -

/1390198 m

1d ¥9 e

0eI8UeD
[o1u0D

ST-0 SI[290198N/8 %o0|8

9T

slI2d o/l

9T

ToERueD | ;
lonuo)

EN»

1d 9

Jo1e20]1y 01607 pue
Aeuy 2160 AN

101830]1y 91607 pue
Keuy 21607 ANV

£LX 19

ST-0 SI|220498N/Q %0018

Idz « 1dv9

ze

lojelauan
j01u0d

S[139010B I

SI90 O/ oT.

oT

ST-0 SI99010B /Y %00I8

ELX V9

ELX P9

JojeIBURD
[onu0D

ST-0 SI120010e/Q 0018

1d h« 1dv9

SRS

101u0D

ST-0 SI1220108 /Y 400Ig

£LX19 £LX 9 €LX Y9 £LX9 €LX 9 £LX9
ze 3 2 e e ze
H] T3aULCa Il o018 + T93UU00IBIU 2018 ?\ 1| 44 TeauucoBIU o0
z e e e z ze
J01820]ly 91607 pue 101830]1y 91607 pUe Joreao)ly 21607 pue J01ed0]1y 21607 pue Joreao)ly 21607 pue 101830]ly 91607 pue
Aeuy 2160 AN Keny 91607 ANY feuy 21607 ANY Aeuy 21607 AN ey 2160 ANV Aeuy 21607 AN

ELX V9

ELX V9

018U
[onuod

ST-0 SI[820198N/Q %00|8

1dv9

JoeIBuaD
101u0D

S1-0 SI129010B /Y 00|18

1D3INNOODYHILNI

ININWO3S

ST-0 SII390498N/D %2018

ST-0 SII290198N/8 %0018

9T

sl O/l

Jo1ea0]y 21607 pue
Aeisy 91607 ANV

Keuy 21607 ANy

ELX Y9

£LX¥9 £LX¥9
z 2
1% 109UU0193UI 0018
ze 3
J0120]|V 21607 pue Joredojly 21607 pue
Aeuy 21607 ANV ey 21607 ANY

ELX¥9

1dv9

I0jeIauan
101U0D

129019B/Q 0018

011209
j011u00

GT-0 SI[82019BN/V 0018

ST-0 SI[99019eN/D %20|8

oT

Joiaua9 |,
[onuod

SI1290108 I

1dv9 %

ST-0 11820498 N/8 %0018

J01e90]1y 91607 pue:
Aeuy 21607 ANV
€LX 49

Jo1ea0]1y 21607 pue
feuy 21607 ANV
£LX9

uu02.83Ul 40|89

z€ W
109
Nm%

143

Jo1e20]1y 0160 pue
ey 2160 AN
£LX 79

Joreaolly o107 pue
Keuy 1607 ANV

ELX Y9

1dv9

Iojessusn
104U0D

ST-0 SI220198N/Q %0018

1dv9

Jojesaua
101u0D

7 INIWO3IS

0 LNIWO3S

MACH 5 Family



€ INJWO3S ¢ INJWO3S T INJWO3S

10 SI1290108 /3 %2018 510 511920198 I/8 %2018 ST-0 S11290J9BIN/D Y90l S1-0 /1900108 N/8 0]8 ST-0 5119901981/ %2018

Eld

ot
Sil20 Off -

SilPo01BIN “

Bl

slled o/ -

Eld

Elg
Sife0 Off -

Silp2019BIN “

9T

ot
ot
Sife0 off -

9T
9T
slied o -

WA

10113089
fonuoo

Io/13UsD
[onu0)

I01I12U89) o118

[oauod

Iowiau89 | ; Jowsauss |,

SilB20 10BN n

9t
ot
120 o -
ot
2

[ [ fonu0d
1d 9 & 1d 9 e 1dv9 e 1dv9 e 1dv9 e 1dv9
J01290]1y 91607 pue J01e20]1y 91607 pue J01220]1y 91607 pue 101230l 91607 pue J01200]1y 91607 pue J0je20l1y 91607 pue
el 91601 ANV Keuy 01601 ANV Aeliy 91607 ANV Keuy 01601 NV feuy o101 aNY feuy 21601 GNY
£LXv9 £LXv9 £LX¥9 £LXv9 £LX¥9 £LX 19
ze v va z ﬁ ze W 3 v va
4l 198UU02IBIU] 40018 imi >4 198UL02IBIU] 0018 198UU02IBIU] %0018 f4—mu
%H Nm% Nm«w Nm«w NmH Nmﬂ
Jorea0(y 21b07 puR J01e00]1y 21607 puE Jorea0(y 21607 pue Jo1e00]1y 21607 pue JoW01y 1607 pue J0je20[1y 91607 pue
feuy 01601 ANV feuy 21607 ANV Aeuy 21601 ANV Keuy 21601 GNY Aeuy 21601 ANY feuy 21601 GNY
A ) A eLxv9 A A
1dv9 z€ 1dv9 2 1dv9 ze ze 1d. « 1dv9 2 1dve 26
L L
ToreiaUes Toeiausg [A{_sipa0en | { sieoomen | ToeiaUe Towiales [ _sieoomen |

jouo) 1onu0D jonuo) ) jouo) )

SilE0010B N “

SiieD off - ot

SiE0010B N “

SileD off - o

SiE001B N “

SO off - 9T

9T

SilD off - 9T

Eld

SilpD off

s

9T

ST-0 11200108/ %0018 ST-0 511920198/ Ho0Ig ST-0 11200198/ %0018 ST-0 SIP20198N/Y Ho0I8 ST-0 11900108/ %0018 ST-0 SII20198N/Y Ho0Ig
L d oo
L1O3INNOODHILNI LNINO3S <38
™o
; . oo
X S1-0 511920198/ 12018 ST-0 S1100198/ %0018 ST-0 SI1920198/D $00I8 ST-0 S11900198/8 %00I8 ST-0 SII300198N/D %0018
X o ot o o oT
VA oT ot ot 9 ot
Q SiBo o - S50 Ol - Si80 Ot - SiBo ot - 55 Oit -
4 9t
Towies ToriRuas Towiouen Towiauen
o0 {_seoonen | {_stoonen | fowod {_sieoonen_} fofod {_steoonEn_} 10809 {_sipo0en | 1oauod {_steooen |
o™ 1dv9 [ e 1dv9 x® 1dv9 ze 1419 ze 1dv9 €
ool 2iboT pue Tora0ily 21boT pue Tor00l 21601 pue Jowoolly olboT pue 012201 21607 pue
feiry 21601 ANY Aeiny 21601 ANV Aeiny 21607 ANV fery 9607 GNY feiny 21601 ANV Keuy 91607 ANV
£LX19 £Lxv9 L) eLxvo £LXv9 £LXv9
wa va Nmﬁ va N«Hu wa
T TR ER ) ] B ST ERT) H] TRuuoYRI T o
Nm“ NM«H NJ Nm“ Nm“ Nm#
o607 pue Towo01ly albo pue o0y 21607 pue J0100]1y 91601 pue Jow20]ly 21601 pue Towsolly albo pue
Kewry 21607 ANV Keuy 21607 ANy Aeuy 21607 ANV Keuy 21607 ANy Keiny 21607 ANV Keuy 21607 ANV
£LXp9 L) £LXv9 £LXb9 ELXV9 £LXb9
1dv9 19 e 1479 e 149 ze 149 ze e
L L L

[}

) [ joau0D 011U

SifeD off - ot

ot

ot

Sif0 Olf - ot

£l

Sif20 Ol - ot

ot

Sil90 Olf -2 SipO off

12

N ot

ST-0 11290198 W/A Y0018

1290198V o019 10 511290J9BN/A Y00l ST-0 S|

¥ INJNOIS S INJWO3S 0 INJWO3S

0019BIN/Y H00I8 ST-0 511390J9BN/Q %0018 ST-0 I

9018/ %0018

Semiconductor
Corporation

BLOCK DIAGRAM — M5(LV)-

MACH 5 Family

18



BLOCK DIAGRAM — M5(LV)-512/XXX

inued

Cont

Jofesaueo |,
lonuod

JojessuD
[0)u0D

5/[990.108 N “

1d 9 ﬁ e

Joyed0||y 91607 pue
Keuy 21607 ANV
ELXV9

L

S|[990108 “

e

1dv9

Joyedo||y 21607 pue
Keuy 21607 ANy

ELXV9

€

[43

199UU09J31U] 390|g

=

e
f——

Joreso)jy 21607 pue
Keiy 21607 ANV

ELX V9

(23
——N

J0eI9UD
|onuoD

GT-0 SI[990198N/Q %2018

Jojedo]ly 21607 pue
Keuy 21607 ANV
ELXV9

1dv9 ze

Iojessuan
|onuo0d

SII8D O/l

9T

9T

EE«

GT-0 SI[99049e /Y %20|g

30 1d

Jojeraus |,
[0U0D

1dZ

4

S|[990108 “

€

1dv9

301d2¢

Jojesau9 |,
|onuoD

1d 2z 1d 9

51990108

[43

J01e20|ly 21607 pue
Aeuy 21607 ANV
ELX¥9

Jojedojly 21607 pue
Keury 21607 ANV
ELXV9

€

108UU00181U| %90|g

ml

€
N

€

—

J01e20]1Y 91607 puEe
Keuy 21607 gNY

ELXV9

Jojedolly 21607 pue
Keuy 21607 ANV

ELX¥9

Jon

[onuod

1dve ze

ISUSD

GT-0 S|199019N/A %2019

1d v9

JISEIENES)
jonuod

ce

ST-0 SII990I9BN/Y %20|g

ININO3IS

GT-0 SII32019BN/D %2019

9T

SII®D O/l

9T

J0eI8U9 |,

S|[990108 N

9T

SR o/l

ST-0 SI192010BN/G %20|9

9T

J01eI8UD

GT-0 SI132019BN/D X20|9

9T

9
SI130 O/ -

S1920108 m

GT-0 SII92010e /g %0019

9T

SIIRD O/

9T

10je18U9D

FISCIENE)
jonuoD

ST-0 SI132019BN/Q X20I9

lojessuan
jonu0D

9T

ST-0 S|I132019BN/V X20|g

FISCIEIERY
|onuoD

S0 O/l or

9T

v

ST-0 SI192019BN/Q %20|g

|onuod lonuod lonuod E
1d 9 &3 1dv9 &3 1d¥9 &3 1dz » 1dv9 ce
103820 21607 pue Jo1ed0)|y 91607 pue J101e20]| 21607 pue J01e20||y 21607 pue
Keury 21607 ANV Keny 21607 ANV Keny 21607 ANV Keny 21607 ANV
ELXY9 ELXY9 €LX¥9 €LXY9
ce e 43 €
Ym 1093UU02I33U %00|g : Tm 108UU02131U| %00|9
ce e (43 [43
fe————— for————— fe————— f——————
J101e00]|y 91607 pue J1o1ed0]|y 91607 pue J101e00]|y 91607 pue J101e00]|y 91607 pue
Keuy 21607 ANV Kewy 21607 ANV Keuy 21607 ANV Kewny 21607 ANV
ELXV9 ELX V9 ELXV9 ELXV9
1d ¥9 2 L1dv9 28 L1dv9 2 1dv9 2

lojesuan
[onuod

GT-0 S|I930198N/V %2018

L INJNO3S

0 LNINWO3S

MACH 5 Family



N ~ 301dC X
Jojesaua L
ooy e {SiEsoren ]
1dv9 ﬁ ce 1d b9 1d 9 » e 1dz 1dv9 &3
J101e00||y 91607 pue Jojes0|y 21607 pue J101e00)|y 91607 pue 10120y 91607 pue
Keury 21607 ANV Keury 21607 ANV Aeny 21607 ANV Keuy 01607 ANV
ELXVY ELX P9 ELX V9 ELXV9
€ [43 v € €
Ym 108UU02.31U| %20|g E —02 108UU02.31U| %20|g
[43 [43 2z €
fe————— T f———— f—
J101e20]|y 91607 pue J101200|| 91607 pue 10120y 91607 pue Joyeso|ly 2160 pue
AKeuy 21607 ANy Aeury 21607 ANy AKeuy 21607 ANy Aewry 21607 ANy
€L X V9 ELXV9 €L X V9 ELXV9
1dv9 26 1d L « 1d ¥9 2 1dv9 2 1d L « 1d v9 2
L
Joje1ausD I0jRIBUBD [ siieoomeN | I0R18U8D 107RI8UD [ sieoosen |
|lohuo) |onuod |o4uo) |05u0D 9T
b b
9T sle2 on 9T 9T
o
[ [ [ [
GT-0 SI199042BN/Q %2019 GT-0 SI1390J9B /Y 0018 GT-0 S|1320428N/Q %2019 GT-0 S|139040B\/V %0018
Jl L J| L
I ! I !
1 r 1 r
ST-0 SI[9909e/D 009 ST-0 SII22010eN/g X20Ig ST-0 SII2040e/D %008 GT-0 SII990198 /8 40018
| | |
9T 9T 9T
9T 9T 9T
SI130 O/ SI18D O/l SIIRD O/
X [} x| 301dz or l X
lojessueo |, ! lojeseus |,
e T onseo e Ssorn ]
1d v9 1dv9 e 1d 79 € 1dv9 e
101e00|1 21607 pue 10ye00]l 21607 pue Jojedo|ly 21607 pue Joyedo]ly 21607 pue
Keuy 21607 ANV Keuy 21607 ANV Keuy 21607 ANV Keuy 21607 ANV
ELX Y9 €LX¥9 €LXY9 ELX Y9
43 € 43 43

Tm 193UU0219)U] %20|g __ Ym 198UU02181U] %20|g u

ze e e [23
T I —— T  —

10120y 91607 pue 101e20|| 21607 pue 101820 21607 pue J101e20]|V 91607 pue
Keny 21607 ANV Keuy 21607 ANy Keury 21607 ANV Keuy 21607 ANV
ELXV9 ELXV9 ELXV9 €LXVY
1dZ « 1d 9 2 1d /L « 1dv9 1d L « 1d ¥9 2 1dv9 2
L L
e -nlv ) |onuod |onuod |onuod
° v
€55 |
o
T= SlId2 o/l
— { swoon ot 9T
“m .-nunv. 9T
5 | |
0
no
m ST-0 S1199019BN/Q %20I9 ST-0 SI199019B /Y %208 ST-0 SI[990498N/Q %2018 ST-0 SII99049B/V %208
— m
m

S IN3JNO3S 9 INTJNO3S

BLOCK DIAGRAM — M5(LV)-512/XXX

Continued
MACH 5 Family

20



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 .. ......... -0.5Vto+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 (Tp)

Operating in Free Air. . ............. C
Supply Voltage (V¢c)
with Respect to Ground. . ....... +4.75 \

Industrial (I) Devices

Ambient Temperature (Tp)

Operating in Free Air. . ............ -4C
Supply Voltage (V¢c)
with Respect to Ground. . .. ....... +4.5

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

5-V DC CHARACTERISITICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Description Min | Typ | N
Output HIGH Voltage lop =-3.2mA, Ve = Min, Viy=VyorVy, 2.4
(For M5-128/1, M5-192/1, M5-256/1, M5-320,
Vou M5-384, M5-512 Devices) low = 0 mA, Ve = Max, V= Vi or vy,
Output HIGH Voltage loy =-3.2mA, Voo = Min, Viy =Vyor Vv 2.4
(For M5-128, M5-192, M5-256 Devices) loy =-2.5MA, Voo = 5.25V, Vi = Vjgor V.
VoL Output LOW Voltage (Note 2) lg = +16 mA, Ve = Min, Vi = Vi or V. (
Viy Input HIGH Voltage ((sltljgtr:r;t)eed Input Logical HIGH Voltage for all Inputs 20
v, Input LOW Voltage ((SItljztr:r;t)eed Input Logical LOW Voltage for all Inputs
IH Input HIGH Leakage Current Viy =5.25, Ve = Max (Note 4)
n Input LOW Leakage Current Vin =0, Ve = Max (Note 4)
lozy Off-State Output Leakage Current HIGH Vout = 5.25, Voo = Max, Vi = Vjy or Vi (Note 4)
lozL Off-State Output Leakage Current LOW Vour =0, Ve = Max, Vi = Vjy or V. (Note 4)
Isc Output Short-Circuit Current Vout = 0.5 Ve = Max, Vi =V or V) (Note 5) -30
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 M!

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

o s~ Db

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

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

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

MACH 5 Family



ABSOLUTE MAXIMUM RATINGS

M5LV

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

with Respectto Ground .. ......... -05Vto+45V
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. . ............. C
Supply Voltage (V¢e)
with Respect to Ground . . ......... +3.0

Industrial (I) Devices

Ambient Temperature (Tp)

Operating in Free Air. . ............ -4C
Supply Voltage (V¢c)
with Respect to Ground. . ......... +3.0

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

3.3-V DC CHARACTERISITICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Description Min Ma
Vou Output HIGH Voltage Yoo =Min lon = 100 pA Yo 0.2
Vin= Vikor ViL loy = 3.2 mA 2.4
VoL Output LOW Voltage Voo = Min lo = 100 A 0
Vin= VigorViL lop =16 mA (Note 1) 0.f
ViH Input HIGH Voltage Vout 2 Von Min or Vgt < Vo Max (Note 2) 2.0 5.
ViL Input LOW Voltage Vout 2 Vo Min or Vg < Vo Max (Note 2) 0.3 0.6
m Input HIGH Leakage Current Viy = 3.6, Ve = Max (Note 3) 1(
n Input LOW Leakage Current Viy =0, Ve = Max (Note 3) -1
lozH Off-State Output Leakage Current HIGH | Voyr = 3.6, V¢ = Max, Vi = Vi or V) (Note 3) 1(
lozt Off-State Output Leakage Current LOW | Vgyr =0, Ve = Max, Vi = Vi or V) (Note 3) -1
Isc Output Short-Circuit Current Vour = 0.5 Ve = Max, Vy = Vg or V) (Note 4) -15 -16
Notes:

1. Total lo, 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 il

2
3. 1/O pin leakage is the worst case of I, and gz or I}y and lgzy.
4

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

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

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Mil
Combinatorial Delay:
topi (Ijr;tlzglnal combinatorial propagation 35 45 55 8.0 10.0 13.0
tep Combinatorial propagation delay 55 6.5 7.5 10.0 12.0 15.0
Registered Delays:
tss Synchronous clock setup time 30 30 4.0 5.0 6.0 8.0 10.
tsa Asynchronous clock setup time 3.0 3.0 4.0 5.0 6.0 7.0 8.C
ths Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 0.0
tha Asynchronous clock hold time 3.0 30 4.0 5.0 6.0 7.0 8.
tcosi | Synchronous clock to internal output 25 30 4.0 5.0 6.0 8.0
tcos | Synchronous clock to output 45 5.0 6.0 7.0 8.0 10.0
tcoai | Asynchronous clock to internal output 6.0 6.0 8.0 10.0 13.0 15.0
tcoa | Asynchronous clock to output 8.0 8.0 10.0 12.0 15.0 17.0
Latched Delays:
tsy. | Latch setup time 30 4.0 4.0 5.0 6.0 7.0 8.
tha | Latch hold time 30 30 4.0 5.0 6.0 7.0 8.C
topij | Transparent latch internal 6.0 7.0 7.0 8.0 9.0 10.0
top, :;rtgﬁagation delay through transparent 8.0 9.0 9.0 10.0 11.0 12.0
tconi | Gate to internal output 7.0 8.0 8.0 9.0 10.0 11.0
tcon | Gate to output 9.0 10.0 10.0 11.0 12.0 13.0
Input Register Delays:
Input Latch Delays:
tor Input latch setup time 20 20 20 30 30 30 3.0
tye | Input latch hold time 6.0 6.0 6.0 7.0 7.0 7.0 7.0
topyj | Transparent input latch 5.0 5.0 55 6.0 6.0 6.0
Output Delays:
tgye | Output buffer delay 20 20 20 20 20 20
tqw | Slow slew rate delay 25 25 25 25 25 25
tea Output enable time 75 75 95 10.0 12.0 15.0
ter Output disable time 75 75 95 10.0 12.0 15.0
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES?! (CONTINU

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

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Mil
Power Delays:
toy | Power level 1 delay (Note 2) (gzg) 4.0 (g:g) (g:g) (g:g) (g:g)
top | Power level 2 delay (Note 2) (g:g) 6.0 (g:g) (g:g) (g:g) (g:g)
to3 | Power level 3 delay (Note 2) (37‘2) 9.0 (?7'2,) (?7'2,) (?7..2) (ig)
Additional Cluster Delay:
tor Product term cluster delay | | 0.3 | | 0.3 | | 0.3 | | 0.3 | | 0.3 | | 0.3 |
Interconnect Delays:
tgx | Block interconnect delay 15 15 15 20 20 20
tseg | Segment interconnect delay 45 45 5.0 6.0 6.0 6.0
Reset and Preset Delays:
e /:sg;;igrr(;r;?;jtreset or preset to internal 6.0 8.0 8.0 10.0 120 14.0
e g\zyiglcj?ronous reset or preset to register 8.0 100 100 120 140 16.0
tser | Reset and set register recovery time 55 75 75 8.0 9.0 10.0 11.
tspw | Asynchronous reset or preset width 3.0 4.0 40 5.0 6.0 7.0 8.
Clock Enable Delays:
tegs | Clock enable setup time 4.0 5.0 5.0 6.0 7.0 7.0 8.0
tcen | Clock enable hold time 30 4.0 4.0 5.0 6.0 6.0 7.0
Width:
tyrs | Global clock width low (Note 3) 25 30 30 4.0 5.0 6.0 6.
tyns | Global clock width high (Note 3) 25 3.0 3.0 40 5.0 6.0 6.
tya | Product term clock width low 30 4.0 4.0 5.0 6.0 7.0 8.0
twsa | Product term clock width high 30 40 4.0 5.0 6.0 7.0 8.
tyir | Input register clock width low or high 30 4.0 4.0 5.0 6.0 7.0 8.
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES! (CONTINU

-5 -6 -7 -10 -12 -15
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Mir
Frequency:
External feedback, PAL block level. Min
' 133 125 100 83.3 714 55.6 45,
of 1/(tys + twws) or L/(tss + teos)
Internal feedback, PAL block level. Min
f y 182 167 125 100 83.3 62.5 50.
MAX | of 1/(tys + tws) OF 1/(tss +os)
No feedback PAL block level. Min of
200 167 167 125 100 83.3 83..
U(tws + twhs) or 1/(tss + ths)
External feedback, PAL block level. Min _
’ 91 91 714 58.8 47.6 41.7 35.
of 1/Ctyia + twna) O 1/(tsa + teon)
Internal feedback, PAL block level. Min
f . 111 111 83.3 66.7 52.6 455 38.
MAXA | of 1/(tiyua + tigpn) OF 1/(tp +tooni)
No feedback, PAL block level. Min of
' 167 125 125 100 83.3 714 62.!
Ui + twia) Or /(tsp + tha)
Maximum input register frequency
f 167 125 125 100 83.3 714 62.
MAXL | 1(tsisHuiRs) OF 1/(2 X )
Notes:

1. See “MACH Switching Test Circuits” documentation on the Lattice Data Book CD-ROM or Lattice web site.
2. Numbers in parentheses are for M5-128, M5-192, M5-256.
3. 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
Cin I/CLK pin Viy=2.0V 33Vor5V,25°C, 1 MHz 12
Cio 1/0 pin Vour =2.0V 33Vor5V,25°C, 1 MHz 10

1. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design ism
these parameters may be affected.

lcc vs. FREQUENCY

These curves represent the typical power consumption for a particular device at system f
The selected “typical” pattern is a 16-bit up-down counter. This pattern fills the device
exercises every macrocell. Maximum frequency shown uses internal feedback and a D-
register. Power/Speed are optimized to obtain the highest counter frequency and the Ic
power. The highest frequency (LSBs) is placed in common PAL blocks, which are set tc
power. The lowest frequency signals (MSBs) are placed in a common PAL block and se
lowest power. For a more detailed discussion about MACH 5 power consumption, refe
application note entitled MACH 5 Power in the Application Notes section on the Lattice L
CD-ROM or Lattice web site.

lcc CURVES AT HIGH /LOW POWER MODES

VCC:5V0r3.3\/,TA:250C

700 — M5(LV)-512 high
600 —
M5(LV)-384 h
500 — /
_. 400 —
<
E
3
= 300 —
\ M5-192/1 |
000 | M5(LV)-512 low power M5-128/1 and M5LV-128 |
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
I I I I I I I I I I

o o o o
— N ™

o o o o o o
< Yol {e] N~ [c¢] (@]

100
110
120
130
140

Frequency (MHz)

Figure 8. Icc Curves at High/Low Power Modes
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Icc (MA)
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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)
M5-128 oo Jao M5-12¢
M5LV-128* I78532¢ aR3z88aa M5LV-128
leleolojojojleolo)e) [eleolojojlojeoleNe)
M5-192* $22329%% 2332IRey Ms-102¢
[eleololololeoleoNe) ANNANANNANNN
M5-256* NOWST N OdNMIN O~ M5-256*
M5LV-256 gggggggg ;‘,gé%g;‘,%% M5LV-256
58833233 22 BBRHBIBDBD
00000000 0ZZ 800000000
S=======>00>========
OOO)CDI\LDLOQ‘MNHOG)COI\QDLO?(‘ON\—C
ammmmmmmovmmoocooooooooocooooo
GND |1 80| [ GND
GND T | 2 79| — GND
TDI |3 78| — TDO
0Al14 | 0A12 | 0A12 1100 — | 4 77| /051 | 3A12 | 2A12 | OD1
0B13 | 0B13 | 0B13 1101 —] |5 76| 1 1/050 | 3B13 | 2B13 | OC1
0B12 | 0B12 | 0B12 1102 —] | 6 75| 1 1/049 | 3B12 | 2B12 | OC1
0B11 | 0B11 | 0B11 o3 — |7 74| [ /048 | 3B11 | 2B11 | OC1
0B8 | 0B8| 0B8 1104 T |8 73| [ /047 |3B8 |2B8 | OCE
0B7 | OB7 | OB7 1105 T | 9 72| 1 1/046 | 3B7 |2B7 | OC7
OB4 | 0B4 | 0B4 1106 ] | 10 71| /045 |3B4 |2B4 | 0CA
0B3 | 0B3| 0B3 1107 | 11 70| 3 1/044 | 3B3 |2B3 | OC:
0B2 | 0B2| 0B2 1108 T | 12 69| [ 1/043 |3B2 |2B2 |0CZ
10/CLKO ] | 13 68| [ I3/CLK3
Voe T | 14 67| [—J GND
Voo | 15 66| 1 GND
GND ] | 16 65| 3 Vcc
GND [ |17 64| 3 Vce
11/CLK1 ] | 18 63| [ 12/CLK2
1B2 | 1B2 | 1B2 1109 T | 19 62| [ 1/042 |2B2 |2C2 |1Cz
1B3 | 1B3 | 1B3 11010 ] | 20 61| 1 1/041 |2B3 |2C3 | 1C3
1B4 | 1B4 | 1B4 11011 . | 21 60| [ 1/040 |2B4 |2C4 | 1C4
1B7 | 1B7 | 1B7 11012 T | 22 59| [ /039 |2B7 |2C7 |1C7
1B8 | 1B8 | 1B8 11013 ] | 23 58| [ 1/038 |2B8 |2C8 | 1CE
1B11 | 1B11 | 1B11 11014 T | 24 57| [ /037 | 2B11 | 2C11 | 1C1
1B12 | 1B12 | 1B12 11015 T | 25 56| [ 1/036 | 2B12 | 2C12 | 1C1
1B13 | 1B13 | 1B13 11016 ] | 26 55| [ /035 | 2B13 | 2C13 | 1C1
1A14 | 1A12 | 1A12 11017 . | 27 54| [ 1/034 | 2A12 | 2D12 | 1D1
TCK ]| 28 53| [ TMS
GND ] | 29 52| [ GND
GND ] | 30 51| [—J GND
THTANMNMTOONODDDOANMT O ONOOO
NOMNMOOOHOHOMNMMNISTITTITTITITTTTWO
OO ANMITL ON N O~V O HNM
HA NN N NN N UZZ ONANANNMMMM
QQQOQOQQEO>FE>22090009009
M5-256* NOWUWTONAAO OdNME D ON M5-256*
M5LV-256 33333338 JIIIFITT M5LV-256
102" $£23293¢2 85883885 us-102°
AA A A A AAA ANANANANNNNN
M5-128 3992533 88358333 M5-12¢
MS5LV-128* SIS S===<00805 M5LV-128’
*Package obsolete, contact factory.
20446G-01
Pin Designations
CLK = Clock Vee = Supply Voltage 3 D 15
GND = Ground TDlI = Test Data In |
| = Input TCK = Test Clock Macrocell
I/0 = Input/Output TMS = Test Mode Select PAL Block
NC = No Connect TDO = Test Data Out
Segment (
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100-PIN TQFP CONNECTION DIAGRAM - 68 I/0

Top View
100-Pin TQFP (68 1/0)
M5-128 SYdwr~<sma N ~ood 9
= LI [agayaNaNaaNala)
M5LV-128 SSSoooS oo SRR
M5-192 22232428 LILLILLR M5
[sNeoNeoNeNeoNeNeNe) NN NNNNNN
M5-256 NOUSTON O OHN®MT DO~ M5-256
M5LV-256* TR SESSSSSIS M5LV-256*
0o 588323883 o222, . BBRHBBIBDO
Z22Z20 zZz =2 (6] z
5522202020202 LEFS22R228R228LQ5
O 8885883868588 858838388RRKE
oI/ |1 75 | [ GND
0A14 | 0A12 0A12 1100 ] 2 74 [ TDO
0B13 | 0B13 | 0B13 1101 —1 | 3 73 | 3 /051 3A12 | ¢
0B12 | 0B12 0oB12 /02— | 4 72 1 1/050 3B13 | :
0B11 | 0B11 | 0OB11 1103 —] |5 71 1 1/049 3B12 | :
0B8| 0B8 0B8 1104 6 70 1/048 3B11 | :
oB7 0oB7 0oB7 1105 ] 7 69 [ 1/047 3B8 :
0B4| 0B4 0B4 1106 | | 8 68 | [ 11046 3B7 :
0B3| 0B3 0B3 1/07 9 67 11045 3B4 :
0B2| 0B2 oB2 1108 ] | 10 66 | [ 1/044 3B3 :
10/CLKO 11 65 1/043 3B2 :
Vce 12 64 13/CLK3
GND ] | 13 63 | 1 GND
GND 14 62 Vce
11/CLK1 15 61 12/CLK2
1B2 1B2 1B2 1109 ] | 16 60 | [—1 11042 2B2 :
1B3 1B3 1B3 /1010 ] | 17 59 1 1/041 2B3 y
1B4 1B4 1B4 /011 ] | 18 58 | [ 1/040 2B4 :
1B7 1B7 1B7 11012 ] 19 57 —11/039 2B7 :
1B8 1B8 1B8 11013 ] | 20 56 | 1 1/038 2B8 y
1B11 | 1B11 1B11 11014 ] 21 55 1 1/037 2B11 |
1B12 | 1B12 1B12 11015 T | 22 54 | 1 1/036 2B12 |
1B13 | 1B13 1B13 11016 ] | 23 53 | ] 1/035 2B13 |-
1A14 | 1A12 1A12 11017 1 | 24 52 1 1/034 2A12 |-
TCK ] | 25 51 1 TMS
O~V OAdNMITONONODDOANMT N OMNDOODO
NANANNOOOOOHOOHOOOHOOOMOISTITTT TSI TS I 0
NAOOOOCdANMNMILNO 0NN VONMNODOIOANMAN
5500000000°>55>0000888655
M5-256 £22323<% 27323288 M5-256
M5LV-256% [ = e i R e i NaNaNNNNNN MB5LV-256*
~NOo<SSMAN O OHN(‘OEBSE
M5-192 $3333338 SEEEERRE M5
M5-128 99degIee aR358=98
MB5LV-128 iii\—iﬁﬁx—iﬁ HHH-—!HQSQ
*Package obsolete, contact factory.
Pin Designations
CLK = Clock Vce = Supply Voltage 3 D 15
GND = Ground TDI = Test Data In |
| = Input TCK = Test Clock Macrocell
I/0 = Input/Output TMS = Test Mode Select PAL Block
NC = No Connect TDO = Test Data Out
Segment (
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» Corporation

100-PIN TQFP CONNECTION DIAGRAM - 74 1/0

Top View
100-Pin TQFP (74 1/0)
M5LV-128 9998 0cun~ngoa daNomt~o NS
AL [ayayagaNaNalalalya)
[eNeoNeolololoNeoNoNoNe] eNeoNeoloNoNoNeNelNel
M5LV-256 ~NowTmadooS Socamsmaonr M5LV-
ACICICICICICOND OCCACICIICICLC
[eNeoNeololololNeoNolNelNe MMmMmMMmMMmMMMMmMM
g&ﬁﬁ&%%gggg05508338%%B$£§
522929000000£559000900999095
O
TDI 1 GND
0A14 0A12 1/00 2 TDO
0B13 0B13 1/01 3 1/054 3
0B12 0B12 1102 4 1/053 3
0B11 0B11 1/103 5 1/052 3
0B8 0B8 1104 6 /051 | 3
0B7 0B7 1105 7 /050 | 3
oB4 0B4 1/06 8 11049 3
0B3 0B3 1107 9 1/048 3
0B2 0B2 1/108 11047 3
10/CLKO 11046 | 3
Vee 13/CLK3
GND GND
GND Vce
11/CLK1 12/CLK2
1B2 1B2 1/109 1/045 2
1B3 1B3 1/010 1/044 2
1B4 1B4 /011 1/043 2
1B7 1B7 11012 11042 2
1B8 1B8 1/013 11041 2
1B11 1B11 /1014 11040 2
1B12 | 1B12 | /015 11039 |2
1B13 1B13 1/1016 1/038 2
1A14 1A12 1/1017 1/037 2
TCK TMS
NOOOAdNMNMSTLOLON OANN VOO ANMS LW O©AN
ZHHNNNNNNNNOZZUNNM(")C")MMM(‘YJZ
0290000 QOO0>Ep>220000000¢
————————— — e |
M5LV-256 $823294%8=3 N2LI2ILER MS5LV-
A dddddd 00 ONNNNNNNN
— - N
M5LV-128 M ANdOoOONSMAN A NI~ 00OANM
22243333385 888883323aa
L B B I ] L B B ]
Pin Designations
CLK = Clock Vee = Supply Voltage 3 D 15
GND = Ground TDI = Test Data In |
| = Input TCK = Test Clock Macrocell
I/0 = Input/Output TMS = Test Mode Select PAL Block
NC = No Connect TDO = Test Data Out Segment (
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144-PIN PQFP CONNECTION DIAGRAM
Top View

144-Pin PQFP
M5-128 I9%0core wsoNodo ocdamgw oroodND
" LTI <<« [afaNaNafalaliilaNalagafayaga)
M5LV-128 [SESESE NN IR NN NeNe] OO0O0OO0O0O0 OO0O0oooo
MS5-192* SSwr\wmv M NN®M S~ oo::ﬁgmm vmmr\w?«: !
LI £ <0000 0000gCsE I<IIICT L
OO0 oocooo o o o oo oocoonNN NANNNNNN
M5-256* ~NOWwST N o mwr~ooS STdor~<m HdN®MS DO~ MS-256*
MSLV-256° 2243433 585588 BES888 33833353 MSLV-256°
MmN O
2 ,9552885088338% 022 288588233 FBRL o2
§$0508080085080888835585880605558088664%3
OWMN1—1Omwl\LOLn?mNHOC)CDV\QOL{)?MNHOCDWI\OLOWO’)NHOG)
T TTOONONOMMOOMOMOMOMOANNNANNNNANNNAAAAAAAAAAO
T AT A A A A A A A A A A AAAAAAAAAAAAAA A A A A A A A
™I — |1 108 TDO
0A14 | 0A12 | OA8 1100 —— |2 107 11077 3A8
0B13 | 0A13 0A9 /01 —— |3 106 11076 3A9
0B12 | 0A14 | 0A10 102 —— |4 105 11075 3A10
0B11 | 0B13 | 0A1l 103 —— |5 104 11074 3A11
0B10 | 0B12 | 0OA12 1104 —— |6 103 11073 3A12
GND — |7 102 GND
0B8 | 0B11 | 0B13 1105 —— |8 101 11072 3B13
0B7 | 0B8 | 0B12 o6 —— |9 100 11071 3B12
0B6 | O0B5 | 0B11 1107 — | 10 99 11070 3B11
0B5 | 0B4 | 0B8 /o8 — |11 98 11069 3B8
GND — |12 97 GND
0B4 0B3 0B5 1109 — |13 96 11068 3B5
0B3 | 0B2 | 0B4 /010 — | 14 95 11067 3B4
0B2 0B1 0B3 /011 — | 15 94 11066 3B3
0Bl | 0BO | 0B2 /012 — | 16 93 11065 3B2
10/CLKO — | 17 92 I13/CLK3
Vee 1 | 18 91 GND
GND ] | 19 90 Vee
11/CLK1 — | 20 89 12/CLK2
1B1 | 1BO | 1B2 /1013 — |21 88 11064 2B2
1B2 | 1B1| 1B3 /1014 — | 22 87 11063 2B3
1B3 | 1B2 | 1B4 /015 — | 23 86 11062 2B4
1B4 1B3 1B5 /016 — | 24 85 11061 2B5
GND — |25 84 GND
1B5 | 1B4 | 1BS8 1017 — | 26 83 11060 2B8
1B6 | 1B5 | 1B1l1 /1018 — | 27 82 11059 2B11
1B7 | 1B8 | 1B12 /019 — | 28 81 11058 2B12
1B8 | 1B11 | 1B13 11020 — | 29 80 11057 2B13
GND — | 30 79 GND
1B10 | 1B12 | 1A12 11021 — | 31 78 1/056 2A12
1B11 | 1B13 | 1A1l 1022 — | 32 77 11055 2A11
1B12 | 1A14 | 1A10 11023 — | 33 76 1/054 2A10
1B13 | 1A13 | 1A9 11024 T— | 34 75 11053 2A9
1A14 | 1A12 | 1A8 11025 —— | 35 74 11052 2A8
TCK — | 36 73 | /—— T™MS
NODOTdTNMTLONVDOANMTILONDVDNAOANMITHONONDO N
MOMSTITTITITITTITTTLLOLLLOOWOLWOWOL © O©O©O©O©O©OWOOON~NSNS
0 BENBRBHY BE5B 8008897993099 52237 80
§>90090000 0000>55>00000050000000>5
~NOonsS N ~ 0 — N <t ™ < o~
Ms-256* 333335 949993 S5R888 3338 M5-256+
M5LV-256* — NN M5LV-256*
2925223 29533 838988 3885828%
M5-192% $$HHHHH A Ao HQQQNN NNNN eg |
MS-128 29992%¢ 2339=g 838588 8582583
" LT AAA A A A A A AddAdAdAA Add0 [aja)
M5LV-128 B I == ==
*Package obsolete, contact factory.
Pin Designations
CLK = Clock Vee Supply Voltage 3 D 15
GND = Ground TDI Test Data In |
| = Input TCK = Test Clock Macrocell
I/0 = Input/Output TMS Test Mode Select PAL Block
NC = No Connect TDO Test Data Out
Segment (
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:Lattice

1 Semiconductor
Corporation

144-PIN TQFP CONNECTION DIAGRAM

Top View
144-Pin TQFP
M5LV-128 2ﬁ:ooorxno LYTONAdO O HN®MY LW nov\coajﬁclg
LA LI L [ayaNaNaNaNal [ayayayajaNalNal
Soo<C<Oo oo [eNeoNoNeoNe) [eNeNeoNeoNeNe] OO O0OO0OO0OO0OOo
MS5LV-256 NOWUWS N mwr\oo:'cf—\l« Ng < ™ - < 0O~ M5
L [ayaNaNaNala) [a)a) [ala) < < LI
[eeololoNeoNeNa] [N NeNe) o m m m o m Mmoo
MO N O
0 ES558850883888 402 438858803 8888R8 40
52020200005 2020000 5592202020 FRRR00200 L5
03995838588389580858838358358594395523
T A A A A A A A A AAAAAAAAAAAAAAAAAAAAAAAAAA
TDlI —— 1 108 —— TDO
0A14 0A8 1/100 — 2 107 —— /077
0B13 0A9 1101 —— 3 106 — /076
0B12 | OA10 1102 — 4 105 —— /075
0B11 | OAll 1/103 — 5 104 —— /074
0B10 | 0Al12 1104 — 6 103 —— /073
GND 7 102 — GND
0B8 | 0B13 1/05 — 8 101 — /072
0B7 | 0B12 1106 — 9 100 — /071
0B6 | 0B11 1107 — 10 99 —— /070
0B5 0B8 1108 — 11 98 —— /069
GND 12 97 — GND
0oB4 0B5 1109 13 96 —1 /068
0B3 oB4 11010 — 14 95 —— /067
0B2 0B3 11011 —— 15 94 —1 1/066
0B1 0oB2 11012 —— 16 93 —1 1/065
10/CLKO — 17 92 — 13/CLK3
Vee T—1 | 18 91| [—23 GND
GND 1 |19 90 | /3 Vcc
11/CLK1 — 20 89 — 12/CLK2
1B1 1B2 1/013 — 21 88 —1 1/064
1B2 1B3 11014 T——] 22 87 —1 1/063
1B3 1B4 1/015 — 23 86 —1 1/062
1B4 1B5 11016 T—] 24 85 —1 /061
GND —] 25 84 — GND
1B5 1B8 11017 — 26 83 /1 1/060
1B6 | 1B11 11018 T—] 27 82 —1 1/059
1B7 | 1B12 11019 ——] 28 81 —1 1/058
1B8 | 1B13 11020 —] 29 80 /1 1/057
GND —] 30 79 1 GND
1B10 | 1A12 11021 ———] 31 78 — 1/056
1B11 | 1A11 11022 T—] 32 77 — 1/055
1B12 | 1A10 11023 —] 33 76 —1 1/054
1B13 1A9 11024 —] 34 75 — 1/053
1A14 1A8 11025 —] 35 74 — 1/052
TCK — 36 73 — TMS
SRR ITIRILEL RN BIBBERDBTSBIBEEBIREN
O VONVIOANAMNMITLOND 0NN QOO NMOTANLONODO A 0N
ZO0NANNNDNNZ0DMNMNMM O 0mMFIIITII>SISIIISTWOW O
5>00000005000000>FH>00000050000000>5
~NOWn<MAN A NI~ N N - 52 O~
MS5LV-256 33333335 595588385 aa S SIS M5
o~ NN
M5LV-128 9902258 23249742 828 a8 3
5555\—1‘—1-4 A — - — 9'
Pin Designations
CLK = Clock Vee = Supply Voltage 15
GND = Ground TDI = Test Data In |
| = Input TCK = Test Clock Macrocell
I/0 = Input/Output TMS = Test Mode Select PAL Block
NC No Connect TDO Test Data Out Segment (
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160-PIN PQFP CONNECTION DIAGRAM
Top View

160-Pin PQFP (128, 192, 256 Macrocells)

M5-128 MmN Ao o-dNm
ddd9doQn© wLTONHO OHN® YW OO
M5LV-128 LI LI [ajayayayaya] [ayajayayajajyaja)
SSSoooSSo SSSooo [SESESR-R=%<] SoS6S60000
M5-192 JdS9cwr~cus NN ™S 23 ND N sworoaIg
LI <<0000 [ajaya)ak- ed LTI
Oo0oooocooo oooooo ocoooonN N NANNNNNNN
M5-256 ~NoUwYTONNO o<~ e odNmMIWOn M5-256
M5LV-256 55333333 888888 8888688 SSI33333 M5LV-256
DO~ OLTON 4o ®N®© WYTONAD
o sHE85555594552888 492 3525252 42885858888 42
5522220092895222090929 55222938 55222029388L5
QNN ONTNNAODVNOOTINNTODXINOUVINNAODDN~ OO T O N
O(DLOmmmmmmmmmﬂ‘ﬁ‘#ﬁ’ﬁ‘ﬂ‘#ﬂ‘##MMMMMMMMMMNNNNNNNNN
AT A A A A A A A AAAAAAAAAAAAAAAAAAAAAAAAAAAAA A
TDI — 1 120 | —= TDO
0A14 | 0A12 0A8 1100 —— | 2 119 | /—— /091 3A8
0A15 | 0A13 0A9 101 — |3 118 | [—— /090 3A9
0B14 | 0A14 | 0A10 1102 —— | 4 117 | /—— /089 3A10
0B13 | 0A15 | 0All 103 —— |5 116 | —— /088 3A11
0B12 | 0B15 | 0A12 104 — | 6 115 | —— /087 3A12
0B11 | OB14 | 0A13 105 —— |7 114 | —— /086 3A13
0B10 | 0B13 | 0A1l4 1106 — | 8 113 | [—3 /085 3A14
0B9 | 0B12 | 0A15 107 —— | 9 112 | —— /084 3A15
GND — | 10 111 | ——3 GND
0B8 | 0B11 | 0B13 /108 — | 11 110 | |/—— /083 3B13
0B7 0B8 | 0B12 1109 — | 12 109 | —— 1082 3B12
0B6 0B5 | 0B11 /010 — | 13 108 | [—— /081 3B11
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GND = Ground TDI = Test Data In |

| = Input TCK = Test Clock Macrocell
I/0 = Input/Output TMS = Test Mode Select PAL Block
NC = No Connect TDO = Test Data Out
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160-PIN PQFP (WITH INTERNAL HEAT SPREADER) CONNECTION DIAGI

Top View

160-Pin PQFP (320, 384, 512 Macrocells)
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Pin Designations
CLK = Clock Vce = Supply Voltage 7 D 15
GND = Ground TDI = Test Data In |
I = Input TCK = Test Clock Macrocell
I/0 = Input/Output TMS = Test Mode Select PAL Block
NC = No Connect TDO = Test Data Out
Segment (
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208-PIN PQFP CONNECTION DIAGRAM

Top View

208-Pin PQFP (192, 256 Macrocells)
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208-PIN PQFP (WITH INTERNAL HEAT SPREADER) CONNECTION DIAGI

Top View

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

= Supply Voltage

Vee
TDI

Clock

CLK

Test Data In
Test Clock

Ground

Input
= Input/Output

GND

Macrocell

TCK
TMS

PAL Block

Test Mode Select
Test Data Out

1/0
NC

Segment (

TDO

No Connect
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240-PIN PQFP CONNECTION DIAGRAM
Top View

240-Pin PQFP
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*Package obsolete, contact factory.
Pin Designations
CLK Clock Supply Voltage
GND = Ground = Test Data In
I = = Macrocell
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Input
Input/Output
No Connect

Test Mode Select
Test Data Out

PAL Block

Segment (

MACH 5 Family




ICE
Semiconductor
Corporation

256-BALL BGA CONNECTION DIAGRAM —

M5-320, M5LV-320%*, M5-384*, M5LV-384*, M5-512*, M5LV-512*

Bottom View (I/0 Pin-outs)

256-Ball BGA
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256-BALL BGA CONNECTION DIAGRAM — M5-320, M5LV-320*

Bottom View (Macrocell Association)

256-Ball BGA
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256-BALL BGA CONNECTION DIAGRAM — M5-384*, M5LV-384*

Bottom View (Macrocell Association)

256-Ball BGA
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256-BALL BGA CONNECTION DIAGRAM — M5-512*, M5LV-512*

Bottom View (Macrocell Association)

256-Ball BGA
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352-BALL BGA CONNECTION DIAGRAM — M5-512, M5LV-512

Bottom View (I/0 Pin-outs)

352-Ball BGA
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352-BALL BGA CONNECTION DIAGRAM — M5-512, M5LV-512

Bottom View (I/0 Pin-outs)

352-Ball BGA
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5V M5 ORDERING INFORMATION?:2

Lattice standard products are available in several packages and operating ranges. The order number (Valid Combinati

by a combination of the elements below.

M5- 512

256 7 A C

FAMILY TYPE ek < It Algri
MS- = MACH 5 (5-V Vec) /1 = First Revision
MACROCELL DENSITY OPERATING CO_NDITOIC
128 = 128 Macrocells C = Commgrual ((1 C
192 = 192 Macrocells | = Industrial (-40°C
256 = 256 Macrocells
PACKAGE TYPE
320 = 320 Macrocells _ .
_ Y = Plastic Quad Flai
384 = 384 Macrocells R
512 = 512 Macrocells V- = Thin Quad Flat |
A = Ball Grid Array (
H = Plastic Quad Flat
I/Os - : with exposed he
/68 = 68 1/0s in 100-pin PQFP or TQFP
/74 = 74 1/0s in 100-pin TQFP SPEED
/104 = 104 1/0s in 144-pin PQFP or TQFP ~
/120 = 120 1/Os in 160-pin PQFP © =55nstpp
/160 = 160 1/Os in 208-pin PQFP 6 =65nstpp
/192 = 192 1/Os in 256-ball BGA = 75nstp
/256 = 256 1/Os in 352-ball BGA -10 =10 ns tpp
-12 =12 ns tPD
Note: -15 = 15nstpp
1. See below for valid device/package combinations. -20 =20 ns tpp

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

Valid Combinations Valid Combinations

M5-128/68 YC, VC, Y1, VI M5-320/120 F
M5-128/104 YC, YI M5-320/160 HC, Y
M5-128/120 YC, YI M5-320/184 F
M5-192/68 Commercial: YC*, VC, YI*, VI M5-320/192
M5-192/104 -5, -7, -10, -12, -15 YC*, YI* M5-384/120 Commercial: F
M5-192/120 Industrial: YC, YI M5-384/160 -6, -7, -10, -12, -15 | HC, Y
M5-256/68 -7, -10, -12, -15, -20 | YC*, VC, YI*, VI M5-384/184 F
M5-256/104 YC*, YI* M5-384/192 Industrial: £
M5-256/120 YC, YI M5-512/120 -7, -10, -12, -15, -20 F
M5-256/160 YC, YI M5-512/160 HC, Y
*Package obsolete, contact factory. MS-512/184 b
* Contact Factory for availability. MS-512/192 A

Device Marking MS-512/256 ‘

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

Valid Combinations list configurations pl:
supported in volume for this device. Consult th
sales office to confirm availability of sg
combinations and to check on newly released c
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3.3V M5LV ORDERING INFORMATION?

Lattice standard products are available in several packages and operating ranges. The order number (Valid Combinat
by a combination of the elements below.

M5LV- 512 -7 A
FAMILY TYPE —L OPERATING CONDITIC
M5LV- = MACH 5 Low Voltage (3.3-V V¢) C = Commercial (0°C
I = Industrial (-40°C
MACROCELL DENSITY PACKAGE TYPE
128 = 128 Macrocells Y = Plastic Quad Fla
256 = 256 Macrocells V = Thin Quad Flat |
320 = 320 Macrocells A = Ball Grid Array (
384 = 384 Macrocells H = Plastic Quad Flat
512 = 512 Macrocells with exposed he:
1/0s
/68 = 68 1/0s in 100-pin PQFP or TQFP SPEED
/74 = 74 1/Os in 100-pin TQFP -5 =550ns tpp
/104 = 104 1/Os in 144-pin PQFP or TQFP 6 =6.5nstpp
/120 = 120 1/Os in 160-pin PQFP -7 =7.5nstpp
/160 = 160 I/Os in 208-pin PQFP -10 =10 ns tpp
/192 = 192 1/Os in 256-ball BGA -12 =12 ns tpp
/256 = 256 1/0s in 352-ball BGA -15 =15 ns tpp
-20 =20 ns tPD
Note:
1. See below for valid device/package combinations.
Valid Combinations Valid Combinations
M5LV-128/68 YC*, VC, YI* VI M5LV-320/120 HC, Y
M5LV-128/74 VC, VI M5LV-320/160 HC, Y
M5LV-128/104 Commercial: YC*, VC, YI*, VI M5LV-320/184 b
M5LV-128/120 -5, -7, -10, -12 YC, YI M5LV-320/192 ;
M5LV-256/68 YC, VC*, VI, VI* M5LV-384/120 Commercial: HC, Y
MBLV-256/74 Industrial: VC, VI M5LV-384/160 -6,-7,-10,-12,-15 ['hc; y
M5LV-256/104 -7, -10, -12, -15 YC*, VC, YI* VI M5LV-384/184 . I
Industrial:
M5LV-256/120 YC, YI M5LV-384/192 )
-10, -12, -15, -20
M5LV-256/160 YC, YI M5LV-512/120 HC, Y
*Package obsolete, contact factory. Mslv-512/160 HC.
** Contact Factory for availability. Msly-512/184 :
Device Marking Mslv-512/192 :
M5LV-512/256

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.

Valid Combinations

Valid Combinations list configurations pl:
supported in volume for this device. Consult th
sales office to confirm availability of sg
combinations and to check on newly released c
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