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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.
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Figure 1. MACH 5 Block Diagram

1

20446G-001

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

& 1/0 cells

¢ Product-term array and Logic Allocator
¢ Macrocells

¢ Register control generator

¢ Output enable generator
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1/0 Cells

The I/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

‘PANUIJUOISIP UBS( dARY SOIASP }09|9S



Lattice

= Semiconductor
= Corporation

OE Generator

Q
o
>
=
=
=2
(@)
@
>
(0]
=
Q
—
o
=

32
Block #
Feeder % P
- Product-term | S 3
o A < o
g S| g
S 32 8| =
gl T|s
=8
X
gl |8
o L
© .
8 Input Register } >
- 32, Path

/
/

L\J ™~ 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 polatity 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, Cg, C7, Cs, Co, Gy, Gy, G
M, Co, Cp, Gy, C3, C4, G5 M, G, C7, G, Co, Cr9y C11, Cp2, Co3
M, Co, C1, G, 3, G4, G5, Cg My G5, Cg, Cg, Gy, Gy, G2, Gy3, Crg
M; Cos Gy, Gy, C3, Gy, Gs, G, Gy M Cg, Co, G105 G115 G125 C13, C14, Cy5
My Co, Cy, Gy, G5, Gy, G5, Cg, G5 My, Cg, Cg, C1, C11, Gy, Gy3, G4, Gy
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, Gs, Gg, C7, Gy, Co, Cyg 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/0 pins associated with macrocells 0 and 15 can still be used as input pins. Although the I/O pins for
macrocells 3 and 12 are used to connect to the input registers, these macrocells can still be used as “buried”
macrocells to drive device logic via the matrix.
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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 featutres such as complementary and
biphase clocking. Complementary clocking provides two clock lines exactly 180 degtees 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:
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Clock Line 0 Options
¢ Global clock (0, 1, 2, or 3) with positive or negative edge clock enable

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

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

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

6 MACH 5 Family

‘PANUIJUOISIP UBS( dARY SOIASP }09|9S



L attice

""" Semiconductor

...... Corporation

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 parametet, tgyp 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; + tgup A
diagram representing the modularized MACH 5 timing model is shown in Figure 7. Refer to the Technical
Note entitled MLACH 5 Timing and High Speed Design for a more detailed discussion about the timing parameters.
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(Internal Feedback)
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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/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. Al 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
JEDEUC 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.

PCI 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 I/Os for the most complex PCI designs.
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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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BLOCK DIAGRAM — M5(LV)-128/XXX
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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
tys Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
tHA 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
tcosi | 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 | ns
Latched Delays:
teyr | 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)}p;agation delay through transparent 8.0 9.0 9.0 10.0 110 12.0 120 | s
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 13.0 140 | ns
Input Register Delays:
toims i‘y‘ﬁgﬁ:ﬁﬁf&?jﬁ‘c‘l}f time using a 20 20 20 30 3.0 3.0 30 ns
_— ;‘;‘Y)I‘:Z}fff:;irs Scel:fciﬁme using an 0.0 0.0 0.0 0.0 0.0 0.0 0.0 s
— i‘y‘gg;:;’f::;rcll‘;’ii time using 2 3.0 3.0 3.0 40 40 40 40 ns
[Pl mewingan oo |Gy |G | e | o] (| | |
Input Latch Delays:
torr Input latch setup time 2.0 2.0 2.0 3.0 3.0 3.0 3.0 ns
ty, | 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 25 25 25 25 | ns
tia Output enable time 75 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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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 3.3Vor5YV,25°C, 1 MHz 10 pF

1. These parameters are not 100% fested, but are calcnlated at initial characterization and at any time the design is modified where these parameters may be affected.

ICC 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 MAACH 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

Vee=5Vor3.3V,Ty=25°C

700 — M5(LV)-512 high power
600 —
M5(LV)-384 high power
500 —| /
M5(LV)-320 high power
400 _ 5-256/1 and
TE M5LV-25 high power
o
= 300 — AN
M5-192/1 high power
000 | 5(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
— Al (sp] < Vo] © N~ 0 (o] o — Al (] < Yo
Frequency (MHz) 20446G-048
Figure 8. Icc Curves at High/Low Power Modes
26 MACH 5 Family
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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 o —a®m M5-128
M5LV-128* T3 asd585aa M5LV-128*
[eeolololololoNe) (ololololololoNe]
Ms-192" F9e3eyze 2zygzIees Ms-192"
[eleololojoleNoNe] [aV oV oV oV oV oV oV oY)
M5-256* NOUYTOAN=O oMW ON M5-256*
Moy 255 22233858 Z5323353 MSLV- 256
NOWULTON—O DONOUOSTMOAN
COOOOOOO 22 HWLWLW LW WO W W0
OO000O0000B8ZZ 500000000
SEEES=====>00>========
O 8388335535333 33%
GND ] |1 80| [—1 GND
GND ] |2 79| [—1 GND
TDI |3 78| 1 TDO
0A14 | 0A12 | OA12 1100 C | 4 77 | 1 1/O51 3A12 | 2A12 | OD14
0B13 | 0B13 | 0B13 1/01 5 76 1/050 3B13 | 2B13 | 0C13
0B12 | 0B12 | 0B12 1102 6 75 1/049 3B12 | 2B12 | 0C12
0B11 | 0B11 | 0B11 /103 1|7 74| [ 1/048 3B11 | 2B11 | 0C11
0B8 0B8 0B8 1104 |8 73| [ 1/047 3B8 2B8 0C8
oB7 oB7 0B7 1105 1|9 72| [ /046 3B7 2B7 0C7
0B4 0B4 0B4 1106 C—] | 10 71| [ 1/045 3B4 2B4 0C4
0B3 0B3 0B3 1107 . | 11 70| [—1 /044 3B3 2B3 0C3
0B2 oB2 0B2 1108 ]| 12 69| [ 1/043 3B2 2B2 0c2
10/CLKO ] | 18 68| 1 I3/CLK3
Voo T | 14 67| 1 GND
Voo |15 66| 1 GND
GND — | 16 65| 3 Voo
GND | 17 64| 3 Vee
H/CLK1 ] | 18 63| [ 12/CLK2
1B2 1B2 1B2 1109 ]| 19 62| 1 1/042 2B2 2C2 1C2
1B3 1B3 1B3 /010 C—1 | 20 61| 1 1/041 2B3 2C3 1C3
1B4 1B4 1B4 /1011 T | 21 60| 1 I/040 2B4 2C4 1C4
1B7 1B7 1B7 /1012 T | 22 59| [ 1/039 2B7 2C7 1C7
1B8 1B8 1B8 /1013 T | 23 58| 1 1/038 2B8 2C8 1C8
1B11 | 1B11 | 1B11 /1014 T | 24 57 | 1 1/037 2B11 | 2C11 | 1C11
1iB12 | 1B12 | 1B12 /1015 T | 25 56| 1 1/036 2B12 | 2C12 | 1C12
1B13 | 1B13 | 1B13 /016 ] | 26 55| [ /035 | 2B13 | 2C13 | 1C13
1A14 | 1A12 | 1A12 11017 T | 27 54| [ /034 | 2A12 | 2D12 | 1D14
TCK 1|28 53| 1 TMS
GND ]| 29 52| 1 GND
GND ]| 30 51| [—J GND
TAMNMTOONODO~ANMNMTOHONOOO
OO MOOOMOSITITITTTTT IO
OO~ ANMITL ONAO QONOVIIO— AN M
A ANANANAN OZZ OANANANANMMOM®M
QQQQQLQO>F =009
M5-256* NOWYETON O Or-rum<TWON M5-256*
M5LV-256 TEIEIEIIEE SSITTETT M5LV-256
192 $22329%2 35383888 - 192
—rrree— NNANNNNN
OAN—OONTON NI~~~ ANM
M5-128 ool <L< [aYalalalal S M5-128
M5LV-128* TEET oo -er--r-20a M5LV-128*
*Package obsolete, contact factory.
20446G-016
Pin Designations
CLK = Clock Vece = Supply Voltage 3 D 15
GND = Ground TDI = Test Dataln |
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)

28 MACH 5 Family
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100-PIN TQFP CONNECTION DIAGRAM - 74 1/0

Top View
100-Pin TQFP (74 1/0)
M5LV-128 S Y L oY N R R M5LV-128
T II<LL afaf=Rayayafag-y=)
[eNeololoNeoNeNelelolNo) loNeoNeololololNolNolNe)
M5LV-256 NOWTON—OR S N eoramewon M5LV-256
<<<Ig<<IIO0 oIsgsgLI<<<
[eNeoNoloNolNolNelNololNe] OOMOMMmMOmOOmOMmMMm
%ﬁﬂﬁﬁ%%%%“&% 029 o%%&%%%%%%%
50000888885855865588868883
O
TDI 1 GND
0A14 0A12 1/00 2 TDO
0B13 0B13 1/01 3 1/054 3A12 oD14
0B12 0B12 1102 4 1/053 3B13 0C13
0B11 0B11 1/103 5 1/052 3B12 0C12
0B8 0B8 1/04 6 1/051 3B11 0C11
0B7 0B7 1/05 7 1/050 3B8 0Cs8
0oB4 0B4 1/106 8 1/049 3B7 0C7
0B3 0B3 1107 9 11048 3B4 0C4
oB2 0B2 1/108 11047 3B3 0C3
10/CLKO 1/1046 3B2 0Cc2
Vece 13/CLK3
GND GND
GND Vee
11/CLK1 12/CLK2
1B2 1B2 1/109 11045 2B2 1C2
1B3 1B3 /010 11044 2B3 1C3
1B4 1B4 /011 1/1043 2B4 1C4
1B7 1B7 /012 11042 2B7 1C7
1B8 1B8 /013 1/1041 2B8 1C8
1B11 1B11 /014 11040 2B11 1C11
1B12 1B12 /015 1/039 2B12 1C12
1B13 1B13 /016 1/038 2B13 1C13
1A14 | 1A12 11017 /037 | 2A12 | 1D14
TCK T™MS
o
n
OO OO T~ ANMTWLONN OMNNO QOO T~ A MT W OAN
Zrr A NANQANAN O ONANRNDNNDNDNN >
GRQO0Q0Q0QQQQ>EE>92090000Q00QQ0Q0%
M5LV-256 Tee3Igdzesd Nz ILILLE M5LV-256
-+ +Q0OQN0 aN(\INNNN(\IN
M5LV-128 P23 8838282 M5LV-128
T IEEEEE B2QCB827FAA
20446G-018
Pin Designations
CLK = Clock Vee Supply Voltage 3 D 15
GND = Ground TDI = Test Dataln |
I = Input TCK = Test Clock Macrocell (0-15)
1/0 Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)

30
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208-PIN PQFP CONNECTION DIAGRAM
Top View

Lattice

Semiconductor
orporation

208-Pin PQFP (256 Macrocells)

M5-256 NOWUWTOAN=O Notworoe SEaP PNE2 sonowT o oML ON M5-256
M5LV-256 33333333 88885888 8888 8888 8885888688 S3S3I53S MS5LV-256
DON OO TON — O ON OWS o« N o D 0N © LT ON—-ODO NOWULTON— O
QE 222 e R0 o R I I I I I IO IIT 000 on 222 gR R R 2R s o0 T n T et g
50000000055500050505550508555008050000855800855050505283

O OO TNONANTTODONOUTNANTTONDONOUUTNANTTODONOLTONANTTODNDONOUOTNHAN—OD DN
o — |7 SRR NRRRR 222 2 R 2 R R R R R R e e R PR R R e RERR2 5 —— 00
0A8 yoo — |2 155 | [— 10119 3A8
0A9 vor — |3 154 | [—1 10118 3A9
0A10 vo2 ] |4 153 | [—— vo117 3A10
0A11 yo3 —] |5 152 | [—] 10116 3A11
0A12 o4 — |6 151 | [—1 Vo115 2A12
0A13 vos —— |7 150 | [ O114 3A13
0A14 voe ] |8 149 | —— 10113 3A14
0A15 o7 — |9 148 | [— o112 3A15
Vee C— 10 147 | [/ Vee
GND — | 11 146 | [ GND
0B13 yog ] |12 145 | — vo111 3B13
0B12 vo9 ] |13 144 | [— 10110 3B12
0B11 1/o10 C— | 14 143 | [ /0109 3B11
0B10 o1t — |15 142 | [—— 10108 3B10
0B9 o2 — | 16 141 | — o107 3B9
0B8 o138 — |17 140 | [—1 10106 388
0B7 Vo14 —] |18 189 | [ /0105 387
0B6 11015 ] | 19 138 | [— 10104 3B6
GND —] |20 137 | [—1 GND
0B5 1/o1e | |21 136 | [ /0103 3B5
0B4 11017 ] | 22 185 | [ 10102 3B4
0B3 /o018 | | 23 134 | — vo101 3B3
0B2 /o019 ] | 24 133 | [—1 Vo100 3B2
10/CLKO ——] |25 132 | [ I3/CLK3
Voo ] |26 181 | [ GND
GND [ |27 130 | [/ Vec
1/CLKT ] |28 129 | [/ I12/CLK2
1B2 11020 C—] |29 128 | [ 1/099 2B2
1B3 /021 —— | 30 127 | [— 1098 2B3
1B4 11022 — | 31 126 | [—1 1097 2B4
1B5 11023 ] |32 125 | [ /096 2B5
GND ] |33 124 | 1 GND
1B6 11024 ] | 34 123 | [—1 1095 2B6
1B7 11025 C—] |35 122 | [ 11094 2B7
1B8 11026 C—] | 36 121 | [ /093 2B8
1B9 /027 ——— | 37 120 | [ V092 2B9
1B10 11028 ] | 38 19 | [— vo91 2B10
1B11 11029 ] | 39 118 | =3 11090 2B11
1B12 11030 —] | 40 117 | [— 1089 2B12
1B13 /031 | | 41 116 | [ 1088 2B13
GND ] |42 115 [ 1 GND
Voc C—] |43 14 | [ Vec
1A15 /032 ] | 44 113 | [ vos7 2A15
1A14 /033 | | 45 112 | [— 1086 2A14
1A13 11034 C—| | 46 11 | [ 1085 2A13
1A12 11035 C— | 47 110 | =1 1084 2A12
1A11 11036 | | 48 109 | [—1 1083 2A11
1A10 11037 C— | 49 108 | [ 1082 2A10
1A9 /038 ] |50 107 | [— vos1 2A9
1A8 /039 C— | 51 106 | — /080 2A8
TCK ] | 52 105 | [——1 T™MS
LOLLLOLLLOOOOOOOWOOONNMNNNNNNNNNOOOODDDVDOVDODODODDDDIIIDDDOOD ™~ v v
QOO -ANOMITWLONAO QXD -AUOTLAONODD OOAN OO - ANMATLWONONO - OANNMITOONDDA
Z?VVVVVV‘I‘Z ovvmmmmmmzmmmmozzommmmzmmmmomr\r\ozv\v\v\v\r\l\v\v\Z
GQOOQVOQ0GFE>Q00000000F50000>FF>20090520000000>5000000005
M5-256 $82232<x2 858388588 2==¢ Pe-2 28588388 £xe3Les M5-256
M5LV-256 Al ol ol ~---+-+--+ QQaaa QQ22Q NN RUCURSURSUOURCTRY 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)
1/0 Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)

MACH 5 Family

35

‘snjej}s jonpo.ud 10} uoi}oas uoljewoju] bulsp.io 99

‘PANUIJUOISIP UBS( dARY SOIASP }09|9S



Semiconductor
Corporation

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

Bottom View (I/O Pin-outs)

352-Ball BGA

< m O N B B O T - ¥ a3 7 &g = D o> B O~

See Ordering Information section for product status.

Select devices have been discontinued.

1 4 c 14 < 9 L 8 6 0l 117 Cl cl V1 1 91 LT 81 61 0¢ 1C (44 (%4 e °r4 9¢
ON | ND | ON [¥020/I| OND |28L0/|SLLO/| ON | AND [SSLO/|6YLO/| P LO/| AND [£2LO/|12HON|ELLO/| AND [00LO/| ¥60/ | AND | ON | AND | ON | AND | ON | ON
ON | ND | ON [€020/1|2810/|18LON|pLLO/N|89LO/ | LOLO/ |¥SLO/ |87 LO/| OV LO/I|€810/1 {9210/ |02 10|21 LO/I|901LO/I | 660/ | €60/ | 980/ | 620/ | 22O/ | 290/ | AND | ON | ON
aND |¥v20/I| SWL |2020/1|981+0/1|08LO/|ELLO/| 2910/ |09LO/|EGLO/ | Ly LO/ |68 L0/ |2 1O/ |S2HON |61 LO/ | L1 LO/I[SOLO/I | 860/ | 260/1 | G80/1 | 820/ | 1ZON | ON | ON | ON | ON
6520/1|€v20/|€220/1| OON |S8LO/|6£10/|2L10N|99L0/| PN |25L0/|9vLON|8ELO/| OON |v2Lo/|8LLon|0LLON| 99N | 260/ | 16O/ | #80/ | £20N | OOA | MOL | 05O/ | LEON | AND
ON |2¥e0r|2z20/ | 020/ R | 990/ | 6Y0/ | 080/ | ON

S
ano | v20/1| 1220/1|0020/ 2 | svon | svon | e2on | oron
=5
<t
¥520/1|0v20/|0220/| 9°A & | voon | zvon | szon | ano
£620/1|6€20/1|6120/1|{6610/1 9O | 9voi | L2ON | 6011
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2620/1|,£20/|2120/1|8610/1 9OA | O/ | 5201 | AND
1620/1|9820/1|9+20/1| 2610/ st 290/1 | €vO/l | ¥20/ | LoN
o 9] Lo
= a -
0620/1|16€20/1|5+20/1{9610/1 g8 == 9 @) 190/1 | 2vO/l | €20/ | 90/
SEZ E2EE
aNo [ve20n| a0z | 99A ) z < § % A5 = A 090/ | YO/ | 220N [1iton
C X 5 8 85 O @&
o O 3 j= S i
ex1o/el €20/ |7 12071 610/ = S 8 & &89° 53838 88 297 |oooi| 120 | aNo
6¥20/1|2€20/|€120/1|¥610/1 W T 1 T [ R 1 R T 1 650/ | 0vO/I | 020/1 | SO/
a v A A ®)
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£ 24 Q9o cAaUzaA
- g OO0 ~=3Z>FEFEFE
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S¥20/1|19220/1|2020/1{0610/1 G5O/ | vEO/I | ¥LO/ | AND

ON |5220/1|9020/1{6810/I ¥SO/I | €€0/1 | €10/ | ON
aND (¥220/1|5020/1| OaL | 9°A |8LLO/|L21ON|S9LO/|65LO/N| OOA |SLo/|zerOn|Leron| PPN |L11O/|60LON|¥0LO/| OOA | 060/ | €80/ | 920/ | 020/ | OOA | 2€0N | 21O/ | 00/
ON | ON | ON | ON |v8LO/|LLLON|0LLO/N|¥9LO/|8SLO/ | LGLO/ |bYLO/|9ELO/|0ELO/I|€21O/ |91 O/ |80LO/[€0LO/I | 960/ | 680/ | 280/ | GO/ | 690/ | €50/ | 1AL | L1O/ | AND
ON | ON | aND [88L0/I|€810/|92L0/N|691L0/[€9LO/|LGLO/|0SLO/ |EVLO/N|SELO/ |6210/1[22LO/ S LEO/N|L0LO/| 2010/ | S60/1 | 880/ | 18O/ | ¥20/ | 890/ | 250/ | ON | AND | ON
ON | ON |aND | ON | aND | ON | AND [2910/1|95L0/I| AND |2vLO/N|¥ELO/|82L0/ | AND [vLLO/N| ON | LOLO/I| AND | 80/ | 080/ | €20/ | AND | 1501 | ON | AND | ON
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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 combina-

tion of the elements below.

M5- 512

/256 -7 SA C

FAMILY TYPE PROGRAMMING PESIGNATOR
M5 — MACH 5 (5-V V.o Blank = Initial Algorithm
- = (5-V Vo /1 = First Revision

MACROCELL DENSITY OPERATING CONDITIONS
128 = 128 Macrocells C = Commercial (0°C to +70°C)
199 = 192 Macsocells I = Industrial (-40°C to +85°C)
igg - ;;8 ﬁa“oceﬂs PACKAGE TYPE

o acroee’s Y = Plastic Quad Flat Pack (PQEP)
384 = 384 Macrocells ;
512 — 512 Macrocells V = Thin Quad Flat Pack (TQFP)

SA = Ball Grid Array (BGA)
I/Os
/68 = 681/0s in 100-pin PQFP or TQFP

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

/120 = 120 I/Os in 160-pin PQFP
/160 = 160 I/Os in 208-pin PQFP
/192 = 1921/Os in 256-ball BGA

/256 = 256 1/Os in 352-ball BGA

Nole:
1. See below for valid device/ package combinations.

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!, yr!
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, Y1

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

1. M5-128/104-xxYC/1 and M5-128/104-xxYI/1 have been
discontinued per PCN #06-07. Contact Rochester Electronics for

available inventory.

SPEED

-5 =55nstpp
-6 = 06.5ns tpp
-7 =7T7.5nstpp
-10 = 10 ns tPD

12 =12ns tpD
-15 =15ns tpD
-20 20 ns tPD

Valid Combinations

M5-320/160 YC, YI

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, SAT

Valid Combinations

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

tion of the elements below.

M5LV- 512 /256 -7 SA C
FAMILY TYPE OPERATING CONDITIONS
MS5LV- = MACH 5 Low Voltage (3.3-V Vo) C = Commercial (0°C to +70°C)
I = 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
I/0s
/68 = 681/Os in 100-pin PQFP or TQFP SPEED
/74 = 741/Os in 100-pin TQFP -5 =5.5nstpp
/104 = 104 1/Os in 144-pin PQFP or TQFP -6 =65nstpp
/120 = 120 1/Os in 160-pin PQFP 7 =75ns tpp
/160 = 160 1/Os in 208-pin PQFP -10 =10 ns tpp
/256 = 256 1/Os in 352-ball BGA -12 =12 ns tpp
-15 =15ns tpp
-20 =20 ns tpp
Note:
1. See below for valid device/ package combinations.
Valid Combinations Valid Combinations
M5IV-128/68 VC, V1 M5IV-320/120 YC, Y1
MSIV-128/74 VC, VI MSIN-320/160 Commercial: YC, YI
M5IV-128/104 Commercial: VC, VI M5IV-384/120 -6,-7,-10,-12,-15 YC, Y1
M5IV-128/120 5.-7.-10. -12 YC, YI M5IV-384/160 YC, YI
T Industrial:
M5LV-256/68 YC, YI MS5LV-512/120 YC, Y1
. -10, -12, -15, -20
M5IV-256/74 Industrial: VC, VI MS5IV-512/160 YC, Y1
M5IV-256/104 -7,-10,-12,-15 VC, VI M5IV-512/256 SAC, SAI
MS5IV-256/120 YG YT Valid Combinations
MSLY-256/160 ey Valid Combinations list configurations planned to be supported in

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 slowet, i.e., M5LV-512/256-

7AC-10AL

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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