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Understanding Embedded - CPLDs (Complex
Programmable Logic Devices)

Embedded - CPLDs, or Complex Programmable Logic
Devices, are highly versatile digital logic devices used in
electronic systems. These programmable components are
designed to perform complex logical operations and can
be customized for specific applications. Unlike fixed-
function ICs, CPLDs offer the flexibility to reprogram their
configuration, making them an ideal choice for various
embedded systems. They consist of a set of logic gates anc
programmable interconnects, allowing designers to
implement complex logic circuits without needing custom
hardware.

Applications of Embedded - CPLDs

Obsolete

In System Programmable
10 ns

3V ~ 3.6V

512

160

-40°C ~ 85°C (TA)
Surface Mount
208-BFQFP
208-PQFP (28x28)

https://www.e-xfl.com/product-detail/lattice-semiconductor/m5Iv-512-160-10yi

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/m5lv-512-160-10yi-4478899
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-cplds-complex-programmable-logic-devices

Table 2. MACH 5 Speed Grades
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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 CI C 1 C,1 I
M5IV-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 C,1 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
MS5LV-320 C G 1 G 1 G 1 C 1 I
M5-384 C C 1 C 1 C,I C 1 I
MS5LV-384 c G 1 G 1 G 1 C 1 I
M5-512 C CI C 1 c,1 G I I
M5IV-512 c G 1 G 1 G 1 C 1 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/O Options 1

M5-128/1 M5-256/1 M5-320 M5-384 M5-512
M5LV-128 M5-192/1 M5IV-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 08, 74 68 68 08*, 74
100-pin PQFP 08 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 allow for mixed-voltage design,

MACH 5 Family
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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.

CLK
Block:
16 MCs 4

Segment:

4 Blocks . Bl
[ 5 |
H:N
@]
/I =~
~ N~ A
Segment Interconnect % é

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
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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 06).

Output Enable
Generator

00
Ava

Vee
£
il

Internal Feedback _ K

External Feedback

20446G-006
Figure 6. Output Enable Generator and 1/0 Cell

MACH 5 Family
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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 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.

(External Feedback)

(Internal Feedback)
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Figure 7. MACH 5 Timing Model

20446G-014

‘snjej}s jonpo.ud 10} uoi}oas uoljewoju] bulsp.io 99
‘PANUIJUOISIP UBS( dARY SOIASP }09|9S

MACH 5 Family 9



L attice

""" Semiconductor

...... Corporation

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 I/OS

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 ate 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) ot 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,
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then that macrocell will RESET on power-up. To guarantee initialization values, the V¢ rise must be
monotonic and the clock must be inactive until the reset delay time has elapsed.

MACH 5 Family 11
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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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Select devices have been discontinued.
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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 é:g) (2:8) (2:8) (2:8) (2:8) ns
oy | Power level 2 delay (Note 2) (gig) 60 (g:g) (g:g) (g:g) (g:g) (g:g) s
ths | 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:
tax | 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:
s f:gg‘;i‘;ﬁtrese‘ or preset to internal 6.0 8.0 8.0 100 120 140 160 | ns
- izgﬁl: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 55 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
tegn | 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
twis | Global clock width high (Note 3) 2.5 3.0 3.0 4.0 5.0 6.0 6.0 ns
tyrs | Product term clock width low 3.0 4.0 4.0 5.0 6.0 7.0 8.0 ns
tyra | Product term clock width high 3.0 4.0 4.0 5.0 6.0 7.0 8.0 ns
fowa ﬁfglﬁ V(Vflfrﬂ;nlg: tfﬁi;i‘: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
24 MACH 5 Family
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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 + taog) 133 125 100 83.3 71.4 55.6 45.5 MHz
Internal feedback, PAL block level. Min
fuax of 1/(tygs + typs) Or 1(tgs +icog) 182 167 125 100 83.3 62.5 50.0 MHz
No feedback PAL block level. Min of
V“WLS N tWHS) or V“SS N tHS) 200 167 167 125 100 83.3 83.3 MHz
External feedback, PAL block level. Min
of Ultgpy + tygy) o Uty + teoy) 91 91 71.4 58.8 47.6 41.7 35.7 MHz
Internal feedback, PAL block level. Min
fuaxa of 1ty + typy) 0F V(ty +on) 111 111 83.3 66.7 52.6 455 38.5 MHz
No feedback, PAL block level. Min of
ltyrs + typ) 0F 1(tgy + tg) 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 33 > g
Noftes:

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 a signal is used as both a clock and a logic array input, then the maxcimum input frequency applies (fy 4/ 2)-

MACH 5 Family 25
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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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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 - 68 1/0

Top View
100-Pin TQFP (68 1/0)
M5-128 PN T o~ <o Nt~ e SR M5-128
M5LV-128 SSSE33ES 88888888 M5LV-128
M5-192 ze2324z=z2 2zI2ILLL M5-192
[eNeoNeoNeNeNoNeNe) NN NN NN
M5-256 NOWLY®A o CrNmYwon M5-256 (/)]
M5LV-256* 5333333 S355535553 M5LV-256* ®
00 538IBLH8 o220 . BBRLBBIIFO o
z 2 ZZ p=4
552808888088 855898568886583 (@)
I nm g
D
O 8885533850338 33IB35IRRRR =,
DIl — | 1 75 | — GND =)
0A14 | 0A12 | 0A12 Voo — | 2 74 | — TDO «Q
0B13 | 0B13 | 0B13 /o1 — | 3 73 | /051 | 3A12 | 2A12 | OD14 —_
0B12 | 0B12 | 0B12 /o2 — | 4 72 | 3 /050 | 3B13 | 2B13 | 0C13 =
0B11 | 0B11 | 0B11 o3 —] | 5 71 | /049 | 3B12 | 2B12 | 0C12 =
0B8| OB8 | 0BS /04— | 6 70 | 3 1048 | 3B11 | 2B11 | 0C11 o
0B7| 0B7 | 0B7 /05 — | 7 69 | 1 1/047 | 3B8 |2B8 |o0C8 -
0B4| 0B4 | 0B4 o6 — | 8 68 | [ 1/046 | 3B7 |2B7 |o0C7 3
0B3| 0B3 | 0B3 Vo7 —j | 9 67 | [ 1/045 | 3B4 |2B4 |o0C4
0B2| 0B2 | 0B2 1108 — | 10 66 | [ 1/044 | 3B3 |2B3 |O0C3 Q)
10/CLKO ] | 11 65 | 1 1/043 |3B2 |2B2 |0C2 -
Voo ] | 12 64 | [ I3/CLK3 o
GND — | 13 63 | [ GND
GND — | 14 62 | /3 Veo -
H/CLK1 ] | 15 61 | [ I12/CLK2 7
1B2 | 1B2 | 1B2 1109 — | 16 60 | [ 1/042 |2B2 |2C2 |1C2 P
1B3 | 1B3 | 1B3 | IO10 — | 17 59 | [ 1041 |2B3 |2C3 |1C3
1B4 | 1B4 | 1B4 | 1O11 —] | 18 58 | 1 1/040 |2B4 |2C4 |1C4 (9]
1B7 | 1B7 | 1B7 | 1Wo12 ] | 19 57 | 1039 |2B7 |2c7 |1C7 =
1B8 | 1B8 | 1B8 | 1/O13 ] |20 56 | [ 1/038 |2B8 |2C8 |1C8 (o)
1B11 [ 1B11 | 1B11 /014 — | 21 55 | 311037 | 2B11 |2C11 | 1C11 =
1B12 [1B12 | 1B12 | 1/O15 ] | 22 54 | [ /036 | 2B12 | 2C12 | 1C12
1B13 [1B13 | 1B13 | 1/O16 ] | 23 53 | [ /035 | 2B13 |2C13 | 1C13 =
1A14 [1A12 | 1A12 | 1O17 T | 24 52 | [ /O34 | 2A12 |2D12 | 1D14 (@]
TCK ] | 25 51 | [—3J TMS -
ONOVONDOT-—TANNMDTUDONDODNDO—ANMITUONDODO U
ANANANANODOOOOOOOOOTSTITITIT T TTT T T 0O q
OO O - AMNMTLO OAAQ QONODIO-AOMAAN :
ZZ‘—v—C\INC\INNC\IzOZZONC\I(\INC‘)("}("}C‘)ZZ
CERRARCRLAT>E5E>RRRLARLRLES 2
M5-256 2823232 2LzI2ILLL M5-256 w
M5LV-256* AR aaaa oo M5LV-256* N
cgee3Id=ze Saal33888 o
M5-192 < 99999999 M5-192 E
M5-128 £§§§§§%§ 88358%%2 M5-128 (7))
M5LV-128 - TTT T T RS M5LV-128 "
*Package obsolete, contact factory.
20446G-017
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)

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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144-PIN TQFP CONNECTION DIAGRAM

Top View
144-Pin TQFP
M5LV-128 PN¥Tocwrn0 wWYmA—O ornmgtw Or®erSP M5LV-128
I T LTI [ajaya)aya)al [ajayalalalalal
Scoo<o oo [eloNoloNoNo) [oNeoNeoNoNeNe) [=NeoReoloNoNoNe}
MSLV-256 NOWTOAT OFN®QE N TronYo —auoswon M5LV-256
LTI < [agayayayaya] [ajayajayaia) LT
[eNeNoNoNeoNeoNa] [seNeNeNeNa] DOMmMmMmmom DOMOMOMmMMmMmm
NN — O
0,222 23850883883 022 L RRPIBVODIBND B 2R O
Z00000000F0000008ZZ2000000050000000.52
SEE==S=E==0======>00>=E=====0=======>0 m
(LT EITE LI AT AL EEEE I @
D
TOANT—TODONOUTONA—TODONOULITNONANTTONDONOOTOANOD
O3IFITIB8588388 -8RV RAIVINR P22 27E28 O
Tl —/ |1 108 | —— TDO -
0A14 | 0A8 1100 — | 2 107 | == 1077 3A8 | 0D14 o
0B13 | 0A9 /01 — |3 106 | |—= /076 3A9 | 0C13 o)
0B12 | 0A10 102 —— | 4 105 | == 11075 3A10 | 0C12 -
0B11 | 0A11 /03 — |5 104 | [—= /074 3A11 | 0C11 —
0B10 | 0A12 1104 —— |6 103 | |—= 11073 3A12 | 0C10 -}
GND —— |7 102 | —— GND LQ
0B8 | 0B13 1105 —— |8 101 | == 1072 3B13 | 0C8
0B7 | 0B12 1106 —— |9 100 | == 1071 3B12 | 0C7 —
0B6 | 0B11 1107 —— | 10 99 | == 1070 3B11 | 0C6 -
0B5 | 0B8 /08 —— | 11 98 | —= /069 3B8 | 0C5 =y
GND — |12 97 | == GND (o]
0B4 | 0B5 1109 —— | 13 96 | —— /068 3B5 | 0C4 -
0B3 | 0B4 /o010 —— |14 95 | —= 11067 3B4 | 0C3 3
0B2 | 0B3 /o011 —— |15 94 | == 1/066 3B3 | 0C2
0B1 | 0B2 /012 —— | 16 93 | |——= 11065 3B2 | 0C1 Q)
10/CLK0O —— |17 92 | == I3/CLK3 =
Ve 1 | 18 91 | —3 GND -
GND — | 19 90 | = Voo (o)
/CLK1 — |20 89 | [— I12/CLK2 -
1B1 | 1B2 /013 —— | 21 88 | —= /064 2B2 | 1C1
1B2 | 1B3 | 1O14 — |22 87| —— 1063 |2B3 | 1C2 (7))
1B3 | 1B4 /015 — |23 86 | —= 1062 2B4 | 1C3 D
1B4 | 1B5 /016 T |24 85 | [—= /061 2B5 | 1C4 0
GND — |25 84| —= GND —
1B5 | 1B8 /017 — |26 83 | [—= 1060 2B8 | 1C5 —
1B6 | 1B11 /o018 — |27 82 | == 1059 2B11 | 1C6 (o]
1B7 | 1B12 /019 T |28 81| [—= 1058 2B12 | 1C7 =
1B8 | 1B13 /020 T— | 29 80 | — 11057 2B13 | 1C8
GND —— |30 79| = GND =l
1B10 | 1A12 /021 — |31 78 | == 1056 2A12 | 1C10 (o]
1B11 | 1A11 /022 T— |32 77 | == 1os5 2A11 | 1C11 -
1B12 | 1A10 /023 — |33 76 | = /054 2A10 | 1C12
1B13 | 1A9 | yo24 T |34 75| = 1053 |2A9 |1c13| @
1A14 | 1A8 /025 — |35 74 | =3 1052 2A8 | 1D14 -
TCK —— | 36 73| == TMS (o]
NODO T~ ANNOTOLONDDO-ANMNMTULONDDO-—ANMNMITITHLONODNIO —AN Q
OO TITITTTTTTTTOOLLLOLOLLOLOLLODWWO O O OOOOOOOONNMNDN :
O
==
O QOMNDODOOT-ANMIWVLOND OAN QDO+~ ANMTAWLONDODO —~ ON m
ZONNANDRNNZNNRNNNN O>>0NIITIII>IITITIOW O
G=000000090FRLQVO0>E5>200202005200000090>5 5"
==
NOWUuTOOAN — MO~ —Q N+~ O~ M —ANMST OO :
M5LV-256 TIIIIIT LLeeFs SaRR88 SIIISTT M5LV-256
- qa N m
.
MOAN—O®WN © TN —O O~ AN MW OO~ AN M
MsLV-128 TxEzeIL ZEIIRE 850848 8885553 MSLV-128
20446G-020
Pin Designations
CLK = Clock Vece = 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)
32 MACH 5 Family
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160-PIN PQFP CONNECTION DIAGRAM

Top View

Lattice

Semiconductor
orporation

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

M5-128 PN 25 orw© uToN-Q O MW orowo o E N M5-128
M5LV-128 Ixgx<I<< <3Id2x< aoaaaag coadonoa M5LV-128
[eoleoloololea] ooocooo ocooocooo [=NelsNeioReNeNa)

M5-192 r20nur~wony NI~ or e P “nonoo ST M5-192
LTI <<0O000 oooo<< LTI
[eleleoleoleleoNeNa] ooococoo ocooocooa N aNANNNNANN
— QN o —

M5-256 NOWOWSTON—O OO M oOr-aN®MTWON M5-256
M5LV-256 3I33E333S 888288 3838888 33333333 M5LV-256

ODON~NOWTON —O MW O LT ON—O
QUFrErrrrrrQ orreEEs 088 oFor e s 02885883 R oo
5500000500505585500050855800005058558888888 85
ODDONOUTONANT~—TODONOULTONAUNTTONONOUTOANT-TONDON~NOTON —
O 8885882835837 IFITITTIBEEEBI38L3ARNTIINAY
TDI — 1 120 —— TDO
0A14 | OA12 | 0A8 1100 —— | 2 119 | == 1o91 3A8 | 2A12 | 0D14
0A15 | 0OA13 | 0A9 /o1 — | 3 118 | [—= /090 | 3A9 | 2A13 | 0D15
0B14 | 0A14 | 0A10 1102 —— 4 117 —— /089 3A10 | 2A14 | 0C14
0B13 | 0A15 | 0A11 /03 — 5 116 —— /088 3A11 | 2A15 | 0C13
0B12 | 0B15 | 0A12 /104 ——| | 6 115 | [—= 11087 | 3A12 | 2B15 | 0C12
0B11 | 0B14 | 0A13 /05 — 7 114 —— /086 3A13 | 2B14 | 0C11
0B10 | 0B13 | 0A14 /106 ——| | 8 113 | [—= /085 | 3A14 | 2B13 | 0C10
0B9 | 0B12 | 0A15 1107 —— 9 112 —— /084 3A15 | 2B12 | 0C9
GND — 10 111 —— GND
0B8 | 0B11 | 0B13 1108 — 11 110 —— /083 3B13 | 2B11 | 0C8
0B7 0B8 | 0B12 1109 — 12 109 —— /082 3B12 | 2B8 0C7
0B6 | 0B5 | 0B11 11010 —— | 13 108 | [—= 1/081 3B11 | 2B5 | 0C6
0B5 0B4 0B8 /011 —] 14 107 —— /080 3B8 2B4 0C5
0B4 | O0B3| OB5| O12 — |15 106 | [—= 11079 | 3B5 |2B3 | 0C4
0B3 oB2 0B4 /013 —] 16 105 —— /078 3B4 2B2 0C3
0B2 0B1 0B3 /014 — 17 104 —— /077 3B3 2B1 0c2
0B1| 0BO| O0B2| 1O15 — |18 103 | [—= /076 |3B2 |2B0 | 0C1
10/CLKO —— 19 102 — I3/CLK3
Voo C— | 20 101 —— GND
GND — | 21 100 | /= Vce
/CLK1 — | 22 99 | [—= I2/CLK2
1B1 | 1BO | 1B2 | 1O16 ] | 23 98| —— 1075 |2B2 |2C0 | 1C1
1B2 1B1 1B3 11017 — 24 97 —— /074 2B3 2C1 1C2
1B3 | 1B2| 1B4 | 1018 —— | 25 9 | [— 11073 | 2B4 |2C2 | 1C3
1B4 1B3 1B5 11019 — 26 95 —— /072 2B5 2C3 1C4
1B5 | 1B4 | 1B8 | 1020 — | 27 94 | —— o7 2B8 | 2C4 | 1C5
1B6 | 1B5 | 1B11 /021 —— | 28 93 | —— 11070 | 2B11 | 2C5 | 1C6
1B7 1B8 | 1B12 11022 — 29 92 —— /069 2B12 | 2C8 1C7
1B8 | 1B11 | 1B13 11023 —] 30 91 —— /068 2B13 | 2C11 | 1C8
GND — 31 90 — GND
1B9 | 1B12 | 1A15 | 1024 — | 32 89 | —— /067 | 2A15 | 2C12 | 1C9
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TCK — | 40 81 —— TMS
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M- 125 °ere23%e  232¥E% 358838 85882:pP w128
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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)
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
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Select devices have been discontinued.
See Ordering Information section for product status.
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352-BALL BGA CONNECTION DIAGRAM — M5-512, M5LV-512

Bottom View (I/O Pin-outs)

352-Ball BGA
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See Ordering Information section for product status.
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