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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
6.5 ns

3V ~ 3.6V

384

120

0°C ~ 70°C (TA)
Surface Mount
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Table 1. MACH 5 Device Features !

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

Note:

1. “M5-xoex” is for 5-17 devices. “MSTL ~xxexc” is for 3.3-1 devices.

GENERAL DESCRIPTION
The MACH® 5 family consists of a broad range of high-density and high-1/O Complex Programmable Logic

Devices (CPLDs). The fifth-generation MACH architecture yields fast speeds at high CPLD densities, low
power, and supports additional features such as in-system programmability, Boundary Scan testability, and

advanced clocking options (Table 1). The MACH 5 family offers 5-V (M5-xxx) and 3.3-V (M5LV-xxx)

operation.

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

ns devices are compliant with the PCI Local Bus Specification.

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:
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Segment:

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

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

Clock Line 3 Options

¢ Complement of clock line 2 (same clock enable)

¢ Product-term clock (if clock line 2 does not use clock enable
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Figure 4. Clock Generator Figure 5. Set/Reset Generator

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

MACH 5 Family 7
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OE Generator

There is one output enable (OE) generator per PAL block that generates two product-term driven output
enables. Each I/O cell is simply an output buffer. Each I/O cell within the PAL block can choose to be
permanently enabled, permanently disabled, or choose one of the two product term output enables per PAL
block (Figure 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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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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MACH 5 PAL BLOCK
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BLOCK DIAGRAM — M5(LV)-128/XXX
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Select devices have been discontinued.
See Ordering Information section for product status.
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ABSOLUTE MAXIMUM RATINGS

M5LV

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

with Respectto Ground . ................ -05Vto+45V
DC Input Voltage .. ..................... -0.5Vto55V
Static Discharge Voltage........................ 2000 V
Latchup Current (-40°C to +85°C) ............... 200 mA

Stresses above those listed under Absolute Maximnm Ratings may cause per-
manent device failure. Functionality at or above these limits is not implied. Expo-
sure to Absolute Maximum Ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (T'y)

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

Industrial (I) Devices
Ambient Temperature (T',)

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

Operating ranges define those limits between which the
Sfunctionality of the device is gnaranteed.

3.3-V DC CHARACTERISITICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Description Min Max Unit
Vou Output HIGH Voltage Yo = Min Lo = 100 ph Yoc 02 '
Vix = Virtor Vi Ioy = 3.2 mA 2.4 v
VoL Output LOW Voltage Veg = Min lo, = 100 A 02 v
Viv = Vit or Vi Iop = 16mA (Note 1) 0.5 v
Vin Input HIGH Voltage Vour = Vo Min or Vo =< Vo Max (Note 2) 2.0 5.5 i
Vi Input LOW Voltage Vour = Vo Min or Vo < Vor Max (Note 2) 0.3 0.8 N
Iy Input HIGH Leakage Current Viy = 3.6, V¢ = Max (Note 3) 10 uA
I Input LOW Leakage Current Viy = 0, Ve = Max (Note 3) -10 UA
Tozn Off-State Output Leakage Current HIGH | Vo = 3.6, Ve = Max, Vi = Vi or Vi, (Note 3) 10 uA
TozL Off-State Output Leakage Current LOW | Voyp = 0, Ve = Max, Viy = Vy or Vi (Note 3) -10 UA
Igc Output Short-Circuit Current Vour = 0.5 Ve = Max, Viy = Vi or Vi, (Note 4) -15 -160 mA
Noftes:

1. Total 1oy, between ground pins should not exveed 64 mA.

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

2
3. 1/ 0 pin leakage is the worst case of Iy and Ioyyp or Iy and Iozpy.
4

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

22 MACH 5 Family
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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
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Figure 9. Icc Curves at High/Low Power Modes
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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)
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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
1B10 | 1B13 | 1A14 | /025 — | 33 88 | — /066 | 2A14 | 2C13 | 1C10
1B11 | 1B14 | 1A13 | 1/O26 —— | 34 87 | —= /065 | 2A13 | 2C14 | 1C11
1B12 | 1B15 | 1A12 | /027 —— | 35 86 | —— /064 | 2A12 | 2C15 | 1C12
1B13 | 1A15 | 1A11 /028 — | 36 85 —— /063 2A11 | 2D15 | 1C13
1B14 | 1A14 | 1A10 | 1/O29 —— | 37 84 | —— /062 | 2A10 | 2D14 | 1C14
1A15 | 1A13 | 1A9 | 1/O30 ——] | 38 83 | —— /061 2A9 | 2D13 | 1D15
1A14 | 1A12 | 1A8 | 1/O31 .— | 39 82| [ /060 | 2A8 | 2D12 | 1D14
TCK — | 40 81 —— TMS
TANTOLONODDO-—ANMNMTONOVDNDOT-TANMTITUONODDO~TANMNMTOLONODO
TETLTTLTTTITTOOOOOOODOODOOOOOOWOWOWOWONNMNNNNNNNNNO
O QNMOMTIULON~NONA QO ANOTW ONA QONVDO— OQANMI O OMNODN O
ZO0NMDDDMMMD = - -0-0-0-0-1 o=z oY & & ¢ 0w (_)Zu')IDLDLOLDI!)IDIf) (54
5>355553555>535555>565>035088>5558558855>5
M5-256 32232%=z2 8358=% ~-B8588 2zgILes M5-256
M5LV-256 Ealakah e —--rQa QN NawN NN M5LV-256
M5-192 roQur-ony ONN®T N X NoN© g e e M5-192
555i‘-,‘5,‘5.‘5$ fIceaa 255488 3%83%388
M- 125 °ere23%e  232¥E% 358838 85882:pP w128
M5LV-128 TEEE . T TrrrTTT T ---200a M5LV-128
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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Lattice

= Semiconductor
= Corporation

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

Top View

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

M5-320 NoyneEIR  RIVNCS, 4 Lyma N e@PFIOIR 0N a M5-320
M5LV-320 48238383 333§ 3i%S £929 285535959 53R¥53f8% M5LV-320
Ms5-384 - m LT ON—O Or-NM<T W O - M5-384
M5LV-384 Y8358 0mba Txxxzz2® 2329 W23h B0nnhhnh booanaad M5LV-384
29353308 $3535555 553 2333 29998333 22222999
M5-512 PN T ot otworn or o2 PV NRowsoar-o Nosho- SR M5-512
MSLV-512 gEEdRige BRggn BRek BaB% pOG28888 24333533 MSLV-512
P eneoy ouco Pene PYoNIoo®  heosoNco
oBB5B8BIBB, LBIITIIIIIIS oo 2858, 83885838 WEQITIGS o
& Q000000050000 FFS20009F5220000009552000000075

o
TDI 1 TDO
0A2 0A2 0A2 1/00 2 /0119 5A2 4A2 3A2
0A3 0A3 0A3 1101 3 /0118 5A3 4A3 3A3
0A4 0A4 0A4 1102 4 /0117 5A4 4A4 3A4
0A7 0A7 0A7 1/03 5 /0116 5A7 4A7 3A7
0A8 0A8 0A8 /04 6 /0115 5A8 4A8 3A8
0A11 [ 0A11 | 0A11 /05 7 /0114 5A11 | 4A11 | 3A11
0A12 | 0A12 | 0A12 1106 8 /0113 5A12 | 4A12 | 3A12
0A13 | 0A13 | 0A13 1107 9 /0112 5A13 | 4A13 | 3A13
Veo Veo
GND GND
0D15 | 0D15 | 0D15 1/08 /0111 5D15 | 4D15 | 3D15
0D14 | 0D14 | O0D14 1109 /0110 5D14 | 4D14 | 3D14
0D13 | 0D13 | 0D13 /010 110109 5D13 | 4D13 | 3D13
oD12 | oD12 | oD12 /011 /0108 5D12 | 4D12 | 3D12
0D11 | 0D11 oD11 /012 /0107 5D11 4D11 | 3D11
0D10 | 0D10 | oD10 /013 /0106 5D10 | 4D10 | 3D10
0D9 0D9 oD9 /014 /0105 5D9 4D9 3D9
oD8 0D8 0D8 /015 /0104 5D8 4D8 3D8
GND GND
0D7 0D7 0D7 /016 /0103 5D7 4D7 3D7
0D4 oD4 oD4 /017 110102 5D4 4D4 3D4
0D3 0D3 0D3 /018 /0101 5D3 4D3 3D3
ob2 ob2 obD2 /019 /0100 5D2 4D2 3D2
10/CLKO I13/CLK3
Voo GND
GND Vee
/CLK1 12/CLK2
1D2 1D2 1D2 /020 1/099 4D2 3D2 2D2
1D3 1D3 1D3 /021 1/098 4D3 3D3 2D3
1D4 1D4 1D4 /022 11097 4D4 3D4 2D4
1D7 1D7 1D7 /023 11096 4D7 3D7 2D7
GND GND
1D8 1D8 1D8 /024 /095 4D8 3D8 2D8
1D9 1D9 1D9 /025 /094 4D9 3D9 2D9
1D10 | 1D10 | 1D10 /026 /093 4D10 | 3D10 | 2D10
1D11 | 1D11 1D11 11027 /092 4D11 3D11 | 2D11
1D12 | 1D12 | 1D12 /028 1/091 4D12 | 3D12 | 2D12
1D13 | 1D13 | 1D13 11029 1/090 4D13 | 3D13 | 2D13
1D14 | 1D14 | 1D14 /030 1/089 4D14 | 3D14 | 2D14
1D15 | 1D15 | 1D15 /031 /088 4D15 | 3D15 | 2D15
GND GND
Vee Vee
1A15 | 1A13 | 1A13 /032 /087 4A13 | 3A13 | 2A15
1A14 | 1A12 | 1A12 /033 /086 4A12 | 3A12 | 2A14
1A13 | 1A11 1A11 /034 /085 4A11 3A11 | 2A13
1A12 1A8 1A8 /035 /084 4A8 3A8 2A12
1A11 1A7 1A7 /036 /083 4A7 3A7 2A11
1A10 1A4 1A4 /037 /082 4A4 3A4 2A10
1A9 1A3 1A3 /038 /081 4A3 3A3 2A9
1A8 1A2 1A2 /039 1/080 4A2 3A2 2A8
TCK T™S
M5-512 NN T MmN Or- A MT W OIN 0~ M ™ N~ © NOWYTOAN-O NOEN O M M5-512
MS5LV-512 22338383 RRRL0E2E Cxon aonl BE385838 55533 zxxx M5LV-512
$§§ R 239 558
NmYNRrN®  oYoNroomm LYoo NE YN meorNmTD oo eh g
M5-384 QU000 555 Lriizrzas S8 LR8% S8cohbbh oon338%% M5-384
MaLV-384 2 SIS 99999 933 MSLY-384
M5-320 222329z2 2oa33883 853532 29-8 heddBdml 2xd2iLes M5-320
M5LV-320 Aalaiaiai el mrrrT-o-s-- -oaoao QLN AN § NN ANN N M5LV-320
20446G-024
Pin Designations
CLK = Clock Vece = Supply Voltage 7 D 15
GND = Ground TDI = Test Dataln
I = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-7)
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Select devices have been discontinued.
See Ordering Information section for product status.
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20446G-026
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MACH 5 Family

X | aND [081LO/| AND |ZFLO/|EELON| AND [12LO/|SHLO/| AND | AND | AND | AND | €80/ | S20/1 | AND | €90/1 | LG50/ | AND | AND | AND
X | AND [6Z+ON[€91LO/|97 LO/|ZELO/| L2 HON|0Z LO/|¥ L LO/| L0 LO/I| LOLO/| S60/I | 680/ | 280/ | #20/1 | 690/ | 29071 | 9SO/ | 7O/ | 220/ | AND
A |161O/1|82LON| OOA |S¥LO/|LELO/|92 1O/ |6 EOAN|E L LO/|901LO/|00 LO/| ¥60/1 | 880/ | L8O/ | €20/ | 890/ | 19O/ | GSO/ | PPN | 920/ | 01O/
0 |06LON[LLLON[ZILO/| OPA | 99N [GZHO/N| OO |2110/1|S0LO/| 660/ | €60/ | 280/ | 080/ | 9N | 290/ | 99N | 99N | 2v0n | S20/ | 601
I |68LO/N[9L1LO/[9LO/| SNL MOL | WO/l | ¥20/1 | 80/
A | AND [GLLO/N[091LO/| P 1O/ ¥SO/I | 0vO/l | €20/ | AND
d |881LO/|rLLON|BSLO/N| 99N O | 6€0/I | 220/ | LOII
N | aND [€£10/(851O/1|EV 1O/ €50/ | 880/ | 120/1 | AND
m W |£8+0/[2210N|LSLO/|2Y O/ 250/ | LEON | 020/ | 90/
i3]
M T | AND |219721 [9SLO/I| L7 O/ . L < - LSO/ | 9€0/1 | Bior| SO/
[3°] m; U. .m [} wn O
@ 3 |9gLo/| ool [5GLO/|0YLON 523388 0SO/I | GEO/I |0%10/01| AND
8 0 2 _SETAREZC
N [ lsgron|Lztonlpsionleston € 2 5 2208 ER0O=2 6v0/ | ¥EO/ | 61071 | YOI
S 822232884874
- = 5 O O O O
ano |oz1olesor|ge oy 8§ DO0OSESZ2ZabEHEBE 8v0/l | €€0/1 | 81O/ | AND
O
— 1 1 e 1 e 1 O | B |
¥810/1(69+0/1|25+O/| OOA @ 9O\ |2eon | L+ON | €O
c 4% o9 sABER
c O O LvO/l | LEON | 910/
aND 8910/ LG LON|LELO/ £E3d6_S2°SEREE O/l | k€O/I | 910/ | AND
£810/1|2910/1|06+0/| OAL IaL |0€0/ | SLO/N | 20/

2810/1|19910/[617O/I| 99N | 99N [p2LO/| 99N |LELON|YOLO/| 860/ | 260/ | 980/ | 620/ | POA | 990/ | OOA | 99N | 620/ |¥LO/N | LO/I

181L0/1|S9LO/| 99N |9€LO/|0ELON|EZLO/N|(8LLO/|O L LON|EOLO/I| 6O/ | LBO/I | G8O/I | 8LO/ | 220/ | S90/I | 090/ | 970/ | OOA | €10/ | 001

anNo (¥910/1(8¥1LO/I|SELO/|6C FO/1|ee LO/1|LLLO/|601L0/1|1201LO/I| 960/1 | 060/1 | ¥8O/1 | LLO/I | LLO/ | ¥90/1 | 6G0/I | S¥O/I | 8¢0/1 | ¢LO/1 | AND

< m O A @m = O T

AND [ AND | AND |PELO/|8CHO/I| AND [911O/11801LO/I AND | AND | AND | AND [ 920/1 | 0LO/I | AND | 850/l | ¥¥O/I | AND | FEO/I | AND

< m O A @m = O T
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256-BALL BGA CONNECTION DIAGRAM — M5-320

Bottom View (I/O Pin-outs)




Select devices have been discontinued.
See Ordering Information section for product status.
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MACH 5 Family
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A |staz|eive | 99N | ove | ove | 1ve | 292 | 99z |okge | viae | viak |okgl| 9gk | 2gak | LVE | GV | 9V | OOA | 6VL | €LV
N |eraz|erve| 8ve | A | 99N | vve | 99N | egz | sgz |cige | gl | 8gk | egl | 99N | VI | OOA | OOA | 8Vt | 2iVE | SKAL
I |01Laz | Skve | 0Lve | SIWL MOL | OLVE | SIVE | 2HAl
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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
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MACH 5 Family



Select devices have been discontinued.
See Ordering Information section for product status.
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