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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
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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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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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¢ 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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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,

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

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
SEGMENT 0

32 ?64 PT f7PT 32 fs4PT 17PT
64 x 730 64 x 730
AND Logic ArrayQl AND Logic ArrayO
and Logic Allocator and Logic Allocator
> S~———
32 32
lo, 1 +—H Block Interconnect |}-<
2
32 32
— ————
64 x 730 64 x 730
AND Logic Arrayl AND Logic ArrayO
and Logic Allocator and Logic Allocator
- l64PT l7PT a2 l64PT l7PT

Block A/Macrocells 0-15

16

16
1/0 Cells

2 16 Control0
Macrocells Generator N—
7

2PTOE

Block D/Macrocells 0-15

16

16
1/0 Cells

2PTOE

2 16 Control0
Macrocells Generator N—
7

Macrocells ControlO N1
7| Generator
2 16

16

2 PTOE

16

Block B/Macrocells 0-15

Macrocells ControlO M
7| Generator
2 16

2PTOE

16

Block C/Macrocells 0-15

CLKoO I L L
o> SEGMENTINTERCONNECT
SLKSD ! — I

Block A/Macrocells 0-15

Block D/Macrocells 0-15

16 16
16 /O Cells _ Ja————— 16 /O Cells
2PTOE 2PTOE
2 16 ControlO 2 16 ControlO
Macrocells Generator N— Macrocells Generator N—
7 7
32 t 64 PT 7PT 32 t 64 PT T 7PT
64 x 730 64 x 730
AND Logic ArrayO AND Logic ArrayO
and Logic Allocator and Logic Allocator
> >
32 32
12,3 +—E| Block Interconnect |}-<
2
32 32
———— —
64 x 730 64 x 730

AND Logic ArrayOl
and Logic Allocator

32

l64 PT

AND Logic ArrayO
and Logic Allocator

l7PT 2

Macrocells ControlO N—
7| Generator
2 16

l64PT l7PT

Macrocells ControlO
7| Generator
2 16

Block B/Macrocells 0-15

2PTOE 2PTOE
1 1/0 Cells 1 1/0 Cells
16 16

Block C/Macrocells 0-15

SEGMENT 1

20446G-007

14

MACH 5 Family

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

‘PANUIJUOISIP UBS( dARY SOIASP }09|9S



-

ICE
=1 Semiconductor
== Corporation

Latt

BLOCK DIAGRAM — M5(LV)-320/XXX

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

MACH 5 Family 23

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




i atlice

amnam Semiconductor

=nnnnn Corporation

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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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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144-PIN PQFP CONNECTION DIAGRAM
Top View

144-Pin PQFP
M5-128 P¥Tocwrne wsnau—o Oramgw OrnoEESR M5-128
MS5LV-128* 388333 33383 5888858 58383888 MS5LV-128
M5-192* Towrhoos ®oNN®S N or¥Pam twonoST M5-192*
LI LI - gayaalal oooo<< LI <T
oOocooooo [eNeNeNeNeNe] oocooa N NN ANNNANN
MSLY 256 z22323% 335853 B5B538 z¥2Isses Lv-s56
M5LV-256 ggggggg coooooo OOmOOOm® %%:‘,:‘,%%% MSLV-256
ON— O
0 P ERe88R0883885 422 sR88588028888R8 49
2220000500000 55 5000000580000000°5
OV(")(\lV—OO?COI\CDL()?(')(\lv—OG’COI\(OLOQ‘(”JNv—OD’WI\kOIDV(")Nv—OOV
DI — |1 108 TDO
0A14 | 0A12 | 0A8 1100 —— |2 107 11077 | 3A8 | 2A12 | 0D14
0B13 | 0A13 | 0A9 o1 —— |3 106 11076 | 3A9 | 2A13 | 0C13
0B12 | 0A14 | 0A10 1102 — | 4 105 11075 | 3A10 | 2A14 | 0C12
0B11 | 0B13 | OA11 1103 —— |5 104 11074 | 3A11 | 2B13 | 0C11
0B10 | 0B12 | 0A12 1104 —] 6 103 /073 3A12 | 2B12 | 0C10
GND — |7 102 GND
0B8 | 0B11 | 0B13 1105 — |8 101 11072 | 3B13 | 2B11 | 0C8
0B7 | 0B8 | 0B12 1106 —— |9 100 11074 3B12 | 2B8 | 0C7
0B6 | 0B5 | 0B11 1107 — | 10 99 1070 | 3B11 | 2B5 | 0C6
0B5 | 0B4 | 0B8 /o8 —— | 11 98 11069 | 3B8 | 2B4 | 0C5
GND — |12 97 GND
0B4 | 0B3 | 0B5 1109 — | 13 9 /068 | 3B5 | 2B3 | 0C4
oB3 | 0B2| 0B4| VO10 — |14 95 /067 | 3B4 |2B2 | o0C3
0B2 | oB1| 0B3| VO11 — |15 94 /066 | 3B3 | 2B1 | 0C2
oB1| o8B0 | 0B2| VO12 — |16 93 11065 | 3B2 | 2B0 | 0OCA
10/CLK0 —— | 17 92 13/CLK3
Ve T | 18 91 GND
GND — | 19 90 Vee
1/CLK1 —— | 20 89 12/CLK2
1B1 | 1Bo | 1B2| 1O13 — |21 88 11064 | 2B2 |2co | 1Ci
1B2 1B1 1B3 11014 — 22 87 1/063 2B3 2C1 1C2
1B3 | 1B2 | 1B4 | 1015 — |23 86 yos2 | 2B4 |2c2 | 1cC3
1B4 | 1B3 | 1B5| 1O16 = |24 85 1/061 2B5 | 2C3 | 1C4
GND — |25 84 GND
185 | 1B4 | 1B8 | 1017 — |26 83 11080 | 2B8 | 2c4 | 1C5
1B6 | 1B5 | 1B11 o1 — |27 82 11059 | 2B11 | 2C5 | 1C6
1B7 | 1B8 | 1B12 | 1O19 — |28 81 11058 | 2B12 | 2c8 | 1C7
1B8 | 1B11 | 1B13 11020 — 29 80 1/057 2B13 | 2C11 | 1C8
GND — |30 79 GND
1B10 | 1B12 | 1A12 /1021 — 31 78 1/056 2A12 | 2C12 | 1C10
1B11 | 1B13 | 1A11 11022 — |32 77 11055 | 2A11 | 2C13 | 1C11
1B12 | 1A14 | 1A10 /023 — 33 76 1/054 2A10 | 2D14 | 1C12
1B13 | 1A13 | 1A9 | 1024 T |34 75 11053 | 2A9 | 2D13 | 1C13
1A14 | 1A12 | 1A8 | 1025 T |35 74 /052 | 2A8 | 2D12 | 1D14
TCK — | 36 73 ™S
NOODO T~ ANNITOLONODDO-—ANMDTHDOMNODIO-TANMITILONODO —AN
OOOTITITTITTTITOOLLLLOLOLODWODL © O©O©OO©O©O©WOWOONNN
CBRNRLBnISRIBRHR 892 SRITILISLLT IR 82
5>02000000F5900000>55>0009009059000000>5
" NOWUTON — O~ — QN N~ QNN M AN MWD O "
M5-256 TIIIETIET 200877 AaRRRR S33FSST M5-256
M5LV-256* - N M5LV-256*
-22z2223I 248835 3-2288 33333=2=
M5-192* LI-rrrr Sreeee ~000Qx NN NQQ M5-192*
M5-128 2TC-23e 2322=< 858838 8582=%¢2 M5-128
M5LV-128* LI~ e Teere- —-e-2000 M5LV-128*
*Package obsolete, contact factory.
20446G-019
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)

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

Top View

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

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

— ¥ A 2 Z ~ 2 EH D o> B M

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

3 4 ¢ ¥ S 9 L 8 6 s 11 cl ¢l 4 Sl 91 L1 81 6l 0C

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.

I 4 ¢ ¥ S 9 L 8 6 ()8 11 cl ¢l 14 Sl 91 Ll 8l ol 0C

20446G-029

A 2 Z a2 B D o> B

M

MACH 5 Family

< m O A @O = O I -

X |aND | Zve |AND | Ove | 192 |aAND | /92 | +192 | AND |AND | AND | AND | LigL| 9+ | AND | +9L | OVE | AND | AND | AND
M |aND | 6ve | eve | 2ve | 092 | vac | S92 | 69z |cigz |Siag|siak |zigL| 6ak | sab | vl | ogl | gVl | €VF | ZVE | AND
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
d | aND |21az | vive | Live FIVE | PLVE | €1AK | AND
o
N d | L@z | 8@z |¥+az| 2°A =~ 0 0N | piak | 64k | LAt
o — D
Y N | ano | vae | 6az | L@z S N LLak | 0kdl | 8ak | AND
VNS
— [8)
= W | 2dz | €dz | saz | 9az m % m oal | sdt | ¥at | eatr
d = m
_ - T | aND |210721| 0Q2 | LAz = % < 5 § 2 B tar | oar [wiom| zar
s ggs£sE ,20 SR
< = S | 2ae |enoel| ode | tas 5 2 o $ T = £A0 | 040 |o10/01| AND
o P T Qg2 E8 S 5
=)
[{e] [8] =] =) QL o e e
c : [ | eae | vae | sae | 9ae S § 258507 A C A 900 | Qo | €Qo | 2do
o 9 = 2 8 EEo 58888 @
< H | ano | sae |orae | +iae 8§ VOS2 S20FHEFH 1L@0 | 600 | v@0 | GNO
D — W 1 e 1 e 1 1 e | | O B fa)
c o | zae | 6ac |viac| 9°A o A [yL@o | 8ao | <ao
Z 9 9 %2 o, 9r¥gg |
c &} @) <
nlu ..m d | GND | erae | give | Lve £ 003z SFSEEER I /V0 |2Iv0 |21ao | ano
n_lu m d |ziae | erve | vve | oal L | ¥¥0 | €rv0 | 0LA0
7]
_.M M a|srac| 8ve | ave | 99N | OO | 2zge | OO |zciav | sav | eav | evy | vy |2kvp | OOA | 280 | OOA | OOA | 2v0 | LiVO | €1A0
P w D | Live| eve | 9N | ege | vac |zcige |€1ay | 6ay | sav | 19y | VY | Svv | 6VP |E€lvy [2190| ¥90 | €80 | 9°A | 8v0 | GLA0
M d |aND | zge | 8ge | Lige|Siay | Liav |otay | 9gv | eay | 0ay | Ovy | €vv | 9vb |OLYY | LIVP | GHVY | 11E0 | 880 | €V0 | AND
o9
< % V |aND |aND |aND | €19€ | v1Gy | AND | 8GF | var | AND | AND | AND | AND | ¥V | 8vv | AND | #Ivy | €180 | AND | 290 | AND
o=
@DU m > 1 z ¢ % S 9 L 8 6 01 112 €1 vl ST 91 L1 81 6L 0T
3. -l M
cuo = =
-I.m.m >
Zil £t
Ss3 1 O
J::: © =
rrrrH v o
: HH AN m

38



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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