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FUNCTIONAL DESCRIPTION

The fundamental architecture of ispMACH 4A devices (Figure 1) consists of multiple, optimized PAL®
blocks interconnected by a central switch matrix. The central switch matrix allows communication between
PAL blocks and routes inputs to the PAL blocks. Together, the PAL blocks and central switch matrix allow
the logic designer to create large designs in a single device instead of having to use multiple devices.

The key to being able to make effective use of these devices lies in the interconnect schemes. In the
iISPMACH 4A architecture, the macrocells are flexibly coupled to the product terms through the logic
allocator, and the 1/0 pins are flexibly coupled to the macrocells due to the output switch matrix. In
addition, more input routing options are provided by the input switch matrix. These resources provide the
flexibility needed to fit designs efficiently.
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Figure 1. ispMACH 4A Block Diagram and PAL Block Structure
Notes:

1. 16 for ispMACH 4A devices with 1:1 macrocell-1/O cell ratio (see next page).
2. Block clocks do not go to 170 cells in M4A(3,5)-32/32.

3. M4A(3,5)-192, M4A(3,5)-256, M4A3-384, and M4A3-512 have dedicated clock pins which cannot be used as inputs and do not connect to the central switch
matrix.
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Product-Term Array

The product-term array consists of a number of product terms that form the basis of the logic being
implemented. The inputs to the AND gates come from the central switch matrix (Table 5), and are provided
in both true and complement forms for efficient logic implementation.

Table 5. PAL Block Inputs

Device Number of Inputs to PAL Block
M4A3-32/32 and M4A5-32/32 33
M4A3-64/32 and M4A5-64/32 33
M4A3-64/64 33
M4A3-96/48 and M4A5-96/48 33
M4A3-128/64 and M4A5-128/64 33
M4A3-192/96 and M4A5-192/96 34
M4A3-256/128 and M4A5-256/128 34
M4A3-256/160 and M4A3-256/192 36
M4A3-384 36
M4A3-512 36

L ogic Allocator

Within the logic allocator, product terms are allocated to macrocells in “product term clusters.” The
availability and distribution of product term clusters are automatically considered by the software as it fits
functions within a PAL block. The size of a product term cluster has been optimized to provide high
utilization of product terms, making complex functions using many product terms possible. Yet when few
product terms are used, there will be a minimal number of unused—or wasted—product terms left over.
The product term clusters available to each macrocell within a PAL block are shown in Tables 6 and 7.

Each product term cluster is associated with a macrocell. The size of a cluster depends on the configuration
of the associated macrocell. When the macrocell is used in synchronous mode

(Figure 2a), the basic cluster has 4 product terms. When the associated macrocell is used in asynchronous
mode (Figure 2b), the cluster has 2 product terms. Note that if the product term cluster is routed to a
different macrocell, the allocator configuration is not determined by the mode of the macrocell actually
being driven. The configuration is always set by the mode of the macrocell that the cluster will drive if not
routed away, regardless of the actual routing.

In addition, there is an extra product term that can either join the basic cluster to give an extended cluster,
or drive the second input of an exclusive-OR gate in the signal path. If included with the basic cluster, this
provides for up to 20 product terms on a synchronous function that uses four extended 5-product-term
clusters. A similar asynchronous function can have up to 18 product terms.

When the extra product term is used to extend the cluster, the value of the second XOR input can be
programmed as a 0 or a 1, giving polarity control. The possible configurations of the logic allocator are
shown in Figures 3 and 4.

iSpMACH 4A Family 7
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Table 6. Logic Allocator for All ispM ACH 4A Devices (except M4A(3,5)-32/32)

Output Macrocell Available Clusters Output Macrocell Available Clusters
Mo Co. C1. G Mg C7.Cg, Cg, C1g
My Co €1, G2 C3 Mg Cg, Cg: C10, C11
M, C1,C2 GGy Mo Co, C10, C11, C12
M3 €2 C3,C4, Cs M1 C10: C11, 12, Cy3
My C3, C4, Cs, Cg M1o C11, C12, C3, Cyy
Ms C4, Cs, G, C7 M13 C12: €13, C14, G5
Ms Cs, G, C7,Cg M4 C13, C14, C15
M7 C C7,Cq, Co M5 C14 C15

Table 7. Logic Allocator for M4A(3,5)-32/32

Output Macrocell Available Clusters Output Macrocell Available Clusters
Mo Co. €1 G Mg Cg, Cg, C1o
My Co. €1, G2 G5 Mg Cg, g, C10 C11
M, C1,Cp, C3, Gy M1o Co, C10, €11, Co
M3 €2 C3, G4, Cs M1 C10: C11 C12, Cy3
My C3, C4, Cs, Cg M1, C11, C12, C13, Cyg
Ms C4, Cs, G, 7 Mis C12, C13, C14, G5
Mg Cs, G, C7 M4 C13, C14, C15
M7 Ce, C7 M5 C14, Cis5
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Figure 2. Logic Allocator: Configuration of Cluster “n” Set by Mode of Macrocell “n
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Figure 3. Logic Allocator Configurations: Synchronous M ode
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a. Basic cluster with XOR b. Extended cluster, active high c. Extended cluster, active low

d. Basic cluster routed away; e. Extended cluster routed away

single-product-term, active high

17466G-008
Figure4. Logic Allocator Configurations: Asynchronous M ode

Note that the configuration of the logic allocator has absolutely no impact on the speed of the signal. All
configurations have the same delay. This means that designers do not have to decide between optimizing
resources or speed; both can be optimized.

If not used in the cluster, the extra product term can act in conjunction with the basic cluster to provide
XOR logic for such functions as data comparison, or it can work with the D-,T-type flip-flop to provide
for J-K, and S-R register operation. In addition, if the basic cluster is routed to another macrocell, the extra
product term is still available for logic. In this case, the first XOR input will be a logic 0. This circuit has the
flexibility to route product terms elsewhere without giving up the use of the macrocell.

Product term clusters do not “wrap” around a PAL block. This means that the macrocells at the ends of
the block have fewer product terms available.

iSpMACH 4A Family 9
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M acrocell

The macrocell consists of a storage element, routing resources, a clock multiplexer, and initialization
control. The macrocell has two fundamental modes: synchronous and asynchronous (Figure 5). The mode
chosen only affects clocking and initialization in the macrocell.
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Figure 5. Macrocell

In either mode, a combinatorial path can be used. For combinatorial logic, the synchronous mode will
generally be used, since it provides more product terms in the allocator.
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Output Switch Matrix

The output switch matrix allows macrocells to be connected to any of several 170 cells within a PAL block.
This provides high flexibility in determining pinout and allows design changes to occur without effecting
pinout.

In ispMACH 4A devices with 2:1 Macrocell-1/0 cell ratio, each PAL block has twice as many macrocells
as 1/0 cells. The ispMACH 4A output switch matrix allows for half of the macrocells to drive 1/0 cells
within a PAL block, in combinations according to Figure 9. Each 1/0 cell can choose from eight macrocells;
each macrocell has a choice of four 170 cells. The ispMACH 4A devices with 1:1 Macrocell-1/0 cell ratio
allow each macrocell to drive one of eight 1/0 cells (Figure 9).
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Each macrocell can drive
one of 8 1/0O cells in
M4A(3, 5)-32/32 devices.

Each macrocell can drive
one of 8 1/0 cells in
iSpMACH 4A devices with 1:1
macrocell-1/O cell ratio except
M4A(3, 5)-32/32 devices.

Each macrocell can drive
one of 4 1/0O cells in
iSpMACH 4A devices with
2:1 macrocell-I/O cell ratio.

Each I/O cell can
choose one of 8
macrocells in
all ispMACH 4A
devices.

Figure9. ispM ACH 4A Output Switch Matrix

Table 10. Output Switch Matrix Combinationsfor ispM ACH 4A Deviceswith 2:1 Macrocell-1/O Cell Ratio

Macrocell Routable to 1/0 Cells
MO, M1 1/00, 1/05, 1/086, 1/07
M2, M3 1/00, 1/01, 1/06, 1/07
M4, M5 1/00, 1/01, 1/02, 1/07
M6, M7 1/00, 1/01, 1/02, 1/03
M8, M9 1/01, 1/02, 1/03, 1/04

M10, M11 1/02, 1/03, 1/04, 1/05

14 isPMACH 4A Family
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PAL Block Clock Generation

Each ispMACH 4A device has four clock pins that can also be used as inputs. These pins drive a clock
generator in each PAL block (Figure 14). The clock generator provides four clock signals that can be used
anywhere in the PAL block. These four PAL block clock signals can consist of a large number of
combinations of the true and complement edges of the global clock signals. Table 14 lists the possible
combinations.

GCLKO

g Block CLKO
(GCLKO or GCLK1)
GCLK1 Al
B Block CLK1
g ™ (GCLK1 or GCLKO)
ﬁ
GCLK2 - Block CLK2
™ (GCLK2 or GCLK3)
ﬁ
GCLK3
B Block CLK3
e
—q (GCLK3 or GCLK2)
_|_|

17466G-004
Figure 14. PAL Block Clock Generator *

1. MA4A(3,5)-32/32 and M4A(3,5)-64/32 have only two clock pins, GCLKO and GCLK1. GCLK?2 is tied to GCLKO, and GCLK3 is tied to GCLK1.

Table 14. PAL Block Clock Combinations!

Block CLKO Block CLK1 Block CLK2 Block CLK3
GCLKO GCLK1 X X
GCLK1 GCLK1 X X
GCLKO GCLKO X X
GCLK1 GCLKO X X

X X GCLK2 (GCLKO) GCLK3 (GCLKL)
X X GCLK3 (GCLKT) GCLK3 (GCLK1)
X X GCLK2 (GCLKO) GCLKZ (GCLKO)
X X GCLK3 (GCLK1) GCLKZ (GCLKO)

Note:
1. Values in parentheses are for the M4A(3,5)-32/32 and M4A(3,5)-64/32.

This feature provides high flexibility for partitioning state machines and dual-phase clocks. It also allows
latches to be driven with either polarity of latch enable, and in a master-slave configuration.

iSpMACH 4A Family 19
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ISpPOMACH 4A TIMING MODEL

The primary focus of the ispMACH 4A timing model is to accurately represent the timing in a ispMACH
4A 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 parameter, tg g is defined as the time it takes to go from feedback through the output buffer to the
170 pad. If asignal goes to the internal feedback rather than to the 1/0 pad, the parameter designator is
followed by an “i”. By adding tg g to this internal parameter, the external parameter is derived. For
example, tpp = tpp; + tgyr A diagram representing the modularized ispMACH 4A timing model is shown
in Figure 15. Refer to the application note entitled MACH 4 Timing and High Speed Design for a more detailed
discussion about the timing parameters.
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Figure 15. ispMACH 4A Timing Model

17466G-025

SPEEDLOCKING FOR GUARANTEED FIXED TIMING

The ispMACH 4A architecture allows allocation of up to 20 product terms to an individual macrocell with
the assistance of an XOR gate without incurring additional timing delays.

The design of the switch matrix and PAL blocks guarantee a fixed pin-to-pin delay that is independent of
the logic required by the design. Other competitive CPLDs incur serious timing delays as product terms

expand beyond their typical 4 or 5 product term limits. Speed and SpeedLocking combine to give designs
easy access to the performance required in today’s designs.
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BLOCK DIAGRAM —M4A3-256/160, M 4A 3-256/192
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BLOCK DIAGRAM — M4A3-384/160, M4A 3-384/192
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ABSOLUTE MAXIMUM RATINGS

M4A5

Storage Temperature. .................. -65°C to +150°C
Ambient Temperature

with Power Applied. . ................... -55°C to +100°C
Device Junction Temperature. . .................. +130°C
Supply Voltage

with Respectto Ground .. ............... -05Vto+7.0V
DC Input Voltage . .. .............. -05Vto Ve +05V
Static Discharge Voltage. .. ..................... 2000V
Latchup Current (Tp = -40°Cto +85°C) .......... 200 mA

Stresses above those listed under Absolute Maximum 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 )

Operatingin Free Air..................... 0°C to +70°C
Supply Voltage (Vcc)
with Respect to Ground. . ............ +4.75Vto +5.25V

Industrial (I) Devices
Ambient Temperature (T )

Operatingin Free Air.................... -40°C to +85°C
Supply Voltage (Vcc)
with Respect to Ground. . ............. +450V to +5.5V

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

5-V DC CHARACTERISTICSOVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Typ Max Unit
loy =—3.2 mA, Ve = Min, Vjy = Vyor v 2.4 v
Von Output HIGH Voltage o « -
IOH =-100 HA, VCC = Max, V|N = V|H or V||_ 3.3 3.6 V
VOL Outpu'[ LOW Voltage IOL =24 mA, VCC = Min, V|N = V|H or V”_ (Note l) 0.5 v
Viy Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs 20 v
(Note 2)
Guaranteed Input Logical LOW Voltage for all Inputs
ViL Input LOW Voltage (Note 2) 0.8 v
IH Input HIGH Leakage Current Viy =525V, Voo = Max (Note 3) 10 uA
n Input LOW Leakage Current Viy =0V, Voo = Max (Note 3) -10 uA
lozH Off-State Output Leakage Current HIGH | Voyr = 5.25V, Ve = Max, V= Vg or V,_ (Note 3) 10 uA
lozt Off-State Output Leakage Current LOW | Voyr =0V, Ve = Max , V= Vi or V) (Note 3) -10 uA
Isc Output Short-Circuit Current Vour = 0.5V, Ve = Max (Note 4) -30 -160 mA
Notes:

1. Total Io,_ for one PAL block should not exceed 64 mA.

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

2
3. 1/0 pin leakage is the worst case of I;,_and 1oz, (or I}y and lgzp).
4

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
VouT = 0.5V has been chosen to avoid test problems caused by tester ground degradation.
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44-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-32/32 AND M4A(3,5)-64/32)

Top View
44-Pin TQFP (1.0mm Thickness)

M < 0N O~ N~ O W0 <
CCCICC mmmaM
1 | | I
2LI2LL 58838
M4A (3,5)-64/32 o o® M4A (3,5)-64/32

toaNd020m®mAN

00000 5 O0000
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/ TOH NAHODON OO
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A2 A2 /05 C1—|1 33 |[T1/027 D3 B3
Al Al 1106 C1—|2 32 |[1T1/026 D2 B2
A0 — A0 1107 C1—|3 31 |[—1T—1/025 D1 B1
TDI C1|4 c 7 30 |1—1/024 DO — BO

M4A (3,5)-32/32 CLKO/I0 =T—|5 T ' 29 == TDO
GND —T—| 6 :égLCBeI } 28 [T GND M4A(3,5)-32/32
TCK |7 oc 27 [T CcLK1IL
A8 — BO /08 1|8 26 T TMS

A9 B1 /09 1|9 25 |1—1/023 C0 — B8
A10 B2 1/010 —1T—]|10 24 |1—1/022 C1 B9
All B3 1/011 1|11 23 |[1T—1/021 C2 B10

NM T OMN~NOOO O d N

o NN N

N39389285383R

M4A (3,5)-64/32 80059258050 M4A (3,5)-64/32
< W0 O~ ~NO WS M
moMmm 00000
] | | L

N M < W0 N <tmMAN A

L B B | L s e B B
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PIN DESIGNATIONS

CLK/I= Clock or Input
GND = Ground
I/0 = Input/Output

Vee = Supply Voltage
TDI = TestData In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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100-PIN PQFP CONNECTION DIAGRAM (M4A(3,5)-128/64)

Top View
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17466G-031

PIN DESIGNATIONS

I/CLK = Input or Clock
GND = Ground

| = Input

I/0 = Input/Output
Vee = Supply Voltage
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out

TRST = Test Reset
ENABLE = Program
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100-BALL caBGA CONNECTION DIAGRAM (M4A3-128/64)

Bottom View
100-Ball caBGA

10 9 8 7 6 5 4 3 2 1
Al onp | 1083 | WosO | 05T | oo s | WOL | o4 | 0T | |
H7 H4 H1 Al A4 A7
B | TRsT | onp | MOBL 15 vee | 00 06 1 onp | toi | 015 | g

H5 A0 A6 B7
c| V083 | po | V062 | 1OS8 | 1OS6 | W02 | oo | WOL4 | WO | wol2 |
G5 H6 H2 Ho A2 B6 B5 B4
D | V0S0 | W0s5 | .| V059 | O3 | W05 | WOLL | OO |onol MO0 | p
G2 G7 H3 A3 A5 B3 B2 B1
11049 | 1051 | 1/054 11016 | 1020 | 108
vCC VCC | GND
E | CLK3M] gy G3 G6 co c4 BO E
£l onp | vec | VMo40 | VOS2 | WO48 |\ | WO22 | WOLO | WOLT |0l ¢
FO G4 GO c6 c3 cl
G| M04L | oys | V042 | 043 | 1037 | 1035 | 1027 | o\ | 1023 | 108 |
F1 F2 F3 E5 E3 D3 c7 c2
[y | U044 | 1045 | 1046 | oo | O34 | 1024 | 1026 | O30 | Lo | WO2L |,
F4 F5 F6 E2 DO D2 D6 5
3| "4 \ENABLE| onp | Y038 | WO32 | e 12 029 1 6np | TMs | 4
F7 E6 EO D5
k| onp | MO39 | 1036 | W03 | | gp | 1025 | 1028 | w031 | |
E7 E4 E1 D1 D4 D7
10 9 8 7 6 5 4 3 2 1

PIN DESIGNATIONS

CLK = Clock

GND = Ground

| = Input

I/0 = Input/Output

N/C = No Connect

VCC = Supply Voltage

TDI = Test Data In

TCK = Test Clock

TMS = Test Mode Select

TDO = Test Data Out c

TRST = TestReset T yocel
ENABLE = Program PAL Block

17466G-100cabga
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144-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-192/96)

Top View
144-Pin TQFP

/095 B7
/094 B6
/092 B4
/091 B3
/090 B2
/089 B1
/088 BO
/085 A5
/084 A4
/083 A3
/082 A2
/081 Al
/080 A0
/074 L5
/073 L6
/072 L7

032533858838
AA A A A A A A AA —
GND 1 GND
TDI 2 TDO
D7 1100 3 NC
D6 1101 4 /1071 KO
D5 1102 5 11070 K1
D4 1103 6 11069 K2
D3 1104 7 11068 K3
D2 1105 8 11067 K4
D1 1106 9 11066 K5
DO 1107 11065 K6
12 11064 K7
13 112
Vee Vee
GND GND
14 111
c7 1108 110
C6 1109 11063  JO
C5  1/010 /1062 J1
C4 /011 /061 J2
C3 /012 I/0 Cell 11060 J3
c2 /013 11059 J4
Cl /014 11058 J5
Co  1/015 11057 36
GND PAL Block 11056  J7
Vee GND
E7 1016 Vee
E6 1017 11055 10
E5 1018 11054 11
E4 /019 11053 12
E3  1/020 /1052 13
E2 1021 /051 14
El 1022 11050 15
EO 1023 11049 16
T™S 11048 17
TCK NC
GND GND

17466G-033

PIN DESIGNATIONS

CLK = Clock

GND = Ground

| = Input

I/0 = Input/Output
Vee = Supply Voltage
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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256-BALL fpBGA CONNECTION DIAGRAM (M4A3-256/192)

Bottom View
256-Ball fpBGA

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

1/0167 | 1/0181 | 1/0180 | 1/0177 | 1/0174 | 1/0172 | 1/0191 | 1/0186 | 1/01 1103 GCLKO I/09 | 1/013 | 1/015 | 1/018 | 1/020
N15 013 012 09 06 04 P14 P4 A2 A6 B1 B5 B7 B10 B12

110165 | 1/0166 | 1/0182 | 1/0179 | 1/0175 | 1/0173 | 1/0168 | 1/0187 | 1/00 1105 /07 | 1/010 | I/O16 | 1/019 | 1/021 NC
N13 N14 014 o1 o7 05 00 P6 A0 A10 Al4 B2 B8 B11 B13

c 110163 | 110164 NC /0183 | 1/0178 | 1/O170 | /0171 | /0189 | /O184 [ 1/O6 | 1/O12 | 1/014 | 1/023 | 1022 | +p 1/039 c
N11 N12 015 010 02 03 P10 PO Al2 B4 B6 B15 B14 C15

110158 | 110159 1/017 | 1/038 | 1/037

D NG N7 TDO | GND [ GND [ VCC | GND | VCC | GND | GND | VCC | GND | VCC B9 Cc14 c13 D
110156 110162 1/0160 | /0161 | 1/0190 1/0188 | 1/02 1108 1/036 | 1/035 | 1/031
E N4 NC N10 vee N8 N9 P12 GCLK3 P8 A4 BO NC GND C12 c1u C7 E
= /0152 | /0157 | 1/0155 | ~\p | VO154 | /0153 | 1/0176 | /0169 | 1/0185 [ 1/O4 | 1/OLL | 1034 | ;- | 1/O32 | 1/O30 | 1/O29 E
NO N5 N3 N2 N1 08 01 P2 A8 B3 C10 C8 C6 C5

110147 | 110150 | 1/0149 1/0148 | 1/0151 I/033 | 11028 11026 | 11025 | 1/047
G M6 M12 M10 vee M8 M14 VCC | GND | GND | vCC C9 C4 GND C2 Cl D14 G

110144 | 110146 | 1/145 1/0136 | 1/0137 11027 | 11024 11044 | 11043 | 11042
MO M4 Oom2 GND L0 L2 GND | vee | veC | GND C3 Co vee D8 D6 D4

1/0138 | 110139 | 1/0140 1/0142 | 1/0141 I/046 | 11045 11049 | 11048 | 1/050
J L4 L6 L8 GND L12 L10 GND | vee | vee | GND D12 D10 GND E2 EO E4 J

110143 | 110120 | /0121 110123 | 1/0122 I/041 | 11040 11055 | 1/054 | 1/056
K L14 KO K1 vee K3 K2 VEC | GND | GND | vee D2 DO vee E14 E12 FO K

L /0124 | /0125 | 10127 | o\p | 1/O130 | /0126 [ 1/098 | 1/O91 | 1/O75 | 1/O77 | /052 | WO51 | yp | 1/O59 | 1/060 | 1057 L
K4 K5 K7 K10 K6 14 H6 G3 G5 E8 E6 F3 F4 F1

M /0128 | /0129 | /0131 | o\p | 1/O107 | /0105 | /O100 | 1/O90 | 1/O74 | 1/080 | 1/O83 [ 1/O53 | \n | 1/O68 | 1/063 | 1/058 M

K8 K9 K11 J3 J1 18 H4 G2 G8 Gl E10 F12 F7 F2
110132 | 1/0133 | 1/0135 11064 | 1/061
N K12 K13 K15 VCC | GND | VCC GND | VvCC GND | GND | VCC GND | GND | TCK Fs F5 N
p 1/0134 | /0117 | 1/0118 | 1/0119 | 1/O108 | /0106 | 1/0101 | 1/089 | 1/093 | 1/094 | 1/O79 | 1/084 | 1/087 ™S 1/065 | 1/062 p
K14 J13 J14 J15 J4 J2 110 H2 H10 H12 G7 G12 G15 F9 F6
R 1/0116 | /0115 | 1/0112 | 1/O111 | 1/O104 | 1/O102 | 1/099 | 1/096 | 1/092 | 1/O72 | 1/O76 | 1/0O81 | 1/085 | 1/O71 | 1/067 | 1/066 R
J12 Jil J8 J7 Jo 112 16 10 H8 GO G4 G9 G13 F15 F11 F10
1/0114 | /0113 | 1/0110 | 1/O109 | /0103 1/097 | 1/088 I/095 | 1/073 | 1/O78 | 1/082 | 1/086 | 1/070 | 1/069
T J10 J9 J6 J5 114 GCLk2 12 HO GCLKL H14 Gl G6 G10 G14 F14 F13 T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
PIN DESIGNATIONS
CLK = Clock
GND = Ground
I = Input
1/0 = Input/Output
N/C = No Connect
VCC = Supply Voltage
TDI = Test Data In C 7
TCK = Test Clock
T™S = Test Mode Select L wocel
TDO = Test Data Out PAL Block
17466G-047
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256-BALL BGA CONNECTION DIAGRAM - (M4A3-384/192)

Bottom View
256-Ball BGA
20 19 18 17 6 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
011 oss | 1058 o070 | 1076 0108 | 10116 o128 | 110134
Al oo | B | onp | MO | U058 | gnp | WOTO | WOTS | Gnp | enp | oD | enp | FOL0B | QLG | gyp | VOLZ8 | WOLSE | gvp | enp | oD | A
g | onp | M012 | w028 | wous | vose | woes | worr | worr | woss | wow | wose | wow02 | wowe | wour | w0122 | w0129 | w015 | W08 |04 | s | g
ox7 | Fxs | Fx3 | ox7 | cx5 | cx3 | Dx7 | Dxs | Dx2 | Ax0 | AXx3 | AX6 | BX1 | BX4 | BX6 | 04 06 | o7
c | moo | wow | oo |voss | woso | woss | worz | uos | woss | uoor | wos7 | wows | wouo | vous | vo1zs | wowso | w016 | oo | oies | wosL | o
GX6 | GX5 e | P2 | Bxt | oxa | cxo | oxa | Dxi | Axt | Axa | Bx2 | BXs | 00 o1 05 N7 N6
o1 | uow | w029 11066 079 | woss | 1os2 | uoss | uoio4 | voim 0124 0149 | 10166 | 110182
Dl Ext | ox3 | Gxa | V€€ | VCC | 'mxg | V€€ | cx1 | Dx3 | Dxo | ax2 | Axz | B | VCC | o2 | VEC | VCC | Ty N5 7 | D
o2 | uots | 103 0150 | 10167 | 110183
Eleo | oxo | oxt | ™ 00 | "N N3 pe | B
o6 | wost | woa7 0137 | o151 | 10168
F1CND | &1 | Ex6 | oxe NI NO ps | GND | F
03 | otz | wos2 o152 | 0169 | 110184
G| hxe | Bxa | Ex5 | VCC VeC | Tpg P3 wr | ©
wl oo | Moz | woss | woss PIN DESIGNATIONS w0138 | 10183 | 10170 | o |
HXs | Ex2 | EX3 P2 PL PO
o4 | ot | wo3s | 1oag CLK = Clock 10139 | o154 | 10171 | 0185
Il Rxo | WXt | Hx4 | HXT7 GND = Ground M6 M5 M4 | Y
| = Input
K[ ono | cks | 193 | 1O 110 = Input/Output VOLID | VOIS | cika | VOIS | K
N/C = No Connect
L] vos | o | oss | wost VCC = Supply Voltage vor [ 00156 | cr | onp | L
A2 A0 Al TDI = Test Data In L3 L4
o6 | 1020 | 1037 | 1os2 TCK = TestClock c o142 | 1ois7 | o172 | ois7
M A3 A5 A6 T™MS = Test Mode Select T yocel L6 L5 Lo 1 | M
TDO = Test Data Out
n | oo | Mozt | woss | wos3 PAL Block w0143 | 1018 | 10173 | o |
A7 Do D1 5 0 L7
o7 | o2 | 1o3s 0159 | o174 | 10188
Pl o2 D3 pa | VCC vee n 1 L |P
1023 | w040 | woss o144 | o160 | 10175
R GND | "ps D6 D7 Ks Ko B | GND | R
o8 | o024 | woat o161 | 10176 | 10189
T & BO g7 | 1K ™S | g KL 2 |7
09 | o025 | wos2 11067 oso | 1087 | w093 | 1099 | woios | o2 0125 o162 | 10177 | 110190
Ul s Bl Bs | VCC | VCC | "o | VCC | Tgg E5 E2 H2 H5 co | VEC | Ty | Vee | vee | T K2 6 |V
v | vow | vozs | oo | oss | wosr | uoes | wors | wost | woss | wosa | w000 | W06 | WOUB | O | 0126 | O3 | 105 | oo |WOLB | WOl |
B5 B2 c5 c2 c1 F4 FL E4 EL H1 Ha Gl G4 ) 2 3 K3 7
w | ono | W02 | voas | voss | wos2 | wose | wora | wos2 | wose | w095 | otor | wot07 | wous | w0120 | votzr | woiz2 | vows | w013 10179 | s | w
c7 cs | c3 F7 F5 F3 E7 E3 E0 HO H3 H7 3 G5 67 I 36 7
057 | 11063 io7s | 1oss o115 | o121 0133 | 10147 10180
v |ew | oo | oo | 195 063 | onp | 197 083 | eNo | oD | oo | eno | MOU L1 enp | VOIS L7 | oo | 10180 | gno | v
20 19 18 17 6 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
17466G-046
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5V Commercial Combinations 5V Industrial Combinations
M4A5-32/32 -5, -7,-10, JC, VC, VC48 M4A5-32/32 -7,-10,-12 JI, VI, VI48
M4A5-64/32 JC, VC, VC48 M4A5-64/32 JI, VI, VI48
M4A5-96/48 -55,-7,-10 VC M4A5-96/48 -7,-10,-12 Vi
M4A5-128/64 YC, VC M4A5-128/64 YI, VI
M4A5-192/96 6,-7,-10 VC M4A5-192/96 -7,-10,-12 Vi
M4A5-256/128 65, -7, -10 YC M4A5-256/128 -10,-12 Yi

L ead-free Packaging

3.3V Commercial Combinations 3.3V Industrial Combinations
M4A3-32/32 -5,-7,-10 VNC, VNC48, INC M4A3-32/32 VNI, VNI48, INI
M4A3-64/32 VNC, VNC48, JNC M4A3-64/32 VNI, VNI48, NI
M4A3-64/64 55,-7,-10 NG MAA3-64/64 -1,-10,-12 Wi
M4A3-128/64 UNC M4A3-128/64 NI
M4A3-192/96 6, -7,-10 VNC M4A3-192/96 VNI
M4A3-256/128 55,-7,-10 FANC, YNC M4A3-256/128 -10, -12 FANI, YNI
M4A3-256/160 710 YNC M4A3-256/160 YNI
M4A3-256/192 ' FANC M4A3-256/192 FANI
M4A3-384/192 -65, -10, -12 FANC M4A3-384/192 -10, -12, -14 FANI
M4A3-512/192 -7,-10, -12 FANC M4A3-512/192 FANI

5V Commercial Combinations 5V Industrial Combinations
M4A5-32/32 -5,-7,-10 VNC, VNC48, INC M4A5-32/32 VNI, VNI48, NI
M4A5-64/32 VNC, VNC48, INC M4A5-64/32 VNI, VNI48, NI
M4A5-96/48 -55,-7,-10 VNC M4A5-96/48 7 410.-12 VNI
M4A5-128/64 VNC, YNC M4A5-128/64 e VNI, YNI
M4A5-192/96 6,-7,-10 VNC M4A5-192/96 VNI
M4A5-256/128 65, -7, -10 YNC M4A5-256/128 YNI

Most ispMACH devices are dual-marked with both Commercial and Industrial grades. The Industrial speed grade is slower, i.e.,

M4A3-256/128-7YC-10Y1
Valid Combinations

Valid Combinations list configurations planned to be supported in 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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