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The ispMACH 4A family offers 20 density-1/0 combinations in Thin Quad Flat Pack (TQFP), Plastic
Quad Flat Pack (PQFP), Plastic Leaded Chip Carrier (PLCC), Ball Grid Array (BGA), fine-pitch BGA
(fpBGA), and chip-array BGA (caBGA) packages ranging from 44 to 388 pins (Table 3). It also offers 1/0
safety features for mixed-voltage designs so that the 3.3-V devices can accept 5-V inputs, and 5-V devices
do not overdrive 3.3-V inputs. Additional features include Bus-Friendly inputs and 1/0s, a programmable
power-down mode for extra power savings and individual output slew rate control for the highest speed
transition or for the lowest noise transition.

Table 3. ispMACH 4A Package and I/O Options(Number of 1/Os and dedicated inputsin Table)

3.3V Devices

Package

M4A3-32

M4A3-64

M4A3-96

M4A3-128

M4A3-192

M4A3-256

M4A3-384

M4A3-512

44-pin PLCC

32+2

32+2

44-pin TQFP

32+2

32+2

48-pin TQFP

32+2

32+2

100-pin TQFP

64+6

48+8

64+6

100-pin PQFP

64+6

100-ball caBGA

64+6

144-pin TQFP

96+16

144-ball fpBGA

96+16

208-pin PQFP

128+14, 160

160

160

256-ball fpBGA

128+14, 192

192

192

256-ball BGA

128+14

192

388-ball fpBGA

256

5V Devices

Package

M4A5-32

M4A5-64

M4A5-96

M4A5-128

M4A5-192

M4A5-256

44-pin PLCC

32+2

32+2

44-pin TQFP

32+2

32+2

48-pin TQFP

32+2

32+2

100-pin TQFP

43+8

64+6

100-pin PQFP

64+6

144-pin TQFP

96+16

208-pin PQFP

128+14
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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.

iSpMACH 4A Family 5



Table 4. Architectural Summary of ispMACH 4A devices

iSpMACH 4A Devices
M4A3-64/32, M4A5-64/32
M4A3-96/48, M4A5-96/48 M4A3-32/32
M4A3-128/64, M4AS-128/64 M4A5-32/32
M4A3-192/96, M4A5-192/96 M4A3-64/64
M4A3-256/128, M4A5-256/128 M4A3-256/160
M4A3-384 M4A3-256/192
M4A3-512
Macrocell-1/0 Cell Ratio 2:1 11
Input Switch Matrix Yes Yes!
Input Registers Yes No
Central Switch Matrix Yes Yes
Output Switch Matrix Yes Yes

The Macrocell-170 cell ratio is defined as the number of macrocells versus the number of 1/0 cells
internally in a PAL block (Table 4).

The central switch matrix takes all dedicated inputs and signals from the input switch matrices and routes
them as needed to the PAL blocks. Feedback signals that return to the same PAL block still must go through
the central switch matrix. This mechanism ensures that PAL blocks in ispMACH 4A devices communicate
with each other with consistent, predictable delays.

The central switch matrix makes a ispMACH 4A device more advanced than simply several PAL devices on
a single chip. It allows the designer to think of the device not as a collection of blocks, but as a single
programmable device; the software partitions the design into PAL blocks through the central switch matrix
so that the designer does not have to be concerned with the internal architecture of the device.

Each PAL block consists of;

Product-term array
Logic allocator
Macrocells

Output switch matrix
170 cells

Input switch matrix
¢ Clock generator

Notes:
1. MA4A3-64/64 internal switch matrix functionality embedded in central switch matrix.

L IR R JER JER SR 2
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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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oD E=D> ED

a. Basic cluster with XOR b. Extended cluster, active high c. Extended cluster, active low

=D D =

d. Basic cluster routed away; e. Extended cluster routed away
single-product-term, active high

17466G-007
Figure 3. Logic Allocator Configurations: Synchronous M ode

DD ED > FD>

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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Table 8. Register/L atch Operation

Configuration Input(s) CLK/LE L Q+

D=X 014 (M Q

D-type Register D=0 () 0
D=1 T () 1

T=X 0,1} (M Q

T-type Register =0 () Q
T=1 () Q

D=X 1(0) Q

D-type Latch D=0 0(1) 0
D=1 0(1) 1

Note:

1. Polarity of CLK/LE can be programmed

Although the macrocell shows only one input to the register, the XOR gate in the logic allocator allows the
D-, T-type register to emulate J-K, and S-R behavior. In this case, the available product terms are divided
between Jand K (or S and R). When configured as J-K, S-R, or T-type, the extra product term must be used
on the XOR gate input for flip-flop emulation. In any register type, the polarity of the inputs can be
programmed.

The clock input to the flip-flop can select any of the four PAL block clocks in synchronous mode, with the
additional choice of either polarity of an individual product term clock in the asynchronous mode.

The initialization circuit depends on the mode. In synchronous mode (Figure 7), asynchronous reset and
preset are provided, each driven by a product term common to the entire PAL block.

Power-Up Power-Up
Reset Preset
PAL-Block 4D®7 PAL-Block
Initialization Initialization
Product Terms —[)—— Product Terms —[)
AP AR AP AR
DITL Q pL  Q

D D

a. Power-up reset b. Power-up preset

17466G-012 17466G-013
Figure 7. Synchronous M ode Initialization Configurations
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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).

Mo [] Mo [] —{] oo Mo []—{] oo
M1 [] M1 [|— o1 M1 []|— o1
M2 [] M2 []||— vo2 M2 []||— vo2
M3 [] M3 [] 1103 M3 [] /03
= M4 [] 1/00 M4 [] 1104 M4 [] 1104
[ M5 [] 1/01 M5 [] 1/05 M5 [] /05
o | [ me [] 1102 me [] 1106 M6 [] 1106
g [ < 3 M7 1/03 M7 1107 M7 1107
§< ERNE | 0 mMe[]  [uoa me[]  [os Ms[] []os
E| [ Mo [] [0 vos Mo [] [ o9 M9 [] [ o9
e m10 [] [ vos m10 [] [Jvo1o M10 [] [ vo1o
= M1l [] 0 wvo7 M11 [] [ wo11 M11 [] [ vo11
M12 [] mMi2[]  [Juo1z mMi2[]  [uo12
M13 [] mMi3[]  [Jvo13 Mis[]  [uois
M14 [] M14 [] [0 vo14 M14 [] [ vo1a
M15 [] M15 [] [0 vo1s M15 [] [0 vois

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



:Lattice

Table 10. Output Switch Matrix Combinationsfor ispM ACH 4A Deviceswith 2:1 Macrocell-1/0 Cell Ratio

Macrocell Routable to 1/0 Cells

M12, M13 1/03, 1/04, 1/05, 1/06

M14, M15 1/04, 1/05, 1/06, 1/07

1/0 Cell Available Macrocells

1/00 MO, M1, M2, M3, M4, M5, M6, M7
1/01 M2, M3, M4, M5, M6, M7, M8, M9
1102 M4, M5, M6, M7, M8, M9, M10, M11
1/03 M6, M7, M8, M9, M10, M11, M12, M13
1/04 M8, M9, M10, M11, M12, M13, M14, M15
1/05 MO0, M1, M10, M11, M12, M13, M14, M15
1/06 MO, M1, M2, M3, M12, M13, M14, M15
1/07 MO, M1, M2, M3, M4, M5, M14, M15

Table 11. Output Switch Matrix Combinationsfor M4A3-256/160 and M 4A 3-256/192

Macrocell Routable to 1/0 Cells
MO 1/00 1/01 1102 1/03 1104 1/05 1/06 1107
M1 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1107
M2 1/00 1/01 1102 1/03 1104 1/05 1/06 1107
M3 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1/07
M4 1/00 1/01 1102 1/03 1104 1/05 1/06 1107
M5 1/00 1/01 1102 1/03 1/04 1/05 1/06 1/107
M6 1/00 1/01 1102 1/03 1104 1/05 1/06 1107
M7 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1/07
M8 1/08 1/09 1/010 /011 1/012 1/013 1/014 1/015
M9 1/08 1/09 1/010 1/011  1/012 1/013 1/014 1/015
M10 1/08 1109 1/010 /011 1/012 1/013 1/014 1/015
M11 1/08 1/09 1/010 1/011  1/012 1/013 1/014 1/015
M12 1/08 1109 1/010 /011 1/012 1/013 1/014 1/015
M13 1/08 1/09 1/010 1/011  1/012 1/013 1/014 1/015
M14 1/08 1109 1/010 /011 1/012 1/013 1/014 1/015
M15 1/08 1/09 1/010 1/011  1/012 1/013 1/014 1/015
1/0 Cell Available Macrocells

1/00 MO M1 M2 M3 M4 M5 M6 M7
1/01 MO M1 M2 M3 M4 M5 M6 M7
1102 MO M1 M2 M3 M4 M5 M6 M7
1/03 MO M1 M2 M3 M4 M5 M6 M7
1/04 MO M1 M2 M3 M4 M5 M6 M7
1/05 MO M1 M2 M3 M4 M5 M6 M7
1/06 MO M1 M2 M3 M4 M5 M6 M7
1107 MO M1 M2 M3 M4 M5 M6 M7

iSpMACH 4A Family
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1/O Cell

The 170 cell (Figures 10 and 11) simply consists of a programmable output enable, a feedback path, and
flip-flop (except ispMACH 4A devices with 1:1 macrocell-1/0 cell ratio). An individual output enable
product term is provided for each 1/0 cell. The feedback signal drives the input switch matrix.

Individual
Output Enable
Product Term
From Output Kz
Switch Matrix l/ Individual
Output Enable
Product Term
To Input From Output
Switch Switch Matrix l/ 3
Matrix
-—{Q D/L |
To Input
—— Block CLKO Switch
< —— Block CLK1 Matrix
—— Block CLK2
— Block CLK3
l Power-up reset
17466G-017 17466G-018
Figure 10. 1/O Cell for ispMACH 4A Deviceswith 2:1 Figure11. 1/O Cell for ispMACH 4A Deviceswith 1:1
Macrocell-I/O Cell Ratio Macrocell-1/O Cell Ratio

The 1/0 cell (Figure 10) contains a flip-flop, which provides the capability for storing the input in a D-type
register or latch. The clock can be any of the PAL block clocks. Both the direct and registered versions of
the input are sent to the input switch matrix. This allows for such functions as “time-domain-multiplexed”
data comparison, where the first data value is stored, and then the second data value is put on the 1/0 pin
and compared with the previous stored value.

Note that the flip-flop used in the ispMACH 4A 1/0 cell is independent of the flip-flops in the macrocells.
It powers up to a logic low.

Zero-Hold-Time Input Register

The ispMACH 4A devices have a zero-hold-time (ZHT) fuse which controls the time delay associated with
loading data into all 1/0O cell registers and latches. When programmed, the ZHT fuse increases the data path
setup delays to input storage elements, matching equivalent delays in the clock path. When the fuse is erased,
the setup time to the input storage element is minimized. This feature facilitates doing worst-case designs
for which data is loaded from sources which have low (or zero) minimum output propagation delays from
clock edges.

isPMACH 4A Family 17
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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.

(External Feedback)

(Internal Feedback)

COMB/DFF/TFF/
LATCH/SR*/JK*
IN Central remulated ll out
> Switch . tssry  tepi Q tur >
Matrix tsam tepLi
tH(sia) tcosimyi
tssaL  teo(say
thsaL  tsri
P > tS(RR )
INPUT REG/
INPUT LATCH SR tea
tsirs o Q ter
tHirRs ticosi
tsiL tcosi
T tppILZi
tsirz
> thirz
tsiz
thiLz

BLK CLK
>

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.

20 iSpMACH 4A Family
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lcc 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.

400 Vee=5Vor33V,To=25°C M4A-512/160
350 — M4A-384/160
M4A-256/160
300 —
250 — M4A-256/128
g
35 200
O M4A-192/96
M4A-128/64
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.  _ M4A-64/32
50 M4A-32/32
0 | T | | | | | | | |
o o (@) o o o o o o o o
N < © e} o < © e} o
— — — — - N
Frequency (MHz)
Figure 19. ispMACH 4A | ¢ Curvesat High Speed Mode
250 — Vee =5V or 33V, Tp=25°C M4A-512/160
M4A-384/160
200 — M4A-256/160
z 150 — M4A-256/128
3 M4A-192/96
3
— 100 — M4A-96/48
M4A-128/64
M4A-64/64
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Figure 20. isSpMACH 4A | ¢ Curvesat L ow Power Mode
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48-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-32/32 AND M4A(3,5)-64/32)

Top View

A2
Al
A0

M4A (3,5)-32/32

A8
A9
A10
All

48-Pin TQFP (1.4mm Thickness)

M4A(3,5)-64/32

T 11/027 D3
T 11/026 D2
T 11/025 D1
T 11/024 DO
T 1TDO

T _1GND

NC

T 1CLK1/I1
— T 1TMS
T 11/023 CO
T 11/022 C1
T 11/021 C2

MA4A (3,5)-64/32
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M4A(3,5)-64/32 G oo
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Q0202285=28222°

OMNOWUTMHOANAO DN

Ov#vvvvvvﬁmmm
A2 /05 —r—|1 36
Al 1/06 —1—|2 35
A0 /07 —1—|3 34
TDI 1|4 33
CLKO/10 1|5 c 7 32
NC |6 LL /0 Cell 31
GND 1|7 PAL Block 30
TCK —1—]|8 29
BO 1/08 —1—]|9 28
B1 1/09 —r—||10 27
B2 /010 —1T—||11 26
B3 /011 1|12 25

MNMITIHO~NOOOOANM

A NN N NN

9838QLo8583R

M4A(3,5)-64/32 00008%50002009

< W0 O N~ MO WM

momomm [ONONONONG]

|| ||

NMm < W10 N < MmN A

A o

CCC nmommMmmMm

B3
B2
B1
BO

M4A(3,5)-32/32

B8
B9
B10

17466G-028

PIN DESIGNATIONS

CLK/1= Clock or Input

GND = Ground

I/0 = Input/Output

Vee = Supply Voltage

NC = No Connect

TDI = Test Data In

TCK = Test Clock

TMS = Test Mode Select

TDO = Test Data Out
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100-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-96/48)

Top View
100-Pin TQFP
ILLE TPy RR
goomvmm‘—uo o%oo OS‘@Q@Q#OOQ
ozzggggggtﬁ)ozzgzggggggzzo
OO ON~NOULITOHONTODDONOLULITNMANAOO 0NN~ O
O §OPPODD O DS DO DD DWD0®DN NN~
NC T |1 75| FI3 NC
TDI T |2 74| 3 TDO
NC T |3 73| Fm3INC
NC T |4 72| ErmNC
Al /106 1 |5 71| EI=3 NC
A0 1107 T |6 70 | I3 11041 F1
BO o8I |7 69| 11040 Fo
Bl /09I |8 68| I 1/039 EO
B2 1o10cT |9 67| 11038  E1
B3 1/011 ] | 10 C 7 66| 11037  E2
10/CLKO T |11 —_— 65| 11036 E3
Vee O | 12 64 | 13 I5/CLK3
GND 1 |13 63| 1= GND
11/CLK1 T |14 1/O Cell 62 | £ Vee
B4 1/012 I |15 61| I3 14/CLK2
B5 1/013 CI | 16 60| CT 11035 E4
B6 /014 cr |17 PAL Block 59| Fro /034 ES
B7 1/015 cr |18 58| o 1/033  E6
CO /016 ] |19 57 | 1= 1/032 E7
Cl /017 I | 20 56| CI /031 DO
NC |21 55| CI /030 D1
NC 1 | 22 54| (T3 NC
TMS 11 | 23 53| (13 NC
TCK CI | 24 52 | Er NC
NC ] |25 51| T3 NC
O~V OTdTANMTUHLONONDOANMITL OO O
NANANNOOOOHONOOHOOOHOOHOMNITTITTITTT TS 0
VOO HANM N O OMST LN O~ 0D [a)
522535888=2"22387386588822¢
NM < I O~ NSO MmN
[SRSNORSNSRS) [affalalfalala) 17466G-029
CLK/1= Clock or Input
GND = Ground
| = Input
I/0 = Input/Output
Vee = Supply Voltage
NC = No Connect
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
iSpMACH 4A Family 45
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144-BALL FPBGA CONNECTION DIAGRAM (M4A3-192/96)

Bottom View
144-Ball fpBGA
12 11 10 9 8 7 6 5 4 3 2 1
11072 11076 11082 11086 1/088 1/1093 1/1095
A GND L7 L3 113 GBCLK3 10 AD A6 BO B5 B7 GND A
11073 11077 11079 11083 11087 1/090 11094 1/00
B GND L6 L2 LO vee = A3 A7 B2 B6 D7 DI B
C GND DO 11074 14 GND 1/080 11084 GND 11092 /101 1104 1/103 C
L5 A0 A4 B4 D6 D3 D4
11067 11069 11071 11075 1/081 1/1091 1102 1106 1107
BCLK V 12
D K4 K2 KO L4 GBCLKO Al cc B3 D5 D1 DO D
11064 1/1066 1/1070 /1078 1/085 1/089 1/105 1/108
E 112 K7 K5 K1 L1 A5 B1 D2 Cc7 14 GND vee E
1/065 1/1068 11012 /011 1/010 1109
110 111 GND 115 13 GND
F K6 K3 C3 C4 C5 C6 F
1/1060 1/1061 11062 1/1063 11020 11017 1/1015 11014 1/013
VCC GND 17
G J3 J2 J1 Jo E3 E6 Cco C1l Cc2 G
H 11056 11057 1/058 1/1059 1/053 11041 /037 1/030 11022 1/1018 /1016 vCe H
J7 J6 J5 J4 12 H1 G5 F1 E1l E5 E7
1/1055 1/1054 1/050 11043 1/033 11027 11023 11021 1/1019
V V BCLK2
J 10 11 cc 15 H3 cc Gl GBC F4 EO E2 E4 J
1/051 1/1052 11049 11044 1/036 1/032 11026
K 14 13 6 Ha GND Ga GO VCC 16 F5 TCK T™MS K
11048 11046 11042 1/039 1/035 1/1031 11029 11025
L GND 17 H6 H2 G7 G3 19 GND FO F2 F6 GND L
11047 1/045 1/040 1/038 1/034 11028 11024
M GND HT H5 HO G6 G2 18 GBCLK1 15 F3 F7 GND M
12 11 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 C 7
TCK = Test Clock T
TMS = Test Mode Select /O Cell
TDO = Test Data Out PAL Block
m4a3.192.96_144bga
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208-PIN PQFP CONNECTION DIAGRAM (M4A(3,5)-256/128 AND
M 4A3-256/160)

Top View

208-Pin PQFP
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RRRRRRRRRKRZLZLZ222 222X XXX XXX XXX R20 o000 NN Y
GND GND |1 156 | GND GND
I ™ |2 155| TDO TDO
C15 1/020 | C7 1/016 |3 RECOMMEND TO TIE TO VCC 154 | TRST NC
C14 /021 | C6 1/017 |4 153| /0111 N7 | 1/0139 N15
C13 1/022 | C5 1018 |5 152 110110 N6 | 1/0138 N14
C12 1/023 | C4 11019 |6 151 110109 N5 | /0137 N13
C11 /024 | €3 1020 |7 150 110108 N4 | /0136 N12
C10 1/025 | C2 11021 |8 149| 1/0107 N3 | 170135 N1
co 1/026 | C1 17022 |9 148| 1/0106 N2 | /0134 N10
c8 1/027 | €O 1/023 |10 147| 170105 N1 [ 170133 N9
ed vee [ 146 | 1/0104 No [ 170132 N8
GND GND |12 145 | vCC vCC
c7 1/028 | D7 1/024 |13 144| GND GND
C6 1/029 | D6 1/025 |14 143 1/0103 M7 | /0131 N7
C5 1/030 | D5 1/026 |15 142| 110102 Mé6 | 1/0130 N6
c4 1/031 | D4 11027 |16 141 110101 M5 | 1/0129 N5
c3 1/032 | D3 1/028 |17 PIN DESIGNATIONS 140 110100 M4 | /0128 N4
C2 1/033 | D2 1/029 |18 139 1099 M3 | /0127 N3
C1 1/034 | D1 1/030 |19 138] 17098 M2 | /0126 N2
Co 1/035 | DO 1/031 |20 CLK = Clock 137| 11097 M1 | 1/0125 N1
D14 1/036 12 |21 GND = Ground 136| 11096 Mo | 1/0124 No
D12 1/037 13 {22 | = Input 135) 111 1/0123 M10
GND GND |23 134| GND GND
vce vee |24 4] = Input/Output 133| vee /0122 M6
D6 1/038 V<o P N/C = No Connect 132 vce 170121 M2
D4 1/039 gNg 26 VCC = Supply Voltage 131 gNg :;8128 mo
E0 1/040 ND |27 _ 130 GN 11
E2 1/041 vce |28 TDI = TestDataln 129 vcC /0118 L6
E6 1/042 vee |29 TCK = Test Clock 128 vee vce
GND GND |30 T™MS = Test Mode Select 127 [ GND GND
E10 1/043 14131 TDO = Test Data Out C 7 126 | 110 /0117 L12
Fo 1/044 | EO 1/032 |32 e 125 19 1/0116 L14
F1 /045 | E1 1/033 |33 TRST = Test Reset . 1/0 Cell 124]| 1095 Lo | 1710115 Ko
F2 /046 | E2 1/034 |34 ENABLE = Program PAL Block 123| 11094 L1 | 1/0114 K1
F3 1/047 | E3 1/035 |35 122| 1093 12| /0113 K2
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F6 1/050 | E6 1/038 |38 19| 1090 L5 | 1/0110 K5
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GND GND |40 17| voss L7 | 1/0108 K7
vCC vee |41 116 | GND GND
F8 1/052 | FO 1/040 |42 15| vcc vce
F9 1/053 | F1 1/041 |43 14| 17087 Ko | 110107 K8
F10 1/054 | F2 1/042 |44 113 ¥086 K1 | 110106 K9
F11 1/055 | F3 1/043 |45 112 085 K2 | /0105 K10
F12 1/056 | F4 1/044 |46 111 Vo84 k3| 1/0104 K11
F13 1/057 | F5 11045 |47 110 /083 K4 | 1/0103 K12
F14 1/058 | F6 1/046 |48 109 1082 K5 | /0102 K13
F15 1/059 | F7 11047 |49 108 /081 K6 | /0101 K14
™S ™S |50 107 1080 K7 | /0100 K15
TCK TCK |51 RECOMMEND TO TIE TO GND 106 | ENABLE NC
GND GND |52 105 | GND GND
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ISPMACH 4A PRODUCT ORDERING INFORMATION
iISpPMACH 4A Devices Commercial and Industrial - 3.3V and 5V

Lattice programmable logic products are available with several ordering options. The order number (Valid Combination) is formed by a combina-

tion of:

M4A3-

256 /128 -7 Y

FAMILY TYPE

M4A3- = ispMACH 4A Family Low Voltage Advanced

Feature (3.3-V V¢c)

M4A5- = ispMACH 4A Family Advanced Feature

192 Macrocells
256 Macrocells
384 Macrocells
512 Macrocells

(5-V Vo)
MACROCELL DENSITY-
32 = 32 Macrocells 192 =
64 = 64 Macrocells 256 =
96 = 96 Macrocells 384 =
128 = 128 Macrocells 512 =
1/0s

/32 =32 1/0s in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP

/48 = 481/0s in 100-pin TQFP

/64 = 641/0s in 100-pin TQFP, 100-pin PQFP, or 100-ball caBGA

/96 =96 1/0s in 144-pin TQFP or 144-ball fpBGA

/128 =128 1/0s in 208-pin PQFP, 256-ball BGA or 256-ball foBGA

/160 = 160 1/0s in 208-pin PQFP

/192 =192 1/0s in 256-ball BGA or 256-ball fpBGA

/256 = 256 1/0s in 388-ball fpBGA

*Package obsolete, contact factory.

Conventional Packaging

C

—L_48 = 48-pin TQFP for
M4A3-32/32 or M4A3-64/32
M4A5-32/32 or M4A5-64/32

OPERATING CONDITIONS

C = Commercial (0°C to +70°C)
| = Industrial (-40°C to +85°C)
PACKAGE TYPE

SA Ball Grid Array (BGA)

J Plastic Leaded Chip Carrier (PLCC)

IN Lead-free Plastic Leaded Chip Carrier
(PLCC)

\% = Thin Quad Flat Pack (TQFP)

VN = Lead-free Thin Quad Flat Pack
(TQFP)

Y = Plastic Quad Flat Pack (PQFP)

YN = Lead-fee Plastic Quad Flat Pack
(PQFP)

FA = Fine-pitch Ball Grid Array (fpBGA)

FAN = Lead-free Fine-pitch Ball Grid Array
(fpBGA)

CA = Chip-array Ball Grid Array (caBGA)

SPEED

-5 = 50ns tPD

-55 = 55ns tpD

-6 = 6.0ns tPD

-65 = 6.5ns tPD

-7 = 75ns tPD

-10 = 10ns tPD

-12 = 12ns tPD

-14 = 14ns tpD

3.3V Commercial Combinations
M4A3-32/32 -5,-7,-10 I, \IC, VC4s8
M4A3-64/32 IC, \C, vcas
M4A3-64/64 \C
M4A3-96/48 55,-7,-10 \C
M4A3-128/64 YC, VC, CAC
M4A3-192/96 -6,-7,-10 \IC, FAC
M4A3-256/128 -55,-651 -7, -10 YC, FAC, SAC
M4A3-256/160 10 YC
M4A3-256/192 ' FAC
M4A3-384/160 YC
M4A3-384/192 65,-10,-12 SAC, FAC
M4A3-512/160 YC
M4A3-512/192 -7,-10,-12 FAC
M4A3-512/256 FAC

1. Use 5.5ns for new designs.

3.3V Industrial Combinations
M4A3-32/32 31, VI, V148
MA4A3-64/32 31, VI, V148
M4A3-64/64 Vi
M4A3-96/48 -7,-10, -12 Vi
M4A3-128/64 Y1, VI, CAI
M4A3-192/96 VI, FAI
M4A3-256/128 Y1, FAI, SAI
M4A3-256/160 v
M4A3-256/192 10,-12 FAl
M4A3-384/160 v
M4A3-384/192 FAl
M4A3-512/160 -10,-12, -14 vl
M4A3-512/192 FAl
M4A3-512/256 FAl
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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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