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GENERAL DESCRIPTION

The ispMACH ™ 4A family from Lattice offers an exceptionally flexible architecture and delivers a superior
Complex Programmable Logic Device (CPLD) solution of easy-to-use silicon products and software tools.
The overall benefits for users are a guaranteed and predictable CPLD solution, faster time-to-market,
greater flexibility and lower cost. The ispMACH 4A devices offer densities ranging from 32 to 512
macrocells with 100% utilization and 100% pin-out retention. The ispMACH 4A families offer 5-V (M4A5-
xxx) and 3.3-V (M4A3-xxx) operation.

iISPMACH 4A products are 5-V or 3.3-V in-system programmable through the JTAG (IEEE Std. 1149.1)
interface. JTAG boundary scan testing also allows product testability on automated test equipment for
device connectivity.

All'ispMACH 4A family members deliver First-Time-Fit and easy system integration with pin-out retention
after any design change and refit. For both 3.3-V and 5-V operation, ispMACH 4A products can deliver
guaranteed fixed timing as fast as 5.0 ns tpp and 182 MHz f-pn through the SpeedLocking feature when
using up to 20 product terms per output (Table 2).

Table 2. ispMACH 4A Speed Grades

Speed Grade
Device -5 -55 -6 -65 -7 -10 -12 -14
M4A3-32
C C 1 C 1 |
M4A5-32
M4A3-64/32
N N |
M4A5-64/32 ¢ ¢ ¢
M4A3-64/64 C C 1 C 1 |
M4A3-96
C C 1 C 1 |
M4A5-96
M4A3-128
A N |
M4A5-128 ¢ ¢ ¢
M4A3-192
C C 1 C 1 |
M4A5-192
M4A3-256/128 C C C 1 C 1 |
M4A5-256/128 C C C 1 |
M4A3-256/192 C Cl |
M4A3-256/160 '
M4A3-384 C C 1l C I |
M4A3-512 C C 1 C 1 |
Note:
1. C=Commercial, |= Industrial
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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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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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Input Switch Matrix

The input switch matrix (Figures 12 and 13) optimizes routing of inputs to the central switch matrix.
Without the input switch matrix, each input and feedback signal has only one way to enter the central switch
matrix. The input switch matrix provides additional ways for these signals to enter the central switch matrix.

From Input Cell

Direct

From I/O Pin

From Macrocell

From Macrocell 1
From Macrocell 2
Registered/Latched

A

To Central Switch Matrix
To Central Switch Matrix

17466G-002 17466G-003
Figure 12. ispMACH 4A with 2:1 Macrocell-1/0 Cell Figure 13. ispMACH 4A with 1:1 Macrocell-1/0 Cell
Ratio - Input Switch Matrix Ratio - Input Switch Matrix
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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/
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Matrix tsam tepLi
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INPUT REG/
INPUT LATCH SR tea
tsirs o Q ter
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T tppILZi
tsirz
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tsiz
thiLz
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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 —M4A3-64/64
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CLKO0/10, CLK1/11,
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BLOCK DIAGRAM — M4A3-384/160, M4A 3-384/192
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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)
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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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48-PIN TQFP CONNECTION DIAGRAM (M4A(3,5)-32/32 AND M4A(3,5)-64/32)

Top View
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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
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100-PIN PQFP CONNECTION DIAGRAM (M4A(3,5)-128/64)

Top View

GND ]

GND ]
TDIC]

15—]

B7 1108 ]
B6 1109 ]
B5 /010 ]
B4 1/011 ]
B3 /012 ]
B2 1/013[—]
Bl /014 ]
BO 1/015[]
10/CLKO —]
Vee

o Voo
GND

GND
11/CLK1 ]

Cco /016 ]
C1 1/o17—]
c2 /018 ]
C3 /019 ]
C4 /020 —]
C5 1/021—]
C6 11022 —]
C7 /023
T™™S ]

TCK =]

GND ]

GND ]

—1GND
[—1GND
—17DO
—1TRST
111055
—11/054
—11/053
11/052
11051
—11/050
[_11/049
11048
——114/CLK3
—1GND
[_1GND
—Vce
—Vce
[—113/CLK2
11047
—11/046
—11/045
——11/044
11/043
——11/042
—11/041
—11/040
—112
[ 1ENABLE
——1GND
—1GND

100-Pin PQFP
22232442 ETTRIERE
~owsmado 000033I3B3BH B
00000000922000000000
NOAMIOnAA0nOAANAAaT
0 338588385538 8588I 88
1 80
2 79
3 78
4 77
5 76
6 75
7 74
8 73
9 72
10 71
11 70
12 69
13 68
14 c 7 67
15 E 1/0 Cell 66
16 PAL Block 65
17 64
18 63
19 62
20 61
21 60
22 59
23 58
24 57
25 56
26 55
27 54
28 53
29 52
30 51
ANMNMINONDVDOANMITWONWODO
OO MNMOMNMOMNMMOIETITITITITIIWO
00090088955°888588388
~NOWLTM ANAHO O NMS< OO~
[ajalalalalalala) W ol w

G7
G6
G5
G4
G3
G2
Gl
GO

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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208-PIN PQFP CONNECTION DIAGRAM (M4A3-384/160 AND M4A3-512/160)
Top View

208-Pin PQFP
oz cLoUNUSLeL SuNDTLoo
FRR3R8E8 G58B3I30C08%E 32EE SXZE5522222 585858838 M4A3-512/160

P Yo Ndcoere  wyoadoee
S58E855888288883558582558585998258555885552588585538858882
0222222225522 RR3230s028282888030223232323R223R3R35F23232222884¢

5SEsB0H8 GS538828%% EFEE ERSDUUIESE  SRUSIESR  MaAS384/160
T ITWWWUWWLWWW [CRONOGRVROVNORURG]

P Yo NdCoere  Lsoadoow
258838583288855538888582858582528588858883388825555588882
CE=E=E=E=E=E=E=20>=E==2===2===2=Z0>0==E=E=20350====2===2===30=2======2=0
e e S
CSECESE8EEE88588385E 3888883888 EEEESBEEE885883888888E

GND oND |1 156 GND GND
oI ™ |2 155| TDO DO
F7 1018 | c7 1018 |3 1541 NC NC
F6 1019 [ cs o1 |4 153| o137 Fx7 | vowsr kx
F5 1020 | c5 w020 |5 152| 10136 FX6 | 10136 KX6
Fa ozt | ca woz |6 151] 10135 FX5 | w0135 Kxs
3022 | ca oz |7 150| o134 Fxa | o134 Kxa
P2 0023 | c2 oz |8 19| o133 FX3 | w0133 Kx3
FL o2 | c1 woza |9 1s| o2 Fx2 | wow2 kx2
Fo 1025 [ co 1oz |10 17| o1t Fxt | o1t Kkxt
vee vee |1 16| 10130 FX0 | 10130 Kx0
GND oND |12 15| vce vee
67 102 | F7 w06 |13 144] GND GND
G6 /027 F6 /027 14 143 110129 CX7 110129 JIX7
G5 1028 | F5 wo2s |15 12| o128 cx6 | o128 xe
G4 1029 | Fa w020 |16 11| o2z oxs | o127 ixs
G3 1/030 F3 1/030 17 P|N DES'GNAT'ONS 140 110126 CX4 110126 JX4
G2 o3t | F2 wos1 |18 139] o125 cxs | o125 xa
6L 1032 | F1 wos2 |19 138| w024 cxa | ot24 x2
Go 1033 | Fo o33 |20 CLK = Clock 137] 10123 CX1 | 10123 JX1
E7 wos4 | E7 1o3s |21 GND = Ground 16| w0122 cxo | o122 xo
E5 1/035 E5 1/035 |22 | - Input 135| 1/0121 DX5 | 1/0121 LX5
GND GND |23 134| GND GND
vee vee |24 o] = Input/Output 133[ w0120 Dx3 | 0120 Lx3
E2 11036 | E2 1036 |25 N/C = No Connect 132| 10019 DX2 | 10119 LX2
E0 w037 | Eo 1037 |26 VCC = Supply Voltage 131] o1 Dxo | wo1s (xo
Lo 1038 | Ho o3s |27 01 = TestData In 130| wou7 axo | von7 Exo
2 1039 | W2 o390 |28 = c 7 129] wous axz | wous Exe
L3 11040 | H3 1040 |29 TCK = Test Clock 128] vee vee
s I%Nﬁ fND 30 T™S = Test Mode Select . 1/0 Cell 121 </3ND GND
Hs w041 |31 _ 126| wous axs | voms Exs
0 woe2 | co o |32 DO = Test Data Out PAL Block 125 voma ax7 | wows ex
anwoss | 61 oss |33 124| woms Bxo | o113 Gxo
2 o4 | g2 0w |3 123 womz2 BX1 | wou2 exi
33 woss | 63 woss |35 122 womt X2 | wour ex2
u woss | 4 oss |36 121| womo B3 | o110 Gxa
3 047 | 65 04T |a7 120 10109 BX4 | 10109 Gx4
% 1048 | 6 o4 |38 19| wows Bxs | 10108 GX5
a7 woss | 67 oas |30 us| 1ow7 BX6 | 10107 Gxe
GND GND |40 17| wows Bx7 | o106 GX7
vce vcC 41 116| GND GND
Ko 1050 | 30 woso |42 15| vee vee
KL wos1 | 1 wost |43 14| wo10s 00 | 10105 Fx0
K2 wos2 | 32 1os2 |as u3| vows o1 | o4 Fx
K3 1053 | 13 wos3 |45 12| vows o2 | o3 Fx2
K4 1/054 J4 /054 |46 11| /0102 03 110102 FX3
K5 1/055 J5 /055 47 110| 10101 04 110101 FXx4
K6 1056 | 36 1os6 |48 100 10100 05 | 0100 Fx5
K7 11057 J7 /057 49 108 11099 06 11099  FX6
™S ™S |50 107| wo9s o7 | oss Fxr
TCK TcK |51 106 NC NC
GND GND |52 105 GND GND
B3B8 Er B3 0B 8EE 8B e RN R R RSN 8er83358338858888888
0B RN TR OO SRR O N® IO 0O PO AN I RE=RD OO =N ®@ D © s O
o R R R o R - A e R - A L e E Pk Lol =
ORRRRQRLLCCLTE>R2L02222283>022220>532228828222>02222QQ0T
ceesogde rowsnaDoNS 39353 SERFeRTeeR 2292328
T R T T T I - e S el L L
CRRRRRCCLT>R22R2222R283>5022280>32288808020>022R2RR28QQ80
58833338 ggI2vzsks  IEEY  SRIYSSILSR SINSILsk
< << L SCHCRSRSRSRSRSNS] ooomoomomaom
17466Ga-044
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256-BALL BGA CONNECTION DIAGRAM (M4A3-256/128)

Bottom View
256-Ball BGA
20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
110108 | 110105 1/0100 | 11096 11095 | 11091 11087
Alenp | ne | enp |V > | oo [MOR0| YR8 | enp | D | enD | e | V9D D2 | ono | VR8T nic | eND [ GND | GND | A
110113 110109 | /0106 | 1/0103 | 110102 | 11098 11093 | 1/os9 | 1oss | 1oss | 1083 | 1082
B | oo [VH2] neo [V 2 [ nez [ Vo8 ne | | e | e | VS o o2 P s Q2| nec |onp | B
110116 —==7 | V0111 |10107 | 10104 | V0101 | HO97 11094 | 11090 | 1ose | 1084 | 1o80 11078 | 11074
c [VOUE | nic | vec |TRST | VQU U L o101 | VST | e | 1o 00 03 o8 o8 080 |ENABLE vee | o7 viad e
110120 | 110117 | 110112 110110 11099 11092 11081 1o79 | 11075 | o71
o | 25 |"%52 | vee | vee |"QE0 | vee | e | VR3Y | Nic 19 292 | N | vee | P8 | vee | vee | V9] % 2o
110123 | 110119 | /0114 11077 | o7z | 11068
El" P4 | 00 | o5 | ™ DO | "5 J0 4 | E
110122 | 110118 |1/0115 1076 | 1073 | 11069
FIGND | "5 | 01 | o4 Ja i 5 |GND | F
110125 | 110121 11070 | 11065
G| 2 vee vee 8 |6
P2 P6 PIN DESIGNATIONS 16 i
110127 | 110126 | 110124 11067 | 11066 | 11064
H | GND | "5q PL | P3 CLK = Clock 13 2 o |GND|H
GND = Ground
J | Ne N/C N/C 113 | = Input 17 N/C N/C NC | d
1/0 = Input/Output
K| GND | cLk3 | NC | NiC N/C = No Connect Nne | Neo|ck2 | Nie | K
VCC = Supply Voltage
L] ne |cko | ne | nic DI = TestDatn NC | NC ookt | eND | L
TCK = Test Clock
T™MS = Test Mode Select
M| ne | ne | ne | o - 7 /063 | /062
TDO = Test Data Out C 6 | NCo| e | Tt | M
TRST = Test Reset T yocel
oo | woz | o3 ENABLE = Program 11060 | 11061 | 11059
NGND | "o | ‘A2 | A3 9 PAL Block H3 F2 | Ha | GND [N
o1 | nos 11057 | 11058
Pl n i | vee vee | VRR7 | VB2 5 |p
1os | 109 1/os1 | 1os4 | 11056
R|enp | V2 o2 | nie L[ V24 | Vo8 | enp | R
o4 | wos | o1z 11050 | 1/055
7| Vo o 032 | ek s | V20| YRR | ne | T
o7 | o1 | 1ois 11018 11024 | 11029 11035 11048 | 1/053
VN o 97> | vec | vee | VYOI | vee | V92 o2 12 ne | V935 | nie | vee | nie | vee | vee | V358 1VR33 | nie [ u
11010 | 11013 11016 | 1017 | 11021 | 1023 | 1027 | 11031 11033 | 11037 | 1041 | 1043 | 1046 | VO47 11052
V| B2 B5 | VCC | ¢c7 c6 | c2 co D4 | DO 13 A =1 E5 F1 F3 F6 F7 | VCC | "gz” | NC |V
11014 11019 | vo22 | 1o2s | 1028 11034 | 1038 | 1039 | o4z | vo4as 11049
w|enp [ Y9I nie | e | MRI9 |2 o2 0% | N | e 14 ne | V93 o3 o3 2 225 | ne |99 enp | w
11020 11026 | 11030 11032 | 11036 11040 | 11044
Y| eno | oND | eND | e | V20 | enp | V92 930 | eND | GND | D | oD | VO3 236 | enp | 98 244 | onp | N | GND [ Y
20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

17466G-045
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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

54 iSOMACH 4A Family



L attice

111 Semiconductor

...... Corporation

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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Revision History

Date Version Change Summary
- K Previous Lattice release.
August 2006 L Updated for lead-free package options.
September 2006 M Revised M4A3-256/160 208-pin PQFP connection diagram.

© 2006 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www latticesemi.com/legal. All other brand
or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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