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Understanding Embedded - CPLDs (Complex
Programmable Logic Devices)

Embedded - CPLDs, or Complex Programmable Logic
Devices, are highly versatile digital logic devices used in
electronic systems. These programmable components are
designed to perform complex logical operations and can
be customized for specific applications. Unlike fixed-
function ICs, CPLDs offer the flexibility to reprogram their
configuration, making them an ideal choice for various
embedded systems. They consist of a set of logic gates anc
programmable interconnects, allowing designers to
implement complex logic circuits without needing custom
hardware.
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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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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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17466G-010
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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The flip-flop can be configured as a D-type or T-type latch. J-K or S-R registers can be synthesized. The
primary flip-flop configurations are shown in Figure 6, although others are possible. Flip-flop functionality
is defined in Table 8. Note that a J-K latch is inadvisable as it will cause oscillation if both J and K inputs

are HIGH.
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Figure 6. Primary Macrocell Configurations
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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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BLOCK DIAGRAM —M4A(3,5)-64/32
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BLOCK DIAGRAM — M4A3-384/160, M4A 3-384/192
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isp)MACH 4A TIMING PARAMETERS OVER OPERATING RANGES!

-5 -55 -6 -65 -7 -10 -12 -14
Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Min ‘ Max | Unit

Input Register Delays with ZHT Option:
tgrz | Input register setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 ns
thirz | Input register hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
Input Latch Delays with ZHT Option:
tgz | Input latch setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 ns
tiiz | Input latch hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
;D'L g:g;gg&e”tzg‘f“t latch to internal 6.0 6.0 6.0 6.0 6.0 6.0 6.0 60 | ns
Output Delays:
tgye | Output buffer delay 15 15 18 2.0 25 30 30 30 | ns
tgyy | Slow slew rate delay adder 25 25 25 25 25 25 25 25| ns
ten | Output enable time 75 75 85 85 95 10.0 12.0 15.0| ns
ter | Output disable time 75 75 85 8.5 95 10.0 12.0 150 | ns
Power Delay:
to, | Power-down mode delay adder ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ‘ 25 ‘ ns
Reset and Preset Delays:
- f:g:‘s‘is:‘;:‘:;jtreset or presetto internal 75 77 8.0 8.0 95 11.0 13.0 160 | ns
e /SZ{;E?ronous reset or preset to register 9.0 9.2 10.0 10.0 12.0 14.0 16.0 190 | ns
- /r\:zgsz:;gfnues reset and preset register 70 70 75 75 8.0 8.0 10.0 15.0 ns
tspw | Asynchronous reset or preset width 7.0 7.0 8.0 8.0 10.0 10.0 12.0 15.0 ns
Clock/LE Width:
tys | Global clock width low 20 20 25 25 30 4.0 5.0 6.0 ns
tyns | Global clock width high 20 2.0 25 25 30 4.0 5.0 6.0 ns
tyia | Product term clock width low 30 3.0 35 35 4.0 5.0 8.0 9.0 ns
tyna | Product term clock width high 30 30 35 35 4.0 5.0 8.0 9.0 ns

Global gate width low (for low
tows | transparent) or high (for high 40 4.0 45 45 5.0 5.0 6.0 6.0 ns

transparent)

Product term gate width low (for low
towa | transparent) or high (for high 40 4.0 45 4.5 5.0 5.0 6.0 9.0 ns

transparent)
tyire | Input register clock width low 30 30 35 35 4.0 5.0 6.0 6.0 ns
twirn | INput register clock width high 30 3.0 35 35 4.0 5.0 6.0 6.0 ns
ty. | Input latch gate width 4.0 4.0 45 45 5.0 5.0 6.0 6.0 ns
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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.
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Figure 20. isSpMACH 4A | ¢ Curvesat L ow Power Mode

isPMACH 4A Family 41



L attice

M
M

H 1 Semiconductor
==unnas Corporation

44-PIN PLCC CONNECTION DIAGRAM (M4A(3,5)-32/32 AND M4A(3,5)-64/32)
Top View
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PIN DESIGNATIONS
CLK/I= Clock or Input

GND
I/0 = Input/Output

Ground

Vee = Supply Voltage
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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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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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 (M4A3-64/64 AND M4A(3,5)-128/64)

Top View
100-Pin TQFP
NOWYTONAQ O ANMST W ON M4A3-128/64
<< IL<CLCL ITIIIIIIT M4A5-128/64
LTI Jafalfalafagagayal M4A3-64/64
OC0rhounsmado V020 B3333B358a0
5592020000955 90w002000000F5
OO MNOUTNHNANHHODDONOLTNANLHO O OO
O SOPD0NONOPORDPODODODONNINN
GND T |1 75| 13 GND
DI |2 74 | £ TDO
B7 Al /08 1 |3 73| (3 TRST
B6 A3 /09 c |4 72 | 3 1/1055 D1 G7
B5 A5 /0101 |5 71| I3 1/054 D3 G6
B4 A7 /011 c1 |6 70 | 1 1/0O53 D5 G5
B3 A9 /0121 |7 69 | = 1/1052 D7 G4
B2 All /013 CI] |8 C 7 68| 13 I/051 D9 G3
B1 A13 /014 1] |9 67 | 13 /050 D11 G2
BO Al5 /015 T |10 66 | (13 1/049 D13 Gl
10/CLKO 0 |11 65| I3 1/048 D15 GO
Vee 0 |12 64 | 13 14/CLK3
GND T | 13 1/0 Cell 63| T GND
11/CLK1 1T | 14 62| 12 Vce
Co B15 /016 I | 15 61| I3 13/CLK2
C1l B13 1/017 T | 16 60 | T 1/047 C15 FO
c2 |B11 voiscI |17 PAL Block 59| [T /046 c13| F1
C3 B9 /019 C1 |18 58 | (13 1/045 Cl1 F2
C4 B7 1/020 T |19 57 | F3 1/044 Cc9 F3
C5 B5 /021 T | 20 56 | 10 1/043 Cc7 F4
C6 B3 /02211 |21 55| 1 1/042 C5 F5
Cc7 B1 /023 T |22 54 | 3 1/041 C3 F6
TMS I | 23 53| 3 1/040 C1l F7
TCK I |24 52 | T3 ENABLE
GND T | 25 51| FT3 GND
RIABITFIBRIEBJIFTILILEESESR
SO RNRREAY 228883 BIH8I22
55600000068 >55>8883838383355
e EEEYERE 8Y3888EE
oo o [SRSRS)
17466G-032a
© < ™ - O O = NMS<LO O~
afaYaRaRaRaRagal MWW WwowW W

PIN DESIGNATIONS

CLK/I= Clock or Input
GND = Ground

| = Input

I/0 = Input/Output
Ve = 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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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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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
50 iSpMACH 4A Family



Lattice

Semiconductor
Corporation

208-PIN PQFP CONNECTION DIAGRAM (M4A(3,5)-256/128 AND
M 4A3-256/160)

Top View

208-Pin PQFP
nsonaoN—O <+ N I O =N ™MmS< n
nhobmo3 R ERATARER<Z 23Ixe 22850838838 835500000 M4A3-256/160
a NOWnNTMAN— OO 0 NoYowLuTHAN— O
Q220N INN, L Ty n oMU oDl QRN NN NN Y AITIIIIIXT o
ZO00000000ZUO0O00OO0O00O0000 I ZO0000ZUT0000000000UZ00000000Z
U=S=S=S=S=S=S=SSU>=S=S=S=S=S=S=S=S=SSU0U>0==>=x0>u0u=S====x==x==x=>>0====x==x=x0©“
NOWnsSTMHAN = O NOunsTsmMmAN — O O =N M W! O~ O = N MS WO
oo oomood <<<< < << doacacaaaa O000000O0 M4A(3, 5)-
NOWnNSTONAN— O NN OWNnT MmN
ORI PNC o gouneusmnse  2u00uu00uD SNNRNAAS a-C-CooCog 256/128
5228582885 9080858885.-.395595595-28282825858Y5282885885%5
O MN O S NN — DOMNOINT NN — OOV INTMAN—-—ORNNONONTNHAN OOV MON— OO 0N
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
F4 1/048 | E4 1/036 |36 121 1/092 L3 | I/0112 K3
F5 1/049 | E5 11037 |37 120| 1091 L4 | 1/O111 K4
F6 1/050 | E6 1/038 |38 19| 1090 L5 | 1/0110 K5
F7 1/051 | E7 1/039 |39 18| 11089 L6 | 1/0109 K6
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
m<rmnov\eoc\o-—wamov\coc\oFwam\ov\wc\o-—Nmvm&ov\wc\o-—wmvmuov\wcxggggg
MNNNINNONOOUOOUWOOUOWOOOUORNNNNNNNNRNNOOWOOOVWOVDOVWOVODOVODIITAANATANANTANANITAAANOD — — — — —
OO =—ANMITNAUORDND=—NNMLO=-UVUAOAQAVUUOAQAUVUNRNISTNOR0DNANO—-—UAQAQNNTNON0NAND
$888585258 85588588 5Y83YY88 s "35888855Y25E8855882
5883806083 TPPIPTTR S-amzweon SSamIngy
OB B I B O BB RN R RN N R U ORR B OV RIRRE RISl Re
Q9000 LLQRUT>LRLRLLLLLLLT>TRRRRL>ygR2332L0L0LQRR>RRLLLLLR
GGGGGG\JU UOOUUU\DUEE T = gl gl gl gl gl g
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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
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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
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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.
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