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Table 1. ispMACH 4A Device Features

3.3V Devices
Feature M4A3-32 M4A3-64 M4A3-96 M4A3-128 M4A3-192 M4A3-256 M4A3-384 M4A3-512
Macrocells 32 64 96 128 192 256 384 512
User 1/0 options 32 32/64 48 64 96 128/160/192 160/192 160/192/256
top (nS) 5.0 55 55 55 6.0 55 6.5 75
font (MHz) 182 167 167 167 160 167 154 125
teos (NS) 4.0 40 4.0 4.0 45 40 45 55
tss (nS) 30 35 35 35 35 35 35 5.0
Static Power (mA) 20 25/52 40 55 85 110/150 149/155 179
JTAG Compliant Yes Yes Yes Yes Yes Yes Yes Yes
PCI Compliant Yes Yes Yes Yes Yes Yes Yes Yes
5 V Devices
Feature M4A5-32 M4A5-64 M4A5-96 M4A5-128 M4A5-192 M4A5-256
Macrocells 32 64 96 128 192 256
User 1/0 options 32 32 48 64 96 128

top (nS) 5.0 55 55 55 6.0 65

fonr (MHz) 182 167 167 167 160 154

teos (NS) 40 40 4.0 4.0 45 5.0

tss (nS) 30 35 35 35 35 35
Static Power (mA) 20 25 40 55 74 110

JTAG Compliant Yes Yes Yes Yes Yes Yes
PCI Compliant Yes Yes Yes Yes Yes Yes
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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.

Power-Up !
Reset !
PAL-Block TR
Initialization !
Product Terms L i -
' | SWAP
Common PAL-block resource i
Individual macrocell resources
To Output and Input
AP AR Switch Matrices
From Logic Allocator D/T/L Q
F Block CLKO
rom
Block CLK1
PAL-Clock Block CLK2
Generator
Block CLK3
17466G-009
a. Synchronous mode
Power-Up
Reset
Individual
Initialization .
Product Term
| -
1 | swap
| To Output and Input
From Logic AP AR Switch Matrices
Allocator ® DITIL Q
From PAL-Block Block CLKO
Clock Generator Block CLK1
Individual Clock ™)
Product Term = Lc

b. Asynchronous mode

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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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
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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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BLOCK DIAGRAM —M4A(3,5)-192/96
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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

M4A3

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+45V
DC InputVoltage . . ..............c.o.ut. -05Vt06.0V
Static Discharge Voltage. . ...................... 2000 V
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. .. ............. +3.0Vto+3.6V

Industrial (1) Devices
Ambient Temperature (T )

Operatingin Free Air.................... -40°C to +85°C
Supply Voltage (Vcc)
with Respect to Ground. .. ............. +3.0Vto+3.6V

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

3.3V DC CHARACTERISTICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Typ Max Unit
=Mi loy =—100 pA Vee=0.2 v
Vou Output HIGH Voltage Vee _Mm ot w «
Vin = Vi or Vi, loy=-3.2mA 2.4 v
Vee = Min lot = 100 uA 0.2 v
VoL Output LOW Voltage Viy=VgorV
(Note 1) loL =24 mA 05 v
Viy Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all 20 55 v
Inputs
vy, Input LOW Voltage Guaranteed Input Logical LOW Voltage for all 03 0.8 v
Inputs
IH Input HIGH Leakage Current Viy = 3.6V, Ve = Max (Note 2) 5 uA
n Input LOW Leakage Current Vin =0V, Ve = Max (Note 2) -5 uA
3 VOUT =36V, Vcc = Max
lozn Off-State Output Leakage Current HIGH Vi = Vi or Vi, (Note 2) 5 uA
3 VOUT =0 \/, VCC = Max N
loz Off-State Output Leakage Current LOW Viy =V or vy, (Note 2) 5 uA
Isc Output Short-Circuit Current Vour = 0.5V, Ve = Max (Note 3) -15 -160 mA
Notes:

1. Total Ig_ for one PAL block should not exceed 64 mA.
2. 170 pin leakage is the worst case of I;;_and Iqz_ (or I;4 and lgzp).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Notes:

1. See “MACH Switching Test Circuit” document on the Literature Download page of the Lattice web site.
2. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.
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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

===== S>S====

/ TOH NAHODON OO

O T TTITOMOONOO®
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

CCC L m m m m

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

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

M < 0N O~ N~ O W0 <
CCCICC nmommaMm
1 I

232¢% 5883

M4A(3,5)-64/32 G oo

vmmao%ogmmmw

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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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 (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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388-BALL fpBGA CONNECTION DIAGRAM (M4A3-512/256)

Corporation

Bottom View
388-Ball fpBGA
22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
A | onp [V0243[ 110240 110241| 110236 110231 | 110228| 110226| 110255| 110251 110248| 1100 | 105 | 106 | 11027 [ 11030 [ 1017 [ HO22 [ 108 | 1010 | \yc | arD
Ox3 | Oxo | ox1 | Nx4 | Mx7 [ Mxa | Mx2 | Px7 | Px3 | Pxo| A0 | A5 | A6 | D3 | D6 | c1 | c6 | BO | B2
110245 110242| 110238 110234 110232| 110229| 110224 110253| 110249 1102 11026 | 11029 | 1031 | 11020 | 109 | 1012 | 11013
B [ NIC [ GND [T55e | "ox2 | Nx6 | Nx2 | Nx0 | Mx5 | Mxo | Pxs | Pxi| A2 |CKO| "2 | D5 | b7 | c4 | B1 | B4 | B5 | CND| O
110213 1/10247| 110244 1/0239| 110235 1/0230| 110227 110250( 1101 | 107 | 11025 | 016 | 11018 | 11023 | /011 | 11015 11047 | 11044
C [Tkxs | TPO | OND M55 "oxa | nx7 | nxa | mxe | mx3 | CH<3|"px2 | a1 | a7 | D1 | co | c2 | c7 | B3 | B7 |CNP| 'F7 | Fa
110210{ 10212 110215 110246 1/10237(1/0233 110254 1103 | 1024 11019 | V021 11014 11046 | 11043 | /041
D 1"kx2 | kxa | kx7 | NP | oxe | VO |"nxs | nx1 | YOC | pxe | VCC| Az | Do | VOC| ez | c5 | VO©| Bs | ONP| ke | F3 | F1
g |V0207(1/0209| /0211 | 110214 11045 | 11042 | 11040 | 1/O54
IX7 | KX1 | Kx3 | KX6 F5 | F2 | Fo | G6
110203 110205 110208 11055 | 11052 | 1/050
Fl'xa| axs | kxo | V€€ VCC |67 | s | G2
110200| 110202| 110204 110206 110225| 110252 1104 | 11028 11053 | /051 | 11049 | 11039
G ["ox0 | ax2 | axa | ax6 VCC | VCC | NIC [Ton | 'pxa | a4 | Da | NVC | VCC | veC G5 | G3 | 61 | E7
110221 | 110222| 1/0223| 110201 11048 | 11038 | 11037 | 11036
I Ry r s vl Ry vcc | nc | GND | GND | GND | GND | GND | GND | NiC | vee co | "Bl "B VS
110218 1/0219| 110220 11035 | 11034 | 11032
I "% o e vee N/C | GND | GND | GND [ GND | GND | GND | GND | GND | N/C vee [ 230 VRS VES
110197 1/0198| 110199 110216 110217 11033 11063 | 11062 | 11061 | 11060
N vl Rt v R xi| GND | GND [ GND | GND | GND [ GND | GND | GND | V23 il vl [t I
110192| 110194/ 110195 110196 110193 11058 11059 | 11057 | 1/056
L "% 1S 1 e 2| GND | GND | GND [ GND | GND | GND | GND | GND | "3 vee [PV Y Re
110184 /0185 110187 110186 11069 11067 | 11065 | 11066 | 11064
M e e e | vee .| GND [ GND | GND | GND | GND | GND | GND | GND | VOE 5 0 ” o
110188| 1/0189| 110191 110190 110162 11089 11088 | 1071 | 11070 | 11068
N "Fixa | hxs | mx7 | Hixe Exz | GNP | GND [ GND | GND [ GND | GND | GND | GND | Tfy Lo 17 16 14
110160 110161 110163 11092 | 11091 | /090
P Bl Bl B’ vee N/C | GND | GND | GND [ GND | GND | GND | GND | GND | N/C vee [P YES
110164 1/0165| 110166/ 110177 11074 | 11095 | 11094 | 11093
RV Bl Bl oxt vcc | N | eND | GND | GND | GND | GND | GND | NiC | vee 5 il Rav-al e
110167|110176| 110179 110181 110152| 110131 1/10122| 11098 11078 | 1076 | 11073 | 11072
T |"ex7'| exo | ox3 | Gxs VEC | VCC | NIC | Toxo | axa | P2 | m2 | NC [ Vee | vee B | 34| |
110178 1/0180| 110183 11080 | 11077 | 11075
U "cxz | 6xa | ox7 | VC€© VEC | o | s | a3
v |V0182| e [vo169[1O172 11086 | 11083 | 11081 | 11079
GX6 FX1 | Fx4 K6 | K3 | K1 | J7
110168| 1/0170| 110173 110143 110150( 110145 110153 110123 11096 110104 /0111 110119 11087 | 11084 | 11082
W Exo | Fx2 | x5 | NP |Tex7 | VOO [Texs | exa | VEC | oxa | ps | VOO | mo | VOO | T No | N7 | VEC|To7r | ONP [ k7 | ke | k2
y |Vo171{10174| o\p |V0141(1/0138] /0136 110147 /0158|0156 | | VO132[ 110121 1/0125| 1/099 [1/0101| /0106 1/0110|1/0115| 110118 Gnp | Tms | O85
FX3 | FX6 BX5 | BX2 | BXO [ Cx3 | DX6 | Dx4 AXa| P1 | P5 | M3 | M5 | N2 | N6 | 03 | 06 K5
AA |10175| np [10142| 10140 110151110149 110144 1/0157| 1/0154| 1/0134| 110130| 110128| | 1 | VO127|1/0100| /0103 /0108 /0109 /0113 [1/0116| Gnp | TeK
FX7 BX6 | BX4 | Cx7 [ cx5| cxo | DXx5 [ DX2 | Ax6 | AXx2 | AX0 P7 | M4 | M7 | N4 [ N5 | 01 | O4
AB | onp | e |0139| 0137|0148 110146| 110159 110155 1/0135| 110133 1/0129| 110120 1/0124| /0126 11097 [1/0102| /0105 1/0107| /0112|0114 (1/0117| Nnp
BX3 | BX1 | cxa [ cx2 | bx7 | Dx3 | Ax7 | Axs | Ax1 | Po | P4 | P6 | M1 | M6 | N1 | N3 | oo | 02 | 05
22 21 20 19 18 17 16 15 14 13 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
TMS Test Mode Select L vocel
TDO = Test Data Out PAL Block

AA

AB

mda3.512.256_388bga
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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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