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ABSTRACT

This thesis is present FPGA Color Monitor Tester that can work without computer by
using FPGA to reduce difficult of logic circuit and easier to further development. Consist of 2
main part : Fundamental Frequency Generator and Display Controller which is using FPGA to
control a Display Part, choose function and period to display and it use , choose function, period
for display and use VHDL to program FPGA because it easy to understand it language and can

apply to otherwork.
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ENTITY clock_component IS
PORT (en : IN BIT ; ¢k : OUT BIT)
END clock _name;
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ARCHITECTURE behavional OF clock_component IS
BEGIN
PROCESS
VARIABLE periodic : BIT := ‘0’
BEGIN
IF en="‘1"’ THEN
Periodic := Not periodic;
END IF;
Ck<=periodic;
WAIT FOR 1 US;
END PROCESS; END behavioral;

31 2.19 MIVIILWFINGANT IV clock_component
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PACKAGE package name IS
Package declarative_part

END package name;
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PACKAGE BODY package name IS
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END package name;
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COMFIGURTRION identifier OF entity name IS

Configuration_declarative_part
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. TYPE byte IS ARRAY ( 7 DOWNTO 0) OF BIT:

PROCEDURE byte _to_integer(ib : IN byte; oi : OUT INTEGER) IS
VARIABLE result : INTEGER :=0;
BEGIN
FORIIN 0 TO 7LOO0P
IF ib(i) = ‘1’ THEN

result := result + 2**[;

111 223 m31¥Ins B

FUNCTION f(a, b, c:BIT ) RETURN BIT IS
VARIABLE x: BIT;

BEGiN
x = ((NOT a ) AND (NOT b) AND c¢);

51l 2.24 ms 19 ardu
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PREDEFIND OPERATORS

LOGICAL OPERATORS : NOT AND OR NAND NOR X OR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIONAL OPERATORS : =/=<<=2>>
OPERAND TYPE : any type
RESULT TYPE : Boolen

ARITHMETIC OPERATORS : + - */ ** MOD REM ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTEGER REAL Physical
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PROCESS

declarative part

BEGIN

statement part

END PROCESS;

51l 2.26 uvuvesmsusseeuuy llsira

2.3.13 msmruaiauiiumameluldssa
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Freniumsneluldswal 3 viians dauils (Varable) 18 (File) uazaInd

A o [-] —~y g -3 ?
(Constant) HedaduiiunisneausiadniniinmstsemaliluTdsralafes 1 ldmne
¥ 4

meoluldssarumniudmiunisaadetumeuonnsesen e ) sisaannsodi 1d lasly
Fryayrau (Signal) n3ednsiinldszmel3ludiuves ARCHITECTURE Tugi#i 2.27 uaas
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PROCESS _
FILE flush : TEXT IS IN “filename.dat”;
VARIABLE var: BIT}
CONSTANT n : INTEGER :=0;
BEGIN
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2.3.14 madmuamsnszimaluldsye
o a wva o @ . 2
msnszilag meluldseaszdunsd§iRuuus 1y (Sequential) v Faneluy
TswaanselFilse loatou lunson1svina ldfy IF-THEN — ELSE, CASE — WHEN ,

FOR LOOP 1o WHILE LOOP Asa08191u3ii 2.28 uag 2.29

ARCHITECTURE demo OF partial_process IS

BEGIN
PROCESS

BEGIN

x<=‘1;

IF x=‘1" THEN
perform action_1

ELSE —

51 2.28 Soulumsnssinlu Ty sise

ARCHITECTURE demo OF partial_process IS

BEGIN
PROCESS
BEGIN

X <=a AFTER 10 NS;
y <=b AFTER 6 NS;

517 2.29 uaraanisnazyinlu T sie
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D Q
ENTITY companent_nameIS

Input and output ports
@

a qQ Physical and other parameters

END component_name;
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ARCHITECTURE behavioral OF d_sr_flipflop IS
SIGNAL state : BIT :==°07;
BEGIN
dff : PEOCESS (rst,set,clk)
BEGIN
IF set="‘]" THEN
state <= ‘1> AFTER sq_delay;
ELSIF rst="‘1" THEN
state <= ‘0” AFTER sq_delay;
ELSIF clk = ‘1’ AND clk ‘EVENT THEN

state <= d AFTER sq_delay;

@)

ARCHITECTURE average daldy_behavioral OF d_sr_flipflop IS
BEGIN
dff : PEOCESS (rst,set,clk)
VARIABLE state : BIT = 0’;
BEGIN |
IF set= ‘1" THEN
state <= ‘1’;
ELSIF rst= ‘1" THEN
state <= ‘0’;
ELSIF clk = ‘1’ AND clk ‘EVENT THEN

state <= d;
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(b)
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3 P31 4 P30

5 P29 6 P28

7 p27 8 NG CONNECT

9 P25 10 P24

11 ™S 12 p22

13 P21 | 14 P20

15 | NOCONNECT | 16 P18

17 P17 18 P16

19 P15 20 ' DI

21 NO CONNECT 22 P12

MALUIIN



A12

AFNA A3 Fumiay1reanefareneTavany g il JP3

" Hole . SignalPin- ~ Hole - Signal/Pin

Number e ‘Number

1 NO CONNECT 2 NO CONNECT
3 P52 4 P51
5 P50 6 P49
7 P48 8 NO CONNECT
9 P46 10 P45

11 P44 12 | NO CONNECT
13 | NOCONNECT| 14 P41

15 P40 16 P39

17 | NOCONNECT | 18 P37

19 P36 20 P35

21 P34 22 P33

Astron Logic Research & Development Co., LTD.



A13

ANTNT A4 Frumdsnnzaanasae e desdnygrnd miy Jp4

Hole - - Signal/Pih VHc'JIe * Signal/Pin
Number . | Number ' |
1 NO CONNECT 2 P74
3 P73 4 NO CONNECT
5 DO 6 P70
7 P69 8 P68
9 P67 10 NO CONNECT
11 P65 12 P64
13 P63 14 TCK
15 P61 16 . P60
17 NO CONNECT 18 P58
19 P57 20 RS6
21 P55 22 P54
MPNT A5 FumiaangessiadusEng 4+4
COLUMN* PIN  ROW .  PIN
1 28 1 22
2 29 2 24
3 . 30 3 25
4 31 4 27

AN



A14

15197 A6 Auviernresialealaugs

LED™  PIN'  LED™  PIN-

DO 21 D4 16
D1 20 D5 15
D2 18 D6 12
D3 17 D7 11

RNFNT A7 AUMNT1989 7-Segment 4 MAN

DISPLAY SEGMENT PIN DISPLAYSE'GMEI_\.IT'_,.

b 34 dot 41
i c 35 C1 44
d 36 C2 45
e 37 C3 46
f 39 c4 48

ANFNA A8 FIMMINTIYENAIAT naAn — LaBaAL

PIN 49 | 50 | 51 | 52

Astron Logic Research & Development Co., LTD.



A15

A7 71 A9 BN YENANGIRT 8 VAN

DIGIT*  PIN'  DIGIT*

D1 55 ps | e0
D2 56 D6 61
D3 57 D7 63

P'I’)?’N‘ﬁ‘ A10 suniNg19a9 BUZZER uae OSCILLATOR

DEVICE =~ BUZZER  OSCILLATOR

wanEwn :* TFasuniu PULL UP 10K sieag

< or
X
= FFasunu 1K saaynsuag

MANYN
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TsupsumuIVHDL Muuadana R, G uag B

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC ARITH.ALL;
USE IEEE.STD _LOGIC _UNSIGNED.ALL;
ENTITY rgbm IS
PORT(C25 : IN STD _LOGIC;
r_in,g inb_in :IN STD_LOGIC;
hz_in,vz_in : IN STD_LOGIC ;
sw: in std_logic_vectdr(S downto 0);
data : buffer std_logic_vector(5 downto 0);
red out,green_out,blue_out : OUT STD_LOGIC;
horiz_sync_out,vert_sync_out : OﬂT STD _LOGIC);
END rgbm;

ARCHITECTURE RTL OF rgbm IS

SIGNALT outg outb out STD_LOGIC;

SIGNAL rc : STD_LOGIC_VECTOR(9
DOWNTO 0);

SIGNAL horiz_sync,vert_sync : STD_LOGIC;

-~-SIGNAL video_on,video_on_v,video_on_h : STD_LOGIC;

--SIGNAL fl_cpunt,v_count : STD_LOGIC VECTOR(9 DOWNTO 0);

BEGIN

horiz_sync_out<=hz_in;

vert_sync_out<= vz_in;

data <= sw; |

PROCESS(C25)

BEGIN

wait until (C25'event and C25='1");



case DATA is
when "011111" =>
I_out<=r_in;
b_out<='0';
g _out<='0;
when "101111" =>
r_out<='0';--and hz _in;
g out<=g_in;
b_out<='0’;
when "110111" =>
r_out<='0';
g out<='0";--and hz _in;
b_out<=b_in;
when "111011" =>
r_out<=rt_in;
g out<=g_in;
b_out<='0";--and hz _in;
when "111101" =>
r_out<=r_in;
g out<='0';
b_out<=b_in ;--and hz_in;
when "111110" =>
r_out<='0';
g_out<=g_in;
b_out<=b_in ;--and hz_in;
when "111111" =>
r_out<=t_in ;--and hz_in;
g out<=g in ;-—-and hz in;
b_out<=b_in ;--and hz_in;

when "000000" =>



r_out<=rt_in ;--and hz in;
g out<=g in;—and hz _in;
b_out<=b_in ;--and hz in;
when others =>
r_out<=r_in ;--and hz in;
g out<=g in ;--and hz_in;
b_out<=b_in ;--and hz in;
END case;
--horiz_sync<=hz_in;
--vert_sync<=vz_in;
red_out<=r_out;
green_out<=g_out;
blue_out<=b out;
END PROCESS;
ENDRTL;
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Includes
MAX 7000E &
MAX 70008

MAX 7000

Features...

o« S
o R

Programmabile Logic
Device Family

High-performance, EEPROM-based programmable logic devices
(PLDs) based on second-generation Multiple Array MatriX (MAX®)
architecture

5.0-V in-system programmability (ISP) through the built-in

IEEE Std. 1149.1 Joint Test Action Group (JTAG) interface available in
MAX 7000S devices

Inchides 5.0-V MAX 7000 devices and 5.0-V ISP-based MAX 70005
devices

Built-in JTAG boundary-scan test (BST) circuitry in MAX 70005
devices with 128 or more macrocells

Complete EPLD family with logic densities ranging from 600 to
5,000 usable gates (see {ables L and 2)

5-ns pin-to-pin logic delays with up to 175.4-MHz counter
frequencies (including interconnect)

Peripheral component interconnect (PCI)-compliant devices
available

For information on in-system programmable 3.3-V MAX 7000A or 2.5-V

Table 1. MAX 7000 Device Fealures
Feature EPM7032 | EPM7064 | EPM7096 | EPM7128E | EPM7160E | EPM7192E | EPM7256E

Usable 600 1,250 1,800 2,500 3,200 3,750 5,000
gates
Macrocells 32 64 96 128 160 192 256
Logic array 2 4 6 8 10 12 16
blocks
Maximum 36 68 76 100 104 124 164
user I/O pins : )
tpp (nS) 6 6 7.5 7.5 10 12 12
tsy (ns) 5 5 6 6 7 7 7
tesy (ns) 25 25 3 3 3 3 3
tcot (ns) 4 4 45 45 5 6 6
font (MHz) 151.5 151.5 125.0 125.0 100.0 90.9 90.9

Altera Corporation

A-DS-M7000-06.02
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Table 2. MAX 70008 Device Fealures

Feature EPM70328 EPM7064S EPM71283 EPM71608 EPM7192S EPM72563
Usable gates 600 1,250 2,500 3,200 3,750 5,000
Macrocells 32 64 128 160 192 256
Logic array 2 4 8 10 12 16
blocks
Maximum 36 68 100 104 124 164
user /O pins
tpp (ns}) 5 5 6 6 7.5 7.5
tsy (ns) 29 29 34 34 4.1 39
tesy (ns) 25 2.5 25 25 3 3
tcot (ns) 3.2 3.2 4 3.9 47 47
font (MHZ) 1754 1754 1471 149.3 125.0 128.2

...and More

Features

% 8

Open-drain output option in MAX 7000S devices

Programmable macrocell flipflops with individual clear, preset,

clock, and clock enable controls

Programmable power-saving mode for a reduction of over 50% in

each macrocell

Configurable expander product-term distribution, allowing up to

32 product terms per macrocell

44 to 208 pinis available in plastic J-lead chip carrier (PLCC), ceramic

pin-grid array (PGA), plastic quad flat pack (PQFP), power quad flat

pack (RQFP), and 1.0-mm thin quad flat pack (TQFP) packages

Programmable security bit for protection of proprietary designs

3.3-V or 5.0-V operation

—  MultiVolt™ I/O interface operation, allowing devices to
interface with 3.3-V or 5.0-V devices (MultiVolt I/O operation is
not available in 44-pin packages)

- Pin compatible with low—voltage MAX 7000A and MAX 7000B
devices

Enhanced features available in MAX 7000E and MAX 7000S devices

- Six pin- or logic-driven output enable signals

- Two global clock signals with optional inversion

—  Enhanced interconnect resources for improved routability

—  Fast input setup times provided by a dedicated path from1/O
pin to macrocell registers
Programmable output slew-rate control

Software design support and automatic place-and-route provided by

Altera’s MAX+PLUS® II development system for Windows-based

PCs and Sun SPARCstation, HP 9000 Series 700/800, and IBM RISC

System/6000 workstations, and the Quartus™ development system

for Windows-based PCs and Sun SPARCstation and HP 9000

Series 700 workstations

Altera Corporation
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R

Additional design entry and simulation support provided by EDIF
200 and 3 0 0 netlist files, library of parameterized modules (LPM),
Verilog HDL, VHDL, and other interfaces to popular EDA tools from
manufacturers such as Cadence, Exemplar Logic, Mentor Graphics,
OrCAD, Synopsys, and VeriBest
8 Programming support
—  Altera’s Master Programming Unit (MPU) and programming
hardware from third-party manufacturers program ali
MAX 7000 devices
- The BitBlaster™ serial download cable, ByteBlaster™ parallel
port download cable, ByteBlasterMV™ parallel port download
cable, and MasterBlaster™ serial/universal serial bus (USB)
download cable program MAX 7000S devices

General The MAX 7000 family of high-density, high-performance PLDs is based
T on Altera’s second-generation MAX architecture. Fabricated with
Description advanced CMOS technology, the EEPROM-based MAX 7000 family

provides 600 to 5,000 usable gates, ISP, pin-to-pin delays as fast as 5 ns,
and counter speeds of up to 175.4 MHz. MAX 7000S devices in the -5, -6,
-7, and -10 speed grades as well as MAX 7000 and MAX 7000E devices in
-5,-6,-7,-10P, and -12P speed grades comply with the PCI Special Interest
Group (PCI SIG) PCI Local Bus Specification, Revision 2.2. See Table 2
for available speed grades.

Table 3. MAX 7000 Speed Grades ’
Device Speed Grade

5 -6 -1 -10P -10 -12P -12 -15 -15T -20
EPM7032 N v v " N
EPM7032S v NS N
EPM7064 NG N g Vv
EPM7064S o v v
EPM7096 v v v v
EPM7128E g v g v NG g
EPM7128S W NS v o
EPM7160E NG v NG v v
EPM7160S N v o v
EPM7192E v v NG o
EPM7192S N v
EPM7256E NG N v g
EPM7256S v N

Altera Corporation 3
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The MAX 7000E devices—including the EPM7128E, EPM7160E,
EPM7192E, and EPM7256E devices—have several enhanced features:
additional global clocking, additional output enable controls, enhanced
interconnect resources, fast input registers, and a programmable slew
rate.

In-system programmable MAX 7000 devices—called MAX 70005
devices—include the EPM7032S, EPM7064S, EPM7128S, EPM7160S,
EPM7192S, and EPM7256S devices. MAX 7000S devices have the
enhanced features of MAX 7000E devices as well as JTAG BST circuitry in
devices with 128 or more macrocells, ISP, and an open-drain output
option. See Takie 4.

Table 4. MAX 7000 Device Fealures
Feature EPM7032 All Al
EPM7064 MAX 7000E | MAX 70003
EPM7086 Devices Devices
ISP via JTAG interface N
JTAG BST circuitry {1}
Open-drain output option v
Fast input registers vd Nd
Six global output enables v v
Two global clocks v v
Slew-rate control g v
MultiVolt interface {2} e v "
Programmable register N ~ v
Parallel expanders e N N
Shared expanders v o e
Power-saving mode v N4 v
Security bit v v Nd
PCl-compliant devices available v v g

Notes:
(1) Available in EPM7128S, EPM7160S, EPM7192S, and EPM72565 devices only.
(2) The MultiVolt 1/O interface is not available in 44-pin packages.

4 Altera Corporation
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The MAX 7000 architecture supports 100% TTL emulation and high-
density integration of SSI, MSI, and LSI logic functions. It easily
integrates multiple devices ranging from PALs, GALs, and 22V10s to
MACH and pLSI devices. MAX 7000 devices are available in a wide
range of packages mcludmg PLCC, PGA, PQFP, RQFP, and TQFP
packages. See Taiiz 2.

Table 5. MAX 7000 Maximum User I/0 Pins

Device 44- | 44- | 44- | 68- | 84- | 100- | 100- | 160- | 160- | 192- | 208- | 208-

Pin { Pin | Pin | Pin | Pin | Pin | Pin Pin Pin Pin Pin Pin
PLCC | POFP | TOFP | PLCC | PLCC | PQFP| TQFP | PQFP | PGA | PGA | PQFP | RQFP

EPM7032 36 36 36

EPM7032S | 36 36

EPM7064 36 36 52 68 68

EPM7064S | 36 36 68 68

EPM7096 52 64 76

EPM7128E 68 84 100

EPM71283 68 | 84 (842|100

EPM7160E 64 84 104

EPM7160S 64 84 {2} 1104

EPM7192E 124 124

EPM7192S 124

EPM7256E 132{23| - 164 164

EPM7256S 164 ()| 164

Notes:

(1) When the JTAG interface in MAX 70005 devices is used, four I/0O pins become JTAG pins.

(2) Performa com lete therm I an lysxs before committing a design to this device package. See the ¢3;

Altera Corporation

22 for more information.

MAX 7000 devices use CMOS EEPROM cells to implement logic
functions. The user-configurable MAX 7000 architecture
accommodates a variety of independent combinatorial and
sequential logic functions. The devices can be reprogrammed for
quick and efficient iterations during design development and debug
cycles, and can be programmed and erased up to 100 times.
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MAX 7000 devices contain from 32 to 256 macrocells that are
combined into groups of 16 macrocells, called logic array blocks
(LABs). Each macrocell has a programmable-AND/ fixed-OR array and
a configurable register with independently programmable clock,
clock enable, clear, and preset functions. To build complex logic
functions, each macrocell can be supplemented with both shareable
expander product terms and high-speed parallel expander product
terms to provide up to 32 product terms per macrocell.

The MAX 7000 family provides programmable speed/power
optimization. Speed-critical portions of a design can run at high
speed/full power, while the remaining portions run at reduced
speed/low power. This speed /power optimization feature enables
the designer to configure one or more macrocells to operate at 50%
or lower power while adding only a nominal timing delay.

MAX 7000E and MAX 7000S devices also provide an option that
reduces the slew rate of the output buffers, minimizing noise
transients when non-speed-critical signals are switching. The output
drivers of all MAX 7000 devices (except 44-pin devices) can be set for
either 3.3-V or 5.0-V operation, allowing MAX 7000 devices to be
used in mixed-voltage systems.

The MAX 7000 family is supported by the Quartus and
MAX+PLUS II development systems, a single, integrated package
that allows schematic, text—including VHDL, Verilog HDL, and the
Altera Hardware Description Language (AHDL)—and waveform
design entry, compilation and logic synthesis, simulation and timing
analysis, and device programming. The Quartus and MAX+PLUS I
software provides EDIF 2 0 0 and 3 00, LPM, VHDL, Verilog HDL,
and other interfaces for additional design entry and simulation
support from other industry-standard PC- and UNIX-workstation-
based EDA tools. The MAX+PLUS II software runs on Windows-
based PCs, as well as Sun SPARCstation, HP 9000 Series 700/800,
and IBM RISC System/6000 workstations. The Quartus software
runs on Windows-based PCs, as well as Sun SPARCstation and

HP 9000 Series 700 workstations.

= W@ - Iior more informa’cio;: on develqpmen
Programn sgle Development Sysics
Functional The MAX 7000 architecture includes the following elements:
Desc"ptl on Logic array blocks
Macrocells

Expander product terms (shareable and parallel)
Programmable interconnect array
1/0 control blocks

BBEgEH

6 Altera Corporation



MAX 7000 Programmable Logic Device Family Data Sheet

The MAX 7000 architecture includes four dedicated inputs that can
be used as general-purpose inputs or as high-speed, global control
signals (clock, clear, and two output enable signals) for each

macrocell and 1/0 pin.
EPM7064, and EPM7096 devices.

< 1 shows the architecture of EPM7032,

Figure 1. EPM7032, EPM7064 & EPM7096 Device Block Diagram
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- shows the architecture of MAX 7000E and MAX 7000S devices.

Figure 2. MAX 7000E & MAX 7000S Device Block Diagram
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Logic Array Blocks

The MAX 7000 device architecture is based on the linking of high-
performance, flexible, logic array modules called logic array blocks
(LABs). LABs consist of 16-macrocell arrays, as shown in Figures 1 and 2.
Multiple LABs are linked together via the programmable interconnect
array (PIA), a global bus that is fed by all dedicated inputs, I/O pins, and

macrocells.

Altera Corporation
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Each LAB is fed by the following signals:

& 36 signals from the PIA that are used for general logic inputs

& Global controls that are used for secondary register functions

® Direct input paths from I/O pins to the registers that are used
for fast setup times for MAX 7000E and MAX 7000S devices

Macrocells

The MAX 7000 macrocell can be individually configured for either
sequential or combinatorial logic operation. The macrocell consists
of three functional blocks: the logic array, the product-term select
matrix, and the programmable register. The macrocell of EPM7032,
EPM7064, and EPM7096 devices is shown in Figuire 3.

Figure 3. EPM7032, EPM7064 & EPM7096 Device Macrocell

Global Global
Logic Aray - . Clear  Clock
i Parallel Logic
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(from other Programmable
macrocells) Register

Register
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) 9 Control
{ >_ 3 Block
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Product- | & Clock/
D— Torm : Enable
: Select
Select
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Clear
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Shared Logic toPIA
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36 Signals 16 Expander
from P1A Product Terms
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& >
b

The macrocell of MAX 7000E and MAX 70005 devices is shown in

Figure 4. MAX 7000F & MAX 70008 Device Macrocell
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Combinatorial logic is implemented in the logic array, which provides
five product terms per macrocell. The product-term select matrix allocates
these product terms for use as either primary logic inputs (to the OR and
XOR gates) to implement combinatorial functions, or as secondary inputs
to the macrocell’s register clear, preset, clock, and clock enable control
functions. Two kinds of expander product terms (“expanders”) are
available to supplement macrocell logic resources:

# Shareable expanders, which are inverted product terms that are fed
back into the logic array

® Parallel expanders, which are product terms borrowed from adjacent
macrocells

The Quartus and MAX+PLUS I software automatically optimizes
product-term allocation according to the logic requirements of the design.

For registered functions, each macrocell flipflop can be individually
programmed to implement D, T, JK, or SR operation with programmable
clock control. The flipflop can be bypassed for combinatorial operation.
During design entry, the designer specifies the desired flipflop type; the
Quartus and MAX+PLUS II software then selects the most efficient
flipflop operation for each registered function to optimize resource
utilization.

Altera Corporation
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Altera Corporation

Each programmable register can be clocked in three different modes:

& By a global clock signal. This mode achieves the fastest clock-to-
output performance.

8 DBy a global clock signal and enabled by an active-high clock
enable. This mode provides an enable on each flipflop while still
achieving the fast clock-to-output performance of the global
clock.

& By anarray clock implemented with a product term. In this
mode, the flipflop can be clocked by signals from buried
macrocells or I/O pins.

In EPM7032, EPM7064, and EPM7096 devices, the global clock signal
is available from a dedicated clock pin, GCLK1, as shown in Figure 1.
In MAX 7000E and MAX 7000S devices, two global clock signals are
available. As shown in Figure 2, these global clock signals can be the
true or the complement of either of the global clock pins, GCLK1 or
GCLK2.

Each register also supports asynchronous preset and clear functions.
As shown in Figures 3 and 4, the product-term select matrix allocates
product terms to control these operations. Although the product-
term-driven preset and clear of the register are active high, active-
low control can be obtained by inverting the signal within the logic
array. In addition, each register clear function can be individually
driven by the active-low dedicated global clear pin (GCLRn).

. Al MAX 7000E and MAX 70005 I/O pins have a fast input path to a

macrocell register. This dedicated path allows a signal to bypass the
PIA and combinatorial logic and be driven to an input D flipflop
with an extremely fast (2.5-ns) input setup time.

Expander Product Terms

Although most logic functions can be implemented with the five
product terms available in each macrocell, the more complex logic
functions require additional product terms. Another macrocell can
be used to supply the required logic resources; however, the

MAX 7000 architecture also allows both shareable and parallel
expander product terms (“expanders”) that provide additional
product terms directly to any macrocell in the same LAB. These
expanders help ensure that logic is synthesized with the fewest
possible logic resources to obtain the fastest possible speed.

1
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Shareable Expanders

Each LAB has 16 shareable expanders that can be viewed as a pool of
uncommitted single product terms (one from each macrocell) with
inverted outputs that feed back into the logic array. Each shareable
expander can be used and shared by any or all macrocells in the LAB to
build complex logic functions. A small delay (tspxp) is incurred when
shareable expanders are used. Figure 5 shows how shareable expanders
can feed multiple macrocells.

Figure 5. Shareable Expanders

Shareable expanders can be shared by any or all macrocells in an LAB.

Macrocell
Product-Term
Logic

g e B =

Product-Term Select Malrix

Macrocell
Product-Term
Logic

:M‘LT—\. ..){A Zé...zﬁ

36 Signals 16 Shared
from PIA Expanders
Parallel Expanders

Parallel expanders are unused product terms that can be allocated to a
neighboring macrocell to implement fast, complex logic functions.
Parallel expanders allow up to 20 product terms to directly feed the
macrocell OR logic, with five product terms provided by the macrocell and
15 parallel expanders provided by neighboring macrocells in the LAB.

Altera Corporation
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The Quartus and MAX+PLUS II Compilers can allocate up to three
sets of up to five parallel expanders automatically to the macrocells
that require additional product terms. Each set of five parallel
expanders incurs a small, incremental timing delay ({pgxp). For
example, if a macrocell requires 14 product terms, the Compiler uses
the five dedicated product terms within the macrocell and allocates
two sets of parallel expanders; the first set includes five product
terms and the second set includes 4 product terms, increasing the
total delay by 2 X fppxp.

Two groups of 8 macrocells within each LAB (e.g., macrocells

1 through 8 and 9 through 16) form two chains to lend or borrow
parallel expanders. A macrocell borrows parallel expanders from
lower-numbered macrocells. For example, macrocell 8 can borrow
parallel expanders from macrocell 7, from macrocells 7 and 6, or
from macrocells 7, 6, and 5. Within each group of 8, the lowest-
numbered macrocell can only lend parallel expanders and the
highest-numbered macrocell can only borrow them. Figuue 6 shows
how parallel expanders can be borrowed from a neighboring
macrocell.

Figure 6. Parallel Expanders
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Programmable Interconnect Array

Logic is routed between LABs via the programmable interconnect array
(PIA). This global bus is a programmable path that connects any signal
source to any destination on the device. Al MAX 7000 dedicated inputs,
1/0 pins, and macrocell outputs feed the PIA, which makes the signals
available throughout the entire device. Only the signals required by each
LAB are actually routed from the PIA into the LAB. Figure ¥ shows how
the PIA signals are routed into the LAB. An EEPROM cell controls one
input to a 2-input AND gate, which selects a PIA signal to drive into the
LAB.

Figure 7. PIA Routing

to LAB

..........................................

PIA Signals

While the routing delays of channel-based routing schemes in masked or
field-programmable gate arrays (FPGAs) are cumulative, variable, and
path-dependent, the MAX 7000 PIA has a fixed delay. The PIA thus
eliminates skew between signals and makes timing performance easy to
predict.

I/0 Control Blocks

The 1/0 control block allows each I/O pin to be individually configured
for input, output, or bidirectional operation. All I/O pins have a tri-state
buffer that is individually controlled by one of the global output enable
signals or directly connected to ground or Vc. Figure 8 shows the I/O
control block for the MAX 7000 family. The I/O control block of EPM7032,
EPM?7064, and EPM7096 devices has two global output enable signals that
are driven by two dedicated active-low output enable pins (OE1 and CE2).
The I/O control block of MAX 7000E and MAX 7000S devices has six
global output enable signals that are driven by the true or complement of
two output enable signals, a subset of the I/O pins, or a subset of the /O
macrocells.

Altera Corporation
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Figure 8. 1/0 Control Block of MAX 7000 Deviges
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Note:
(1) The open-drain output option is available in MAX 70005 devices only.
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=
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For more mformatlon on using the Jam language, see

When the tri-state buffer control is connected to ground, the output is
tri-stated (high impedance) and the 1/0 pin can be used as a dedicated
input. When the tri-state buffer control is connected to V¢, the output is
enabled.

The MAX 7000 architecture provides dual I/O feedback, in which
macrocell and pin feedbacks are independent. When an I/O pin is
configured as an input, the associated macrocell can be used for buried
logic.

MAX 7000S devices are in-system programmable via an industry-
standard 4-pin Joint Test Action Group (JTAG,) interface (IEEE Std.
1149.1-1990). ISP allows quick, efficient iterations during design
development and debugging cycles. The MAX 70005 architecture
internally generates the high programming voltage required to program
EEPROM cells, allowing in-system programming with only a single 5.0 V
power supply. During in-system programming, the1/O pins are tri-stated
and pulled-up to eliminate board conflicts. The pull-up value is nominally
50 kQ.

ISP simplifies the manufacturing flow by allowing devices to be mounted
on a printed circuit board with standard in-circuit test equipment before
they are programmed. MAX 7000S devices can be programmed by
downloading the information via in-circuit testers (ICT), embedded
processors, or the Altera BitBlaster, ByteBlaster, ByteBlasterMV, or
MasterBlaster download cables. (The ByteBlaster cable is obsolete and is
replaced by the ByteBlasterMV cable, which can program and configure
2.5-V, 3.3-V, and 5.0-V devices.) Programming the devices after they are
placed on the board eliminates lead damage on high-pin-count packages
(e.g., QFP packages) due to device handling and allows devices to be
reprogrammed after a system has already shipped to the field. For
example, product upgrades can be performed in the field via software or
modem.

In-system programming can be accomplished with either an adaptive or
constant algorithm. An adaptive algorithm reads information from the
unit and adapts subsequent programming steps to achieve the fastest
possible programming time for that unit. Because some in-circuit testers
can not support an adaptive algorithm, Altera offers devices tested with a
constant algorithm. Devices tested to the constant algorithm are marked
with an “F” suffix in the ordering code.

The Jam™ programming and test language can be used to program
MAX 7000S devices with in-circuit test equipment (e.g., PC, embedded
processor).

{iss rf\" the
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MAX 7000 devices offer a power-saving mode that supports low-power
operation across user-defined signal paths or the entire device. This
feature allows total power dissipation to be reduced by 50% or more,
because most logic applications require only a small fraction of all gates to
operate at maximum frequency.

The designer can program each individual macrocell in a MAX 7000
device for either high-speed (i.e., with the Turbo Bit™ option turned on)
or low-power (i.e., with the Turbo Bit option turned off) operation. As a
result, speed-critical paths in the design can run at high speed, while the
remaining paths can operate at reduced power. Macrocells that run at low
power incur a nominal timing delay adder (t; p4) for the t; ap, tracs tic,
tEN’ and tSEXPI tACLI and tCPPW parameters.

MAX 7000 device outputs can be programmed to meet a variety of
system-level requirements.

MultiVelt 1/0 Interface

MAX 7000 devices—except 44-pin devices—support the MultiVolt 1/0
interface feature, which allows MAX 7000 devices to interface with
systems that have differing supply voltages. The 5.0-V devices in all
packages can be set for 3.3-V or 5.0-V I/O pin operation. These devices
have one set of VCC pins for internal operation and input buffers (VCCINT),
and another set for 1/O output drivers (VCCIO). -

The VCCINT pins must always be connected to a 5.0-V power supply. With
a 5.0-V Vee level, input voltage thresholds are at TTL levels, and are
therefore compatible with both 3.3-V and 5.0-V inputs.

The VCCIO pins can be connected to either a 3.3-V or a 5.0-V power supply,
depending on the output requirements. When the VCCIO pins are
connected to a 5.0-V supply, the output levels are compatible with 5.0-V
systems. When Vo is connected to a 3.3-V supply, the output high is
3.3V and is therefore compatible with 3.3-V or 5.0-V systems. Devices
operating with Vccg levels lower than 4.75 V incur a nominally greater
timing delay of fgop, instead of tppy.

Open-Drain Output Option (MAX 70008 Devices Only)

MAX 7000S devices provide an optional open-drain (functionally
equivalent to open-collector) output for each I/O pin. This open-drain
output enables the device to provide system-level control signals (e.g.,
interrupt and write enable signals) that can be asserted by any of several
devices. It can also provide an additional wired-OR plane.

17
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Output pins on 5.0-V MAX 70005 devices with V=33V or 5.0V (with
a pull-up resistor to the 5.0-V supply) can also drive 5.0-V CMOS input
pins. In this case, the pull-up transistor will turn off when the pin voltage
exceeds 3.3 V. Therefore, the pin does not have to be open-drain.

Slew-Rate Control

The output buffer for each MAX 7000E and MAX 70005 I/O pin has an
adjustable output slew rate that can be configured for low-noise or high-
speed performance. A faster slew rate provides high-speed transitions for
high-performance systems. However, these fast transitions may introduce
noise transients into the system. A slow slew rate reduces system noise,
but adds a nominal delay of 4 to 5 ns. In MAX 7000E devices, when the
Turbo Bit is turned off, the slew rate is set for low noise performance. For
MAX 7000S devices, each I/O pin has an individual EEPROM bit that
controls the slew rate, allowing designers to specify the slew rate on a
pin-by-pin basis.

MAX 7000 devices can be programmed on Windows-based PCs with the
MAX+PLUS Il Programmer, an Altera Logic Programmer card, the
Master Programming Unit (MPU), and the appropriate device adapter.
The MPU performs a continuity check to ensure adequate electrical
contact between the adapter and the device. For more information, see the

ATE pwir Flermvmse WO S PTG SUUIURIR 1 YIN JURE g 7 759
Alfers Progrannsing Hardware Dein Sheel.

The MAX+PLUS I software can use text- or waveform-format test vectors
created with the MAX+PLUS I Text Editor orWaveform Editor to test the
programmed device. For added design verification, designers can
perform functional testing to compare the functional behavior of a

MAX 7000 device with the results of simulation. Moreover, Data I/O, BP
Microsystems, and other programming hardware manufacturers also
provide programming support for Altera devices. For more information,

see Proyrenming Hardware Mamifaclurers,

Altera Corporation
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IEEE Std. MAX 7000 dev1ces support JTAG BST circuitry as specified by IEEE Std.

1149.1-1990.
1149 N (JTAG) MAX 7000 famlly The pin-out tables starting on ;

Boundary-Scan  show the
Support

i & describes the JTAG instructions supported by the
% of this data sheet
location of the JTAG control pins for each device. If the JTAG

interface is not required, the JTAG pins are available as user I/O pins.

Table 6. MAX 7000 JTAG Inslructions
JTAG Instruction Devices Description

SAMPLE/PRELCAD | EPM7128S  |Allows a snapshot of signals at the device pins to be captured and
EPM7160S |examined during normal device operation, and permits an initial data
EPM7192S | pattern output at the device pins.
EPM7256S

EXTEST EPM7128S | Allows the external circuitry and board-level interconnections to be
EPM7160S |tested by forcing a test pattern at the output pins and capturing test
EPM7182S |results at the input pins.
EPM7256S

BYPASS EPM7032S |Places the 1-bit bypass register between the TDI and TDO pins, which
EPM7064S |allows the BST data to pass synchronously through a selected device
EPM7128S |to adjacent devices during normal device operation.
EPM7160S
EPM7192S
EPM7256S .

IDCODE EPM7032S |Selects the IDCODE register and places it between TDT and TDO,
EPM7064S | allowing the IDCODE to be serially shiffed out of TDO.
EPM7128S
EPM7160S
EPM71928
EPM7256S

ISP Instructions EPM7032S | These instructions are used when programming MAX 7000S devices
EPM7064S |via the JTAG ports with the BitBlaster, ByteBlaster, ByteBlasterMV, or
EPM7128S |MasterBlaster download cable, or using a Jam File (.jam), Jam Byte-
EPM7160S . |Code (.jbc), or Serial Vector Format (.svf) file via an embedded
EPM7182S | processor or test equipment.
EPM7256S

Altera Corporation
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The instruction register length of MAX 7000S devices is 10 bits. ¥’
and % show the boundary-scan register length and device IDCODE
information for MAX 70005 devices.

Table 7. MAX 70008 Boundary-Scan Register Length
Device Boundary-Scan Register Length
EPM7032S 'IE
EPM7064S 1 ¢4}
EPM7128S 288
EPM7160S 312
EPM7192S 360
EPM7256S 480

Note:
(1) This device does not support JTAG boundary-scan testing.

Table 8. 32-Bit MAX 7000 Device IDCODE ~ Noie {1}

Device 1DCODE (32 Bits)
Version | Part Number (16 Bits) | Manufacturer’s | 1 (1 Bit)
(4 Bits) ) Identity (11 Bits)| {2

EPM7032S 0000 0111 0000 0011 0010} 00001101110
EPM7064S 0000 0111 0000 0110 0100 00001101110
EPM7128S 0000 0111 0001 0010 1000} 00001101110
EPM7160S 0000 0111 0001 0110 0000| 00001101110
EPM7192S 0000 0111 0001 1001 0010| 00001101110
EPM7256S 0000 011l 00106 0101 0110 00001101110

Notes:
(1) The most significant bit (MSB) is on the left.
(2) The least significant bit (LSB) for all JTAG IDCODEs is 1

20 Altera Corporation
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Figure ¥ shows the timing requirements for the JTAG signals.

Figure 9. MAX 7000 JTAG Waveforms
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Table 9 shows the JTAG timing parameters and values for MAX 70005

devices. -
Table 9. JTAG Timing Paramelers & Values for MAX 70008 Devices
Symbol Parameter Min | Max | Unit
tjcp | TCK clock period 100 ns
tjch | TCK clock high time 50 ns
tje | TCK clock low time 50 ns
typsu | JTAG port setup time 20 ns
tspy | JTAG port hold time 45 ns
typco |JTAG port clock to output 25 | ns
typzx | JTAG port high impedance to valid output 25 | ns
typxz | JTAG port valid output to high impedance 25 | ns
tyssy | Capture register setup time 20 | ns
tysy | Capture register hold time 45 ns
tysco |Update register clock to output 25 | ns
tyszx | Update register high impedance to valid output 25 ns
tysxz |Update register valid output to high impedance 25 | ns

- For more information, see -
Beundery-Saan Tes 1 Al
21
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All MAX 7000 devices contain a programmable security bit that controls
access to the data programmed into the device. When this bit is
programmed, a proprietary design implemented in the device cannot be
copied or retrieved. This feature provides a high level of design security,
because programmed data within EEPROM cells is invisible. The security
bit that controls this function, as well as all other programmed data, is
reset only when the device is reprogrammed.

Each MAX 7000 device is functionally tested. Complete testing of each
programmable EEPROM bit and all internal logic elements ensures 100%
programming yield. AC test measurements are taken under conditions
equivalent to those shown in Figure i¢. Test patterns can be used and then
erased during early stages of the production flow.

Figure 10. MAX 7000 AC Test Conditions

Power supply transients can affect AC
measurements, Simultaneous

transitions of multiple outputs should be vee
avoided for accurate measurement.

Threshold tests must not be performed [‘7‘8‘3‘ g]

under AC conditions. Large-amplitude, .

fast ground-current transients normally ge‘"c‘: ;0 IeSt
occur as the device outputs discharge r__f;p” ~ yS:e:
the load capacitances. When these

transients flow through the parasitic

inductance between the device ground 250 Q0 < C1 (includes JIG
pin and the test system ground, [8.06KQ] ¢ capacitance)
significant reductions in observable Device input

noise immunity can result. Numbersin  se and fall

brackets are for 2.5-V devices and times < 3 ns
outputs. Numbers without brackets are
for 3.3-V devices and outputs.

MAX 7000 and MAX 7000E devices in QFP packages with 100 or more
pins are shipped in special plastic carriers to protect the QFP leads. The
carrier is used with a prototype development socket and special
programming hardware available from Altera. This carrier technology
makes it possible to program, test, erase, and reprogram a device without
exposing the leads to mechanical stress.

For detailed information and carrier dimensions, refer to the (2FF Carsiesr

& D }”?” it Socket Dafa Sheel,

MAX 7000S devices are not shipped in carriers.
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0 pe rating i through 1% provide information about absolute maximum
- ratmgs, recommended operating conditions, operating conditions,
Conditions and capacitance for 5.0-V MAX 7000 devices.

Table 10. MAX 7000 5.0-V Device Absolute Maximum Ratings = Noi

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to ground {2: -2.0 7.0 \4
Vi DC input voltage -2.0 7.0 \%
lout DC output current, per pin -25 25 mA
Tste Storage temperature No bias -65 150 °C
Tame Ambient temperature Under bias —65 135 °C
T Junction temperature Ceramic packages, under bias 150 °C
PQFP and RQFP packages, under bias 135 °C

Table 11. MAX 7000 5.0-V Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veewwt | Supply voltage for intemal logic and h {4 4.75 5.25 \
input buffers (4.50) (5.50)
Veoio Supply voltage for output drivers, {35 8 475 5.26 A
5.0-V operation . (4.50) (56.50)
Supply voltage for output drivers, {33, 645, {8} 3.00 3.60 A
3.3-V operation : (3.00) (3.60)
Veasp | Supply voltage during ISP {8} . 4.75 525 \
Vi Input voltage —05{"} |Veanr+05( V
Vo Output voltage 0 Vecio v
Ta Ambient temperature For commercial use 0 70 °C
For industrial use -40 85 °C
T Junction temperature For commercial use 0 90 °C
For industrial use -40 105 °C
tr Input rise time 40 ns
te Input fall ime 40 ns

Altera Corporation : 23
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Table 12. MAX 7000 5.0-V Device DC Operating Conditions

Symbol Parameter Conditions Min Max Unit
ViH High-level input voltage 2.0 Veent + 0.5 vV
Vi Low-level input voltage 0.5 {7 0.8 \4
Vou 5.0-V high-level TTL output voltage |loq = —4 mADC, Vegio =475V (&} 24 A
3.3-V high-level TTL output voltage |lgy = -4 mADC, Vo =3.00V 24 \
3.3V high‘level CMOS output IOH =-0.1 mA DC, VCCIO =30V :‘, VCCIO -0.2 \
voltage
Vou 5.0-V low-level TTL output voltage |{lgL =12 mADC, Voo =475V (¥ 0.45 Vv
3.3-V low-level TTL output voltage |lg. = 12 mADC, Vego = 3.00 V {56} 0.45 \Y
3.3-V low-level CMOS output loL = 0.1 MADC, Veeip = 3.0 Vil 0.2 v
voltage
h Leakage current of dedicated input |V; = V¢ or ground -10 10 A
pins
loz 1/0 pin tri-state output off-state Vo = Ve orground (¢4} -40 40 uA
current
Table 13. MAX 7000 5.0-V Device Capacitance: EPM7032, EPM7064 & EPM7096 Devices — ioie {12}
Symbol Parameter Conditions Min Max Unit
Cin Input pin capacitance Vin=0V,f=1.0MHz 12 pF
Cio 1/O pin capacitance Vour =0V, f=1.0MHZ 12 pF
Table 14. MAX 7000 5.0-V Device Capacitance: MAX 7000F Devices Hote {12}
Symbol Parameter Conditions Min Max Unit
Cin Input pin capacitance Vin=0V,f=1.0MHz 15 pF
Ciro /O pin capacitance Vour=0V,f=1.0MHz 15 pF
Table 15. MAX 7000 5.0-V Device Capacitance: MAX 70008 Devices  Noie {72}
Symbol Parameter Conditions Min Max Unit
CiN Dedicated input pin capacitance ViN=0V,f=1.0MHz 10 pF
Cio I/O pin capacitance Vour =0V, f= 1.0 MHz 10 pF
24 Altera Corporation
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Notes to tables:

1)
2

3
C)
16
(6)
%
8)
)

(10)
(an

(12)

See the « S B

Minimum DC input voltage on I/O pinsis 0.5V and on 4 dedicated input pins is —0.3 V. During transitions, the
inputs may undershoot to 2.0 V or overshoot to 7.0 V for input currents less than 100 mA and periods shorter than
20 ns.

Numbers in parentheses are for industrial-temperature-range devices.

V¢ must rise monotonically.

3.3-V 1/0 operation is not available for 44-pin packages.

The Vcisp parameter applies only to MAX 70005 devices.

During in-system programmmg, the minimum DC input voltage is 0.3 V.

These values are specified in ¥ i

The parameter is measured with 50% of the outputs each sourcing the specified current. The Iy parameter refers
to high-level TTL or CMOS output current.

The parameter is measured with 50% of the outputs each sinking the specified current. The Ior, parameter refers to
low-level TTL or CMOS output current.

When the JTAG interface is enabled in MAX 7000S devices, the input leakage current on the JTAG pins is typically
—60 pA.

Capacitance is measured at 25° C and is sample-tested only. The OE1 pin has a maximum capacitance of 20 pF.

Heare 11
8

devices.

shows the typical output drive characteristics of MAX 7000

Figare 11. Output Drive Characleristics of 5.0-V MAX 7000 Devices
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Timing Model

MAX 7000 device timing can be analyzed with the Quartus or
MAX+PLUS 1I software, with a variety of popular industry-standard
EDA simulators and timing analyzers, or with the timing model shown in
Figurz 12. MAX 7000 devices have fixed internal delays that enable the
designer to determine the worst-case timing of any design. The Quartus
and MAX+PLUS II software provides timing simulation, point-to-point
delay prediction, and detailed timing analysis for a device-wide
performance evaluation.
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Figure 12. MAX 7000 Timing Model
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The timing characteristics of any signal path can be derived from the
timing model and parameters of a particular device. External timing
parameters, which represent pin-to-pin timing delays, can be calculated
as the sum of internal parameters. Figure 13 shows the internal timing
relationship of internal and external delay parameters.

s} for more
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Figure 13. Switching Waveforms
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& through &% show the MAX 7000 and MAX 7000E AC operating

conditions.
Table 16. MAX 7000 & MAX 7000E External Timing Parameters  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-5 -7
Min Max Min Max

topq Input to non-registered output C1=35pF 6.0 7.5 ns
tep2 1/0 input to non-registered output C1=35pF 6.0 7.5 ns
tsy Global clock setup time 5.0 6.0 ns
ty Global clock hold time 0.0 0.0 - ns
tesu Global clock setup time of fast input |72} 25 3.0 ns
ten Global clock hold time of fast input | {2} 0.5 0.5 ns
tcot Global clock to output delay C1=35pF 4.0 4.5 ns
ten Global clock high time 25 3.0 ns
toL Globatl clock low time 25 3.0 ns
tasu Array clock setup time 25 3.0 ns
tan Array clock hold time 2.0 2.0 ns
taco1 Array clock to output delay C1=35pF 6.5 75 ns
tacH Amray clock high time 3.0 3.0 ns
tacL Array clock low time - 3.0 3.0 ns
teppw Minimum pulse width for clear and £33 3.0 . 30 ns

preset
took Output data hold time after clock C1 =35 pF {4} 1.0 1.0 ns
toNT Minimum global clock period 6.6 8.0 ns
font Maximum internal global clock {8 151.5 . 125.0 MHz

frequency
tacNT Minimum array clock period 6.6 8.0 ns
facNT Maximum internal array clock {8} 151.5 125.0 MHz

frequency
fmax Maximum clock frequency {6} 200 166.7 MHz
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Table 17. MAX 7000 & MAX 7000F Internal Timing Parameters
Symbol Parameter Conditions Speed Grade Unit
-6 -1
Min Max Min Max
N Input pad and buffer delay 0.4 0.5 ns
bo /O input pad and buffer delay 0.4 0.5 ns
ten Fast input delay [ 038 10 ns
tsexp Shared expander delay 3.5 4.0 ns
tpexp Parallel expander delay 0.8 0.8 ns
bap Logic amay delay 2.0 3.0 ns
tac Logic control array delay 2.0 3.0 ns
boe Internal output enable delay {2} 2.0 ns
top1 Output buffer and pad delay C1=35pF 20 2.0 ns
Slow slew rate = off, Voo = 5.0V
topz Output buffer and pad delay C1=35pF {7} 25 25 ns
Slow slew rate = off, Vegjo = 3.3V
tops Output buffer and pad delay C1=35pF {2} 7.0 7.0 ns
Slow slew rate = on,
Vecip=5.0Vor3.3V
trxs Output buffer enable delay C1=35pF 4.0 4.0 ns
Slow slew rate = off, Voo = 5.0V
trx Output buffer enable delay C1=35pF {7} 4.5 4.5 ns
Slow slew rate = off, Voo = 3.3V
trx3 Output buffer enable delay C1=35pF {2; 9.0 9.0 ns
Slow slew rate = on
Vecio=5.0Vor3.3v
txz Output buffer disable delay C1=5pF 4.0 4.0 ns
tsy Register setup time 3.0 3.0 ns
ty Register hoid time 1.5 2.0 ns
tesy Register setup time of fast input {2} 25 3.0 ns
teny Register hold time of fast input {2} 0.5 0.5 ns
tep Register delay 0.8 10 ns
tcoms Combinatorial delay 0.8 1.0 ns
be Array clock delay 25 3.0 ns
tey Register enable time 2.0 3.0 ns
tcLos Global control delay 0.8 1.0 ns
tore Register preset time 2.0 2.0 ns
toir Register clear time 2.0 2.0 ns
tpia PIA delay 08 1.0 ns
tipa Low-power adder {8} 10.0 10.0 ns
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Table 18. MAX 7000 & MAX 7000E External Timing Parameters
Symbaol Parameter Conditions Speed Grade Unit
MAX 7000E (-10P) | MAX 7000 (-10)
MAX 7008E (-10)
Min Max Min Max

teps Input to non-registered output €1=35pF 10.0 10.0 ns
tepo 1O input to non-registered output | C1 = 35 pF 10.0 10.0 ns
tsu Global clock setup time 7.0 8.0 ns
ty Global clock hold time 0.0 0.0 ns
tesu Global clock setup time of fast input | /2} 3.0 3.0 ns
ten Global clock hold time of fast input | /2 0.5 0.5 ns
tcot Gilobal clock to output delay C1=35pF ‘ 5.0 5 ns
toH Global clock high time 4.0 4.0 ns
toL Global clock low time 4.0 4.0 ns
tasu Array clock setup time 2.0 3.0 ns
tan Array clock hold time 3.0 3.0 ns
tacor Array clock to output delay C1=35pF 10.0 10.0 ns
tacH Array clock high time 4.0 4.0 ns
tact Array clock low time 4.0 4.0 ns
teppw | Minimum pulse width for clear and | /3; 4.0 4.0 ns

preset ]
topu Output data hold time after clock |C1=35 pF {4; 1.0 . 1.0 ns
tonT Minimum global clock period 10.0 10.0 ns
fent Maximum internal giobal clock I 100.0 100.0 MHz

frequency
taCNT Minimum array clock period 10.0 10.0 ns
facnT Maximum internal array clock 5} 100.0 100.0 MHz

frequency
fuax Maximum clock frequency (&} 125.0 125.0 MHz
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Table 19. MAX 7000 & MAX 7000F Internal Timing Paramelers
Symbol Parameter Conditions Speed Grade Unit
MAX 700DE (-10P)| MAX 7000 (-10)
MAX 7000E (-10)
Min Max Min Max

by Input pad and buffer delay 0.5 1.0 ns
bo 1/O input pad and buffer delay 0.5 1.0 ns
ten Fast input detay £ 1.0 1.0 ns
tsexp Shared expander delay 5.0 5.0 ns
tpexp Parallel expander delay 0.8 0.8 ns
bap Logic array delay 5.0 5.0 ns
bac Logic control array delay 5.0 5.0 ns
toe Internal output enable delay {2} 2.0 20 ns
top1 Output buffer and pad delay C1=35pF 15 20 ns

Slow slew rate = off

Veeio =50V
top2 Output buffer and pad delay C1=35pF {7} 2.0 25 ns

Slow slew rate = off

Vecio=33V
tops Output buffer and pad delay C1=35pF & 55 6.0 ns

Slow slew rate = on

Vecio = 5.0Vor3.3v
toxt Output buffer enable delay C1=35pF 5.0 5.0 ns

Slow slew rate = off

Veeio =50V
e Output buffer enable delay C1=35pF {7} 5.5 55 ns

Slow slew rate = off

Vecio =33V .
tzxé Output buffer enable delay C1=35pF & 9.0 9.0 ns

Slow slew rate = on

Vecio=50Vor33V
Ixz Output buffer disable delay C1=5pF 5.0 5.0 ns
tsy Register setup time 2.0 3.0 ns
ty Register hold time 3.0 3.0 ns
tesy Register setup time of fast input §2} 3.0 3.0 ns
tepy Register hold time of fast input {23 0.5 0.5 ns
trp Register delay 20 1.0 ns
tcoms Combinatorial delay 20 ) 1.0 ns
te Array clock delay 5.0 ‘50 ns
ten Register enable time 5.0 5.0 ns
tcLoB Global control delay 1.0 1.0 ns
torE Register preset time 3.0 3.0 ns
terp Register clear time 3.0 3.0 ns
toia PIA delay 1.0 1.0 ns
bpa Low-power adder 8} 11.0 11.0 ns
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Table 20. MAX 7000 & MAX 7000E External Timing Paramelers
Symbol Parameter Conditions Speed Grade Unit
MAX 7000E (-12P)| MAX 7000 (-12)-
MAX 7000E (-12)
Min Max Min Max
tept Input to non-registered output C1=35pF 12.0 12.0 ns
tpp2 1/O input to non-registered output | C1 =35 pF 12.0 12.0 ns
tsu Global clock setup time 7.0 10.0 ns
ty Global clock hold time 0.0 0.0 ns
tesu Global clock setup time of fastinput | {2} - 3.0 3.0 ns
tey Global clock hold time of fast input | {2} 0.0 0.0 ns
tcot Global clock to output delay C1=35pF 6.0 6.0 ns
ten Global clock high time 4.0 4.0 ns
teL Global clock low time 4.0 4.0 ns
tasu Array clock setup time 3.0 4.0 ns
tan Array clock hold time 4.0 4.0 ns
taco1 Asray clock to output delay C1=35pF 12.0 12.0 ns
tacH Array clock high time 5.0 5.0 ns
tacL Array clock low time 5.0 5.0 ns
tepPrw Minimum pulse width for clear and | {3; 5.0 5.0 ns
. |preset
topH Output data hold time after clock | C1 = 35 pF {4} 1.0 1.0 ns
tonT Minimum global clock period 11.0 11.0 ns
font Maximum internal global clock &} 90.9 90.9 MHz
frequency
tACNT Minimum array clock period 11.0 11.0 ns
facNT Maximum internat array clock (5 9098 90.9 MHz
frequency

fmax Maximum clock frequency {53 125.0 126.0 MHz
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Table 21. MAX 7000 & MAX 7000F Internal Timing Parameters
Symbol Parameter Conditions Speed Grade Unit
MAX 7000E (-12P)| MAX 7000 (-12)
MAX 7060E (-12)
Min Max Min Max

1] Input pad and buffer delay 1.0 2.0 ns
to 1/0 input pad and buffer delay 1.0 2.0 ns
ten Fast input delay sl 1.0 1.0 ns
tsexp Shared expander delay 7.0 7.0 ns
toexp Parallel expander delay 1.0 1.0 ns
bap Logic array delay 7.0 5.0 ns
bac Logic control array delay 5.0 5.0 ns
hoe Internal output enable delay {2} 20 2.0 ns
top1 Output buffer and pad delay C1=35pF 1.0 3.0 ns

Slow slew rate = off

VCC]O =50V
top2 Output buffer and pad delay C1=35pF {7} 20 4.0 ns

Slow slew rate = off

Vcc|0 =33V
tops Output buffer and pad delay C1=35pF {7} 5.0 7.0 ns

Slow slew rate = on

VCCIO =50Vor33V
trxy Output buffer enable delay C1=35pF 6.0 6.0 ns

Siow slew rate = off

VCCIO =50V

|t Output buffer enable delay C1=35pF {7} 7.0 7.0 ns

Slow slew rate = off

VCCIO =33V
trxz Output buffer enable delay C1=35pF & 10.0 10.0 ns

Slow slew rate = on

Vcc|o =50Vor33V
18974 Output buffer disabie delay C1=5pF 6.0 6.0 ns
tsy Register setup time 1.0 4.0 ns
ty Register hold time 6.0 4.0 ns
tesy Register setup time of fast input {2 4.0 20 ns
teyy Register hold time of fast input {2} 0.0 20 ns
trD Register delay 2.0 1.0 ns
tcoms Combinatorial delay 20 1.0 ns
te Array clock delay 5.0 5.0 ns
teny Register enable time 7.0 5.0 ns
teLos Global control delay 20 0.0 ns
tprE Register preset time 4.0 3.0 ns
toir Register clear time 4.0 3.0 ns
toja PIA delay 1.0 1.0 ns
tpa Low-power adder {85 12.0 12.0 ns
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Table 22. MAX 7000 & MAX 7000E External Timing Paramelers
Symbol Parameter Conditions Speed Grade Unit
-15 -157 -20
Min | Max | Min | Max | Min | Max

tpD1 Input to non-registered output {C1 =35 pF 15.0 15.0 20.0 ns

tpp2 1/O input to non-registered C1=35pF 15.0 15.0 20.0 ns
output

tsu Global clock setup time 11.0 11.0 12.0 ns

ty Global clock hold time 0.0 0.0 0.0 ns

tesy Global clock setup time of fast | {2} 3.0 - 5.0 ns
input

ten Global clock hold time of fast | {2} 0.0 - 0.0 ns
input

tcot Global clock to output delay C1=35pF 8.0 8.0 12.0 ns

tcH Global clock high time 5.0 6.0 6.0 ns

teL Global clock low time 5.0 6.0 6.0 ns

tasu Array clock setup time 4.0 4.0 5.0 ns

taH Array clock hold ime 4.0 4.0 5.0 ns

tacot Array clock to output delay C1=35pF 15.0 15.0 20.0 ns

tacH Array clock high time 6.0 6.5 8.0 ns

tacL Array clock low time 6.0 6.5 8.0 ns

toppw Minimum pulse width for clear |{{3; 6.0 6.5 8.0 ns
and preset |

topH Output data hold time after C1 =35 pF 4} 1.0 1.0 1.0 ns
clock

tenT Minimum global clock period 13.0 13.0 16.0 ns

font Maximum internal global clock | {3} 76.9 76.9 625 MHz
frequency

taACNT Minimum amray clock period 13.0 130 16.0 ns

facNT Maximum internal array clock | {5 76.9 76.9 62.5 MHz
frequency

fmax Maximum clock frequency &} 100 833 83.3 MHz
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Table 23. MAX 7008 & MAX 7000E Internal Timing Paramelers
Symbol Parameter Conditions Speed Grade Unit
-15 -157 -20
Min | Max | Min | Max | Min | Max
bn Input pad and buffer delay 20 20 3.0 ns
o 1/0 input pad and buffer delay 2.0 20 3.0 ns
teN Fast input delay £ 2.0 - 4.0 ns
tsexp Shared expander delay 8.0 10.0 9.0 ns
tpexp Parallel expander delay 1.0 1.0 2.0 ns
tap Logic amray delay 6.0 6.0 8.0 ns
tiac Logic control array delay 6.0 6.0 8.0 ns
boe Internal output enable delay o 3.0 - 4.0 ns
tont Output buffer and pad delay C1=35pF 4.0 4.0 5.0 ns
Slow slew rate = off
Veeio =50V
topz Output buffer and pad delay C1=35pF {7} 5.0 - 6.0 ns
Slow slew rate = off
VCCIO =33V
tops Output buffer and pad delay C1=35pF &} 8.0 - 9.0 ns
Slow slew rate = on
Veoio=50Vor33V
i7x1 Output buffer enable delay C1=35pF 6.0 6.0 10.0 ns
Slow slew rate = off
Vecio =5.0V
trxo Output buffer enable delay C1=35pF {7} 7.0 - 1.0 ns
Siow slew rate = off
Vecio =33V
trxs Output buffer enable delay C1=35pF 2} 10.0 - 14.0 ns
Slow slew rate = on
VCCIO =50Vor33V
txz Qutput buffer disable delay C1=5pF 6.0 6.0 10.0 ns
tsy Register setup time 4.0 4.0 4.0 ns
ty Register hold time 4.0 4.0 5.0 ns
tesu Register setup time of fast input | {Z} 2.0 - 4.0 ns
tepy Register hold time of fast input | {2} 2.0 - 3.0 ns
trp Register delay 1.0 1.0 1.0 ns
tcoms Combinatorial delay 1.0 1.0 1.0 ns
te Array clock delay 6.0 60 | 8.0 ns
ten Register enable time 6.0 6.0 8.0 ns
tcLos Global control delay 1.0 1.0 3.0 ns
tpRE Register preset time 4.0 4.0 4.0 ns
toir Register clear time 4.0 4.0 4.0 ns
toia PIA delay 20 2.0 3.0 ns
tipa Low-power adder {&; 130 15.0 15.0 ns
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'Dedicated Pin 84-Pin PLCC 100-Pin PQFP [100-Pin TQFP (1), (2) |160-Pin PQFP
INPUT/GCLKA 83 89 87 ' 139
INPUT/GCLRnN 1 91 89 41
INPUT/OE1 84 90 88 140
INPUT/OE2/GCLK2 |2 92 90 142

TDI (3) 14 6 4 )

TMS (3) 23 17 15 22

TCK (3) 62 64 62 99

"TDO (3) 71 75 73 112

"GNDINT 42, 82 0, 88 38, 86 60, 138
'GNDIO 7,19, 32,47, 59, 72 13,28, 45,61,76,97 |11, 26, 43, 59, 74,95 |17, 42,66, 95, 113, 148
VCCINT (5.0 Vonly)  |3,43 7,93 39, 91 61, 143

VCCIO(3.3Vor5.0V)

13, 26, 38, 53, 66, 78

5, 20, 36, 53, 68, 84

3, 18, 34, 51, 66, 82

8, 26, 55, 79, 104, 133

No Connect {N.C.)

1,2,3,4,5,6,7,34,35,
36, 37, 38, 39, 40, 44,
45,46,47,74,75,76,
77, 81, 82, 83, 84, 85,
86, 87, 114, 115, 116,
117,118,119, 120, 124,
125, 126,127, 154, 155,
156, 157

Total User I/O Pins (4)

64

80

80

96
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EPM7128E & EPM7128S I/O Pin-Outs

ver. 1.0
LAB mc 84-Pin PLCC 100-Pin PQFP 100-Pin TQFP (1), (2) |160-Pin PQFP
A 1 - 4 2 160
A 2 . - - -
A 3 12 3 i 159 :
A 4 - = - 158 i
A 5 11 2 100 153 1
A 6 10 1 99 152
A 7 - - - -
A 8 9 100 98 151
A 9 - 99 97 150
A 10 - - - .
A 11 8 98 96 149
A 12 = = = 147
A 13 6 96 64 146
A 14 5 95 93 145
A 15 - - _ -
A 16 4 94 92 144
B 17 22 16 14 21
B 18 - - - =
B 19 21 15 13 20
B 20 = - - 19
B 21 20 14 12 18
B 22 = 12 10 16
B 23 - - - =
B 24 18 11 9 15
B 25 17 10 8 14
B 26 - - - -
B 27 16 9 7 13
B 28 - - - 12
B 29 15 8 6 17
B 30 - 7 5 10
B 31 - - - -
B 32 14 (3) 6 (3) (3) 9 (3)
C 33 - 27 25 41
C 34 - - - —
C 35 31 26 24 33
c 36 - - - 32
c 37 30 25 23 31
C 38 29 24 22 30
C 39 - - - -
c 40 28 23 21 29
c 41 = 22 20 28
C 42 - — - -
c 43 27 21 19 27
C 14 = = - 25
C 45 25 19 17 24
c 46 124 18 16 23
c 47 - — - -
C 48 23(3) 17 (3) 15 (3) 22(3)
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EPM7128E & EPM7128S /O Pin-Outs

ver. 1.0
LAB MC 84-Pin PLCC 100-Pin PQFP 100-Pin TQFP (1), (2) |160-Pin PQFP
‘D 49 41 39 37 59
D 50 - = - -
D 51 40 38 36 58
D 52 - - - 57
D 53 39 37 35 56
D 54 - 35 33 54
D 55 - - - -
D 56 37 34 32 53
D 57 36 33 31 52
D 58 - - - -
D 59 35 32 30 51
D 60 - - - 50
D 61 34 31 29 49
D 62 - 30 28 48
D 63 - - - -
D 64 33 29 27 43
E 65 44 42 40 62
E 66 - - - -
E 67 45 43 41 63
E 68 - - - 64
E 69 46 44 42 65
E 70 - 46 44 67
E 71 - - - -
E 72 48 47 45 68
E 73 49 48 48 69
E 74 - - - -
E 75 50 49 47 70
E 76 - - - 71
E 77 51 50 48 72
E 78 - 51 49 73
E 79 - - - -
E 80 52 52 50 78
F 81 54 52 80
F 82 - - - -
F 83 54 55 53 88
F 84 - - - 89
F 85 55 56 54 90
F 86 56 57 55 91
F 87 - - - -
F 88 57 58 56 92
F 89 - 59 57 93
F 20 - - - -
F 91 58 60 58 94
F 92 - - - 96
F 93 60 62 60 97
F 94 61 63 61 98
F 95 - - - -
F 96 62 (3) 64 (3) 62 (3) 99 (3)
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EPM7128E & EPM7128S I/O Pin-Outs

ver. 1.0

LAB MC 84-Pin PLCC 100-Pin PQFP 100-Pin TQFP (1), (2) 160-Pin PQFP
G 97 63 65 63 100

G 98 - - — -
G 99 64 66 64 101

G 100 - - - 102

G 101 65 67 65 103

G 102 - 69 67 105

G 103 - - - -

G 104 67 70 68 106

G 105 68 71 69 107

G 106 - - - —

G 107 69 72 70 108

G 108 - - - 109

G 109 70 73 71 110

G 110 - 74 72 111

G 111 - - - -

G 112 71 3) 75 (3) 73 (3) 112 (3)
H 113 - 77 75 121

H 114 - - - -

H 115 73 78 76 122

H 116 — — - 123

H 117 74 79 77 128

H 118 75 80 78 129

H 119 - - - -

H 120 76 81 79 130

H 121 - 82 80 131

H 122 - - - -

H 123 77 83 81 132

H 124 - - - 134

H 125 79 85 83 135

H 126 80 86 84 136

H 127 - - - -

H 128 81 87 85 137
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EPM7128E & EPM7128S Pin Tables
ver. 1.0

Notes:

(1) A complete thermal analysis should be performed before committing a design to this device package.

(2) EPM7128E devices are not available in the 100-pin TQFP package.

(3) This JTAG pin applies to MAX 7000S devices only and this pin may function as either a JTAG port or a user /O pin. If the
device is configured to use the JTAG ports for boundary-scan testing or for ISP, this pin is not available as a user /O pin.

(4) The user /O pin count includes dedicated input pins and all I/O pins.
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Table 28. EPM71288S External Timing Parameters
Symbol Parameter Conditions Speed Grade Unit
-6 -1 -10 -15
Min | Max { Min | Max | Min | Max | Min | Max

top Input to non-registered output | C1 =35 pF 6.0 75 10.0 15.0 1 ns

topo 1/O input to non-registered C1=35pF 6.0 7.5 10.0 150 | ns
output

tsy Global clock setup time 34 6.0 7.0 11.0 ns

ty Global clock hold time 0.0 0.0 0.0 0.0 ns

tesu Global clock setup time of fast 25 3.0 3.0 3.0 ns
input

ten Global clock hold time of fast 0.0 0.5 0.5 0.0 ns
input

tcot Globat clock to output delay C1=35pF 4.0 4.5 5.0 8.0 ns

ton Global clock high time 3.0 3.0 4.0 5.0 ns

tor Global clock low time 3.0 3.0 4.0 5.0 ns

tasu Array clock setup time 0.9 3.0 2.0 4.0 ns

tan Array clock hold time 18 2.0 5.0 4.0 ns

tacot Aurray clock to output delay C1=35pF 6.5 7.5 10.0 150 | ns

tacH Amray clock high time 3.0 3.0 40 6.0 ns

tacL Array clock low time 3.0 3.0 , 4.0 6.0 ns

tecppw | Minimum pulse width for clear {7} 3.0 3.0 4.0 6.0 1 ns
and preset

topn Output data hold time after C1=35pF ¢} | 1.0 1.0 1.0 1 1.0 ns
clock .

tont Minimum global clock period 6.8 8.0 10.0 130 | ns

font Maximum internal global clock | {3} 147.1 125.0 100.0 76.9 MHz
frequency

taeNT Minimum array clock period 6.8 8.0 10.0 130 | ns

facnT Maximum internal array clock | {3} 1471 125.0 100.0 76.9 MHz
frequency

fmax Maximum clock frequency {4} 166.7 166.7 125.0 100.0 MHz
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Table 29. EPM7128S Internal Timing Parameters
Symbol Parameter Conditions Speed Grade Unit
-6 -1 -10 -15
Min | Max | Min { Max | Min | Max | Min | Max
tn Input pad and buffer delay 0.2 0.5 0.5 20| ns
to 1/O input pad and buffer delay 0.2 0.5 0.5 20| ns
ten Fast input delay 26 1.0 1.0 20} ns
tsexp Shared expander delay 37 4.0 5.0 80| ns
toexp Parallel expander delay 1.1 0.8 0.8 10| ns
taD Logic array delay 3.0 3.0 5.0 6.0} ns
bac Logic control array delay 3.0 3.0 5.0 6.0 | ns
toe Intemal output enable delay 0.7 20 2.0 30| ns
top1 Output buffer and pad delay |C1=35pF 04 2.0 15 401} ns
topz Output buffer and pad delay |C1 =35 pF {5} 0.9 25 2.0 50| ns
topa Output buffer and pad delay |C1 =235 pF 54 7.0 5.5 80| ns
t7x1 Output buffer enable delay C1=35pF 4.0 40 5.0 6.0 | ns
trxo Output buffer enable delay C1=35pF (&} 4.5 4.5 55 70 { ns
tra Output buffer enable delay C1=35pF 9.0 9.0 9.0 100 | ns
iz Output buffer disable delay |C1 =25 pF 4.0 4.0 5.0 6.0{ ns
tsy Register setup time 10 3.0 2.0 4.0 ns
ty Register hold time 1.7 20 5.0 4.0 ns
tesy Register setup time of fast 19 3.0 3.0 2.0 ns
input
tepy Register hold time of fast 0.6 0.5 0.5 1.0 ns
input
trp Register delay 14 1.0 2.0 10 | ns
teoms Combinatorial delay 1.0 1.0 20 . 1.0} ns
te Array clock delay 3.1 3.0 5.0 6.0 ns
ten Register enable time 3.0 3.0 5.0 6.0 | ns
teLos Global control delay 2.0 1.0 1.0 10| ns
tore Register preset time 24 2.0 3.0 40 { ns
toir Register clear time : 24 20 3.0 40 | ns
toa PIA delay { 14 1.0 1.0 20} ns
tipa Low-power adder {F} 11.0 10.0 -1 11.0 130 | ns
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Notes to tables:

(1)

)

3
4
5)
(6

7

This minimum pulse width for preset and clear applies for both global clear and array controls. Thet; py parameter
must be added to this minimum width if the clear or reset signal incorporates the t; 4p parameter into the signal
path.

This parameter is a guideline that is sample-tested only and is based on extensive device characterization. This
parameter applies for both global and array clocking.

Measured with a 16-bit loadable, enabled, up/down counter programmed into each LAB.

The fygax values represent the highest frequency for pipelined data.

Operating conditions: V¢cio = 3.3 V £10% for commercial and industrial use.

For EPM70645-5, EPM70645-6, EPM71285-6, EPM71605-6, EPM71605-7, EPM7192S-7, and EPM72565-7 devices,
these values are specified for a PIA fan-out of one LAB (16 macrocells). For each additional LAB fan-out in these
devices, add an additional 0.1 ns to the PIA timing value.

The t; p4 parameter must be added to the t; ap. frac: te tens Esexpr tacy and teppw parameters for macrocells
running in the low-power mode.

Power Supply power (P) versus frequency (fpax in MHz) for MAX 7000 devices

Consumption

50

is calculated with the following equation:

P =Pt +Pio=Icanr % Vec + Pio

The Pjg value, which depends on the device output load characteristics
and switching frequency, can be calculated using the guidelines given in

S vertimmfirsse Niyie 7 3 v A Sy
Application Note 74 Pr for Alfera

The Iy value, which depends on the switching frequency and the
application logic, is calculated with the following equation:

Iccmt =
AX MCTON +Bx (MCDEV - MCTON) +Cx MCUSED X fM AX X togrc
The parameters in this equation are shown below:

MCron

Number of macrocells with the Turbo Bit option turned on,
as reported in the MAX+PLUS II Report File (.rpt)
Number of macrocells in the device

Total number of macrocells in the design, as reported

in the MAX+PLUS II Report File (.rpt)

fmax = Highest clock frequency to the device

togrc Average ratio of logic cells toggling at each clock
(typically 0.125)

Constants, shown in Table 38

MCpgv
MCysep

It

I

A,B,C
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devices.

2 shows typical supply current versus frequency for MAX 70005

Figure 15. Ipp vs. Frequency for MAX 70008 Devices (Part 1 of 2)
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Table 44. EPM7128F & EPM7128S Dedicated Pin-Ouls

97

95

Dedicated Pin 84-Pin PLCC 100-Pin PQFP 100-Pin TQFP 160-Pin PQFP
INPUT/GCLK1 83 89 87 139
INPUT/GCLRnN 1 91 89 141
INPUT/OEL 84 80 88 140
INPUT/OE2/GCLK2 2 92 90 142

32 14 6 4 9
TMS {3} 23 17 15 22
TCK {2} 62 64 62 99
TDO {3} 71 75 73 112
GNDINT 42,82 40, 88 38, 86 60, 138
GNDIO 7,19, 32,47,59,72 113, 28, 45,61, 76, |11,26,43,59,74, |17,42,66,95, 113,

148

VCCINT (5.0 V only)

3,43

41,93

39,91

61, 143

vCeIo (3.3 Vor 5.0 V)

13, 26, 38, 53, 66,
78

5, 20, 36, 53, 68, 84

3, 18, 34, 51, 66, 82

8, 26, 55,79, 104, 133

No Connect (N.C.)

1,2,3,4,5,6,7, 34,
35, 36, 37, 38, 39, 40,
44,45, 46,47,74, 75,
76,77, 81,82, 83, 84,
85, 86, 87, 114, 115,
1186, 117, 118, 119,
120, 124, 125, 126,
127, 154, 155, 156,
157

Total User /O Pins {4}

64

80

80

96
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Table 45. EPM7128E & EPM71288 1/0 Pin-0uls (Part 1 of 2)

LAB | MC | 84-Pin | 100-Pin| 100-Pin | 160-Pin| LAB | MC | 84-Pin | 100-Pin | 100-Pin |160-Pin
PLCC | PQFP TAFP PQFP PLGG | POFP TQFP PQFP

A |1 - 4 2 160 c 33 |- 27 25 41
2 - - - - 4 |- - - -
3 12 3 1 159 35 |31 26 24 33
4 - - - 158 6 |- - - 32
5 11 2 100 153 37 30 25 23 31
6 10 1 99 152 38 |29 24 22 30
7 - - - - 39 |- - - -
8 9 100 98 151 40 |28 23 21 29
9 - 99 97 150 41 - 22 20 28
10 |- - - - 42 |- - - -
11 |8 98 96 149 43 |27 21 19 27
12 |- - - 147 4 |- - - 25
13 |6 96 94 146 45 |25 19 17 24
14 |5 95 93 145 46 |24 18 16 23
15 |- - - - 47 |- - - -
16 |4 94 92 144 48 |23 |17¢3 (153 |22¢3)

B |17 |22 16 14 21 D |49 |41 39 37 59
18 |- - - -~ 50 |- - - -
19 |21 15 13 20 51 40 38 36 58
20 |- - - 19 52 |- - - 57
21 |20 14 12 18 53 39 37 35 56
22 |- 12 10 16 ' 54 - 35 33 54
23 |- - - - 55 |- - - -
24 |18 11 8 15 56 37 34 32 53
25 |17 10 8 14 57 |36 33 31 52
26 |- - - - 58 |- - - -
27 |18 8 7 13 59 |35 32 30 51
28 |- - - 12 60 |- - - 50
29 |15 8 6 11 61 34 31 29 49
30 . |- 7 5 10 62 |- 30 28 48
31 |- - - - 63 |- - - -
32 |14:3 1673 |4+¢3; 9 {3 64 33 29 27 43
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Table 45. EPM7128E & EPM71288S 1/0 Pin-Quts (Part 2 0f 2)
LAB | MC | 84-Pin |100-Pin| 100-Pin | 160-Pin| LAB | MG | 84-Pin | 100-Pin | 100-Pin |168-Pin
PLCC | POFP | TQFP | PQFP PLCC | PQFP | TQFP | PQFP
{13, {23 {13, {2

E |65 44 42 40 62 G |97 63 65 63 100
66 - - - - 98 - - - -
67 45 43 41 83 99 64 66 64 101
68 - - - 64 100 |- - - 102
69 46 44 42 65 101 |65 67 65 103
70 - 46 44 67 102 |- 69 67 105
71 - - - - 103 |- - - -
72 48 47 45 68 104 |67 70 68 106
73 49 48 46 69 105 |68 71 69 107
74 - - - - 106 |- - - -
75 50 49 47 70 107 |69 72 70 108
76 - - - 71 108 |- - - 109
77 51 50 48 72 109 |70 73 71 110
78 - 51 49 73 110 |- 74 72 111
79 - - - - 111 |- - - -
80 52 52 50 78 112|713 |7543) |73 {3} 112 {3}

F |81 - 54 52 80 H [113 |- 77 75 121
82 - - - - 114 |- - - -
83 54 55 53 88 115 |73 78 76 122
84 - - - 89 116 |- - - 123
85 55 56 54 90 117 |74 79 . 77 128
86 56 57 55 91 118 75 80 78 129
87 - - - — 119 |- - - -
88 57 58 56 92 120 |76 81 79 130
89 - 59 57 93 121 |- 82 80 131
90 - - - - 122 |- - - -
91 58 60 58 94 123 |77 83 81 132
92 - - - 96 124 |- - - 134
93 60 62 60 97 125 |79 . 85 83 135
94 61 63 61 98 126 |80 86 84 136
95 - - - - 127 |- - - -
96 62¢3} 164 {3} 1623} 99 {3 128 |81 87 85 137
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Figure 18. 84-Pin Package Pin-Out Diagram

Package outline not drawn to scale. Pin functions in parentheses are for MAX 7000S or MAX 7000E devices only.
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84-Pin PLCC

Notes:

(1) Pins 6,39, 46, and 79 are no-connect (N.C.) pins on EPM7096, EPM7160E, and EPM7160S devices.
(2) This pin is available in MAX 7000E and MAX 7000S devices only.

(3) JTAG ports are available in MAX 7000S devices only.
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 ~ REVISED SEPTEMBER 2004

Low Supply Voltage Range 1.8 Vto 3.6 V

Ultralow-Power Consumption

- Active Mode: 160 uA at 1 MHz, 2.2V
~ Standby Mode: 0.7 uA

- Off Mode (RAM Retention): 0.1 pA

® Wake-Up From Standby Mode in less
than 6 us

® 16-Bit RISC Architecture, 125 ns
Instruction Cycle Time

® Basic Clock Module Configurations:
- Various Internal Resistors

Single External Resistor

32-kHz Crystal

High-Frequency Crystal

Resonator

External Clock Source

® 16-Bit Timer_A With Three
Capture/Compare Registers

® On-Chip Comparator for Analog Signal

Compare Function or Slope A/D
Conversion

description

Serial Onboard Programming,

No External Programming Voltage Needed
Programmable Code Protection by
Security Fuse

Family Members Include:

MSP430C1101: 1KB ROM, 128B RAM

MSP430C1111: 2KB ROM, 128B RAM

MSP430C1121: 4KB ROM, 256B RAM

MSP430F1101A: 1KB + 128B Flash Memory
128B RAM

MSP430F1111A: 2KB + 256B Flash Memory
128B RAM

MSP430F1121A: 4KB + 256B Flash Memory
256B RAM

Available in a 20-Pin Plastic Small-Outline

Wide Body (SOWB) Package, 20-Pin Plastic

Small-Outline Thin Package, 20-Pin TVSOP

(F11x1A only) and 24-Pin QFN

For Complete Module Descriptions, Refer

to the MSP430x1xx Family User’s Guide,

Literature Number SLAU049

The Texas Instruments MSP430 family of ultralow power microcontrollers consist of several devices featuring
different sets of peripherals targeted for various applications. The architecture, combined with five low power
modes is optimized to achieve extended battery life in portable measurement applications. The device features
a powerful 16-bit RISC CPU, 16-bit registers, and constant generators that attribute to maximum code efficiency.
The digitally controlled oscillator (DCO) allows wake-up from low-power miodes to active mode in less than 6us.

The MSP430x11x1(A) series is an ultralow-power mixed signal microcontroller with a built-in 16-bit timer,

versatile analog comparator and fourteen I/O pins.

Typical applications include sensor systems that capture analog signals, convert them to digital values, and then
process the data for display or for transmission to a host system. Stand alone RF sensor front end is another
area of application. The /O port inputs provide single slope A/D conversion capability on resistive sensors.

AVAILABLE OPTIONS
PACKAGED DEVICES
A PLASTIC PLASTIC PLASTIC PLASTIC
20-PIN SOWB 20-PIN TSSOP 20-PIN TVSOP 24-PIN QFN
(DW) (PW) (DGV) (RGE)
MSP430C1101IDW MSP430C11011PW MSP430C1101IRGE
MSP430C1111IDW MSP430C1111IPW MSP430F1101AIDGV | MSP430C1111IRGE
_£0°C 1o 85°C MSP430C1121IDW MSP430C1121IPW MSP430F1111AIDGV | MSP430C1121IRGE
° MSP430F1101AIDW | MSP430F1101AIPW | MSP430F1121AIDGV | MSP430F1101AIRGE
MSP430F 1111AIDW MSP430F1111AIPW MSP430F1111AIRGE
MSP430F1121AIDW | MSP430F1121AIPW MSP430F1121AIRGE

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas instruments
dard Producti ing does not fly include

Copyright © 1999 — 2004 Texas Instruments Incorporated
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MIXED SIGNAL MICROCONTROLLER )

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

DW, PW, or DGV PACKAGE RGE PACKAGE
(TOP VIEW) (TOP VIEW)
TEST EI| 10 20 13 P1.7/TA2/TDO/TDI 535
Voo C | 2 19 1 P1.6/TAY/TDIYTCLK - 8
P2.5/Rggc 1| 3 18 11 P1.5/TAOTMS 8 3
Vss 4 17 |13 P1.4/SMCLK/TCK Q [l
XouT 11| 5 16 7171 P1.3/TA2 3 3
XIN {6 15 [713 P1.2/TA1 r E£E
RST/NMI C1 | 7 14 13 P1.1/TAQ 2 gate,
P2.0/ACLK .} 8 13 13 P1.0/TACLK a>kFoaaz
P2 1/INCLK 171 9 12 171 P2.4/ICA1/TA2 oL ooOoOnx
P2.2/CAQUT/TAO I | 10 11 P2.3/CAO/TA1 NC 1 23222120 4411 p1.5/TAO/TMS
Vssp2 | 1170 P1.4/SMCLK/TCK
XOouTp@s3 ! :16E P1.3/TA2
XINQ4 150} P1.2/TA1
RST/ANMIDS | 140 P1.1/TAQ
P2.O/ACLK[O6 g5 g 10 11 130 P1.O/TACLK
inlininEsEnial
¥ o0 NO
d é 2882
ZFE S«
=2 < <
=9 99
@y ofF
o N
N. oo
N
o
Note: NC pins not internally connected
Power Pad connection to Vgg recommended
functional block diagram i
XIN  XOUT Vee  Vss RST/NMI P1UTAG P2
I S e A PR -
A 4 v - P 6 |
Rosc LP— Oscitator | ACLK | Flash/ROM RAM POR yoPort1 | | 40 Port 2 |
| 4KB 2668 8 10s, with| | 6 0s, with
| System - SMCLK Interrupt Interrupt |
! Clock 2KB 1288 Capabilty [ | Capability {
1KB 1288 :
{ oLk FOVAYAN VANE BRVANE | :
v
' MAB, l
| ] Test MAB, 16.5it > =2l L F |
JTAG
l cru [ : MCB l
Incl. 16 Reg]__| 1 1 ?)
i Se
| mE P VARV VAN V. I I
' | &5 K Mos. 1681t ‘ MDB, 8 Bit A1
| |
' |
1 Vi
TEST' Watchdog {1 Timer_A3 Comparator l
Timer H A l
| 3CCReg
| 15/16-Bit |
| |
L e A
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MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 — REVISED SEPTEMBER 2004

Terminal Functions

TERMINAL
DW, PW, or DGV RGE DESCRIPTION
NAME o
NO. NO.

P1.0/TACLK 13 13 /O | General-purpose digital 1/O pin/Timer_A, clock signal TACLK input

P1.1/TAQ 14 14 /O | General-purpose digital /O pin/Timer_A, capture: CCIOA input,
compare: OutO output/BSL transmit

P1.2/TA1 15 15 /O | General-purpose digital /O pin/Timer_A, capture: CCHA input,
compare: Out1 output

P1.3/TA2 16 16 /O | General-purpose digital /O pin/Timer_A, capture: CCI2A input,
compare: Out2 output

P1.4/SMCLK/TCK 17 17 /O | General-purpose digital /O pin/SMCLK signal output/test clock, input
terminal for device programming and test

P1.5/TAO/TMS 18 18 /O | General-purpose digital /O pin/Timer_A, compare: Out0 output/test
mode select, input terminal for device programming and test

P1.6/TA1/TDI/TCLK 19 20 YO | General-purpose digital /O pin/Timer_A, compare: Out1 output/test
data input or test clock input

P1.7/TA2/TDO/TDIT 20 21 /O | General-purpose digital HO pin/Timer_A, compare: Out2 output/test
data output terminal or data input during programming

P2.0/ACLK 8 6 /O | General-purpose digital YO pin/ACLK output

P2.1/INCLK 9 7 /O | General-purpose digital /O pin/Timer_A, clock signal at INCLK

P2.2/ICAOUT/TAO 10 8 /O | General-purpose digital VO pin/Timer_A, capture: CCIOB input/
comparator_A, output/BSL receive

P2.3/CAQ/TA1 11 10 /O | General-purpose digital YO pin/Timer_A, compare: Outt output/
comparator_A, input

P2.4/CA1/TA2 12 ki YO | General-purpose digital YO pin/Timer_A, compare: Out2 output/
comparator_A, input

P2.5/Rosc 3 24 /O | General-purpose digitat I/O pin/input for external resistor that defines
the DCO nominal frequency

RST/NMI 7 5 H Reset or nonmaskable interrupt input

TEST 1 22 ! Selects test mode for JTAG pins on Port1. The device protection fuse
is connected to TEST. -

Vee 2 23 Supply voltage

Vgg 4 2 Ground reference

XIN 6 4 { Input terminal of crystal oscillator

XouTt 5 3 O | Output terminal of crystal oscillator

QFN Pad NA Package Pad NA | QFN package pad connection to Vgg recommended.

TTDO or TDI is selected via JTAG instruction.

“? TEXAS
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MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

short-form description

CcPU

The MSP430 CPU has a 16-bit RISC architecture
that is highly transparent to the application. All
operations, other than program-flow instructions,
are performed as register operations in
conjunction with seven addressing modes for
source operand and four addressing modes for
destination operand.

The CPU is integrated with 16 registers that
provide reduced instruction execution time. The
register-to-register operation execution time is
one cycle of the CPU clock.

Four of the registers, RO to R3, are dedicated as
program counter, stack pointer, status register,
and constant generator respectively. The
remaining registers are  general-purpose
registers.

Peripherals are connected to the CPU using data,
address, and control buses, and can be handled
with all instructions.

instruction set

The instruction set consists of 51 instructions with
three formats and seven address modes. Each
instruction can operate on word and byte data.
Table 1 shows examples of the three types of
instruction formats; the address modes are listed
in Table 2.

Program Counter

] PCIRO

l SP/R1

[ Stack Pointer
l Status Register

I SRICG/R2

! Constant Generator

| CG2/R3

[ General-Purpose Register

|R4

I General-Purpose Register

le

I Generai-Purpose Register

IRB

I General-Purpose Register

|R7

I General-Purpose Register

iR8

l General-Purpose Register

|R9

l General-Purpose Register

I R10

I General-Purpose Register

I R11

l General-Purpose Register

l R12

I General-Purpose Register

| R13

I General-Purpose Register

I R14

l General-Purpose Register

’ R15

Table 1. Instruction Word Formats

Dual operands, source-destination

eg. ADD R4,R5

R4 +R5——>R5

Single operands, destination only

e.g. CALL

RS PC -->(TOS), R8--> PC

Relative jump, un/conditional

e.g. JNE

Jump-on-equal bit = 0

Table 2. Address Mode Descriptions

ADDRESS MODE |S |D SYNTAX EXAMPLE OPERATION
Register ole MOV Rs,Rd MOV R10,RH1 R10 -—>RM
Indexed ®|{® MOV X(Rn)Y(Rm) MOV 2(R5),6(R6) M(2+R5)-—> M(6+R6)

Symbolic (PC relative) | ®| @ MOV EDE,TONI ' M(EDE) --> M(TON)
Absolute ®|®| MOVAMEMATCDAT M(MEM) ——> M(TCDAT)
indirect ® MOV @Rn,Y(Rm) MOV @R10, Tab(R8) M(R10) ——> M(Tab+R6)

autoincroment | ®| | MOV @Rn+Rm MOV @R10+R11 R10 + 2> R10
Immediate ® MOV #X,TONI MOV #45,TONI #45 —-> M(TONI)

NOTE: S =source

D = destination
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operating modes

The MSP430 has one active mode and five software selectabie low-power modes of operation. An interrupt
event can wake up the device from any of the five low-power modes, service the request and restore back to

the low-power mode on return from the interrupt program.

The following six operating modes can be configured by software:

Active mode AM;
— All clocks are active
Low-power mode O (LPMO);

- CPUis disabled
ACLK and SMCLK remain active. MCLK is disabled

Low-power mode 1 (LPM1);

- CPU is disabled
ACLK and SMCLK remain active. MCLK is disabled
DCO’s dc-generator is disabled if DCO not used in active mode

Low-power mode 2 (LPM2);

-~ CPU is disabled
MCLK and SMCLK are disabled
DCO’s dc-generator remains enabled
ACLK remains active

l.ow-power mode 3 (LPM3);

~ CPUis disabled
MCLK and SMCLK are disabled
DCO'’s dc-generator is disabled
ACLK remains active

Low-power mode 4 (LPM4);

- CPUis disabled
ACLK is disabled
MCLK and SMCLK are disabled
DCO'’s dc-generator is disabled
Crystal oscillator is stopped

“'P TeEXAS
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interrupt vector addresses

The interrupt vectors and the power-up starting address are located in the address range of OFFFFh-OFFEOh.
The vector contains the 16-bit address of the appropriate interrupt handler instruction sequence.

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT | WORD ADDRESS PRIORITY
Power-up WDTIFG
External reset KEYV .
Reset OFFFEh 15, highest
Watchdog (see Note 1) o
Flash Memory
NMI '\cj)hgfg (non)-maskable,
Oscillator fault ACCVIFG {non)-maskable, OFFFCh 14
Flash memory access violation (see Notes 1 & 4) -(non}-maskable
OFFFAh 13
OFFF8h 12
Comparator_A CAIFG maskable OFFF6h "
Watchdog Timer WDTIFG maskable OFFF4h 10
Timer_A3 TACCRO CCIFG (see Note 2) maskable OFFF2h e]
TACCR1 CCIFG.
Timer_A3 TACCR2 CCIFG maskable OFFFOh 8
TAIFG (see Notes 1 & 2)
OFFEEh 7
OFFECh 6
OFFEAh 5
OFFES8h 4
/O Port P2 P2iFG.0 to P2IFG.7
(eight flags; see Note 3) (see Notes 1 & 2) maskable OFFEGh 3
/O Port P1 P1IFG.0 to PHIFG.7 )
(eight flags) (see Notes 1 & 2) maskable OFFE4h 2
OFFE2h 1
OFFEOh 0, lowest
NOTES: 1. Multiple source flags
2. Interrupt flags are located in the module
3. There are eight Port P2 interrupt flags, but only six Port P2 I/O pins (P2.0-5) implemented on the 'C11x1 and 'F11x1A devices.
4. (non)-maskable: the individual interrupt-enable bit can disable an interrupt event, but the general interrupt enable cannot.
Nonmaskable: neither the individual nor the general interrupt-enable bit will disable an interrupt event.
3 1
EXAS
INSTRUMENTS
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special function registers

Most interrupt and module enable bits are collected into the lowest address space. Special function register bits

not allocated to a functional purpose are not physically present in the device. Simple software access is provided
with this arrangement.

interrupt enabie 1 and 2

Address 7 6 5 4 3 2 1 0
Oh ACCVIE NMHE OFIE WDTIE

rw-0 w0 w-0 w-0

WDTIE: Watchdog Timer interrupt enable. Inactive if watchdog mode is selected. Active if Watchdog Timer
is configured in interval timer mode.

OFIE: Oscillator fault enable

NMIE: (Non)maskable interrupt enable

ACCVIE: Flash access violation interrupt enable

.Address 7 [ 5 4 3 2 1 0
01h

interrupt flag register 1 and 2

Address 7 6 5 4 3 2 1 0
02h NMIFG OFIFG WDTIFG

rw-0 rw-1 rw-(0)
WDTIFG:  Set on Watchdog Timer overflow (in watchdog mode) or security key violation.
Reset on V¢ power-up or a reset condition at RST/NMI pin in reset mode.
OFIFG: Flag set on oscillator fault
NMIIFG: Set via RST/NMi-pin

Address 7 6 5 4 3 2 1 0
03h
Legend rw: Bit can be read and written.

rw-0,1: Bit can be read and written. It is Reset or Set by PUC.

w-(0,1): Bit can be read and written. it is Reset or Set by POR.

SFR bit is not present in device

“"? TeExAs
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memory organization

MSP430C1101 MSP430C1111 MSP430C1121
Memory Size 1KB ROM 2KB ROM 4KB ROM
Main: interrupt vector ROM OFFFFh-OFFEOR OFFFFh—OFFEOh OFFFFh—-OFFEOh
Main: code memory ROM OFFFFh-0FCQ0h OFFFFh—~0F800h OFFFFh-0F000h
Information memory FIS;E Not applicable Not applicable Not applicable
Boot memory Size " . -
ROM Not applicable Not applicable Not applicable
RAM Size 128 Byte 128 Byte 256 Byte
027Fh — 0200h 027Fh - 0200h 02FFh - 0200h
Peripherals 16-bit 01FFh - 0100h 01FFh - 0100h 01FFh - 0100h
8-bit OFFh - 010h OFFh - 010h OFFh — 010h
8-bit SFR 0Fh - 00h OFh — 00h OFh - 00h
MSP430F1101A MSP430F1111A MSP430F1121A
Memory Size 1KB Flash 2KB Flash 4KB Flash
Main: interrupt vector Flash OFFFFh-0FFECh OFFFFh-OFFEOh OFFFFh—-0FFEOh
Main: code memory Flash OFFFFh-OFCOCh OFFFFh-0F800h OFFFFh-0FO00h
Information memory Size 128 Byte 256 Byte 256 Byte
Flash 010FFh — 01080Ch 010FFh - 01000h 010FFh — 0100Ch
Boot memory Size 1KB 1KB 1KB
ROM OFFFh - 0COCh OFFFh -~ 0C0O0h OFFFh — 0COCh
RAM Size 128 Byte 128 Byte 256 Byte
027Fh - 0200h 027Fh - 0200h 02FFh - 0200h
Peripherals 16-bit 01FFh - 0100h 01FFh - 0100h 01FFh - 0100h
8-bit OFFh - 010h OFFh ~ 010h OFFh - 010h
8-bit SFR OFh - 00h OFh - 00h OFh - 0Ch

bootstrap loader (BSL)

The MSP430 bootstrap loader (BSL) enables users to program the flash memory or RAM using a UART serial
interface. Access to the MSP430 memory via the BSL is protected by user-defined password. For complete
description of the features of the BSL and its implementation, see the Application report Features of the MSP430

Bootstrap Loader, Literature Number SLAA089.

BSL Function DW, PW & DGV Package Pins RGE Package Pins
Data Transmit 14-P1.1 14-P1.1
Data Receive 10-P22 §-pP2.2
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flash memory

The flash memory can be programmed via the JTAG port, the bootstrap loader, or in-system by the CPU. The
CPU can perform single-byte and single-word writes to the flash memory. Features of the flash memory include:

Flash memory has n segments of main memory and two segments of information memory (A and B) of 128
bytes each. Each segment in main memory is 512 bytes in size.

Segments 0 to n may be erased in one step, or each segment may be individually erased.

Segments A and B can be erased individually, or as a group with segments 0-n.

Segments A and B are also called information memory.

New devices may have some bytes programmed in the information memory (needed for test during
manufacturing). The user should perform an erase of the information memory prior to the first use.

OFFFFh
OFEQ0h

OFDFFh
OFCO00h

OFBFFh
" QFAOOh

OF9FFh
OF800h

OF7FFh
0F600h

OF5FFh
0F400h

OF3FFh
OF200h

OF1FFh
0F000h

010FFh
01080h

0107Fh
01000h

Segment0 w/
Interrupt Vectors

Segment1

Segment2

Segment3

Segment4

Segment5

Segment6

Segment?

SegmentA

SegmentB

N

> Flash Main Memory

Information
Memory

-~

NOTE: All segments not implemented on all devices.
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peripherals

Peripherals are connected to the CPU through data, address, and control busses and can be handled using

all instructions. For complete module descriptions, refer to the MSP430x1xx Family User’s Guide, literature
number SLAU049.

oscillator and system clock

The clock system is supported by the basic clock module that includes support for a 32768-Hz watch crystal
oscillator, an internal digitally-controlled oscillator (DCO) and a high frequency crystal oscillator. The basic clock
module is designed to meet the requirements of both low system cost and low-power consumption. The internal
DCO provides a fast tum-on clock source and stabilizes in less than 6 us. The basic clock module provides the
following clock signals:

® Auxiliary clock (ACLK), sourced from a 32768-Hz watch crystal or a high frequency crystal.

® Main clock (MCLK), the system clock used by the CPU.
® Sub-Main clock (SMCLK]), the sub-system clock used by the peripheral modules.

digital /0

There are two 8-bit I/O ports implemented—ports P1 and P2 (only six P2 1/O signals are available on external
pins):

® Al individual I/O bits are independently programmable.

® Any combination of input, output, and interrupt conditions is possible.

® FEdge-selectable interrupt input capability for all the eight bits of port P1 and six bits of port P2.
® Read/write access to port-control registers is supported by all instructions.

NOTE:

Six bits of port P2, P2.0 to P2.5, are available on external pins — but all control and data bits for port
P2 are implemented.

watchdog timer
The primary function of the watchdog timer (WDT) module is to perform a controlled system restart after a

software problem occurs. If the selected time interval expires, a system reset is generated. If the watchdog
function is not needed in an application, the module can be configured as an interval timer and can generate

interrupts at selected time intervals.

comparator_A

The primary function of the comparator_A module is to support precision slope analog-to-digital conversions,
battery-voltage supervision, and monitoring of external analog signals.
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

timer_A3

Timer_A3 is a 16-bit timer/counter with three capture/compare registers. Timer A3 can support multiple
capture/compares, PWM outputs, and interval timing. Timer_A3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare

registers.
Timer_A3 Signal Connections
Input Device Module Module Module Output
Pin Number Input Signal Input Name Block Output Signal Pin Number
DW, PW, DGV RGE DW, PW DGV RGE

13-P1.0 13-P1.0 TACLK TACLK

ACLK ACLK
SMCLK SMCLK Timer NA

9-P2.1 7-P21 INCLK INCLK

14 - P11 14 -P1.1 TAO CCI0OA 14-P1.1 14-P11

10-P22 8-P22 TAO CClioB 18-P1.5 18-P1.5
Ves oND CCRO TAO
vVee vee

15-P1.2 15-P1.2 TA1 CCHA 11-P23 10-P23

CAQUT (internal) CCiiB 15-P1.2 15-P1.2

Vss GND CCR1 R 19-P1.6 20-P1.6
vVce vVce

16-P1.3 16-P1.3 TA2 CCi2A ’ 12-P24 1-P24

ACLK (internal) cCizB 16-P1.3 16-P1.3

Vgg GND CeR2 A2 20-P17 21-P17
vVee vce
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H ~ SEPTEMBER 1999 — REVISED SEPTEMBER 2004

peripheral file map

PERIPHERALS WITH WORD ACCESS

Timer_A Reserved 017Eh
Reserved 017Ch
Reserved 017Ah
Reserved 0178h
Capture/compare register TACCR2 0176h
Capture/compare register TACCR1 0174h
Capture/compare register TACCRO 0172h
Timer_A register TAR 017Ch
Reserved 016Eh
Reserved 016Ch
Reserved 016Ah
Reserved 0168h
Capture/compare control TACCTL2 |0166h
Capture/compare control TACCTL1 | 0164h
Capture/compare control TACCTLO {0162h
Timer_A control TACTL 0160h
Timer_A interrupt vector TAIV 012Eh
Flash Memory Flash control 3 FCTL3 012Ch
Flash control 2 FCTL2 012Ah
Flash control 1 FCTL1 0128h
Watchdog Watchdog/timer control WDTCTL | 0120h
PERIPHERALS WITH BYTE ACCESS
Comparator_A Comparator_A port disable CAPD 05Bh
Comparator_A control 2 CACTL2 05Ah
Comparator_A control 1 CACTL1 053h
Basic Clock Basic clock system controf 2 BCSCTL2 |058h
Basic clock system control 1 BCSCTL1 {057h
- DCO clock frequency control DCOCTL ]056h
Port P2 Port P2 selection P2SEL 02Eh
Port P2 interrupt enable P2IE 02Dh
Port P2 interrupt edge select P2IES 02Ch
Port P2 interrupt flag P2IFG 02Bh
Port P2 direction P2DIR 02Ah
Port P2 output P20UT 029h
Port P2 input P2IN 028h
Port P1 Port P1 selection P1SEL 026h
Port P1 interrupt enable P1IE 025h
Port P1 interrupt edge select P1IES 024h
Port P1 interrupt flag P1IFG 023h
Port P1 direction P1DIR 022h
Port P1 output P10OUT 021h
Port P1 input P1iN 020h
Special Function SFR interrupt flag 2 IFG2 003h
SFR interrupt flag 1 IFG1 002h
SFR interrupt enable 2 1E2 001h
SFR interrupt enable 1 1E1 000h

12
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

absolute maximum ratingst

Voltage applied at Voo to Vag oo ~-03Vtio4.1V
Voltage appliedto any pin (see Note) . ....... ... ... . . . . i -0.3VtoVpgt0.3V
Diode current at any device terminal ... ... . . . 2 mA
Storage temperature, Tstg (unprogrammed device) .......... ... .. -55°C to 150°C
Storage temperature, Tstg (programmed device) .................. .o -40°C to 85°C

T Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE: All voltages referenced to Vsg. The JTAG fuse-blow voltage, VEg, is allowed to exceed the absolute maximum rating. The voltage is applied

to the TEST pin when blowing the JTAG fuse.

recommended operating conditions

MIN  NOM MAX | UNITS
Supply voltage during program execution, Vo (see Note 1) MSP430CTIxT 18 36 Vv
MSP430F11x1A 18 3.6
Supply voltage during program/erase flash memory, Vo MSP430F11x1A 27 3.6 \
Supply voltage, Vgg 0 : Y,
Operating free-air temperature range, Ta MSP430x11x1(A) -40 85 °C
LF mode selected, XTS=0 Watch crystal 32768 Hz
;iﬁ;l;%:g gi?::ngé) XT1 mode selected. XTS=1 Ceramic resonator 450 8000 kH‘z
! Crystal 1000 8000
_ \njlcs:gttsg)ﬁ:/;n A) de 415
Processor frequency f(gystem) (MCLK signal) Voo =36V, MHz
MSP430x11x1(A) de 8

NOTES: 1. InLF mode, the LFXT1 oscillator requires a watch crystal. A 5.1MX resistor from XOUT to Vgg is recommended when Ve <
2.5 V. In XT1 mode, the LFXT1 and XT2 oscillators accept a ceramic resonator or crystal up to 4.15MHz at Voo = 2.2 V. In XT1 mode,
the LFXT1 and XT2 oscillators accept a ceramic resonator or crystal up to 8MHz at Voo 228 V.
2. In LF mode, the LFXT1 oscillator requires a watch crystal. In XT1 mode, LFXT1 accepts a ceramic resonator or a crystal.

L 4

fSYSTEM (MHz)f

8O0MHz | — T e e e g
Supply voltage range,

'x11x1(A), during
program execution

Supply voltage range, 'F11x1A,
during flash memory programming

445 MHZT — —

v

T T T
1.8V 27V 3V 36V
Supply Voltage -V
NOTE: Minimum processor frequency is defined by system clock. Flash
program or erase operations require a minimum Vg of 2.7 V.

Fig_ure 1. Frequency vs Supply Voltage, MSP430x11x1(A)
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER )

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

supply current (into Vgc) excluding external current

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Ta =—40°C to + 85°C, Veg=22V 160 200
fIMCLK) = f(SMCLK) = 1 MHz,

C1ix1  LF(ACLK) = 32,768 Hz Ve =3V 240 300
Ta =-40°C to + 85°C, Vec=22V 1.3 2
fIMCLK) = f(SMCLK) = f(ACLK) = 4096 Hz | voc =3 v 25 32

[AM) Active mode Ta=-40°Cto + 85°C, vec =22V 200 250 | WA
fMCLK = f(3SMCLK) =1MHz,
f(ACLK) = 32,768 Hz, -

F11x1A | Program executes in flash Veg=3V 300 350
Ta =-40°C to + 85°C, Voo =22V 3 5
Program executes in flash
fIMCLK) = flsMCLK) = facLK) = 4096 Hz | Ve =3V nom
Ta=-40°C to + 85°C, Ve =22V 30 40
C1ix1 | fimeLk) = 0, flsMcLk) = 1 MHz,
| o Low-power mode, fACLK) = 32,768 Hz Vee =3V 51 60 A
(CPUOH)  (LpMmo) TA = —40°C to + 85°C, Voo =22V 32 45
F1Ix1A | fimeoLk) = 0. fisMcLk) = 1 MHz,
HACLK) = 32,768 Hz Vee =3V 55 70
Low-power mode, Ta=-40°Cto + 85°C, Vec=22V M 14
PM2) (1 pug) ' f(MCLK) = {SMCLK) = 0 MHz, - HA
H(ACLK) = 32,768 Hz, SCG0 =0 Veec =3V 7 22
Ctixt |JA=740°Clo+85°C, Ve =22V 1217
f(MCLK) = flSMCLK) = 0 MHz, -
FACLK) = 32,768 Hz, SCG0 =1 Vce =3V 2 27
L .y Ta =-40°C 08 12
ow-power mode,
Tp = 25° =22V, 7 1

LPM3)  (LPMB3) A 2500 fMCLK) = 0 MHz, vec =22V 0 pA

E11A Ta =85°C f(SMCLK) = 0 MHz, 1.6 23

TA=-40°C | f(ACLK) = 32,768 Hz, 1.8 22

Ta=25°C | oCC0=1 Vee=3V 16 19

Ta = 85°C 23 34

TA=—40°C 01 05

Ctixt |Ta=25°C Voo =22Vi3V 04 05

Y f =0 MHz
Low-power mode, Ta=85°C (MCLK) » 04 08
1 f =0 MHz,

(LPM4) (LPM4) TA =—40°C fg/s\gl_C}L-)Kg 0 Hz, SCGO = 1 0.1 0.5 nA

F11x1A | To = 25°C Voo =22VBV 01 05

Tp = 85°C 0.8 19

NOTE: Allinputs are tied to 0 V or V. Outputs do not source or sink any current.

current consumption of active mode versus system frequency, C version, F version
IAM = IAM[1 MHzZ] X fsystem [MHZ]

current consumption of active mode versus supply voltage, C version
Iam = lamp3 v) + 105 LAV x (V-3 V)

current consumption of active mode versus supply voltage, F version

Iam = lama vy + 120 ANV x (V-3 V)
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

Schmitt-trigger inputs - Ports P1 and P2; (P1.0 to P1.7, P2.0 to P2.5)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
v b hreshold vol Vee =22V 1.1 1.5
i Lo
1T+ ositive-going input threshold voltage Voo =3V 15 19 \%
v N hreshold vol Vee =22V 04 0.9 v
- tive-going i t
IT egative-going input threshold voltage Voc =3V 00 13
\Y Input voltage hysteresis (V. ViT-) Vog=22V 03 i v
nput voltage hysteresis - V1=
hys P! ge hy: 1T+~ VIT Voo =3V 05 1
standard inputs — RST/NMI, JTAG: TCK, TMS, TDI/TCLK
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V| Low-level input voltage V Vgg10.6 \Y
— s 3 Ve =22V/3V S8 S8
ViH High-level input voltage 0.8xVge Vee A
inputs Px.x, TAx
PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
22VI3vV 15 cycle
. . - Port P1, P2: P1.x to P2.x, External trigger signal |~
Yinty ~ Externalinterrupt timing for the interrupt flag, (see Note 1) 22V 62 ns
3V 50
Timer_A TAO, T, i i
imer_A, capture timin, , TA1, TA2 ns
Ycap) S eap g 3V 50
Timer_A clock frequency B 22V 8
f(TAext) externally applied to pin TACLK, INCLK t(H) =YL 3V 0 MHz
22V 8
f(TAinty  Timer_A clock frequency SMCLK or ACLK signal selected 3V 0 MHz

NOTES: 1. The external signai sets the interrupt flag every time the minimum Yint) cycle and time parameters are met. it may be set even with

trigger signals shorter than {(int). Both the cycle and timing specifications must be met to ensure the flag is set. Y(int) is measured in

MCLK cycles.
leakage current
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Port P1: P1.x,0<x<7 |Vgoe=2.2Vi3Y, +50
o (see Notes 1, 2) ) -
Ikg(Px.x) High-impedance leakage current Porl P2 P2x, 0<x<5 |Voo=22VA3V, o nA
(see Notes 1, 2) -
NOTES: 1. The leakage current is measured with Vgg or Vo applied to the corresponding pin(s), unless otherwise noted.

2. The leakage of the digital port pins is measured individually. The port pin must be selected for input and there must be no optional

pullup or pulldown resistor.
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (uniess otherwise noted) (continued)

outputs — Ports P1 and P2; (P1.0 to P1.7, P2.0 to P2.5)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
{(OHmax) = ~1.5 mA See Note 1 | Vgoe-0.25 Vee
High-level output volt Vee =22V
igh-level outpui voltage ! =-6 mA See Note 2 Vee-0.8 \Y
{(OHmax) CcC CC
VoH Port1and Port 2 (C11x1) - \
Port 1 (F11X1A) I(OHmax) =-1.5mA v =3V See Note 1 VCC"025 VCC
|(OHmax) = -6 MA ce SeeNote2 | Vco-06 Vee
l(OHmax) = =1 mA See Note 3 Vee-0.25 Vee
— Voo =22V
v High-level output voltage I{OHmax) = —3.4 mA See Note 3 Vec-0.6 Vee v
OH  Port 2 (F11x1A) (oHmag=—tmA | SeeNote 3 | Vce-0.25 vee
(OHmax)==34mA | <~ SeeNote3 | Vcc-0.6 vee
{OLmax) = 1.5 mA See Note 1 Vss Vgg+0.25
Low-level output voltage Vec =22V
P J {OLmax) = 6 mA See Note 2 Vss Vgs+0.6
VoL Port1and Port 2 (C11x1, \Y;
F11x1A) {OLmax) = 1.5 mA Vee=3V See Note 1 Vss Vgg+0.25
l(OLmax) = 6 MA See Note 2 Vss Vgg+0.6
NOTES: 1. The maximum total current, loHmax and IoLmax. for alt outputs combined, should not exceed +12 mA to hold the maximum voltage
drop specified.
2. The maximum total current, IoHmMax and IQmax. for all outputs combined, should not exceed +48 mA to hold the maximum voltage
drop specified.
3. One output loaded at a time.
output frequency
PARAMETER TEST CONDITIONS vcC MIN  TYP MAX | UNIT
fpop P2.0/ACLK, C|_ =20 pF 22Vi3V fSystem
Output frequency | TAO, TA1, TA2, Cp =20 pF MHz
Frax Internal clock source, SMCLK signal applied (see Note 1) 22V V de fSystem
fSMCLK = fLFXT1 = IXT1 40% 60%
fsSMCLK = fLFXT1=1L 35% 65%
P1.4/SMCLK, SMCLK ™ ALPXTH = LF 22vBV [ = %
CL=20pF ; = S0% gy 0%
SMCLK = fLFXT1/n 15 ns 15 ns
Xdc Duty cycle of O/P . 50%~ o 50%+
frequency fsMCLK = fDCcocLK 22VI3V 15 ns 50% 15 ns
fpog = fLFXT1 = fXT1 40% 60%
P2.0/ACLK, - = - >
CL =20 pF fpoo = fLEXT1 = fLF 22VI3V ] 30% 70%
fP20 = fLEXT1Mm 50%
tTAdc TAQ, TA1, TA2, C_ =20 pF, duty cycle = 50% 22Vi3V 0 +50 ns
NOTE 1: The limits of the system clock MCLK has to be met. MCLK and SMCLK can have different frequencies.
¥ 7
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

outputs - Ports P1 and P2 (continued)

TYPICAL LOW-LEVEL OUTPUT CURRENT
Vs
LOW-LEVEL OUTPUT VOLTAGE

16
; T
g Vee =22V Ta =25°C
] 14 |- P1.0
g
E 12 /
3 / L~ Ta = 85°C
2 10 /
=3
SN/
[
: ¢ /
3 /
3 6
-3
3
2 4
2
1
o 2
°
0
0.0 0.5 1.0 15 2.0 25
VoL - Low-Level Output Voltage -~ V
Figure 2
TYPICAL HIGH-LEVEL OUTPUT CURRENT
vs
HIGH-LEVEL OUTPUT VOLTAGE
0 T
< Veg=22V
& P1.0
L2
=
2
5
o -4
5
2
o -6
K]
>
3 /
5 /
z /
T -0
g v
s e
Y2 ]
g __‘_’I/
= TA =25°C
_.14 I
0.0 0.5 1.0 1.5 2.0 2.5

VoH - High-Level Output Voitage ~ V
Figure 4
NOTE: One output loaded at a time.

1oL ~ Typical Low-Level Output Current - mA

| o= Typical Bigh-Level Output Current ~ mA

TYPICAL LOW-LEVEL OUTPUT CURRENT
VS
LOW-LEVEL OUTPUT VOLTAGE

25 : | % ;
Vee=3V e |
P1.0 //' Tp = 25°C
M
20 ] ] §
/// Ta = 85°C
15 /
10
5
0

00 05 10 15 20 25 30 35
VoL - Low-Level Output Voltage - V

Figure 3

TYPICAL HIGH-LEVEL OUTPUT CURRENT
vs
HIGH-LEVEL OUTPUT VOLTAGE

T . ¥
Vee=3V
P1.0

/
J

)
-20 |— TA=85°C ///

-25 !
Ta = 25°C

wl L

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

VoH — High-Level OQutput Voltage ~ V
Figure 5
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MSP430C11x1, MSP430F11x1A

MIXED

SIGNAL MICROCONTROLLER

SLAS241H -~ SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage

temperature (unless otherwise noted) (continued)

optional resistors, individually programmable with ROM code (see Note 1)

and operating free-air

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
R(opt1) 25 5 10] ko
R(opt2) 38 77 15| k@
R(opt3) 76 15 31| k0
R{opt4) 15 23 46| ko
R(opt5) | Resistors, individually programmable with ROM code, all port pins, Vec = 22ViBV 23 45 90 | kQ
R(opt6) values applicable for pulldown and pullup ’ 46 90 180 kQ
Riopt7) 70 140 280 kQ
R(opt8) 115 230 460 | k@
R(opt9) 160 320 640 kQ
R{opt10) 205 420 830 kQ
NOTE 1. Optional resistors Roptx for pulldown or pullup are not available in standard flash memory device MSP430F 11x1A.
wake-up from lower power modes (LPMx)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
HLPMO) Ve =22VI3V 100
YLPM2) Vee =22 Vi3V 100 ns
f(MCLK) = 1 MHz, Vee=22Vi3V 6
HLPM3) Delay time (see Note 1) {(MOLK) - 2 MHz, vee=22Vy d He
f(MCLK) = 3 MHz, Vee=22Vi3V 6
f(MCLK) = 1 MHz, Ve =22V3V 6
tLPM4) f(MCLK) = 2 MHz, Voe=22V3V 6 us
f(MCLK) = 3 MHz, Voc=22VR3V 6
NOTE 1: Parameter applicable only if DCOCLK is used for MCLK.
RAM
PARAMETER MIN NOM MAX | UNIT
V(RAMh)  CPU halted (see Note 1) 16 v

NOTE 1: This parameter defines the minimum supply voltage Vo when the data in the program memory RAM remains unchanged. No program

execution should happen during this supply voltage condition.

18
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

Comparator_A (see Note 1)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Voo =22V 25 40
I(DD) CAON=1, CARSEL=0, CAREF=0 uA
Voo =3V 45 60

CAON=1, CARSEL=0, Voo =22V 30 50

l(Refladder/RefDiode) CAREF=1/2/3, no load at uA
P2.3/CAO/TA1 and P2.4/CA1TA2 Vee=3V 45 7

v(ic) S;g;"e"”'mde nput CAON =1 Voo =22Vi3V 0 Veg-1| v

Voltage @ 0.25V node PCAO=1, CARSEL=1, CAREF=1,
V(Ref025) cc No load at P2.3/CA0/TA1 and Ve =22Vi3V | 023 024 025
Vee P2.4/CA1/TA2
Voltage @ 0.5V node PCAO=1, CARSEL=1, CAREF=2,
V(Ref050) 7 ce No load at P2.3/CA0/TAT and Voc=22Vi3V | 047 048 0.5
cc P2.4/CA1/TA2

PCA0=1, CARSEL=1, CAREF=3, |vcg=22V 390 480 540

V(RefVT) (see Figure 6 and Figure 7) | No load at P2.3/CA0/TA1 and mv
P2.4/CA1/TA2, Tp = 85°C Vee=3V 400 490 550

V(offset) Offset voltage See Note 2 Voo =22V3Y -30 30} mv

Vhys Input hysteresis CAON=1 Vee=22VI3V 0 0.7 141 mv
T = 25°C, Overdrive 10 mV, Veg=22V 160 210 30 o
Without filter: CAF=0 Vee=3V a0 150 240

Yresponse LH

{response LH) TA = 25°C, Overdrive 10 mV, - Vgg =22V 14 19 34
With fiter: CAF=1 Ve =3V 09 15 28| "
Ta = 25°C, Overdrive 10 mV, Vec=22V 130 210 300 ns
Without filter: CAF=0 Vee =3V 80 150 240

Yresponse HL y

tresponise HL) Ta = 25°C, Overdrive 10 mV, Vec=22V 14 19 34|
With filter: CAF=1 Vce=3V 09 15 26| °

NOTES: 1. The leakage current for the Comparator_A terminals is identical to likg(Px.x) specification.
2. The input offset voltage can be cancelled by using the CAEX bit to invert the Comparator_A inputs on successive measurements.
The two successive measurements are then summed together.
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

650 ‘
\ Vec=3V

> \
2 600 <
2 \ Typical
= ypica
S \
g 550 "
c
8 \
2
&
T 500
e
>
'8
&
<~ 450

400

45 -25 -5 15 35 55 75 95

Figure 6. V(RefyT) VS Temperature, Ve =3 V

TA - Free-Air Temperature — °C

Overdrive

N4

0 l o | |
l
1 1 |
{ | CAOUT
|
L

650 -
: !
\ Vee=22V

> 600 ™
£ \
T
2 \ Typical
3 N
o 550
g N
g \
V5
['4 : \
. 500 N
—_ NG
£
i
2
> 450

400

-45 -25 -5 15 35 55 75 95
Ta — Free-Air Temperature — °C

Figure 7. V(RefyT) Vs Temperature, Voc =2.2V

I 'Low Pass Filter | ! To Internal
1 | Modules

Set CAIFG
________ | Flag

_41 400 ;V—T_ B
v

Yresponse)

Figure 9. Overdrive Definition
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 -~ REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted) (continued)

PUC/POR
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Y{POR_Delay) Internal time delay to release POR 150 250 us
Ve threshold at which POR Ta=—40°C 14 18] Vv
VPOR release delay time begins Ta=25°C 1.1 1.5 \
(see Note 1) TA = 85°C Vee=22Vi3V 0.8 12| v
. Vge threshold required to
V(min) generate a POR (see Note 2) Ve ldvidt = 1Vims 0.2 v
t(reset) RST/NMI fow time for PUC/POR Reset is accepted internally 2 us

NOTES: 1. Vg nise time dV/dt > 1V/ms.

2. When driving Vcc fow in order to generate a POR condition, Vo should be driven to 200mV or lower with a dV/dt equal to or less
than ~1V/ms. The corresponding rising Vo must also meet the dV/dt requirement equal to or greater than +1V/ms.

v A

POR

POR No POR

\
{min)

POR

Figure 10. Power-On Reset (POh) vs Supply Voltage

V POR [V]

Temperature [°C}

Figure 11. Vpgr vs Temperature

\4
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H ~ SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

DCO
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Veg =22V 0.08 0.12 0.15
f(DCo03) Rgel =0, DCO=3, MOD =0, DCOR =0, Tp=25C Voo =3V 0.08 513 016 | MHz
Veg =22V 0.14 0.19 0.23
fDCco13) Reel=1, DCO=3, MOD =0, DCOR=0, Tp=25°C Voo =3V 54 078 =5 Mbz
{(0CO23)  |Reel=2 DCO=3, MOD=0, DCOR=0, Tp=25C |ocC=22V 022 030 036} ..,
Vec =3V 0.22 0.28 0.34
Vee =22V 037 0.49 0.59
f(DCO33) Rsel =3, DCO=3, MOD =0, DCOR =0, Tp=25C — MHz
Voo =3V 0.37 047 0.56
§ Reel =4, DCO=3, MOD =0, DCOR=0, Ta=25°C |ce=22V 01 om  0SE o,
(DCO43) sel =% : ’ COA Voo =3V 061 075 0.9
{DCO53)  |Rsei=5 DCO=3, MOD=0, DCOR=0, Ta=25C e 22V . 12 L Y
Vee =3V 1 13 1.5
f Rsel =6, DCO=3, MOD =0, DCOR=0, Tp=25C  |Lcc=22V 16 19 221 Wz
(DCO83) sel =% : : C A Voo =3V 169 2 229
f(DCO73) Rsegl =7, DCO=3, MOD =0, DCOR=0, Ta=25°C Vec =22V 24 29 34 MHz
Ve =3V 27 32 3.65
Vee =22V 4 45 49
fipco77) Rgel =7, DCO=7, MOD =0, DCOR =0, Ta=25°C Voo o3V v 75 52| Mz
f(DCo47) Rsei=4, DCO=7, MOD=0, DCOR=0, Tp=25C |Vgg=22V3V fDCXO{’fg fDCXOZ‘fQ fDng‘fg MHz
S(Rsel) SR = fRsel+1/fRsel Vee =22ViBV . 135 1.65 2 ratio
S(bco) Spco =fpco+1/foco Vo =22VIBV 1.07 1.12 1.16
Dy Temperature drift, Rge) = 4, DCO = 3, MOD = 0 Vcg =22V 031 03 040}
(see Note 1) Vee =3V -0.33 -0.38 —-0.43
Dy ?szf:: vrrli;rt'evﬁc variation, Rse| = 4, DCO = 3, MOD =0 Vee =22V Y 0 5 w0l wn
NOTE 1: These parameters are not production tested.
A A
3 Max
§ fiocox) m
:
g -8
-§' Max =
ifiocox) - m &
> [ R N B I
22V v 0o 1 2 4 5 6 7
Vece DCO Steps

Figure 12. DCO Characteristics
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

main DCO characteristics
Individual devices have a minimum and maximum operation frequency. The specified parameters for

fiocoxo) to fiocox7) are valid for all devices.

All ranges selected by Rsel(n) overlap with Rsel(n+1): Rsel0 overlaps Rsel1, ... Rsel6 overlaps Rsel7.
DCO control bits DCOO, DCO1, and DCO2 have a step size as defined by parameter Speco-

Modulation control bits MODO to MOD4 select how often fioco+1)is used within the period of 32 DCOCLK
cycles. The frequency fiocoy is used for the remaining cycles. The frequency is an average equal to:

32 X f wcoy X fwcou)

Jormse = MOD X fincoy+(32—MOD) X finepan
DCO when using Rosgc (see Note 1)

PARAMETER TEST CONDITIONS Vece MIN NOM  MAX UNIT
Real =4, DCO =3, MOD =0, DCOR = 1 22V 1.8+15% MHz
fi , DCO output frequenc sel = % ’ ’ ’
bCo PULITEQUENSY | 1p=25°C 3v 1.95+15% MHz
Dy, Temperature drift Rgel =4, DCO =3, MOD =0, DCOR =1 22Vi3V +0.1 %I°C
Dy, Drift with Vi variation Rsej =4, DCO =3, MOD =0, DCOR =1 2.2VIi3V 10 %IV
NOTES: 1. Rosc = 100kQ. Metal film resistor, type 0257. 0.6 watt with 1% tolerance and Tk = £50ppm/°C.
crystal oscillator, LFXT1
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
XTS=0; LF mode selected. 12
c Veg=22VI/i3V .
input it:
XIN nput capacitance XTS=1; XT1 mode selected. A P
Vg =22V/3V (see Note 1)
XTS=0; LF mode selected. 12
Vee=22V/3V
C Output capacitance F
XouT P P XTS=1; XT1 mode selected. 2 P
Vee=22V/3V (see Note 1)
V| ) Vv 0.2xV,
I Input levels at XIN VGG = 2.2 VI3 V (see Note 2) SS cel v
VIH 0.8xVeeo Vee
NOTES: 1. Requires extemal capacitors at both terminals. Values are specified by crystal manufacturers.
2. Applies only when using an external logic-level clock source. Not applicable when using a crystal or resonator.
¥ 7,
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 ~ REVISED SEPTEMBER 2004

electrical characteristics over recommended ranges of supply voltage and

temperature (unless otherwise noted) (continued)

operating free-air

Flash Memory
PARAMETER TEST \/ MIN NOM MAX | UNIT
CONDITIONS cc
VeerPrem ’
ERASE) Program and Erase supply voltage 27 36 \%
fFTG Flash Timing Generator frequency 257 476 | kHz
[=Ye1 Vi Supply current from V¢ during program 27VIi38V mA
IERASE Supply current from Vo during erase 27V/I36V mA
tcpT Cumulative program time see Note 1 27VI38V ms
t{CMErase Cumulative mass erase time see Note 2 27VI36V 200 ms
Program/Erase endurance 104 105 cycles
tRetention Data retention duration Ty=25C 100 years
tword Word or byte program time 35
tBlock, 0 Block program time for 15t byte or word 30
tBlock, 1-63 | Block program time for each additional byte or word 21
- see Note 3 tFTG
Block, End Block program end-sequence wait time 6
tMass Erase | Mass erase time 5297
tSeq Erase Segment erase time 4819
NOTES: 1. The cumulative program time must not be exceeded when writing to a 64-byte flash block. This parameter applies to all programming
methods: individual word/byte write and block write modes.
2. The mass erase duration generated by the flash timing generator is at feast 11.1ms ( = 5297x1/fFr.max = 5297x1/476kHz). To
achieve the required cumulative mass erase time the Flash Controller's mass erase operation can be repeated until this time is met.
(A worst case minimum of 19 cycles are required).
3. These values are hardwired into the Flash Controller's state machine ({r1g = 1fF71G)-
JTAG Interface
TEST
PARAMETER CONDITIONS Vee MIN NOM MAX| UNIT
TOKi ; ; 22V 5| MHz
frek input frequency see Note 3V 101 vz
Rinternal Internal pull-down resistance on TEST see Note 2 22VI3V 25 60 90 kQ
NOTES: 1. frck may be restricted to meet the timing requirements of the module selected.
2. TEST pull-down resistor implemented in all versions.
JTAG Fuse (see Note 1)
PARAMETER TEST \'/ : MIN ¢ NOM MAX| UNIT
CONDITIONS cc
VCC(EB) Supply voltage during fuse-blow condition Ta =25°C 25 A
v Voltage tevel on TEST for fuse-blow - ‘C11x1 3.5 3.9 \
FB Voltage level on TEST for fuse-blow - 'F11x1A 6 71 v
Irg Supply current into TEST during fuse blow 100 mA
trB Time to blow fuse 1 ms
NOTES: 1. Once the fuse is blown, no further access to the MSP430 JTAG/Test and emulation features is possible. The JTAG block is switched

to bypass mode.
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

APPLICATION INFORMATION

input/output schematic

Port P1, P1.0 to P1.3, input/output with Schmitt-trigger

Vece
P1SEL .x
PADIRX 0 o (See Note 1)
Direction Control 1 o
FromModule VT | {See Note 2)
P1OUTx L ! Pad Logic P1.0~P1.3
1 T
Module X OUT 0 |
| {See Note 2)
|
= (See Note 1)
P1IN.x <
GND
Module X IN < D
P1IRQ.x — P1IE.Xx EN Interrupt
Q Edge
P1IFG.x Set |4 Select
Interrupt l
Flag P1IES.x
i P1SEL.x
NOTE: x = Bit/identifier, 0 to 3 for port P1
Direction
PnSel.x | PnDIR.x control from PnOUT.x | Module XOUT | PniN.x Module X IN PnlE.x PniFG.x PniES.x
module
P18el.0 | P1DIR.O P1DIR.O P10UT.0 Vss P1IN.O TACLKT P1IE.D P1IFG.0 P1IES.0
P1Sel.1 | P1DIR.1 P1DIRA P10UT.A Out0 signalt P1IN.1 CCI0AT P1UE.1 P1IFG.1 P1IES.1
P1Sel.2 | PIDIR2 P1DIR.2 P10UT.2 Out1 signaIT P1IN.2 CCHAT P1IE.2 P1FG.2 P1IES.2
P1Sel.3 | PIDIR.3 P1DIR.3 P10UT.3 Out2 signalt P1IN.3 -CCrAt P1E.3 P1IFG.3 P1IES.3

T Signal from or to Timer_A
NOTES: 1. Optional selection of pullup or pulldown resistors with ROM (masked) versions
2. Fuses for optional pullup and pulldown resistors can only be programmed at the factory (ROM versions only).

"9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 25



MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

APPLICATION INFORMATION

Port P1, P1.4 to P1.7, input/output with Schmitt-trigger and in-system access features

P1SEL.x Vee
P1DIR.x See Note 1
Direction Contro!
From Module e See Note 2
P1OUTX | Pad Logic
] P1.4-P17
Module X OUT |
: I See Note 2
' | See Note 1
| T |
L] l
P1IN.x
EN
Module X IN q D
TEST
P1IRQ.x G P1IE.x bt [ et
Q Edge
P1IFG.x sotle Seloct
Interrupt 4 —1» Fuse
Fiag P1IES.x Control By JTAG > Blow
P1SELx Control
i
P T T T T T T e T
| DO > >—->‘C> }
| Controlled By JTAG |
| .
|
|
Controlied by JTAG
NOTE: The test pin should be protected from potential EMI
and ESD voltage spikes. This may require a smaller
external pulldown resistor in some applications.
x = Bit identifier, 4 to 7 for port P1
During programming activity and during blowing
of the fuse, the pin TDO/TDI is used to apply the test
input for JTAG circuitry.
Direction
PnSel.x | PnDIR.x control from PnOUT.x | Module XOUT | PniN.x Module X IN PnlE.x PniFG.x PniES x
module
P1Seld4 | PIDIR4 P1DIR.4 P10UT.4 SMCLK P1IN.4 unused P1IE4 P1IFG.4 P1IES.4
P1Sel.5 | PIDIR.S P1DIR.5 P10UT.5 Out0 signalt P1IN.5 unused P1IE.5 P1IFG.5 P1IES.5
P1Sel6 | PIDIR.6 P1DIR.6 P10UT.6 Out1 signait P1IN.6 unused P1IE.6 P1IFG.6 P1IES.6
P1Sel.7 | P1DIR.7 P1DIR.7 P10UT.7 Out2 signalt P1IN.7 unused P1IE.7 ‘P1IFG.7 P1IES.7

T Signal from or to Timer_A .
NOTES: 1. Optional selection of pullup or pulldown resistors with ROM (masked) versions

2. Fuses for optional pullup and pulldown resistors can only be programmed at the factory (ROM versions only).
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

APPLICATION INFORMATION

Port P2, P2.0 to P2.2, input/output with Schmitt-trigger

P2SEL.x Vee
P2DIR.x 0 See N
te 1
Direction Control 1 o 1: Output ce Note
From Module
— ST See Note 2
Pad L
P20UT.x : 0 acd mogle P2.0 - P2.2
1
Module X OUT | ‘
: X l See Note 2
I ull Sy
[ ] See Note 1
I |
e =1l oeNp
|
I
|
|
P2INX <4— I
|
I
Module X IN < D l
CAPD.X
P2IRQ.x — P2IE.x EN Interrupt
Q Edge
P2IFG.x Set 1 ¢ Select
interrupt |
NOTE: x = Bit Identifier, 0 to 2 for port P2 Flag P2IES.x
P2SELX |
Direction
PnSel.x | PnDIR.x control from PnOUT.x | Module X OUT | PniN.x Module X IN PnlE.x PnIFG.x PnlES.x
module
P2Sel.0 | P2DIR.O P2DIR.O P20UT.0 ACLK P2IN.O unused P2IE.0 P2IFG.0 P1IES.0
P2Sel.1 | P2DIR.1 P2DIR.1 P20UT.1 Vss P2IN.1 INCLKT P2IE.1 P2IFG.1 P1IES.A
P2Sel.2 | P2DIR.2 P2DIR.2 P20UT.2 CAQUT P2IN.2 cciopt P2IE.2 P2IFG.2 |- P1ES2

1 Signal from or to Timer_A
NOTES: 1. Optional selection of pullup or pulldown resistors with ROM (masked) versions
2. " Fuses for optional pullup and pulidown resistors can only be programmed at the factory (ROM versions only).
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MSP430C11x1, MSP430F11x1A

MIXED SIGNAL MICROCONTROLLER

SLAS241H ~ SEPTEMBER 1999 - REVISED SEPTEMBE!

R 2004

APPLICATION INFORMATION

Port P2, P2.3 to P2.4, input/output with Schmitt-trigger

P2SEL.3 5 Vee
P2DIR.3 EE—] 0: Input
Direction Control ’ 1: Output See Note 1
From Module e el e
P20UT.3 Pad Logic See Note 2 P23
Module X _‘I‘_O
ouTt
|
|
=
P2IN.3 € i_Bt;K;p;l GND
EN R I
1
Module X IN 3 D | ]
P2IRQ.3 P2IE.3 en b [ interrunt N ._I
( r—-— [~} B Edge CAPD.3
P2IFG.3 Set | ¢ Select e i e it . e S s o e Ao 5 ——I
Tnterrupt | | Comparator A CAREF P2CA CAEX |
Flag P2IES.3 P2SEL3 | #
| CAF ]
=P ird NI
cCHB o\
] ay |
l oV Gl '
| N '
| N |
Interrupt  P2IES.4 P2SEL4 '
P o s} ||
P2IFG4 | Set |« ln;ir;;pt — —C;;D.—d_ —————
P2IRQ.4 P2IE4 EN Select I~ 1A “‘i
Module X IN 3D |l I
EN i B' L |
P2IN4 4 1Bus Keeper | vee
|————— ]
| See Note 1
i See Note 2
Module X OUT — 0
F20UT4 Pad Logic See Note 2 P24
Direction Controt _——r
From Module 10 4 1 Output See Note 1
P2DIR.4 0: Input
P2SEL.4 GND
PnSel.x | PnDIR.x Direction PnOUT.x | Module X OUT | PniN.x | Module XIN | PnlEx | PniFG.x | PniES.x
control from module :
P2Sel.3 | P2DIR.3 P2DIR.3 P20UT.3 Out1 signalf P2IN3 | unused P2IE.3 | P2IFG.3 | P1IES.3
P2Sel4 | P2DIR4 P2DIR.4 P20UT4 Out2 signalt P2IN.4 unused P2IE4 | P2IFG.4 | P1IESA4
T Signal from Timer_A
NOTES: 1. Optional selection of pullup or pulldown resistors with ROM (masked) versions

2. Fuses for optional pullup and pulldown resistors can only be programmed at the factory (ROM versions only).
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MSP430C11x1, MSP430F11x1A

MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

APPLICATION INFORMATION

Port P2, P2.5, input/output with Schmitt-trigger and Rogc function for the Basic Clock module

P2SEL.5 *— . ——————————
0 0:input | pag§ogic l
P2DIR.5 1: Output | See Note 1
Direction Control 1 o I
From Module { See Note 2
0
P20OUT.5 Q ] P2.5
1 >
Module X OUT O |
] See Note 2
I
l See Note 1
] L
I
0 I
P2IN.5 ] Bus Keeper |
! | |
| |
I |
1 |
Moduie X IN 4 D L J —_—— T
Internal to
Basic Clock
— Module
P2IRQ.5 P2IES ? Interrupt Vee odu 0 1
Q EN ] Edge —Jv\/\,—o\ o
P2IFG.5 Set < Select i
interrupt
P2SEL5 Generator¢g— — —
CAPD.5
NOTE: DCOR: Control bit from Basic Clock Module if it is set, P2.5 Is disconnected from P2.5 pad m
Direction
PnSel.x | PnDIR.x control from PnOUT.x | Module X OUT | PniN.x Module X IN PniE.x PniFG.x PniES.x
module '
P2Sel.5 | P2DIR.5 P2DIR.5 P20UT.5 Vss P2IN.5 unused P2IE.5 P2IFG.5 P2IES.5
NOTES: 1. Optional selection of pullup or pulldown resistors with ROM (masked) versions
2. Fuses for optional pullup and pulldown resistors can only be programmed at the factory (ROM versions only).
{i}
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 ~ REVISED SEPTEMBER 2004

APPLICATION INFORMATION

Port P2, unbonded bits P2.6 and P2.7

P2SEL.x
P2DIR.x

Direction Control

From Module

P20UT.x

Module X OUT

0: Input
1: Output

P2IN.x

Module X IN

<

D

Node Is Reset With PUC

P2IRQ.x — P2IE.x 2 Interrupt l
Q EN Edge | —F7—7———
P2IFG.x Set [« Select
Interrupt *
Flag P2IES.x
P2SEL.x
NOTE: x = Bit/identifier, 6 to 7 for port P2 without external pins :
Direction
P2Sel.x | P2DIR.x control from P20UT.x | Module XOUT | P2IN.x Module X IN P2iE.x P2IFG.x P2IES.x
module
P2Sel.6 | P2DIR.6 P2DIR.6 P20UT.6 Vss P2iN.6 unused P2IE.6 P2IFG.6 P2IES.6
P2Sel.7 | P2DIR.7 P2DIR.7 P20UT.7 Vgg P2IN.7 unused P2IE7 P2iFG.7 P2IES.7

NOTE 1: Unbonded bits 6 and 7 of port P2 can be used as software interrupt flags. The interrupt flags can only be influenced by software. They
work then as a software interrupt.
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MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

SLAS241H - SEPTEMBER 1999 - REVISED SEPTEMBER 2004

JTAG fuse check mode

MSP430 devices that have the fuse on the TEST terminal have a fuse check mode that tests the continuity of
the fuse the first time the JTAG port is accessed after a power-on reset (POR). When activated, a fuse check
current, lyp, of 1TmA at 3V, 2.5 mA at 5 V can flow from the TEST pin to ground if the fuse is not bumed. Care
must be taken to avoid accidentally activating the fuse check mode and increasing overall system power
consumption.

When the TEST pin is taken back low after a test or programming session, the fuse check mode and sense
currents are terminated.

Activation of the fuse check mode occurs with the first negative edge on the TMS pin after power up or if TMS
is being held low during power up. The second positive edge on the TMS pin deactivates the fuse check mode.
After deactivation, the fuse check mode remains inactive until another POR occurs. After each POR the fuse
check mode has the potential to be activated.

The fuse check current will only flow when the fuse check mode is active and the TMS pin is in a low state (see
Figure 13). Therefore, the additional current flow can be prevented by holding the TMS pin high (default

condition).
Time TMS Goes Low After PORj
™S
F —
HEST -

Figure 13. Fuse Check Mode Current, MSP430F11x1A and MSP430C11x1

NOTE:
The CODE and RAM data protection is ensured if the JTAG fuse is blown and the 256-bit bootloader
access key is used. Also, see the bootstrap loader section for more information.
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I TEXAS THERMAL PAD MECHANICAL DATA
N tioom RGE (S—PQFP-N24)

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB), the PCB can be used
as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached directly to a
ground piane or special heatsink structure designed into the PCB. This design optimizes the heat transfer from
the integrated circuit (IC).

For information on the Quad Flatpack No-Lead (QFN) package and its advantages, refer to Application Report,
Quad Flatpack No—Lead Logic Packages, Texas Instruments Literature No. SCBAO17. This document is available
at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

1 6
VAVAVHURVAY)
24 d7 :
T - ‘E/— Exposed Thermal Pad
2 454‘0.10 ) (o=
T -0.15 ) d
l ) d
19 —a 312
nEaNaHaEaNN
18 13
<—2,45t8:}g—>

Bottom View

NOTE: All linear dimensions are in millimeters

Exposed Thermal Pad Dimensions

4206344-2/A 12/04




MECHANICAL DATA

MPDS006C — FEBRUARY 1996 — REVISED AUGUST 2000

DGV (R-PDSO-G**)

PLASTIC SMALL-OUTLINE
24 PINS SHOWN
0, 3
24 13
HAHARHAHARHE T
I 0,16 NOM
450 6,60
430 6,20
1
I | Gage Plane
1 12
0,
A
[ \ [\ \
¢ HHHHHHHHHHHY ¢ sostngtans ¢ @1 A
0,15 _T
L~ 1,20 MAX 0.05 | =008
PINS 14 16 20 24 38 43 56
DiM
A MAX . 3,70 3,70 5,10 5,10 7,90 9,80 11,40
A MIN 3,50 3,50 490 | 4,90 7,70 9,60 | 11,20
4073251/E 08/00

NOTES: A. Alllinear dimensions are in millimeters.
This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion, not to exceed 0,15 per side.
Falls within JEDEC: 24/48 Pins — MO-153

14/16/20/56 Pins - MO-194

Pow
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MECHANICAL DATA

DW (R—-PDSO-G20) PLASTIC SMALL—OUTLINE PACKAGE

0.512 (13,00)
0.496 (12,60)

20 "

nodngAngf] I

Y

=

< 0.419 (10,63)
\ 0.393 (3,97)
\ 0.299 (7.60)
0.291 (7,40)
\\\\ |
TT IO L.
S L
! 0.020 (0,51)
e Area 0.012 (0,31)
LUAAAMAAEAAT L.
L0104 (265) Mox _tg—ga%%fg%
0.013 (0,33)
0.008 (0,20)
1 ] p.g 1
i [25]0.004 (5,10)

Gauge Plane —{ -

\/—— = f— Seating Plane

4040000-4/F 06/2004

0.010 (0,25)

0-8

0.050 (1,27)
0.016 (0,40)

NOTES:  A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D

. Falls within JEDEC MS—013 variation AC.
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MECHANICAL DATA

RGE (S—PQFP-N24) PLASTIC QUAD FLATPACK

e
—
[8,]

|

w
[o2]
w

.l.

PIN 1 INDEX AREA —
TOP AND BOTTOM

[ 0,20 REF.

4 ononnn ~
3 SEATING PLANE
[©o]0,08 il 0,05 T o
0% |
Uuiugpu
T 241 17
-] | C
=) M =
=) =
" g \S} EXPOSED THERMAL PAD
ANnNNN
18 ! 3 ]
4 4 24xg,—13§

4204104/C 11/04

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994,
B. This drawing is subject to change without notice.
C. Quad Flatpack, No-Leads (QFN) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
E. Falls within JEDEC MO-220.
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MECHANICAL DATA

AMICQAL4L ARV 1080 RILVISEE TE3NWCOY 1008

PW (R-PDSO-G*) PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

AAAAE

I !
o —
IR -

— A ——p

\
LLHJJJJ.HJJ.LI_LJ% Seating Plane 1
L 1,20 MAX 815 B
0,05
PINS

- 8 14 16 20 24 | 28
A MAX 310 | 510 | 510 | 660 | 7.90 | 980
A MIN 290 | 490 | 490 | 640 | 770 | 960

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other guality control techniques are used to the extent Ti
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed. B

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

T1 does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from T! under the patents or other intellectual property of TI.

Reproduction of information in T! data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products A Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www._ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticainetwork

Microcontrollers microcontroller.ti.com Security : www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/ivideo
Wireless www.ti.com/wireless

Mailing Address: Texaé Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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