SMJ320E14
DIGITAL SIGNAL PROCESSOR

SGUS015 SEPTEMBER 1392

J-LEADED CERAMIC CHIF CARRIER PACKAGE

200-ns Instruction Cycle
256-Words of On-Chip Data RAM
4K-Words of Cn-Chip Program EPROM

EPROM Code Protection for Copyright
Security

4 K-Word Total Externai Memory at Full
Speed (Microprocessor Mode)

32-Bit ALU/Accumulator
16 x 16-Bit Multiplier With 32-Bit Product
0 to 16-Bit Barrel Shifter

Seven Input and Seven Qutput External
Ports

16-Bit Bidirectional Data Bus With Greater

Than 40-Mbps Transfer Rate
* Bit-Selectable 1/O Port (16 Pins)

* Serial Port With Programmable Protocols

* Event Manager With Capture inputs and
Compare Qutputs

* Four Independent Timers (Watchdog,
General Purpose [2], Serial Port)

* Military Temperature Range
...—55°Cto125°C

* Packaging:
— 68-Pin J-Leaded Ceramic Chip Carrier

(FJ Suffix)

— 68-Pin Ceramie Grid Array
{GB Suffix)

* Single 5-V Supply

* 15 Internal/External Interrupts
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introduction

The SMU320E14 is a 16/32-bit single-chip digital
signal processor that 's aobject-ccde compatible
with the SMJ320C10. This allows hardware
upgrading without the expense of software
re-development. The highly parallel architecture
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See Pn Description Tables (Pages 3 and 4) for
lacation and description ¢f ail pins

and efficient instruction set provide the speed and flexibility to execute more than 5 million instructions per
second (MIPS). The SMJ320E14 device contains several on-chip peripherals that can reduce and even
eliminate interface components and glue circuitry, allowing use in space-critical applications.
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The SMJ320E14 is a single-chip digital signal processing (DSP) microcontraller that combines the high
performance of a DSP with on-chip peripherals. Itis ideal for military command/control system applications and
offers the advantages of high speed and closed ioop accuracy. Cantrol-specific on-chip peripherals include: An
event manager with 6 channel PWM D/A. 6-bit /O pins, an asynchronous serial port, four 16-hit timers, and
internal/externzal interrupts.

The SMJ320E14 is provided with 4K-word on-chip EPROM which removes the need for external program
memory. This results in a reduction of space and pawer requirements and makes the 'E14 excellent for custom
applications. Furthermore. the SMJ320E14 is programmable with standard EPROM programmers.

The SMJ320E14 is offered in a 68-pin ceramic leaded chip carrier package (FJ suffix) and a ceramic 68-pin grid
array carner (GB suffix) rated for operation from  55°C to 125°C (M suffix).

Each device can execute programs from either internal (MG/MP=1) or external pragram memary (MG/MP=0}

For proprietary code security, the 'E14 incarporates an EPROM protect bit (RBIT). If this bit is programmed, the
dewvice's internal program memaory cannot be acecessed by any external means.

}
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pin descriptions

f
i FIN DESCRIPTION
‘ ey ozt
NAME GB FJ ADDRESS/DATA BUSES
ANl : As &
ATC i Be €
AL A2 G
AB C 12
AT (o] 13 Programmemory addressbus A11 (MSB) through AD (LSB) and pontacdresses PA2 (MS3)
through PAD (L5B). Adaresses A1 through AO are always aciive and ravar go to tugh
AB D1 14 . Ny i
QiZ impecance except during reset. During execution of the 1N and OUT instructians, ping 26,
AS G1 20 27 and 28 carry the po-t addresses. Pins A3 twough A*1 are held high when port accesses
Ad G2 21 are made cn pins PAQ through PA2.
AG Jz2 25
A2:PA2 ‘ K1 28
A1PAY Iz 27
ACIPAD | o 8
Cis Mse | 1s a5
i
DA 1 KB 368
03 | s 39
02 | Ks 40
D1 ’ L132 43
|
[B3s] J1- 46
ats oHG 49
[ - Parallel data bus D15 (M3B) througn OZ (LSB) The data bus s always n the
[BF:) G 50 — ] .
! 3 iiekrs hign impedance stale except when WE 15 aclive {.ow]. The data bus s also active when
L7 Do R interral peripharals are written to '
o6 C1 58 :
B c'o 59
C4 B11 60
[} A1D 61
Gz B1D 62
C1 Ag 63
Do LSB | Bg 64
INTERRUFT AND MISCELLANEQUS 5IGNALS |
T I
T H Fi 18 External interrupt input. The interruot signal is generated by a high to low transition on this |
pin.
Non maskable interrupt. When this pin is rought 'ow. 1he devica is interrupted ifrespective
o ct the state of the INTW b t in status register 3T -
NMUMC/MP H* 2z i Microcomputer/microprocessor select. This pin s also sarmpled whan RS s low 'f high
| ! dunirg reset internal prog-am mamary is selected I low dunng reset. externat memary wi'l
X | : be selected
WE | D2 15 G Write enable. When active low, WE indicates thal device wi | autput data on the bus.
REN [ E1 16 C Read enakle. When active low, FREN indicales that device will accept data from the bus
| RS E2 17 | Reset When thus pin is iow, the device is resetl arc PC is se! to zero
SUPPLY/OSCILLATOR SIGNALS
POFZ 19 O System clock output (one fourth CLKIN Frequency)
"'15.85 | 4,33 I 5-V supply pins.
cRS A% 3, 39 L Grourd pirs.
' 24 ! ] Master clock input from external clack source.

Cantinued next page.

! Inpub-CatputHighaimpedance state
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pin descriptions (concluded)

PIN ) i ) _ . DESCRIPTION
NAME Ga FJ voz: ADDRESS/DATA BUSES
HXB“ T I_-HW a8 —\ Asynchronous mode receive input
X0 J1a 47 o'z Asynchronous mode transmit output,
TCLK I BTT__ “"10 I Timer 1 clock. i external clock is selected it serves as clock input to Timer 1.
TCLK2 B2 1 | Timer 2 clock. If externat ciock is selected. it serves as clock mput to Timer 2.
WET Mo 59 o \OfVLJaTlflchdogﬁnmeroutput Anaclive low is generated othis pinwhen the watchdog timertimes
10RP15 M5B o L3 71 ‘_29 T
104 K3 t a0
[OP13 14 31
10P12 Ka 32
0P .7 37
10P10 K7 38
10F9 L2 41
10P8 P Ke 42 O 16 it 120 lines that can be individually corfigured as inputs or oulputs ard also individually
10P7 K11 44 sel or reset when configured as culputs.
IOP6 K10 45
10F5S G10 51
10F3 F11 52
1oP2 F1D | 53
QP2 E1n | sa
IOP €10 5%
IOP% LSB D1 56
COMPARE AND CAPTURE SIGNALS
CMReD 33 8
CMPd A3 LT o Compare outculs, The states of these pins are detarmined by the combination of compare
CMP2 [£13] 2 and achon regisiers
CMP3 AB 1
CAPQ B7 68 Capture inputs. A transition on these pins causes the tmer register to be captured in FIFQ
CAP1 | AT 67 stack.
CMP4,CAP2 At} 66 110 This oin can be configured as compare outpul or capture input
CMP5.CAP3 B "T- A?ET 657 110 This min can be configured as compare oulpul or capture input

T InputiOutput/High-impecarce state

j
TEXas b 4
INSTRUMENTS

SOSTOFFICE 80X 1447 * HOUSTON, TEXAS 77001




SMJ320E14
DIGITAL SIGNAL PROCESSOR

SGUSD1S - SEPTEMBER 1992

functional block diagram

CLXIN CLKOUT

16 12088 [
— Ty |
- [ P |
WE ® ! |
fEN —+ ©
REN 5 S s 16 O . watendog Timer | o WpT
RS — S | i
PC(12)
Instruciicn -
T 4 12 Timers | . TELKY, 2
S k) Program 16 1,2 18
| A-A11 2 |8 romerrom
i PAO-PAZ Stacr ] [ B! (4K wWords) 16
H - 4
| 4 %12 .
: - i 3 »— D15-D0
! % Program Bus ;
NMI; H S .
MCMT Interrupt o Li @ g 15
INT —+ Contrailer 16 16 rﬁﬁ_ [
k.] Data Bus 18
16 e 3
+ 151 7, 16 6 +- CMPI-CMP3
v 0! 1 CMPa, 5
i 1 capz, 2
ARD (161 Ti16) L
AP e
A AR (18] 16
Multiplier fe——| 2
aitip 16 |l e | ocae
< [*— 1 Detect
132 SI(:.]CK 1) [-*—roe——— CaPp.1
16
D—U 32 32 + “
Shifter . l
B i
———»f Serial Serial
1 Port o] Pan
4 "—'L Timer Contratter
Address 9
- +{TBR | TSR |——=— TXD
Data — e ABR Insn [+— RAXD
(256 Words!
Data 4—T—>-—+—07m e -————%— 10P3-I0P15
ALCC (32) |
a3z ]
32
Legend: OP = Data Page Pointer
ACC = Accumulatar ICP = Input/Outpul Fort
Shifter [0,1,4] ACT = Action Aegisier (31 Selectabie)}
x ALU = Arithmetic Lagic UnhH PC = Pragram Counler
{‘16 16 §16 ARP = Auxiliary Aegister Polnt Pz P Hegister
[ o B ARD = Auxiliary Aegister 0 RBR = Neceive BuHer Regisfer
M - ata Buz ART = Auxilisry Aegister 1 ASR = Receive Shifl Aeglster
BSR - Bank Select Register T = T Register
CaP = Capture TBA = Transmit Butfer Reglster
CMPR = Compare Register TSR = Transmit Shift Register
architecture

The SMJ320E 14 utilizes amodifiec Harvard architecture for speed and flexibility. Inastrict Harvard architecture,
program and data memary lie in two separate spaces, permitting a full overlap of instruction fetch and execution,
This modification of a Harvard architecture allows transfers between program and data spaces, thereby
increasing the flexibility of the device. This modification permits coefficients stored inprogram memory to be read
into the RAM, eliminating the need for & separate ccefficient ROM. It also makes available immediate
instructions and subroutines based on computed values.

32-bit ALU/accumulator
The SMJ320E14 contains a 32-bit ALU and accumulator for suppert of double-precision, twos-complement
arithmetic. The ALU is a general-purpose arithmetic unlt that operates an 16-bit words taken from the data RAM
or derived from immediate instructions. In addition to the usual arithmetic instructions, the ALU can perform
Bootean operations, providing the bit manipulation ability required of a high-speed controller.

i
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The accumulator stores the output from the ALU and is often an input to the ALLUL. It operates with a 32-bit
wordlength. The accumulator is divided inta a high-crder word (bits 31 through 16) and a low-arder word (bits
15 through 0) Instructicns are provided for storing the high- and low-arder accumulator words in memoaory.

shifters

Two shifters are available for manipulating data. The ALU barre! shifter performs a left-shift of 0to 16 places
ondata memory words ioaded into the ALU. This shifter extends the high-order bits of the data ward and zero-fills
the low-order bits for twas-complement arithmetic. The accumulator parallel shifter performs a leit-shift of
0. 1, or 4 places on the entire accumulator and places the resulting high-order accumulator bits into data RAM.
Both shifters are useful for scaling and bit extraction.

16 « 16-bit parallel multiplier

The multiplier perfarms a 16 » 16-hit twos-complement multiplication with a 32-bit result in a single instruction
cycle. The muttinlier consists of three units: the T register. P register, and the multiptier array. The 16-bit
T register temporarily stores the multiplicand. the P register stores the 32-bit product. Multiplier values either
come from the data memory or are derived immediately from the MPYK {multiply immediate) instruction word.
The fast an-chip multipher allows the device to perform fundamental operations such as convolution, correlation,
and filtering

data and program memaory

Since the SMJU320E14 uses a Harvard architecture. data and program memory reside in two separate spaces.
This device has 256 words of an-chip data RAM and 4K words of an-chip program EPROM. The EPROM cell
utilizes standard PROM programmers and is programmed identically to a 64K-bit CMOS EPROM (TMS27C64).

program memory expansion

The 'Cixdevices are capable of executing up to 4K weords of external memory at full speed for those applications
requiring external program memory space. This allows for external RAM-based systems te provide multiple
functionality.

microcomputer/microprocessor operating modes

The SMJ320E14 offers two modes of operation defined by the state of the NMI/MC/MP pin during reset; the
microcomputer mode (NMYMC/MP is high) or the microprocessor mode (NMIMC/MP is low). In the
microcomputer mode. the on-chip EPROM is mapped into the program memory space. In the microprocessor
mode, all 4K words of memory are externat,

interrupts and subroutines

The SMJ320E14 contains a four-level hardware stack for saving the contents of the program counter during

interrupts and subroutine calls, Instructions are availabie for saving the complete context of the device. PUSH

and POP instructions permit a level of nesting restricted only the the amount of avatiable RAM. The SMJ320E14

has a total of 15 internal/external interrupts. Fourteen of these are maskable: NMI is the fifteenth.
input/output

The 16-bitparallel data bus can be utilized to access external peripherals. However, only the lower three address
lines are active The upper nine address ines are driven high.

bit /O

The SMJ320E14 nas 16 pins of bit IO that can be individually configured as inputs or outputs. Each of the pins
canbe setor cleared without affecting the otners. The input pins can also detect and match patterns and generate
a maskable interrupt signal to the CPU.

serial port
The SMJ320E14 includes an I/O-mapped asynchronous serial port.

/]
Texas {’ 6
INSTRUMENTS

POST GFFICE BOX 1432 % HOUSTON, TEXAS 7,001



SMJ320E14
DIGITAL SIGNAL PROCESSOR

SGUSD15-- SEPTEMBER 13892

event manager

An event manager is included that provides up to four capture inputs and up to six compare outputs. This
peripheral operates with the timers to provide a form of programmable event logging/detection. The six compare
outputs can alsa be canfigured to preduce six channels of high precision PWHM.

timers 1 and 2

Two identical 16-bit timers are provided for general purpose applications. Beth timers include a 16-bit period
register and buffer latch, and can generate a maskable interrupt.

serial port timer

The serial porttmer is a 16-bit timer primarily intended far baud rate generation for the serial port. lis architecture
is the same as timers 1 and 2, therelore it can serve as a general purpose timer if not needed for serial
cemmunication.

watchdog timer

The SMJU320E14 contains a 16-bit watchdog timer that can produce a timeout (WDT) signal for various
applications such as software developmeant and event monitering. The watchdog timer alsc generates, at the
point ¢f the timeout, & maskable interrupt signal to the CPU.

instruction set

A comprehensive instruction set supports both numeric-intensive operations, such as signal processing, and
general-purpose operations such as high-speed contral. All of the first-generation devices are cbject-code
compatible and use the same B0 instructions. The instruction set consists primarily of single-cycle single-word
instructions, permitting exacution rates of more than five million instructions per second. Only infrequently used
kranch and I/Q instructions are multicycle. tnstructions that shift data as part of an arithmetic operation execute
in a single cycle and are useful for scaling data in parallel with other operatians.

NOTE

The BIO pin en other SMU320C 1x devices is not available for use inthe SMU320E14. Anattempt to execute
the BIQZ (branch on BIO low) instruction will resuit in a two cycle NOP action. ‘

Three main addressing modes are available with the instruction set: direct, indirect, and immediate.

direct addressing

In direct addressing, seven be's of the instruction word are concatena’ed with the 1-bit data page pointer from
the data memaory address. This imptements a paging scheme in which each page contains 128 words.

indirect addressing

indirect addressing forms the data memory address from the least-significant eight bits of one of the two auxiliary
registers, ARG and AR1. The Auxiliary Register Pointer (ARP) selects the current auxiliary register. The auxiliary
registers can be automatically incremented or decremented and the ARP changed in paralle! with the execution
of any indirect instruction to permit single-cycle manipulation of data tables. indircct addressing can be used
with all instructons requiring data operands, except for the immediate operand instructions.

immediate addressing

immediate instructions derive data from part of the instruction word rather than from part of the data RAM. Same
useful immediate instructions are muttisly immediate (MPYK), load accumulater immediate (LACK). and load
auxiliary register immediate (LARK)

EPROM window covering

The EPROM window must be covered to ensure proper operation of the serial port parity bit and to prevent data
voltage degradation from ambient light.

f
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ELECTRICAL SPECIFICATIONS

This section contans all the electrical specifications for the SMJ320E14 device, including test parameter
measurement information. Parameters with pp subscripts apply only te the 'E14 in the EPROM programming

mode.
absofute maximum ratings over specified temperature range (unless otherwise noted)t

Supply VORRGE range, Voo s -03Vio7V
Supply valtage range, Vppt o -06Vio14V
Input veftage range .. ...... ... e -03Vto14V
Output veltage range . ... . e -03Vio7V
Continuous power dissipation e e Q5w
Minimum free air temperature e -55°C
Maximum operating case IemMpPerature .. ... ... 125°C
Storage temperature ... .. e ..., —55°Cto150°C

t Stresses beyon those listed under "absolute maxmum ra: ngs” may cause permangnt damage 1o the device. This s a stress raling enly, and
‘unchional operation of the cev-ce at these or any other congitons seyond these indicated in the “recommended operating conditions” section of
s specr’ cation s notarpheg. Exposre (o absolute-maxmum-rated concingns for extended periods may affect device reliab-lity.

T All voltage values are with respect © Vag.

recommended operating conditions

MIN  NOM  MAX | UNIT
- Cperating valtage 4.5 5 55 Voo
Voo supply voltage
© Fast programming 575 6 B.25 \%
Vpp Supply voltage for fast p(ogrammirlqA(see Note ') 12.25 1256 1275 W
vag Supply voltage o]
i GLKIN, CAPO, CAP*, GMP4/CAP2, CMPS/CAP3, RS 3
L1OPO IOP1S P24
VIH High-leval mput va'tage © — —— W
! | DO-D15 INT,  NMIMC/MP, RXD, TXD TCLK1/CLK,
§ TOLK2/CLKX 2
Al Inputs (except CAPO--CAPS) 0.8
VIL Low-level mput voltage \Y
CAPO-CAFS 0.6
'OH H gh level output current, al outpots - 300 HA
oo _E(:-W-Ieue" output cerrent. at outputs 7 ) o 2 mA,
' Ta Mmoo ar pperating lemperalurs o B - 55 .
T Maximum eperalrg case lemparsture 125

MOTE 1 Vep can oe appl ed only to orogramiming pins designed o sccest Yep as an nput. Durng programming tne total supply current 15
op ICC

j
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electrical characteristics over specified temperature range (uniess otherwise noted)

PARAMETER I TEST CONDTIONS [ MmN TYRt Max | uNIT |
. [lor = MAX 24 3 e
VaH High-leves cutput voltage T < T
Nlam = 20wl tsee Nole 2) Voo 0.4t | v
VoL Low-lavel output voltage gL = max o s Dil v J
I lyg=24V 20
loz O#-state output voltage Voo = MAX SEEE— —— wh
VO =04V 20
‘ Altother inputs except CLKIN + 20
I Input current Vi=VggtoVeo HA
[ cLKin +50
s Supoly current f=205MHz Veg =654 Ta = - 65"Clo 120°C | Th 90 mA
[f=1-31 Vpp supply current Vpp - VoG - 5.5V 100 A |
lepa Vpesupply current (duning program pulse] | Ve = 13V ] 30 50, mA
Data bus ! 25t
Cy Input capaciance 1 T T ] BF
Alr others f = 1 MHz, Al other pirs 0 v l 15
c out Data bus I 25t
! ulput capac-lance —_— F
9 | All others ! | 0t e

T A typical values are at Voo =2V Ta = 2550

¥ vaiues denved from characterization data ard not rested

§ oo charactenstics are inversely proportianal 1o temperature.

NOTE 20 This volage specfcationis incluced forirterdace 1o MC logic However, note that all of the ot~er hrning paraneters dofined - th s dala
sheel are specified for TTL logc levels and will differ for +4C logic levels

Texas “? 9
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EXTERNAL CLOCK REQUIREMENTS

The SMJ320E14 uses an external frequency source for a clock. This source is applied to the CLKIN pin, and
must conform to the specifications in the tabie belaw,

B PARAMETER : TEST CONDITION MIN NOM MaX| UNIT

[ CLKIN Input clock frequency T Ta = ~00°Cto25°C 67 20.5 LMHZ

Texas {" 10
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CLOCK TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN  NOM  MAX | UNIT
UleiC CLKOUT cycie ime * 195 196 500 ns
|0 CLKQUT rise tme ot ns
‘ ; ‘ RL-8254, T
|C) CLKOUT fa'ttme CL - 100 pF 8 ns
fw(CL) Pulse duraticr, CLKOUT low (see Figure 1) a0t ns
L CH Puse durater CLAOLT higr : gs’ rs
lapce) Delay ume CLKINY 1o CLKOUT | 457 60 ns

T walues were dervea from characterization data anc nos tested
E Ty 1s the eycle tme of CLKOUT. e, dte ey (4 imas CLKIN cyele ima if an external oscillalor is used;

timing requirements over recommended operating conditions

MIN NOM MAX UNIT
te(MC) Master clock cycle hme = 48 75 49 150 ns
tr(pc) Hise time, master clock inpul (see Note 3) 5t ng
Tf(MC) Fall ime, master ciock input [See Note 3) 5t ne
wIMCP) Pulse duration, master clock 0.45 :C(MC"T 0.55 IC(MC]r ns
tWw{MGL) Pulse duration, master clock low 15t gast ns
ty(MCH) _ Pulse duraticn, master clock hign X 15t gz.5t ns

" Values were derived from characienzation data ang not tested.
: tz(C) 1s the cycle time of CLKOUT, i.a., dtgpcy (4 times CLKIN cycle time if an external oscillator 1s used]
NOTE 2: Rise and fall tmes must be less than 10 ns

Texas ‘t” 11
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MEMORY READ AND INSTRUCTION TIMING

switching characteristics over recommended operating conditicns

TEST
PARAMETER CONDITIONS MIN NOM MAX UNIT
lsu(aiR Setup time. adgdress bus vahd be‘ore REN;§ 028 ey~ 45 ns
tsu(aw Setup time, address bus valid before WE, 0.50tcicy - 45 ns
thiAg Hold tme. addrass bus valid after RENt or WE?! st ns
ten(Ciw Enable lime, data stans being driven before WE | 0.25 eyt ns
5L D)W Setup trre data vaid prior lo WE 0251y - 45 ns
ey Ho'd tme. data vald after WET RL=-825Q 02510y 10 ng

! ) — C| = 10 pF,

o (D)W Dusan time, daj_zkxln nigh impecarce atter WE See Fgure 1 - 0251y + 25t ns
Vs E LS Pulse duration WE low 250 oo 20 ns
tw RENL: Pulse duration, REN low 0.75 teyey - 20 ns

| “rec{weE; Wrig recovery e, trme betweer WE? and REN | 025105 rs

;f reciREN: Aeaad recovery me, trme betwean RENT and W"_E-L G50 lo(cy - 10 ns

I TapwE oKy Detay time. WET 0 CLKOUTH 050 oy~ 20 ns

T vaines were denved from charactenzanton dala and naot 1ested

timing requirements over recormmended operating conditions

TEST CONDITIONS MIN NOM MAX | uMIT
ts. DA Serup ire, data prior to REN” 52 ns
thiD® Hold tirre. data afler REN* 0 ns

hiDR d RL =825,
tarAs Access nme for reaz cycle data vahd after vald agdress C_ = 100 pF. o)~ 90 ns

‘oe(REN;  Access time for read cycle from BEN, See Fgure 1 0751c;— 60| ns

! ‘gigyA Owsable time, data n mgn impedance after REN 1 2.25 gyt ns

" Values wore derred from charactenzalion data and not lested

RESET (RS) TIMING

switching characteristics over recommended operating conditions

[ PARAMETER TEST CONDITIONS | MIN NOM MAX | UNIT

lr 1o RS- AW Delay from RS | 11 REN® and WE? 075 tgicy + 201 ns

legRg.Aw  Delay from RS0 REH and "‘J\éﬁimlc high impecance R - 8250, 2yt ns
tasiRS.DE)  Disable ime data ous after RS, G 100pF 125 cy! ns

1 b s RS -ARY Disabe ime. addross bus aher RS | See Figure 10(0\1 ns

i tor 7y ad3 Enabto nme aderess bos ”‘hf)r, CEN o ] - 1C[C]T ng

Tunues wers derrieg tiom crareter zaton data and not iested

timing requirements over recommended operating conditions

MIN NOM  MAX o

TEST CONDITIONS UNIT
tsu(RS)  Selup bme. RS before CLKOUT (see Nate 4) R =82510, B0 ng
= CL=10GpF
lw(RS) Pulsc duraton, RS \ Seas Figure 1 Slg(C) ns
NOTE 4: RS car: cecur anytme dunng the clock cycle, Tirme given is minimum to assure synchronous cperation,
TEXAS 'b 12

INSTRUMENTS
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MICROCOMPUTER/MICROPROCESSOR MODE (NMI/MCMP)

timing requirements over recommended operating conditions

MIN  NOM  MAX | UNIT
ey ! Hold e after BS nigh il ns
* Hold lime to put cevice in microprocessor made.
INTERRUPT (INT)/NONMASKABLE INTERRUPT (NMI)
timing requirements over recommended operating condilions
MIN NOM  MAX l UNIT
fNT) Falt ime, INT (see Nate 5) 5% T as
HINMIY Falt time, NMI (see Note 5) 57 ns
twiNT}  Pulse durancn, INT e, ns .
twiumy  Pulse duration, NMI it Tons |
lsygNT)  Selup lime INT before CLKOUT law (see Naote 6) 62 ns
{ tsuiNMI;  Setup ime, NI betore CLKOUT -ow (see Note & ) . i ns

T Values were derved frem craracierzahor cals ang rol ested
MOTES & Falumes mues: be less tian 15 rs

£ INT and NMI are SYNChroNous Mouts anc can ocewr At any e dunng the cycle. NAMEang INT are adga tnggerad only,

BIT I'O TIMING

switching characteristics over recommended operating conditions

¥ values were derved from characterization data and nat tested.

PARAMETER TEST CONDITIONS MIN NDM MAX UNIT
tigrop)  Rise and fall nme outouts R: - 8251 apt ns
otur: CL =100 pF, —
tqugop)  CLKOUT low 12 cata vahd autputs See Figure 1 Q.78 Loy + BO ns

timing requirements over recommended operating conditions

\ TESTCONDITIONS | MIN NOM MAX | UNIT |
hoP)  Rise and fall ime inputs tsee Note 7) Rl - 825 <. st ns W}
tsugiopy  Setup rme, data before CLKOQUT tme C| =100 pF, 40 ns

{tw(10F)  Inpul puise duration N See F:gruro ! o) ns w

t Values were cerived from characterization data and not tested

GENERAL PURPOSE TIMERS
timing requirements over recommended operating conditions
TESTCONDITIONS | MIN NOM MAX UNIT |
Ty Risetme, TOLKI TCLK2 (see Note 7) N 5t ns
1[(1’\5.4', Fall ime, TCLK!, TCLK2 (see Noie 7} R, = 825 2, 51 . ng
twi(TIM)  Pulse duration, TCLK1. TCLKZ jow gég;:‘?gi teicy + 20 ns
twh(TIM} Pulse durahon, TCLKY. TCLKZ high o oigy + 20 : ns

[felkiTia Input pulse curanon ] 2100y + 40 I

T Values were derived from cnaractenization gata ana nol 1ested

NOTE 7: Rise and fall times mus? be 1ess than 20 ns

/|
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WATCHDOG TIMER TIMING

switching characteristics cver recommended operating conditions

PARAMETER TEST CONDITIONS MIN NOM MAX 7 UNIT
fw DT Falltime WOT A_- 8250 20t - ns
DT Lelay * me, CLKOUT to WDT vahd G =100 pF, D25t + 20 ns

r T See Figure 1 . ‘
LoDy Pulse duration, WOl oulput - I R (%)) ns
D ues were derven from obarasterzat on data swa nol tested
EVENT MANAGER TIMER
timing requirements over recommended operating conditions
7 TESTCONDITIONS | MIN NOM MAX | UNIT
’1“(_)41,:) Falume, CMPO- CRRS SL- 823 207 'S
) Cp - 100 pF, T
| icMpPy Pse tire, CMPO-CMP5 ! See Figura 1 ) EQ 77”3
timing requirements over recemmended operating conditions
TEST CONDITIONS MIN NOM  MAX UNIT
twicaP)  Pulse duration, CWPO CMP3inpur Ri - B25 4. oy + 20 ns
—_——— R C| - 100 pF,
i wyiCAPT  Setus tme. captare mput cefore CLKOUT heok See Figuro 1 20 ns
Dvaues were denves from characterization data and not tasted,
PARAMETER MEASUREMENT INFORMATION
2.15 ¥
1
>
% R =825%
From Output _
Under Test .
L Test
Point
T Cy =100 pF
Figure 1. Test Load Circuit
TeXAS .y 14
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PARAMETER MEASUREMENT INFORMATION

Timing measurements are referenced to and from a low voltage of 0.8 V and a high voltage of 2 V, unless
atherwise noted.

—pi 4> ty(men)

< M)

oy : [ P otwm PT
: - temoy ¥ ; | | en
\ \
: 1—% tw(MCL)
; = g
M tyoHy W

<> tamccy’ |

N i AN

CLKOUT ‘ |
3 i .

¥ = e M) |

| tw(CL} = |

"‘4 . - tC(C) i T g

T'd(MCC'} and tyiMCP) Bre referenced 1o an intermeaiate level of ©.5 V cr Ihe CLKIN waveform

Figure 2. Clock Timing

Al1-A0 X g g E g )( Address Bus Valid )( )?: : XX

|
M 15a) — ™

“‘*gl tw(RENL) ~* ~— M
|
|
F_"F* toe(REN) !
| H
tsu(AlR 4 | r“" ““thia)

I
\
|
\
[ —

+—tsupR - W
"L thiDyA
\ s X
D15-00 Instruction Input Valid
Y 4 X e

Figure 3. Memory Read Timing

j
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PARAMETER MEASUREMENT INFORMATION

o]
m,
4

tsutA)R —’% -

At1-A0 X5 XEX s XK ! 0.0‘ 8

—"ﬁﬂ“th(D)H
i |
taga) —4—¥ I
I
|
tsur ¢ al
Legend:
* TBLR Instruction Prefetca 7 Agdress Bus vald
2. Dummy Prefeichn 8. Address Bus Valid
4. Data Fetch 9. Instruction Input Valid
4. Next instruction Prefetch 0. Instruction Input Vahd
5 Address Bus Valid 11, Data Input Vaihd
6. Address Bus Valhd 12, Instruction Input Valid
Figure 4. TBLR Instruction Timing
REN /_\ 1 / \ 2 / \ 3 / hY
'A% N N N vy
X XX @B
- a
an-ao XX & &3 X XD
1 R
en(DyW ; \
|
| . twwEL)
i |
1 t -+
suw _”‘ :¢——H‘— tdis (D)W
H ‘ | | [
[ thow e
I : I
| =
ors-o GG TR X0
- P
Legend:
1. TBLW Instruchen Prefetch 7. Address Bus Valid
2. Dummy Prefetch 8. Instruction nput Vahd
3. Next Instruction Prefetch 9. Instruction nput Valid
4. Address Bus Valid 10, Data Quiput valid

Address Bus Vad 1 Instruchion input Valid

4
6 Address Bus Vaud
t

Data vaiid prior to WE |

Figure 5. TBLW Instruction Timing
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PARAMETER MEASUREMENT INFORMATION

REN 1 2 ' 3
tsuaR ¥ & l
A11-A0 4 5 X 6
XX XEX XX
H——H— tsu(D)R
Taga) H [
H—V* th{D)R

Legend:
1IN Instruction Prefatch 6. Address Bus Valid
2. Data Fetch 7. Instruction tnput Valid
3 Next Instruction Prefetch 8 Data Input valid
4. Address Bus Vald 9. Instruction Input Valig
5. Peripheral Address Valid
Figure 6. IN Instruction Timing
REN / N\ 1 / \ 2 / N\
¥ o)W
WE | \ /‘
E it tWWEL)
W
ore-00 C T O—@ KB
o el
tsuDyw — 14— 4 s
> 4 thpyw
Legend:
1. OUT Instruction Prefetch 5. Address Bus Valid
2. Next instruction Prefetch 4. Instruction input Valid
3. Address Busa Valid 7. Data Qutput Vahd
4, Peripheral Address Valid

Figure 7. OUT Instruction Timing
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PARAMETER MEASUREMENT INFORMATION

o \_ /N N\ S S S S

; |
_Nl 4= t5u(RS) 4 tsuRs)
}4—— tdis(RS-RW) —

« TN /

4 ———— Ww(RE) ————W

REN wee \L__L/ ™ 7N

Note E)

P

L‘—.‘:‘— td(RS-AW
! (AS-RW) 4 - ¥ tenRs-AR)

lais(RS-DE) - ‘bf

|
! Data Shown Relative To WE | Vs
D15-D9 Data Out t P >_<
— ooy . —
' | Data In From _.~ Data In From

r . PC ADDR a
tdis(RS-AB) —™ - : Y PC ADDR Pi: e
s oc.

hddrg:: >< AB = PC :,L L }{ AB-PC-0 X ~
AB = Address Bus

MOTES: A FS torces AEN, anc WE high and then places da‘a sus D0-D15. REN. WE. and address tus AG-A11 in a high-impedance state.

AB outputs (and pregram counter) are synchronousy claarad fo zers after tho aext complete CLK cycle frem RS
B. RS must be maintamed for a rminimun of five clock cycles.
C. Resumption of normal program will commence after one complete CLX cycle from Ase
D. Due to the synchronizaten action an RS, time to execute the function can vary dependent upan wher RS51 or RS, ocour in the GLK

cycle,

Figure 8. Reset Timing

RS l J

< MCMP) ——P

NRIMCMP N\ /
g

Figure 9. Micreccomputer/Microprocessor Mode Timing
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PARAMETER MEASUREMENT INFORMATION

CLKOUT M

[
AP gy (INT): Tsu(NMD

Nl or INT '\ /

A HINT) (N
— Ly (INT) tae(NMIE) ™

Figure 10. Interrupt Timing

CLKOUT M

HOP15~-10P0
{Output)

P 4= 0P

tsugopy —*  —

IOP15-10P0 ‘ N
{iInput)
!
>

*+— -~ tw(oP} -

|

|

|
frfiiopy —  4—

Figure 11. Bit IO Timing

k(TN ————M
[
‘ |
TCLK1, TCLK2 / N |/ \
|
4 twn(TIvy 4‘

|
‘ |
w4 tyTIm
Lr(TIM) > e
<ty mimy — ¥

Figure 12. General Purpose Timers
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PARAMETER MEASUREMENT INFORMATION

CLKOUT —/——M

LWDT) —
- BTNk b B —

\ /

|
- = woT)

Figure 13. Watchdog Timer

CLKOUT _/——\—/_—\—/_

¢ 15y (CAP)

CAP3-CAPQ x X

: |
o twcap) ——M

CMPE-CMPO X

|
M oMP) /i CMP)

Figure 14. Event Manager
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PROGRAMMING THE SMJ320E14 EPROM CELL

The 'E14 includes a 4K x 18-bit ndustry-standard EPROM cell for prototyping and low-volurme producton. An
EPROM adapter socket, shown in Figure 15, is available to provide 68 lead PLCC ta 28 lead DIP conversion
(part #325-068-1221-028T) or €8 lead PGA 1o 28 lead DIP conversion (part # 328-068-1021-028T) tfor
programming the SMJ320E14.

Key features of the EPROM cell include the normal programming operation as well as verfication. The EPROM
memory array also includes a protectien feature that, ance set, prevents additional reads cr writes for code
security,

The SMJ320E14 EPROM celis are programmed using the same family and device cogdes as the TMS27C64
BK x 8-bit EPROM. The TMS27C64 EPROM series are ultraviolet-light erasable, electrically programmable,
read-only memories. fabricatea using HYCMOS technclagy. They are pin compatible with existing 28-pin ROMs
and EPROMs. These EPROMs operate froma 5-V supply inthe read mode; however, a 12.5-V supply is needed
far programming. All programmng signais are TTL level, For programming autside the system, existing EPROM
programmers can be used Locations may be oregrammed singly, in blocks, or at random.

Figure 15. EPROM Adapter Socket

The SMJ320E14 device uses 13 address hinesto address the 4K-word memory in byte format (8K-byte memory).
Inword format, the most-significant byte of each word is assigned an even address and the leas:-significant byte
an odd address in the byte format. Programming information should be downlcaded to EPROM programmer
memory in a high-oyte to low-byte order for proper programming of the devices (see Figure 16).

j
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SGUSH 5 3CPTEMEER 10n
SMJ320E14 On-Chip SMJ320E14 On-Chip EPROM
Program Memaory Program Memory Programmer
(Word Format) (Byte Format) Memory
Byte Format with
Adapter Sockel
a(0000h) 1234h 0(D000h) 34h 3{0000h) 12h
1(000AN) 5678h 1(D0OQ1h) 12h 1{0C01h) 34h
2(0002h) 9ABCh 2(0002h) 78h 2{0602h) 56h
3(0003h) DEFOQh 3(D003h) 56Gh 3{0003N) 78h
i 4(D00A) BCh 2{0004h) 9Ah
5(0005H) 9Ah 5{0005h) BCh
6(0006h) FOh 6{0006h) DEh
7(0007h) DEh 7{QC07h) FOh
q095(0FFh) . . . .
8191(1FFFh)

Figure 16. Programming Data Format

Figure 17 shows the wiring conversion to pregram the SMJ3200 14 using the 28-pin pincut of the TM327C64.
Tahle 1 provides a descrption of the TM3S27CE4 and SMU320E 14 pins,

" CAUTION

The SMJ320E14 does not support the signature mode available with some EPROM programmers.

The signature mode places high voltage (12.5 Vdc) on pin A9. The SMJ320E14 EPROM cell is not
designed for this feature and will be damaged if subjected to it. A 3.9 k(? resistor is standard on |
the Tl programmer socket between pin A9 and programmer. This protects the device from ‘
unintentional use of the signature mode. ’

i T T _ Y — WO W " ~
| i 1 ’ W !
I Vep e —- ! ‘ -
L z alei | [
Pt A2 - ol = Ojpjmiein goy
. 3 2 g 12158 3333 ;
[____-_dq A7 - I g P R o S—— Ju— o — ——_ — —— p—p— w— b
4l ae : / 2 8 7T 6 5 4 3 2 168676665646]67 61 r
< 5 I
- AS A1d B
e PY Xt 1 go ] E
B A0y 59 ]
. T :3 ) i [IRE 53
. 5 ’ |13 57
[ a1 o : | 14 56 AL
g AL Y il ST et (BT 55 ':*LO‘
ar b-S—— PGM 3
1 17 : J 18 5
— o1 o EPT :
] P i T 7 =
- 3 1s : FP 1 e SMJIZ0E 14 52
—_— %] G4 S L Eh ;
1] ano - 19 51
] 2e 50 ]
i TME27CH4 Pincut ]2 9 l
| | _ [l 22 a3 ] i
| — 5 ] 23 a7 ]
\ M
.o CLIME ]
J 25 45 l-
P26 14 |
27 28 29 30 3132 33 34 3536 37 38 39 40 4142 43
APy el Sty i
@~ e | o ) A ™,
Glod a|f o c‘c‘ 4o
B |
, L /

O S A ‘

Figure 17. SMJ320E14 EPROM Programming Conversion to TMS27C64 EPROM Pinout
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TERMINAL FUNCTIONS (SMJ320E14)

NAME ) DEFINITION !
AZINMSH) ADLSEY | Cn ctup EPROM pregrammirg adgdress lines

CLEN ! | Clazk osallatarn inpat

T : ! EPROM clup analbls

EPY | EFROM test mode select

G | FPROM outpul enable

GND ! Ground

PG ! EPROM writc orogram select
9VE8) QILSE) : 1’0 Data ines for yte-w de programming of cn-chip 8K bytes ¢ EPROM

H5
Yoo
Vpp

5V to 6.5V power suptly
12.5-V 1o 13-V pawe- supply

Reset for nitiahzing 1ne device

Table 1 shows the programming levels required for programming, verifying, reading, and protecting the EFROM

ceth
Table 1. Programming Mode Levels
SIGNAL SMU320E14 TMS27CH4 PROGRAM | ERROM PROTECT |
NAMET PIN PIN PROGRAM VERIFY READ PROTECT VERIFY
E 19 20 W ViL ViL ViR YViL |
G 27 22 iy PULSE PULSE m VL
PGM 16 27 PULSE VM ViH VM Vi
VPP 18 1 Vpp VPP vVee __Vpp veep
Voo 433 78 VeoP Vegcp 0 Voo VocP Vecp
Ysg 3.34 14 V35 Vg Vss Vsg ¥ss
CLKIN 24 14 V5o Vgg Vgsg vgg vgg
EPT 17 26 Vg Vgg Vgg Vpp VEPR
Q1-as ERBV S EE I ERESE) Data In Data Qut DataOut | Og- PULSE | Qg=-RBIT
At2.A7 “s.oncee 7 BERELES ADDR ADDR ADIIR X X
AB 1 i 4 ADDR ADDA ADDR X Vil
? A5 68 ; 5 ADDR ADDR ADDR X X
Y 57 & ACDA ADDR ADDR Vig X
! A3-AT 66, 63, 56, 55 7-10 | ADDR ADDR ADDR X X

t Signal names srown for SMJ32CE 14 EPROM programming mode only

Ltegend:

VIH
Voo
EJIN

TTL high tevel. V-

programming

T7L low level; ADDR - byte address bil; Vpp - 125V + 025 V (FAST)
= 5% 2025V X =qaontcare PULSE : wow-goirg TTL pulse

- ovle 0 he programmed al ADDR; Qo = byte slared at ACDR., RBIT = ROM protec: bit
Voop = 6V =025V FAST)

Since every memory in the cell is at a logic high, the pregramming operation reprograms selected bits to low.
Once the '320E14 is programmed. these bits can only be erased using ultraviolet light. The correct byte is placed
on the data bus with Vpo set to the 12.5 level, The PGM pin is then pulsed low to pragram in the zeros.

Texas "vi’
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erasure

Before programming. the 'E14 must be erased by exposing it to ultraviclet light. the recommended minimum
expostre dose (UV.intensity = exposure-time) is 15-We s/cm2. A typical 12-mWe s/cm2  filteriess UV famp will
erase the device in 21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. After

exposure, all b'ts are in the high state.

verify/read

To verify correct pragramming, the EPROM cell can be read using either the verify or read line definitions shown

to Table 1, assuming the mhibit bit {(RBIT] has not been programmed.

program inhibit

Programming may be inh:bited by maintaining a high level input an the E pin or PGM pin.

standard programming procedure

Before programming the "E14 must first be completely erased. The device can then be programmed with the
correct code. It 1s advisable to program unused sections with zeros as a further security measure. After the
programming is complete, the code programmed into the cell should be verified. If the cell passes verification,
the next step is to program the ROM protect bit (RBIT). Once the RBIT programming is verified, an opague label
should be ptaced over the window to protect the EPROM cell from inadvertent erasure by ambient light. At this
npoint, the programming 1s complete, and the device is ready to he placed into its destination circuit.

Referto other appendices of the TMS320C 1x User's Guide for additional information on EPROM pragramming.

recommended timing requirements for programming: Ve = 6 V and

Ta = 25°C (see Note 8)

Vpp = 12,5 V (FAST)

MIN  NOM  Max | UNIT |
tw(PGM} Inital program putse duratior Fast programming algerithm 0,65 1 1.05 ms
'wiFPGM) Final pulse duration Fast programming 2.85 7875 ms
lsu{A) Address setup time 2 us
tsu(E) E setup time 2 it
tsu(G) G setup time 2 15
5u{D) Data satup 1me 2 us

{IsutVPP) VYpp setup time 2 us
lsufVCC) Voo selup tme o 3 e 2 us
thiay Address hold time [ us
1hiD} Data hald tima 2 ns

NOGTE 8: For al: switching characteristics ard timing measurements, inpul pulse levels are 04 Vo 2.4 V and Vpp - 125V = 3.5 V during

prograTiming.

{i’
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J‘-t— Verify ——#
44— —— program——— dl
Vin
A12-A0 ><: Address Stable Address N+1
‘ ‘ . viL
- = tsua) | ——
‘, ! Data Out | VinYoH
oB-Q1 4{ Data In Stable }— HI-Z Vatid l
: : ‘ ‘ ViLVoL
ety ‘ | «—>— thig(G)’
| 1 Vpp
‘ : T
Vpp S ‘ !
¥ — tsu(vPP) | ! vee
‘ \ !
| , ; Veep
Voc /i ‘ t !
- b‘* tsu(vce) \ vee
: |
j ‘ | Vin
e ‘ |
‘ ViL

+— tsu(E) — <> th)

|
W(FPGM) ———f4—P

|
|
\
|
|
t
\
. + t VIH
S L
PG U
\ = < ¥ teniey! ViL
|
|

_ ‘| Vi
¢ N/
ViL
TtdlS(G] and teniyy are characterishes of the device but must be accommodated by 1he programmer,

Figure 18. Program Cycle Timing
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MECHANICAL DATA

68-pin J-leaded chip carrier package (FJ suffix)

25,40 {1.000)

24,89 (0.980}

24,38 (0.960)
23,88 (0.940)

20,52 {0.805)
2019 (0.795)

T T BRI TR

Y .

€
r ,

Ql—;:: l

b

2,16 (0.085) {
1,65 (0.065)

B

e

oo dodh

d:
4 -
Ffﬁ [
f“' -
a* :
4 L
2l *
ST 0 T S O« SO TR B W W) W Oy R
| s 00z L2 oso)
0,25 (0.010) 0,76 (0.030) >

\&'
Hi .. 1.98 (0.078) «
707 10.042) 0,38 (0.015) MIN.
€
H‘ 1,27 (D.050) NOM.

Thermal Resislance Characteristics

i Parameter Max I Unit
'1 I [ U ?,_._
Junction-to-free-air .
RuJa thermal resistance 50 | Cw
Junction-to-case i |
Rnac thermal resistance ©  * W i
2,41 (0.095}
1,81 {0.075) ,‘ :
A . - ’i 0,28 (0.011)
i 0,18 (0.007)
] Lid
0,58 {0.023) 1 0.38 (0.015;
| 0330013 ¢ ) {| 51300008
‘ * kL
| X
24,13 (0.950) il ¥
23,11 (0.910) f}_::["'*j

¥ ..

i

oevo0ss N
0,64 (0.025) '4_,__

ALL DIMENSIONS ARE N MILLIME TERS AND PARECNTHETICALLY '~ INCHES.

0.81 (0.032)
0.51 {0.020}

3,988 (0.157)
3,480 (0.137)

i
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68-pin grid array ceramic package {GB suffix)

MECHANICAL DATA

Thermal Resistance Characteristics

Parameter + Max . Unit
Junction-to-free-air |

Riga thermal resistance ' 30 | C/W
Junction-te-case .

Rudc thermal resistance 6 cw

5,131 {0.202)

3,353 (0.132)

3,556 (0.140)
3,048 (0.120)

28,448 (1.120)

v

0,508 {0.020)

0,406 {0.016)

27422 (1.080) >
17,02 (0.670
¢ NOM ﬂ
’ ‘ e
o » |
,‘//.‘__‘\\ :
s AN
: ‘ 17.02
‘ ; (0.670) 28,448 [1.120)
NOM 27,422 (1.080)
\\ /
' i
TOP VIEW
1,397 {0.055)
[ L 1 F 1,143 {0.045)
Tt HT 17 B 1 F ﬁJj ST
I { S I I 1

.
o

2,54 {0.100) TR —W

} f:“w f§)

) (3 ¢

o

P D OO0 M7 OIcCc X -
(o

1,397 (0.055)

1,143 (0.045)

- O

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND

o (7 2 (o (o o o (o 2,54 (0.100)
BEDE DT P
Gy

NG

G (2
@

&

Y ‘ 1,778 (0.070)
© & NOM
QEEEs 3 8EE]  — 4Places
@ l@i o) (o) @ L\:‘ @r @’ @——# i
2 3 45 6 7 8 9 1011 t 1 27 (0.050)

PARENTHETICALLY

NOM

ININCHES

(
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1996, Texas Instruments Incorporated



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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