10-BIT CMOS SUCCESSIVE APPROXIMATION A/D CONVERTER

The uPD7004 is a 10-bit monatithic CMOS analog-to-digitsl converter wiing the Succewssive Approximation
Register (SAR) technique. The uPD7004 incorporates an 8-channel multiplexad snalog input and full microproces
sor interface to achieve a high degree of versatility. The designer has a choice of either serial or paratlel output and
interface to 8080 type microprocassors or advanced signal processors like the ugPD7720.

FEATURES

B-channel multiplexad analog input

Serial or parailel Interface

10-bit resolution

Linearity: 1 LSB MAX. (T, = 26 °C)
Convarsion time: 104 us ifpe; = 1 MHz)

Input voltage range O to Vpep

Tamperature range from -40 to +85 °C
Operates from single +5 volt supply (5 V £10 %)
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CONNECTION DIAGRAM (Top View)
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PIN IDENTIFICATION
Parslial mode Serisl mods
Pin Na. Sumbol

vo Function io | Function
1 CHy Anslog input CHy
2 CHg Anslog input CHg
3 |cHg Annlog input CHg
4 |oHy Anslog input Chy
5 VRest Pasitive refarence voitage input
6 N.GND Digitel Ground Note
? BDR/80 Cutput | Dmim bus (MSE) Ourput | Serid ourput
8 DBg/BI Output | Dats bus 2nd) Input | Seriat input
9 | DBg/SHIFT Output | Data bus 13rq) faput | First-bit select {LSB/MSE)
to DBY/SURD Qutput | Deta bus {4th) 1o SBerial glock curput
1 DBy/EOEN Cutput | Duts bus (Sth) Vo Serinl-out snabis
12 DB3/CODE [J]e] Bata bus (Bth) Input | Code salect
13 | DBy/DEV, ;o Data bus {7th) thpor | Division ratio ser
14 | DBY/DEV, Vo Duta bus (LSB) Input | Diviskon ratio sey
18 D.Vpp Digitel Powsr Supply Note
15 Eoe Output End-of-comversion signal {Active low)
17 CLOCK Inpur Cleck signal input terminat
18 | mc Input Mode selact {=Parallel, L=Sarial}
19 WR/3TE Input | Write sipnel input nput | Addresswrite strobe signad
20 Ay input | Contro) address Input Input | nternal/external serisd clock select
1 RO5CKI Input Fisnd signal input Inpur | Seriat clock input
b d [+ Input Chip select signal
2 ANpp Analog Power Supply Notw
24 AGND Analog Ground Note
25 CHp Analog input CHy
. CHy Anitog input CHy
27 CHy Analog input CHy
r CH3 Ansiog Inpuwt CHy

Nots: Connect to Digital Ground {D.GND) with Analog Ground [A.GND) externsity.
Connect 1o Digitel Power Supply (D.Vpp) with Ansleg Powar Supplv (AVD ) externatly.




ABSOLUTE MAXIMUM RATINGS (T, = 25 °C)

Supply Voltage Voo -0.31047.0 v
input Voltage Vy 3.3to Vpp +0.3 v
Reference Voltage VHER ~0.31t0 Vpp +0.3 v
Operating Temperature T, ~40 to +85 °c
Storage Temperature Ty -65to +125 ‘c

RECOMMENDED OPERATING CONDITIONS (T, = -40to +85 °C)

Poramater Symhol | MIN. | TYP, | MAX. | Unh Tomt Condition
Supply Volvege Voo 45 50 55 v
Refavance Voliage VREF 4.0 Vop v
Anaslogus Inpin. Voltage Vi 0.0 Vaee v
High-lews! nput Voltage Viy 24 v
Low-fevel tnput Voitags Vi, o8 v
Clock Fraquency for 0.4 BB MMz
Internat Clock Frequency texl 04 .0 1.1 MHz | o= o X Division ratio
Peraligl Mode (MC = High}
Addres Seup Time 1AW 20 nm | T8, Ap-WH
AR 20 m | C81,Ap~RD

Addrays Hold Time twa 10 m | WAt=-CT51,Ap

i THA 10 m RD1-085t, Ag
WA Signal Pulss Width Yy 200 ™
AD Signal Pulss Widih A 200 n
Data Satup Time 1ow 100 ns DB - WH t
Daita Hold Timw WO 20 re | WA tDB

Serind Mode 1 IMC = Low, Ag = Low; Extarnal Serial Clock)

- ESC Hald Tima 1MECS 0 ue | EOEL U8,
&5 Setup Time 565K t HE TF 1 ~5CKT 4 ()
Serlat Input Sewup Time 1K 150 m | 315Kt
Saripl Input Hold Time THKI 100 s 8CKI t - 81
Low-level Sarig) Crack Pulse Width TWLK 400 n
High-level Seriul Clock Pulse Width WHK ny
Strobe Pulse Width UYLST ]
Strobe Hedd Time THKET L] KT+ ~5TB
Chip Select, Hold Time tyRes 100 n | BERT1-TH1

“toky =1 Mhz I :::::::I:e




CONVERSION CHARACTERIST ICS (T, =26°C, Vpp = Viyer = 5.0£0.5 V, o = 1 MHz)

Parsmeter Symbo) MIN. | TYP. | MAX. | Unit Tmat Condition
Resolution 10 10 10 Bt | Ty=-4010485°C
Totsd Unsjusted Error NL 1.0 | LSAE
Total Unajusied Error 120 | LESB | Ty,=-4010 +85°C
Zuro Scaiw Ervor 0.5 | LsA
Zero Scale Tempessture Cosfficiant 2 C| Ty =-401n+85"°C
Full Scals Error 05 | LsB
Fult Scale Temperatare Costticient 2 MGl Ty~ -40 to +15 "¢
Conversion Time Toony ] 104 H Parallel Mode, Serlal Mads 1
Canversion Time Tcony 104 ) 104 | 104 #s | Serial Mode 2

DC CHARACTERISTICS (Voo ~ Vagr = 5.0 0.5V, T, = -40 to +85 °C, fex) = 1 MHz)

Paramaine Symbol? MIN. | TYP. | MAX. | Unit Test Condition

HighJsvel Outpus Voltage Vo 3.5 v lg=-~1.6mA
Lowlevel Output Voitage YoL 0.4 v o=148mA
Diigital Input Leakege Currant hp +10 BA | V=010 Vpp
Flomting Outpur Laxkage Current iro £10 BA | Vg=D10Vpp
Analog Input Rexlytance (DC) Ry {DC) 2 Ml L V=010 Vpp

alant Anslog ) Impedance | A 1w k2 [ The snelogue in t impedance is souiva.
{E'T. i o0 loput lent to tmﬂnp:iwuit between ;'ﬂ" and

[~ ] 100 p¥ [~ N
Raference Input Resistence RREE 5 50 k2
PFower Coneumption Py 5 15 [ mw
* Bquivelent Circult
External Intornel
Ry
Anglogus Input AJD Block

*CHQ 10 ?’

3

Charge or discharge current Hlows at the internal multiplexer switching timing. Therefore, connect a capacitor
{>0.01 uF} to the analog input terminal in case the extarnal is high.




AC CHARACTERISTICS (Voo = Vagr =5 0.5 V, T, = -40 to +85 °C, foxy = 1 MHz2)

Pacamwter Symbol MM, | TYP. | MAX. | Unit Tuat Condition

OQutput Detay Time 1AD 150 ns | AD 4 -~ OB (Parallest Mode)

1oKO 250 m | BCKi L, BERT 1 ~ SO (Sesial Moda 1, 2}
Output Floating Delay Time IDF 100 s | RD 1~ DB Ficating (Parslisé Mode}

LEESO 150 | s | T3t S0 Flosing (Serigt Mode 1)
Serksl-out Enable Delay Time tEKs 40 00 | ns | BEKD t - S0EN 4 (Serisi Made 2)
Serlakout Enable Datay Time tHKS 0 200 | m | BOKD 4 - SOEN 1 {Seriad Mo 2}
Serip Clock Output Cycls oYK ex) o (Serial Mode 2)
High-Jevel Serlal Clock Pulse Width | twhK 400 m | (Serisl Mode 2)
Low-tevei Serlal Clock Pulse Width | 1y 400 ns | (Serlat Mode 2)
Serial Clock Rise Time ne 20 ns | (Seriot Mode 2)
Surisl Clock Falt Time Y 20 ns | {Sarisl Mode 2)

t ... Rising adge
. 4 ... Falling sdge
TIMING CHART
1. Paraliet Mode
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(2) Read Mode
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INTERNAL BLOCK OPERATION

1. Sequence Controller

The sequence controller controls tha operation of the comparator, internal sequence of the successive approxi.
mation register, and the J-state buffers.

The A/D conversion stacts in the paraliel mode when the MPX addrass is written, and in the serial mode when the
€S signal changes to the high Jevel.

When the A/D conversion is terminated, the sequence controler jssues an end-of-conversion signal (EGC) 10
notify this to the sxternal anvironmant,

2 Successive Approximation Haglster

The successive approximation register sends signals to the decoder of the 10-bit D/A sceording 1o the control
signals from the sequence controllar and then decides to set or reset the signals for the decoder, starting with the
MSB, with the help of the results from the comparator,

3. Bi Directional Shift Resister

This Is the register into which the contents of the successive approximstion register are entered, It outputs the
converted data via 3-state butfars when in the parallsl mode.

In serial mode 1, it cutputs the converted data from the SO tarminat when the STRT signal falls and the &5 signal
is low, and fetches serial data {MPX address selector dats) from the 51 terminal when the SCKT signal riges,

In sdrial mode 2, 18-bit converted data accompanied by B-bit high data is output from the SO terminal synchro-
nously from the falling edge of the SCKO signal,

4. Stetus, Addrsss Latch

The status and address latch ara 3-bit registers to latch the clock division selector ratio data, code selector data
of the conversion data, and salector data for the MPX adciress. ’

It reads the dats enterad from the data buses {OBg 1o 7) in the paralisl mode. In serial mode, It (atches the division
ratio selector data and code salsctor data specified by the multi-function terminals {DBy/DEVy, DB, /DEVy, DB,/
CODE} and also the MPX ackiress sslector data entered through the SI terminal,

However, that tha MPX, address is Fed at CHy and cannot be sefected In serial made 2,

8. Programmalis Fraquency Divider

The programmable frequency divider designatss clock signals enterec from the external circuit 1o one of the
ratios 171, 1/2, /4, and 1/8.




OPERATING MODE

The uPD7004, serving as an interface circuit with the microcomputer, supports two kinds of serial modes and &

parails! moda.
1. Paralisl Mode
The parallel made allows a direct connaction to the microprocessor dats buses. Shown below is an example of
the basic saguencs;
cs / U L S f I
AD | WV R W | a 'l
LI WY e W'
Ag . _J
O T T atatatatty U TR G SRS ¥ gy W -
eoc _____J . f \
, L AD Conversion , . » A Comversion , .
s ¥ s 32 5 33 LA}
S pEoR g P2
»

The initislization designates the clock signal division ratio for the clock signal entered from the external environ-
ment and the conversion data code (2’ 3 complement/binary). Normally, initislization is performed to initialize the
peripheral circuits of the microcomputer. After initialization, the data entered is held until the next initialization.
Writing the MPX addres: into the uPD7004 (WH signal) after the initialization makes the A/D conversion start from
the rising edge of WR signal,

The A/D conversion requires foi) fintarnal clock: fo X division ratio) to be 95 1o 104 cyclas. The EOC signat
changes to the low level when the A/D conversion is complste to notify thia 1o the external environment. The 10-hit
convertad data is read out from the #PD7004 eight bits ata time. The low byte has valid data in its two high-order
bits, foliowed by six “0s in the rest {DBg to DBgl.

Resetting the MPX address starts the next A/D conversian, changing the EOC. signal to the high level at the falling
adge of Wi signal.




%

Data Bus 1/0 Operation (parallel mode MC = M)

Controd tarmingl
R | P P Dgeration Serves as & deta bus termined
H X x X
L e " X No Operaiion High-impedance Stae
L L H H Initiplize Code Select, Clock Division Ratio Input
L L H L Address Set Analague Channet Select Dyte Input
L H L H Highrbyte Rsad High-byte Dats Output
L H L L Lowbyts Read Low-byte Dats Oupue
L L L X Inhibit -—
1) Initiatize

In the parallel mods, the initializatlon data for the clock division ratio and the A/D conversion data cocde are
written into the pPD7004 through data buses.

DBy DBg DB DBy DBj D8y BB DBp

x x x X » CODE | DEVy | DEVy
L
High-impaedante state ] DEVy | DEVg Clock Division Ratio

L L "
L H 12
H L 174
H H 18

CODE Code Select
L Binary Data
H 2' s Complemeni Dats

Data written at the initialization is held afterwards.




{2} Address set
The selector data for the analog channel is written into the HPD004,

X X X x % SELg | SELy | SELg
I I i [ I
High-impedence state SELz | SEL; | SELg MPX Chaonet

L L L CHp
L L H CHy
8 H L CHp
L H H CHy
H L L CHy4
H L H CHg
H H L CHg
H H H CHy

{3) High-byts/low-byts read
The A/D conversion data is read from the #PDH04,

DBy DBy DBy DRy DBy DBy DBy  DBg
Hightvte | MSB | 2nD | 3RO | aTH | 6TH | BTH | 7TH | BIR
towbye | oTH | LsB L L L L L L

EXAMPLE OF THE PARALLEL MODE INTERFACE

Fig. 1 shows an example of connecting the uPD7004C to the HPO7BOC system. As shown in the example, the
parallel mode can handls connectians using such basic interface circuits as microcomputer periphersl |.Sis.

In this sxampla, the uPD780C is employed as a CPU, It is slso possible to have other 8-bit CPLs connected in the
same logic design, with some timing managemant by the walt cycle,

10




Fig. 1 uPD780C/UPDTI0AC conumection

IO WR
I 110 R
uPD780C
Data Bus System

ANDD

Aralog input

]

AGND AGND

Acidress Bus
Acicirees
Decodar
P.Vnp
N I_‘
DRow? Ag €S AD WA
CHO 1o 7 MC
EOC|— *1
CLOCK e *2
AGND [.GND ANVppD D.Vpp Vags+

%‘m—

BV

P

*1  Can be wed for interrupt mquest signels 10 the CPU.
*2  Cen apply 5 clock to the CPU, {up 1o 8 MHz)
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2. Serial Moda

The serial mode includes serial mode 1 and serial mode 2. Described below are the functions of tarminals operat-
ing in each mode.

SERIAL /O OPERATION {Serial Mode 1, 2, MC = L)

Sorlal Mode ? Sarial Mods 2
Symbel | Pin No. (Extarnal Sarist Clock, Ag= L) {Signat Procsmor Mode, Ag = H}
vo Function o ] Function
850 7 Output Serial output (three state). Data sre
ouipat st the (sdling edge of SCK or
SCKQ.
&t a Input Sariat input, Data read st the rising Inpin Cannect to Vpp
odge of ECK1 or SCKO.
SHIFT L} Input Shife Select (H: LSB firty, L: MSB fint)
5CKO [ - Connact to OND Output Serial Clock Output {= Internal Cloek)
SOEN 1 - Connact ta GND Oumput Seria) Output Enable (= Active Low)
CODE 12 Input Code Select (H » 2 3 complemant, L w Binary}
DEV1 13 Inpus Divixion Hatio Setting DEV, L L H H
DEVOD 14 Input pEVY L H L H
Division Ratlo Ve |2 ial 18
31:] 19 Inpyt Adedresa strobe Input MPX addresses | Input Conmect 1o GND
ars laxchad st the rising edge of 5T
Inpur,
SCKi 2 Iopait SCKI controls the shift vparation of - Connect to Vi
1O intertsce shify register. Data are
output wt the falling #dga, and input
&t the rising sdge.
cg 2 Inpat Chip salect vipnal input. Low lsvet of | Input nternal sequencs reset signsl input.
£E reents the intommal sequance, and Sequance controlisr 4re reset st the
170 inrertace is snabiled, low leval of T3, snd A/D conversion
stars ot the rising edge of CS.

Notes: 1. In serisl mode 1, she foltowing signale are strobad by the C3 signal. Therafors, the input signels sew ignord and the our
Put terminsis bucome high impadance when G5 = HIGH.
Input Terminal: $t, 5T8, SCKI
Output Termingl: S0
2. in serinl mada 2. the intarnal sequence resat signal (G5} specifies CHj.

12




M__
21 Serial Mode 1 ‘

Serlal mode 1 supports the serial data 1/0 when the CS signal is at the low level, outputs the serial data from the
falling edge of the serial elock signal {SCKT) entered from the external circuit, gnd fatches the serial input data at the
rising edge of the SEKT signal,

Hf the MSB-first data is specified {SHIFT = L}, the lust thres bits of the 10-bit serial input data for the MPX ad-
dress selection contain valid data. If the LSB-first data is specitied (SHIFT = H), the firct thres bits of the 10-bit
data for the MPX address selection contain valid data. This MPX address data latch in the PD7004C §s implement.
ed when at the rising edge of the 5TB signal. The Jatch can also be achieved at the rising edge the CS signal, if the
STE signal is fixed ot the Jow lavel,

The A/D conversion starts from the rising edge of TS signal. The EOC signal changes to the low level a1 the end
of the conversion to notify this to the sxternal environment. The tims required for the AJSD conversion is the same

& thet required in the parallel mode. The EGT signal changes to the high leval from the falling edge of &3 signal.

The A/D conversion is repeatediy operated when the TS signal staye in the high-level and the EOC signal remains
in the low-levet,

. Serla) Mode 1 Timing Chart

15
1

:

: '.f : |I g "‘J TV ‘

5
- {SHIFT » )

(SHIFT = #2)
5TH — f
50 : L
(SHIFT =) == ——~{ M3B {2nd X 3ra {2t J Bin )\ ooh X 7on Y\ an Y on Y 150 }-
KSHIE'?-!-H ‘-——-’{_LSBI%ISmKMx&mxam_xnttlt-!nd_LanXMSB -

The 3 low-order bits of the sarial input data serve a3 channel selection dats.

Bth L L L L H H H H
9th L L H H L L H H
158 L H L H L H L H
Channel | CHg | CHy | CHz | CHy | CHy | CHs | CHg | CHy
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Sarial Mode 1 Sequence Timing Chart

Convession AJD Con Conversion AJD Con-
' Data Read venion Data Resd L version |
MPX Addrass ) MPX Address y

Example of the Interface with the HPDTBCOGA
Fig. 2 shows an example of the interface with the uPD7BCOGA

Fig. 2 uPD7004C/PDTECOBA connection

HPOTBC00A ';' ©-voo HPDT004C
m“
51 * $O SHIFT ——
_SS -] SCKD pi - B.VpD
SCK SCKI SOEN |—
_ cope Serial Mode 1
PAg 3 DEvy |— +  MSB-first
oy * 275 Complemant Code
By EoC DEYE « Division Ratio: /2
$78
fOUT CLOCK MC
Ap
Ve D.vpn
ANDD
VREF CHo? Analop Inpug
=5V .
GMND I D.GND
AGND A.GND

PouT * 2 MHz
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uPDTBCOBA contgins g sarial interface circult and handlas B-bit data Transfer, Therefore, the nPD78C08A
operates 8-bit data transfer twice to hendle the uPD?004C’s 10-bit seria! date transfer. The timing of the data
transter Is shown in Fig. 3,

Fig. 3 Timing in sarial mode 1 {connection with uPDTBCOBA }

EBE (Pag) '
THirag '
$X1 (sTRy RN AT AN AN AR W VAW e W a W a W aWa W aWall a W e
oYU s CE £ ) €I 700 (I TS ST 0 (%0 (2T LT ———-

Convorsion Data _ " o

S1i80) 122117108 Pa )

*1  The dsta enteved through the 51 terminaf is cutput from 50, _
*3  Chynnel seicctor deta is latched st the rising sdps of the CS signal when the ST8 signai is fixed at the low level.

Channel selector data

D2 L L L L H H H H

Dy L L H H L L H H
- Dg L H L H L H L H

Channel CHp | CHy | CHy | CHy | CHy | CHs | CHg | CMy

15




2.2 Serisl Mode 2

Serfal mode 2 allows direct connection 1o the seria) interface of the signal processor uPD7720AC.

Shown on the right s an sxample of connectin principal terminals batwesn the uPDZ7004C and uPD7720AL.
Serial mode 2 differs from the other two modes, This mode cannot specify the MPX address to the HPDT004C since
the address is fixed at CHy.

Although the data through the A/D conversion consists of 10 bits, Tt is foltowed bry six bits of high data when it
Is output a3 serial ctata,

These six bits of high data slways follow the converted data for MSB-first or LSB-first. {Refer to the Serial Mads
2 Timing Chart.}

The A/D conversion sequence starts upon the Intializetion, The initialization is operated by holding the C8 signyl
ot the fow level for more than sight clock cycles. The A/D conversion starts when the T35 signal changes 1o the high-
level. The A/D conversion requires 104 clock pulses [Ty ).

The EGC signal, at in the other modes, changes to the fow lavel to notify the and of the conpversion to the uxter-
nal environment. The EOC signal remains st the low level unitil the initiafization is implemented.

The data convertsd and autput immediately sfter the initialization is invalld. Valid dsts is available from the
second output, This is because the MPX acidress is fixed at CHy for theconverteddata output after the initialization,
The A/D convarsion and the convartsd data output sre repsatedly operated while the TS signal ks in the high level.
{Refer to the Serial Mode 2 Sequence Timing Chart,)

#PD7004C #POT720A0
50 St
SOEN wi STEN
$CKD 50K
Serial Mode 2 Timing Chart
80BN .\ o

3

B

tsmgr’- H  —meme L_XL58 X o Y 6th 7ok Bt Y 51n Y 2t Y 3ea Y\ 2no YnicE D---

Serisl Mode 2 Sequence Timing Chart
s ____/
StER J S A U S WY s
s NN~ -~ VUL AU - - - = AU -NAAT- - == YUUF- - - -
30 mre——————— dnvalid Data)- — — ~ — — < ~{ Valld Dsta} — — = mm v Valld Data}- —— —~
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INTERFACE IN SERIAL MODE 2

In serial mods 2 direct connection can be made to the digitat signal processor {:PDTT20AC) and A/D conversion,
unlike the parallel mode and serial moda 1, it operated in 2 periodig cycle.

Signals in the interface, unlike with serial mode 1, ars controlled by the uPD7004C. Fig. 4 thows an example of
connecting the 4PD7004C to the uPD7720AC.

Fig. 4 HPDTODAC/POTT20AC connection

APDTTIONC BPDTODAC AVpp
——
51 S0 EPCO40C
P Anatg
scK SCKO CHy SH Input?
SIEN SOEN
D-Vpp AGND AGND
st CLK #{1 MH2)
CODE cs RESET
€K
Ag D-Vop f———
DEV, AVDD
DEVp VREF+
E——— &8 ? 5v
SHIFT D.GND
- MC AGND o A
D.GND

->—

As shown in Fig. 4, it is poasible to intarface with only three kinds. of signal connaction lines in serial moda 2,
A/D conversion is operated every 104 us cycle (whare clock = 1 MHz), The converted dats is output synchronousty
with the SOEN signal.

The uPDTI20AC’s serinl interface operates 16-bit dats transter, whils the converted data consists of 10 bits.
Tharefars, 6 bits of high data automatically follow the 10 bits of converted data,

In the example above, the external sample & hold circuit {PCB4SC) Is used and the whole operation Is oparated
# a kind of pipe-fine processing. The SOEN signal supplies valid dats three cycles after the reset cancellation, and
then supplies converted data every 104 us after this.

17




PACKAGE DIMENSIONS

2BPIN PLASTIC DIP (400 mil)

28

15
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A

D BN

NOTES

1} Each lead centerline is located within 0.25
mm {0.01 inch) of its true position {T.P.) &t
maximum matarial condition.

2) ttem "K* to center of leads when formed
paraliel.
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0~15"
FIBC-100-400
ITEM MILLIMETERS INCHES
A 35.56 MAX. 1.400 MAX.
8 1.27 MAX. 0.050 MAX.
c 2.54 (T.P.) 0.100 (T.P)
D 0.5p*°'° 0.020 ~8.55%
F 1.1 MIN. 0.043 MIN.
G 3,699 0.13g*0""
H 0.51 MIN. 0.020 MIN.
| 4.31 MAX. 0.970 MaX,
J $.72 MAX, 0.226 MAX.
K 10.16 (T.P.) 0.400 (T.P.)
L 8.6 0.339
M 0.25-8% 0.010 78633
N 0.26 0.01
P 0.9 MIN. 0.035 MIN.
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(MEMO)

No part of this document may be copied or reproduced in any form or by any means withour the prior written
consent of NEC Corporation, NEC Corporation assumes no responsibility for any errors which may appear in
this doacument,

NEC Corporation does not assume any lisbility for infringement of patants, copyrights or other inteltectual
property rights of third parties by or arising trom use of a device described herein or any other lisbility arising
from use of such device. No license, aither express, implied or otherwise, is granted under any patents, copyrights
or other intellectuat property rights of NEC Corporation or of others,




