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Abstract

This project is set up to develop voice scramble protection system to improve security in
communication. The transmitter will encode the sound from analog into digital system. The digital
system will be decoded and broadcasted. The decoded digital system will be encoded into the original

sound analog system.
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2.5.3 Switched Current R-2R DAC
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2.5.4 Switched Pole DAC
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Logic 1 = Switch Close
Logic 0 = Switch Open
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2.10 lulnsneuInsames MCs-s1

- v ' ' 4
TuTnsnouInsamaddgminn1¥nusdaniesnaluaudiugie wu infesldnly
A e ' 4 o .
T (nFoesnd , meuluTasnd | ndesswg)  luao e FAX , Laser Print) 1u

SOUUA  Airbag , ABS , naRIURNiIaa ) Wiudu

2.10.1 gareniivedlulasneulnsaneinszga MCS-51 lanu3iim Intel

- feamsunaniold +5 v gafiun

- findawnnus TU5unsY (Program Memory) 9117 4 A Taluddmiuiues 80siuas
8031 dmFuiues 8052 Twviroanudii g Alalud

- fimbeanusidmiufiudoya (Data Memory) vina 128 lug  dmiues 8052 o
Tuiitia 256 Tud

- miwanuhdmimiuTisunsuazdeyausneiniusdisas 64 ilalud

- flmiwesuaziamilaoivuneg 16 1in 2 g8 (Fm$u 8052 u 3 ) H1a'1ld 4 Tnun

_ SuBumosswiIg 6 unde s nawed dmiuwed 8052 Jui 8 uvas 6 nnmed

- uwmmuawagaaqnm (UART) 2 wo3au Fuli Duplex l‘anﬂ'g‘lJll,‘U‘lJ'l.ﬂ 4 Tnua

. fifrdalun3¥h AND , OR 130 Complement 1é¥auuy 8 1in az 1 fin

d Il of
2.10.2 Wesaveslulasnouinsamediwes 8051

T
PlLO[] 1 40 [ 1 woC
PLi[] 2 gl JPo.0
PL.2[ | 3 38 [P0
P1.3[__] =+ 37 [Tlen2
PLa[ |5 a6 [ _JPD3
P50 s 35 )P0
PLE[ ] 7 4 C)P0S
L5 W s - A3{ ] POS
RsT | @ 2[Jro7

Pa.0/RxD [ 10 E n[—] EA

PIA/THD _f 11 £ o[ Aae

PA.2/THTO |12 E [ ] FREN

P3.AATIC {13 i @[ r27

PI4Te T |14 27 1P26
P3.5TL []1% 26 P25
PR.8/WR [ 1s 251 P24
PAYIAD [ 37 241 P23
XTaz []:= 2a[JPr2
xTaL1 [as 2 P22

vss [|20 21 1P20

U7 2.20 mssamavivesTulnsnouTnsames 8051
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A =1 ¥ o 7
8051 1T luTnsnou Tnsanesana 40 41 v q fadl

Vee (¥140) Aofin +5 v

Vss (91 20) tiluv1 GND

WosA 0 (11 32-39) Tavum 8 Tnfte (P0.7-20.0) 1§amild 2 niritite Mumermives
uemaseimmyadnimiodosmsanretumisaiinioueniadiiloTonesa
EroamsTihauiudunanoiadosdeasin «17 Tgamesat  oeiinald Q vos
D-FF 1ihu “0” ¥i1 ¥ FET #a wileroug “OFF” ﬁtytmmﬁ’la’fmuﬁuumwa{mnawi
Taudadayg i Read Latch ‘lﬂnswqu‘n Tri-State Buffer AIUN  1AZA1387U Port (pin)
vz 1990y 101 Read (pin) wasnu‘lnuﬂ11nmumuuaﬂwmu1u Faermaluguit 2.21

ADDR/DATA CONTROL Veo

we o ==, e

INT.BUS
WRITE

TO [ : ‘
LATCH :

<~
READ o

PIN

A. Port 0 Bit

317 2.21 uzrmaTnssardnueanesa o (Iin)

Woin 1 (1 1-8) ianun 8 Tinfte (PLOPLY) Tinsaadendionedn o udox g
mumuuaawmulmmu (Internal Pull Up Resister) HTassaiadagud 2.22

Wo3A 2 (11 21-28) Tvianun 8 finfe (P2.0-P2.7) Hlnsaadrendunesa o

Iavdll FET mmqmmm mumuuu“l'nmmnmmuuaﬂmmu (Internal Pull Up
Resister) Wefaiieiu 2 wihite  museldithueamsatavinn 8 o (AlS-AS)
o ti'lu‘la'iawasn‘l%qmm'lﬂ mm..“lmmli'luauvgwwasﬁmmmamn “1* i
woiniinouionsiuld FET agluan1iy “OFF" Aauemalugalii 223
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Vece

INTERNAL
PULL-UP*

P1.X
(]

B. Port 1 Bit

P -
11 2.22 uanalassadravvanein 1 (in)

ADDR/DATA CONTROL Vee

READ L ! INTERNAL
LATCH q—‘ | PULL-UP*
- _
INT.2US S ; -
WRITE 0o (]
P2 ' L
LATCH H i
ar Q ; }(T MUX
To ¢+ ;
LATCH :
] ;

C. Port 2 Bit
U7 2.23 uameTassadraveamadn 2 (dia)

Wein 3 (41110-17) fivianun & infte (23.023.7) Tlnsaadrandiowoda 1 a1
2 winife dhulelonodn ez Tihunsulidhibunmmnoiadesdeanin “17 i
wesafinou un~annumﬂmnna"l-nmﬁmtmmmuf]naﬂﬂm uaziudyguniungu
Wl dyapudis qumuun"uTmaﬁﬂamzﬂn 2.24

P3.0/RXD dunildsudoyauimeynsu (UART)

P3.1/TXD dunilddedoyauuueynsu (UART)

P3.2INTO  I¥udygumsvasimazanneuenues o

p¥INTI  Iudygnumsdedimmznnnuoniues |

P3.4/T0 visudyyranadounadn 11813993 Counter 0
(fuduna Tnuananines)

P3.5/T1 wiudyyraiadounadh 11l Counterl
(fuduna Tnuannimes)

P3.6/ WR ndganuauguns@oudeyaamiisnnuiiniouen

P3.7/RD iy maugumssmdeyaninmiznnudiinivuen



23

ALTERNATE
OUTPUT
FUNCTION
|
READ - | Yeo
LATCH |
|
| INTERNAL
| PULL-UP*
INT.BUS = !
e
nx i
LATCH L
CLHQ
T0 —— 0
LATCH A |
|
READ - I
PIN B 1

!
ALTERNATE
INPUT
FUNCTION

110 2.24 uamsTassadraveanesa 3 (dim)

ALE (11 30) r'i'lumr'fm'iﬂmmﬁm'lﬁumsunmunﬁmm'lmm (A7-AD) fida0n
11970 (WB3A 0) ﬁfgfmﬂluﬂ“uaﬂﬂﬂnﬂ‘] 2 nfalu 1 il

PSEN (n 29) r‘ﬂmnﬁTmmrlhﬁmsumwnyamn Program Memory NI0MON
Fyanaiiediwon 2 ﬂﬁﬂluuwamuwu'lmma uAtuiluN176 11 Internal Program
Memory oz i dygueeniinil

EA w31 WidenmiwanudiTdsunsunwowen  flou “07 szamTusunsuein
meuendd uaztlou «1” vgdmTdsunsuonniolusd

RST (19) duwSiin wiinldidailotiounsdn «1» hitvitiumiodisdion

2 uuyyulafa

XTAL1 (11 19) ldnenTansaniouenlaoiludunadigrasoeadammes nioly
XTAL2 (1 18) 19renSaneanisueniauihue dyavosransooadaawes nioly

T ATALZ
QUARTZ c, MCS.51
CRYSTAL HADE
OR CERAMIC == OR CHMQS
RESONATOR c,
1 XTAL1

|
11N 2.25 2svsadndonveslulnsnouTnsamod s0s:
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3 4 A
2103 m'ﬂm‘mwamaamsaqnﬁmm‘u Single Processor

nesadomsoynsudilassademsmauhuuuiiton dagmand Full Duplex)
ansaiunazdadoyaoynsulAlunandoiu

- maduda e <D (mesa 3.1)

- M9 RaD (We i 3.0)

Serial Port Buffer (SBUF) 14idhniviosdmiviunazdedoyaoynsulasiiog 2 i

- nsredoyn Soyndivrda1¥lal SBUF Taoldwida Mov SBUF, A Taum3oudoyn
fuzdadh A dou

- mssudoya douansui¥ezegiu SBUF mstiodeyasenin1diids Mov A , SBUF
uddairtoyalu A 1l

nesndomsaynsyannsaTusunsumsian ldmare Inuagoiu lavdonfiiin sMi1

4 v -« « ] n’r 3 [ 4
uaz SMO HwegiuiTemoiniugu SCON  nisvhauiis 4 Tnuaveanasndomseynsulisail

MmN 2.1 l!.‘ffﬂﬁTﬂnﬂﬂBQﬂagﬂéﬂmiﬂqﬂi11

SMO | SM1 | Trua | m3mam

0o |0 |0 Shift register 117115 2 lumsFumTedioyariii (1/12) vas CPU 0OSC
0 |1 1 8 Bit UART anwia luns fun3adedayadmun1den Timer 1, 2
1 |0 |2 9 Bit UART anui lumssumiededoyaniiu (1/32) we (1/64) nvhves

CPU 0SC Tav¥usuiia sMOD lu PCON

1 1|3 9 Bit UART Anuidalunsfuniedadoyadmuni Timer 1, 2

SM2 fimdenn i Single Processor Mode VEL) Multiprocessor Mode
0 : 1ion Single Processor Mode WavuTnuae 2 .3
1: 189N Multiprocessor Mode “lﬂﬁﬁ'unn'[nuﬂ

REN(Receive Enable) fianaunuliunielifudeya

¥ or 9

0: Musuveys

1: Sudoyald

L
>

1 wlans T1 szifiu 1 dlefiugamadedoya 1 Tud

A o o
RI uwand RI ez 1 dieFudoyaiade 1 lua(da R1, T1 fiiouTilsunsuezdeuniosioa)

1

= A A ¥ Yy l:;
TB8(Transmit bit D8) {oyaiiaf 9 hezdvenluluTnua 2, 3 Mldludal

a ] ] o 4 a »
RB8(Receive bit D8) Yoyaiinh 9 Rudnsznuivuluiall
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o = L A = - r A
Tnumo: waméamsaqnsn 8 in Tasmsdsdoyavzifouneniinziin lavasiia DO
' F] ' 1 . t t .
aon TUfouN19¥1 RxD 189910 Liimses Start bit uAezay Shift clock 18

U1 TxD

Baud Rate Mode 0= (-113) CPU OSC (2.15)

RXD 1 0 | 1 1 21 31 41 5161 7.1

[EpSS i H i T -l

5 XN I O I O

S

TI l

a 1 ' 4
TUn 2.26 uﬂmmimi’fagamuwmﬂéamiaqnmlnnﬂ 0

Tnum 1 : wosndomsoynsu 10 G foya 81im, 1 startbit UAT 1 stop bit UATAINIIA
' [ F L
wavuidas auSlunsdadoyald Taviiududia sMOD lu PCON unz

o o s .
da51017 101797 IWa3v09 Timer 1,2

2™ xCPU 0SC (2.16)
32x12x[256-(TH1)]

Baud Rate Mode 1 (Timer 1) =

CPU OSC
32x[65536-(RCAP2H,RCAP2L)]

Baud Rate Mode ! (Timer 2) = 217

TXD | 1011
Start bit Stop bit
Tl L

] ] L] o+
U 2.27 uﬁmmsmq’:’aqamuwamﬁammqnsn'[mm 1
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Tvun 2 : wodnffomsoynan 11 Hia Yoya S 1im, 1 start bit uAz 1 stop bit (TBS Hity

innlgee Parity b audrlumssudadoyamindy 132) wie (1/64) o
483 CPU OSC Taguuriviin SMOD lu PCON

Baud Rate Mode 2 (SMOD = 0)

(l) CPU OSC 2.18)
64

Baud Rate Mode 2 (SMOD = 1)

[—L)CPU 0sC 2.19)
2

TXD 101112 314151617 TB8]

Start bit Stop bit

I ) o

31 2.28 umamsdatoyarunesademsoynsu Tnum 2

Tnun 3 : wosaflomsoynsy 11 bit UART Tnodoya 9 bit, 1 startbit naz 1 stop bit
mifouTnun 2 ondusasiniuiaszdududa SMOD 11 PCON tiazéas)
Toi07 Idaivos Timer 1 (§ Wi 8051) ie §n31Te193 Tratuea Timer 2
(@M1 80C154D)

2™MPxCPU OSC (2.20)
32x12x[256-(TH1)]

Baud Rate Mode 3 (Timer 1)

CPU OSC

Baud Rate Mode 3 (Timer2) = (2.21)
32x[65536-(RCAP2H,RCAP2L)]
TXD 0111213 4151617iTB8]
Start bit Stop bit

TI - T

7107 2.29 uamamsdadoyasinmodndomsoynau Tnun 3



nst¥oudeluTns Tdsawedidefudidayaeynsy (UART) Tieg 2 Tuuadaudufie

- Single Processor Mode

- Multiprocessor Mode
Single Processor Mode: Tulnuathsnz 18l InsnouTnsames 2 Fadourd iy
Multiprocessor Mode  : TuTruailis1oe 14 TnsnouTnsamod 1 #ufhudaunl (Master)

wazdn 0-255 Wuagn (Slave)

Serial Control Port Register (SCON) fj 11 SFR ditv1ia 98H

SMO | SM1 | SM2 | REN | TB8 | RB8 TI RI

317 2.30 swaziBuavesiSmans SCON

Power Control Register (PCON) 811 SFR dmua 87H

SMOD | HPD { RPD - GFl | GF0 { PD | IDL

11/ 2.31 swaviduavesIdmaes PCON

Time/Counter Mode Control Register (TMOD) 8¢ 1u SFR diwmtia 89H

GATE | ¢ | Ml | M) |GATE | ¢F | Ml | M0

N N
Y ~" 7

TIMER] TIMER2

317 2.32 Twazidvavesivmmes TMOD

Time/Counter Control Register (TCON) 8 11 SFR #11m1i4 88H

TFI | TR1 | TFO | TRO | IEl IT1 IEO ITO

71# 2.33 swAzEUALBs3 FenAa TCON

TH1 8¢1u SFR @umua 8DH



215198 2.2 uaraam 1% Timer 1 H1MUA Baud Rate
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TIMER 1
SMOD —
Baud Rate CPU OSC C/T MODE Reload Value
TupcoN
(TH1)
MODEO (max) : 1M 12 MHz X X X X
MODE 2 (max) :375M 12 MHz 1 X X X
MODE 2 (min) :187.5M | 12 MHz 0 X X
MODE1,3 : 625K | 12MHz 1 0 2 FFH
: 192K | 11.059 MHz 1 0 2 FDH
1 96K 11.059 MH= 0 0 2 FDH
: 48K 11.059 MHz 0 0 2 FAH
: 24K 11.059 MHz 0 0 2 F4H
: 12K 11.059 MHz 0 0 2 ESH
: 1375 11.059 MHz 0 0 2 1IDH
: 110 6 MHz ] 0 2 72H
: 110 12 MHz ] 0 1 FEEBH
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2.10.4 M3WONAB MCS-51 IHB1%Y
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1A
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y * = Ve 10k 16beF
o RESET P25 |-——— RD cumﬁ%h
" P26 [ WR  CIKIN —
-L P27 —— INIR
o MCS-51 < v
| 2 X1 PLO D0 O Vinkt) b— ="
— PLI DI &
3
womae | o P12 | e U
LA P13 |- D3 9: O
P14 D4 po
PLS | D5 Vin()
P16 D6
P17 D7 Ve Ayl
AGD G DGND
2 L _L

319 2.34 msiFoude MCS-51 1€11iu ADC 0804

-
“
£

]

n

11.0592MHz
I -
[+]
c1| Xi = 30pF
Eupr L
- = 9

A

%z:ﬁf—;ﬂc
B =
L
A

-

TTWWWTOEW
N nawn—D

MCS-51

=
=
el

LM 136-25

HY (Vuh
.

y A | Y
31 2.35 msieuse MCs-51 197U DAC MC1408L



2.11 BiM2-433-64 (RF Module)

BiM2-433-64

HugunsalflFlunsdndedeaisszuuisaalfme

30

&
Fanwluez

T { o e ] y do, P
Usznoudis dawidmbhilunisuegmadyanuisasamennud wavdmfivimihilumsage
ar sy { ‘* o e
gaadyonuataoaninnud Fuzudasuienlaezunsy 1 i8gun 2.36

GND (1)

Antenna {2)
RF GND {3)

NC {4)
GND {5}
NC &)
NC (N
NC (8}

Gnd ()

= Gnd {18) '

J@:%V

4= CD (11)

22 2
Ve TXARX ;
: — voe {17) .
we-4—{ Switch o
e g R Bt (18)'
™ TX sedocl {15)
W _
= TXD (14}
ag .
Adiptive Data Stosr AF (13)

e Drata cut (12)

ATD ’r' GND (10}

1
o o
117 2.36 vdenlaoznnTy BiM2-433-64
AF GND 18 ¢ voll
Antenna 2 17 Yeo
RF GND 3L 16 RX selact
NC 4 [ 2 115 TX selaci

14 TXD 23mm
L 313 AF

1 312 RXD
¥ Y1 D

imavon |

> : recommended PCB hole size: .2 mm
)! pin pilch: 2.54 mm

3107 2.37 nrAsdnE 1319909 BiM2~433-64 UL IW0INA



2.11.1 fuaniiAved BiM2-433-64

- aunsosumSedidoyaldnwludn@uad (Transceiver)

- szuzmnalumsiumSedadoya 50 was(nelueins) uag 200 was(niouenINTg)
- anudrlunsfunSededoyngaga 64 Kops

- Mfdade 10 mw

- dusedu IWifios 3 - 5 v uazwnszua 1y 20 mA

2.11.2 516aZ88AMNTIVBIUIAN9

2 ’
- RFGND Hhwinsaved REGIAuA 11,3
ﬂ w & Y w ) % v
- Antenna fhindmiudounaiumoeims 391Aus v 2
& ’
- GND g e F91dud v 5,9, 10, 18
o . & ' 3 a
- CD HUIEMSUN329801 Carrier Detect ¥11910 v1 11 Taodhdaonus

‘ﬂ a g A A Y Y o
1hianan “*0 ﬂuﬁﬂnmuumswmwawayaumm

L] o ar A 1
- RXD fhundmiviudoya Faldun v112
or ) A 1
- TXD dlundmivditoya sa18uA 1 14
4 r o A 1] A -y
- AF Wuvifisessnuinntivies nolu 3a18ud ¥ 13 Fanwludd

o o ] I ar s v T = os
e fasrengiuiamos idoogiuransdveganisdiiy

»
wiflaasTiaduiuauginnn 2 k€ wazilooni 100 pF

1 A 1
- TX dhuvidenTnualumsdadoya H914uA v1 15 Taveziihu Tnualy
L 4 d’ 9 o) -
msdsdoyaiioviii 1aTuanin <o
- RX dlunidonTnumlumsudoya $914un v1 16 TavezdiuTnualy
o 3 A ) 3 o = .
msSuveyaiilonil1dsuanin <o
»
o a E] t
- Ve Wuvns i Wdee 3-5 v §31dun 41 17
IO N & '
- NC Aunitlddin o #ldus 4,6, 7, 8

$13791 2.3 uamalrualunisiiauves BiM2-433-64

Pin 13 TX Pin 16 RX Funetion

1 | — 1: A pawer 'd:own (<1pA)
1 0  receiver enabled

o 1 © transmitter enabled
0 ' 1
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MsoBntUNaMIEig

3.1 HAPDHISHINHYDITZVY

psmauresszuuuiseeniiu 2 diulnajafe duvesmadaazduveaniady

Microphone

|( }-—-.. Pre-Amp » LPF » ADC p  MCS-51 » RF
Module

NG R
Speaker
RF b A
Module MCS-51 DAC Amp ‘.[ﬂ
mAsy

11% 3.1 rrmandnms i numadae e suvesszuy
3.1.1 FIUVBINIADY

» ] »
1. 299stffueud dmhitumsvoedyapaisudinnnlylas iy oimiudads
fynoueeyai 14 Tk nsesnutiarAmde 1y
o 1 ide 3 ' A o
2. 1993n50eambatA L (lulavsnsssnnuingind 4 KHz Miuhl1d e feadu
= = - o -] =, ar LY t
msifaeiduads myznssmasdyauemnasniluairealidnsinisquiotie 8 KHz
ar o ey o o o o =, [
3. 2vnlasdgguuowndeniiudiaca sxbmihnlumanladygyseuidensunald
o o -e‘ o 1 o o ar & o = o
anuiudya udtasafiodys Tavliszdumsmenng 256 s2dn Faezldswuialumsda
seAudygadiuv 8 tin
s o W o o ¥ o4 T Y
4. lylasneuTnsamed sxiimiinlunmsaiuguglnssiseudiefirouaainiu Mcs-51

uazid gt lunissunsuwaesvayadndu
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o v o 3 aa T - & 3
5. RF Module ﬂ'&’“’]ﬂu]WTNﬂ’ITHﬂﬂlﬁﬂﬂﬂyﬁﬂﬂﬂﬂﬁﬂfUHﬂnT VINUHUNITIDDIN

é a = A 4
AWoIMAMNININTARAD A DT

3.1.2 auveIaiy

ar

[ T »
1.RF Module aximilfilumiduegmadyauniudnnonmenima simiusads

douansuTdllszuranade T

o : Qs L] A
2. Winsasulnsames vimibhnlumsmuguglaselludauvesniaiuuasimihn
Aaunasumestoyanlaiudnndnd Aeudshlulautiudygraewndendety
ar ca o o ]
3. nesudasdygrnadaeaiuourdon sevihmihinlumnialasdyanatnoaiiy
pwiaen e ladgygandosdoyanduiumn
° w w a oy o a A4 A y
4. 995uenl) aihmhalumsvsedyganduoyalfiiueumageiigaiunoudienn

#1Tna
3.2 mseenuuusasi3neuillalaslvy

pesfuenilulas Ty sxhmhiivonodygradosfizudwinnlulas Hudaesd
woundgaRA NSz 20 MV emfusnhdygaieinai 181 A AU slnedy g
pwdoniiuftaon Fwsiimsthrsdudyanolidiv s v dnfudygimeidnaiiosnsinis
WBuoudTuTasTumstinewwdgaliiiu 5 v

MIATUIANIEAI 1wwYea391S uauil luTns THumansad i 18 nauns

\Y
A= —2
v,

4.5
20x10°
225

1l

1+& =225
R

@on R, =1KQ
R, =224 KQ
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6-9Vdc

Buffer ? +15V
|
!

Non-inverting Amp

fuF

3107 3.2 209515 ueuil T Tns Try

3.3 M0dNUL 19T mmmm?w‘i 101

3 =y

MIDONUULNITNTON NUDAIHIUAWI TN TUTZUIMANIDY Butterworth

(o)

A

0.97

0.01t , axrad | s)

1 [
T T Ll

a, =27(1750) @, = 2x(3800)

U 3.3 UETPINANDUAUDINIIAINDYDI LPF RIS

g

& dde 1 g ' = ]
o aonnvaRfmualisutndininnud (Dp F~|'I1.l“l('%J
o a4

a 5 3 ' < ' v
o feanudnfmualdanudingannnud o, diulyld

h.

e ABUBURAPAVDIFYR WA NI O,

QR R £

] a ar o "
min  NOUDUAAPAYBITUYIUNANIUDNYA O,

° ' o a o ] @2 ]
NMINTYUAAT OL Az 'ﬂﬂ’J'Il.IﬂH'I'HLi]ﬂﬂu1ﬂﬂﬂ1iﬂﬁﬂﬂu1ﬂﬂﬂ ‘iNﬂ’l'H'llﬂhIﬂ'l am =0.97
[

)
A o

e m e \ d g
iioviimsuewealad luiuoaRuidumssmuan o . fianudngaisiveyItiinsiiuves

o o ' A4 o o
dynaldihe Sedmualie o = 0.0t iisimsuenealas
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w1z lumaias Mennsodmualdfianudsing o dfma,, =1 nziANGIYR
@, i o, =018 myzseilddiduvenssnsewmmnuiarmdalidiie Feldaunsoata
1A lumanlgiia

mifmuamnEngs O, ndsams i inwigaind akez hansareennid
iRaimualim @, = 271(3800) radss (Wade Blumalfid) daumsdmunmanmi@nm o,
15 IABIMTOBNULUNDINTBIANUEMATIALH 8 (3139 munliieh o, = 2T(1750) rad/s

oz lumalfiam Wannsedmualimondin o mhifuaing o, 18
(Sharp Cut-off) (W3 1z9z I MALVEsnsRInLBmIF LT TS fe Felimwsoadield
Tumalijiia

100.lamin _1
loglﬂ loﬂ.lamax -1
2log,, [&]
o,
a =-20log, |T(jo)|

e = -2010g,,0.97) = 0.2654B
i =-2010g,,]0.01} = 404B

10140 _q T ]
log, 10010269 _

= =| =8
" 27(3800) |
2logy,| ==
i 27(1750) |
(/)
a, =
(100.la _1)5;

O, AD=0, o=,
27(1750)

(1 00.](0.265) _ 1)5(13_)

= 271(2080.244) rad/s

Wy =



0,i0=0, >a=0,_,
27(3800)

(1 00.1(40) _ ])ﬁ

= 270(2136.910) rad/s

Dy =

271(2080.244) < . < 27(2136.910)
C

o n=8 “fwaug
180" +k360°

2
g 2k

A 1R Af 190 Tnaegniadhoves s-plane fin 90° <6, < 270°
6, = 11.25°% +22.5%

= £101.25%, +123.75°, +146.25° , £168.75°

9
S, = ¢ = cosS, + jsind,

W
il

.= ¢0s101.25° + jsin101.25°
S, = ¢0s101.25° - jsin101.25°
S, = c0s123.75° + jsin123.75°
S, = ©0s123.75° - jsin123.75°
S, = c0s146.25° + jsin146.25°
S, = c0s146.25° - jsin146.25°
S, = cos168.75° + jsin168.75°

S, = ¢os168.75° - jsin168.75°

1

T(S) - Bn(s)

Bn(s)= H(.r - 5i)

i=]

!

T(s)= (s=s1)(s - 52)(s - 53) (s —s4) (s - 55) (s - 56) (s — 7)(5 - s8)
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W52 (s-5) (5-5,) s'— s{s+ s, 5, 8,

il

s’ -~ s(2c08101.25%)+ 1 = 5240.390s+1
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(s-s,) (ss) = s —s(2008123.75%)+1 = §+1.111s+1
(s-5,) (s-s¢) = sz—s(2cosl46.25°)+l = §+1.663s5+1
(s-s,) (s-s,) s 5(2c0s168.75%)M 1 = 5™+1.9625+1
T(S)=l: 7 1 }{ 7 : [ 7 : 2 1
§°4+0.390s+1 || s°+1.111s+1|] s +1.6635+1 || s> +1.9625+1
_ 1
(sz+0.39Os+1)(s2+1.llls+1)(sz+1.6635+1)(sz+1.962s+1)
2
@
T(S)LPF = w .
S+Ls+af
T(S)=21 21 }21 }{21
s 4+0390s+1 || s“+1.111s+1 || s°+1.6635+1 || s° +1.962+1
o =1
@, =1
a)ﬂ
-6-=0.39o = Q, = 2564
1
(DD
—Q—=1.111 = Q, = 0900
2
Wy
6—:1.663 = Q, = 0601
k]
Dy 1.962 =
=L =1 Q, = 0.510
4
mylfundALasa Mg
R, = KmR,
@onl¥ Km = 1K) => R = (1K) = 1K
1
= C
new Kma)c old

Aonly @, = 2T(2100) rad/s
C - Cold
" (1KQ)[ 27(2100)rad /5 |

= (75.788X10°)C

old
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713190 3.1 na@amstSundent C

C,.~ (75.788X10° )C,,

Culd
Q, = 2.564|Q, = 0.900|Q, = 0.601|Q, = 0.510
1
‘26 0.015 uF 0.042 uF 0.063 uF 0.074 uF
2Q, 0.389 nF 0.136 uF 0.091 uF 0.077 uF

i IK | K

1K

0.0¥5uF

0.063uF 7
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3.5 MIvONUUMIFBNAD ADC , DAC Hag MCS-51 1408y
A ] I3 : o Y ¥ - 8 = o o '] ]
msreudognsainimudaddeiu IzAsIMTIUdMmManmshuvesqinidlusay

»
Q4 oL L% 1 A t o ]
@2 mwums1i]z'lummsﬂaﬂnuunmimuﬁauﬂzﬁuu'[ﬂmﬂsumm]un'ﬁmqmﬂmqﬂﬂsnfuw

azAa 14

bith .
UM T

agrgead e
tim. I —=] pe—-

a8

111 3.6 namelmozunIuN1INAIYDY ADC

o - w2 )
when X 1 e inpul Goack and
AL = By = Ragr

o o 4
1Y% 3.7 uamamsisousio DAC e l¥u

i LY. 1 oy o o o (4
f15199 3.2 llﬁﬂ\'lﬂ']'lnﬁnwufiZ'H’]'I»'lﬂ‘l]?'lﬂﬁﬂuﬂﬂﬂUﬂu’lﬂﬂﬂlﬂ’Iﬂ?jﬂﬂﬂ\l DAC

o _ |+ B2 B3 B4 BS B 67 Ba Eo
Pos. Full Scale . t 1 1 f 1 1+ 1 | +boon
| Pos. Full Scale-LSB Tt * 1 ¥ 1 1 1 0| ser8g
(+)Zero Scale 1 0 0 D 0 @ 0 O +0040
{—)Zero Scals 4] 1 1 * * 1 1 1 ~0.040
Neg. FullScalest S8 |G O © O -0 O . D 1| -6.860
Neg. Full Scake 6 0 0 0 0O O O O| -0pe0
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*5y +5V
Q
! o
2 A0 L 1/50
7 17 8 —
mode VoS DBET P17 Ve RET
12 18 7 1K
Vrefi+) DBs P18 3op
15 8
D&s P15 Xtah _r..—.{"’
vi 1 " 5
Oo—  vm B4 P14 — 12MHz
s ‘ AT W
e DB : ; PL3 Aalz =
DB2 P12 3op
R 2 MCS-51
oB1 P11
2 1
DBO PLO
_|e 18 "
WR Pas PIANTD | — o Tx
" | 1”7 —
Vel ] P1/RD I—> RF module
13 ) ki)
[o::4 GND INT P20
10

RF module
= 12 10 '

PO.7 PLIRMD |————0 Rx
1 2
PO.8 P2.7 {—~—SCRAMBLER/DESCRAMBLER 1
M z
P05 P2.8 |~ SCRAMBLER/DESCRAMBLER 2
35 2
Po.A P25 |— SCRAMBLER/DESCRAMBLER 3
3 25
Po.3 P24 | — SCRAMBLER/DESCRAMBLER 4
a7
PO.2
1]
PO r2a 22
kL]
PRO ysg
Jjo Check TRRX
1%
*OV 28V
0.1nF
‘.__{
13
i 84 ¥¢ o vrel(s) LM138-2 5
[
B2
7
B3
]
B4
H 15
BS Vref(:}
10
B8 DAC 1K
1"t ]
BY '
12 Rref=5K
BB
4
o L 2
|2 3 Yo
V- comp o 2
] l_]"' Rreth% A8y
0.inF | 0.01nF
- 15y

71111 3.8 2995M5I¥BUAD ADC, DAC tiag MCS-51 ey

A 4 : o v m ar o d i
miweusegunseiiamudiindedu Al lemdnnfie Tusunsuiiegnolu Mcs-51
& i & ' w H
FuthiTsunsunuquginssindousodiy MCs-s1 anua saudaTlsunsumsaunsmuned

< v 8 ¥
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3.6 NANM 311 NHYEI MCS-51
<y . d
TulasnouTnsamed Mcs-s1 szvimifinlumsniuqumskiauvesginisiseudiai

L] A 1 L or -3 i
shunFoudeniu MCs-51 uazdsimihalunaunsuasiuazfnunimuaeideyadniie

»
Tavazinanmsiiauaail

fAmuAnedA

MC5-51

3

Y

A

L

amoumuuned || ommumiuwned || eweinzwoesd || nsssnaueed nodmmuned || maAminamuned || msdmussuoes || myRsumunned
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b L thnnA 2 Jumnm 3 ki 4 gl 1 pnnmm 2 PU T E nnsi 4
fefoynnnn fafaynaen
RF Modle DAC

ila

hAmA
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4 L -3
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minaasdlazHaminaany
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3 r 4 < - e A ]
Huemssangimmissauvutazad e PBuduniiminaaes el dkaauiisdoemnie

& ' L] d‘ o : a = ¥
wadlumsnareuhesdaiimsesnuazad e Vinaunsahan ides e il
o]
4.1 msnaaesnsfSueuiflulnsinu
w3ffueudlulns Iy sximiilunsvoedyanandoafisumentulns Iy Tao

- " » = - I Fo - o 1o A 4 Q ¥
anms1mn15Elanuuu'l’j’nznaquummagﬂ‘umﬁtymawmlﬁmmmmm‘lumu 5V eneemlA

dygnandosi IdRewyaiius siu ldfuseduusadulumssassaudya uves ADC

Cht Ampl
24.0mv

Ch2 Ampl
200V

Cht Freq
1.001kHz
Low signal
amplitude

Ch2 Freq
998.B Hz

U VT U P P SUTUE U SRS PUUEE P
[T 100mvV Jch2[ - 16.0.¥ % IM{300ps] Al Chi o 32.0mVv

26 Sep 20086
i+~ [1.60000mg 18:04:08

{ & = & L4
7U7 4.1 namsmantinaaesaes Ui ueud lulas Thwitedloudunmiludynnalan
Aty 1 Aedygnubune

deygui 2 Adyguiodna
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5to E 1
L - s e N -
! ) : : LT : X : :
Ch1 Ampl
117mv
¥ - . Ch2 Ampi
T : . 19.2v
[ ERPEPP P ; .: ; ,g: '}""I""
[ ; PR P TS PO T ko dond
Chif 50.0mv"n w.ov ]Ml4oous] A[ chl 7—69.0mV
8 Dec 2008
> [6.00000s 15:28:37

317 4.2 uamanamsnane a9 Pinoud luas Ttudefloudunadhiudygpamummao

ﬁ'tgtgmﬁ 1 Aodyanuduym

at

o149 2 Avdayn o Iana

Telcstop | it
' : : : ‘i%i : : : :
H

Ch1 Ampt
30.8mvV

Ch2 aAmpl
2.96 V

Ch2 Freq
202 .0 Hz

Chil_20.0mV_ [SjF] 1.00V ~ MI0.0ms] Al Chl /£ 2.00mV
26 Sep 2008
D+~ [10.0000p5) 18:16:22

= 4 P w
71 4.3 uamawanisnaaesnvslSuond luTns uidledeudunaiiudygnantvs
doaai 1 fodyguduya
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4.2 MINAADINAINT mmmﬁﬁmm

2vsnseanuBar iR lumsiudygaduandiumswnsdyguen

a 1 .‘ t 1) A o - oy
299515 wenlu @ nniimsnseennuanaind 4 KHz i lil1d tetleadumsifiswmi@vads

A at 1 o 1
tfloa01n ADC 1463115 fuA78013 8 KHz

-:l g
A17199 4.1 LARIHANTNAADINNINTOINNUTAIHIY

Frequency(Hz) Amplitude(dB) Frequency(Hz) Amplitude(dB)
100 0.000 1900 -5.514
200 0.000 2000 -5.597
300 -0.087 2100 -6.466
400 -0.355 2200 -7.331
500 -0.537 2300 -8.636
600 -1.110 2400 -9.897
700 -1.412 2500 -12.396
800 -1.724 2600 -13.351
900 -2.047 2700 ~14.895
1000 -2.384 2800 ~16.193
1100 -2.853 2900 -17.077
1200 -3.098 3000 -19.576
1300 -3.350 3100 -21.412
1400 -3.609 3200 -20.915
1500 -4,082 3300 -22.499
1600 -4.583 3400 -21.412
1700 -4.807 3500 -22.49%
1800 -5.114 3600 ~22.499
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A(dB)

’ _——‘\
“3dB—z -

-12 -
-16 —

=20 -

T T T T ¥ ! T flHz)
0 500 IOUOT 1500 2000 2500 3000 3500

f,= 1200 Hz
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nvslasdygaomndemiuasaea ieenimassudasdygrusudonilufisealiaunse

mladusasuvauld
Ch1 Ampl
5.00V
: ch2 Ampl
: 4.76 V
Frvrprb e bt fereb e ]
S I DU S TS S DO TS O T
Chil 200V IBF 2.00V  [M40.01s A Chi & 160mV
12 Dec 2006

o+v[-12.0000us 16:29:30

o

P @ A a o
314 4.5 uananaminaansnesunszAudygudelloudunausdu s Taav

73 1]

qQs

Ay 1 Aodyyudtunes

Ao 2 Aedyg M Aya



Ch1 Amp!?
. .00V
Ch2 Ampl
. 2.88V
i £ i s : i L i
............... i } } b dedrbed
) | ;.,.i,...".,..i..l,i,..,i.“.E.,,."
Cht 2.00V 2,00V  M40.0us] Al Chl £ 160mV|
. 12 Dec 2006
v =12.0000Us 16:30:38

ql ar s A = o
311 4.6 taraIHANIINRADRSURs R UFuaNadet ouBuAnT U 3 Than

o = o o =

Ay 1 AodygIuune

3 P o a o

AT 2 AD YN IUIDIANA

7]

Tek Stop | I ﬁ ] I

Ch1 Ampl
1.28V

Ch2 Amp!
1.29V

Ch1 Freq
1.832kHz
Low signhal
amplitude

Ch2 Freq
1.029kHz
I : : : : 1 Low signal
n ,,,,,,, ...... amp"tude

ChiT 200V TaiE 200V M 2000s] A Chi 7 280mv

-+ [0.00000s ]

Dec 2006
4

7.36

18
13

dl or o9 A - o
317 4.7 uamaramsnaasvIunszAUFy g wileteusunaus st 1 Taant

Yoo uil 1 Aedygnuduna
B l:l = o’

yoaifi 2 Aedygnuieriya
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4.4 minaaensmlasdanasndeniiluasnen

A " o 4 = i a
Tumsneanineitioisinistioudaanuzladulniianud 1 KHz dhimiedmdugs
Lo i = o o o A =
wifamsulaounlasvoavasn LED  Tavnana LED  ssAndvadudulyl Fufasinms
2 a a A e 1 =

alavumlasvesszduus Wuvosdygnugladulnintlowdnumesuna

o o A d ] o aa

satuienes Tdumsnfavuulalumswlasdgapuoudeniludiaea lumsnaaos
» ] »
fissiimstleunssduvhnszuansafiiiidaug o - 5 v dhmedmduna udnihimstiudinm

L

o P - t &y P
useu A nszuaasaiflowdimsdunanaziuiina dygrudiasanoenuimiaerdya

. 4 o
nSoudouiu ¥11dnansnaan il

M7 4.2 uamaramInaasinvsulasdyueuwdendlufiieea

Vief(H)=5V , Vref(-)=0V

Vin (v) Digital Output
0.000 00000000
0.505 00011001
1.002 00110010
1.505 01001100
2.001 01100110
2.506 01111111
3.000 10011001
3.501 10110011
4.005 11001101
4.510 11100111
5.020 11111111
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4.5 nsnaassrvaasdaananineailuewaen

A o = or ey - ¥ - ] ¥ =
lumsmam’msmmﬂmmﬂﬂauuuﬂm’dmﬂupmﬂimaa‘nﬂaummmum wiliife

A; o o A o o w22 " oo - A 9 o
ﬂ']il']_lﬂﬂuu'llﬁﬁ'i3ﬂU1l5Qﬂuﬂl01ﬂﬂﬂ Tﬂﬂli'Ii)::'l’l'lﬂ15'lJ'Ll'ﬂﬂfl"Iﬁfyﬁu'mlﬂﬂﬂf]ﬁﬂﬂﬂulﬁl'lﬂ'l‘iﬂu'ﬂﬂ

o =2 a w o o <1 qr & 3/ o d’
Ilﬁ:ﬁ‘uu‘ﬂﬂﬂ’li:’ﬂ'l]ll'iﬁﬂu'ﬂﬂi)ﬂlj'l‘Vl'l\'il‘El'lﬂ'l‘!ﬂl‘lEUlllﬂU'Uﬂu ’lelﬂNﬂﬂ'l‘i'ﬂﬂﬂﬂﬂﬂiu

- ar oo -1
A13190 4.3 Lo Hﬁﬂﬁ’ﬂﬂﬁ‘ﬂﬂ?ﬂili11ﬂﬁ1ﬂ@m1ﬂlﬁﬂﬂﬂﬂl'ﬂuﬂu1ﬁﬂﬂ

Iref =2mA , Rref =5KC), Vref =10V

Digital Input Vout (v)
00000000 -9.890
00000001 -9.820
00000011 -9.660
00000111 -9.360
00001111 -8.740
00011111 -7.500
00111111 -5.020
01111111 -0.045
10000000 0.053
10000001 0.129
10000011 0.282
10000111 0.592
10001111 1.211
10011111 2.449
10111111 4.930
11111111 9.910
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Ch1 Ampl
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P3.6
P3.6

P2.0, INT

P3.7

A, P1

P3.7
2.7,SCRB 1
2.6,SCRB 2
2.5,SCRB_3
2.4,5CRB 4
CHK_TX_RX

DPTR, 4TABLE SCRB 1
SCRB

DPTR, #TABLE_SCRB_2
SCRB

DPTR, #TABLE_SCRB_3
SCRB

DPTR, #TABLE_SCRB_4

SCRB

A, @A+DPTR
SBUF, A
TI,WAIT TX
TT
CHK_TX_RX



TABLE SCRB 1:

TABLE

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DE
DB
DB
DB
DB
DB
DB

00H
08H
10H
18H
20H
28H
30H
38H
40H
48H
50H
58H
60H
68H
70H
78H
80H
88H
9CH
98H
0AOH
OA8H
OBOH
OB8H
OCOH
0C8H
ODOH
0D8H
OEOH
OE8H
OFOH
CFBH

SCRB_2:

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

GOH
80H
01H
B1H
02H
82H
03H
83H
04H
84H
05H
85H
OeR
BGH
07H
B7H
G8H
B8H
0SH
89H
0OAH
8AH
OBH
8BH
0CH
BCH

I O T T N

LI S T N

C1lH
C9H
11H
19H
21H
29H
31H
39H
41H
49H
51H
59H
61H
69H
11H
79H
B81H
89H
91H
99H
O0AlH
OA9H
0B1H
0B9H
OC1H
0CO9H
OD1H
ODSH
OELH
OESH
OF1H
OF9H

10H
90H
11H
S1H
12H
92H
13H
93H
14H
94H
15H
95H
16H
9¢H
17H
97H
18H
98H
19H
99H
1AH
9AH
1BH
9BH
1CH
9CH

“ m w N

02H
OAH
12H
iAH
22H
28H
32H
3AH
4ZH
4AH
52H
5&H
62H
6AH
72H
TAH
B2H
BAH
92H
9AH
CAZH
0AAR
0BZH
0BAH
0C2H
0CAH
GD2H
ODAH
OEZ2H
OEAH
OF2H
OFAH

20H
OAQH
21H
OAlH
22H
0AZH
Z23H
0A3H
24H
0A4H
25H
CAS5SH
26H
0AGH
27H
OATH
28H
OABH
2%H
OASH
2AH
OAAH
2BH
OABH
2CH
OACH

03H
OBH
13H
1BH
23H
2BH
33H
3BH
43H
4BH
53H
5BH
63H
6BH
73H
7BH
83H
8BH
93H
9BH
OA3H
OABH
OB3H
OBBH
0C3H
0CBH
OD3H
0DBH
OE3H
OEBH
0F3H
OFBH

30H
OBOH
31H
0B1H
32H
0BZ2H
33H
0B3H
34H
OB4H
35H
OB5H
36H
OB6H
37H
OB7H
38H
OBBH
39H
OB9H
3AH
OBAH
3BH
OBBH
3CH
0OBCH

- wm m w

L N T T -

-

-~ m m o=

. m e wm wm ow

04H
OCH
14H
1CH
24H
2CH
34H
3CH
44H
4CH
54H
5CH
64H
6CH
T4H
7CH
84H
8CH
94H
9CH
OA4H
OACH
OB4H
OBCH
0C4H
0CCH
OD4H
ODCH
OE4H
OECH
CF4H
OFCH

40H
OCOH
41H
0C1H
42H
0C2H
43H
0C3H
44H
OC4H
45H
OCSH
46H
0C6H
47H
0C7H
48H
0C8H
49H
OC9H
4AH
OCAH
4BH
OCBH
4CH
OCCH

LT T T R Y

- o

- 0w m ow

- M M W W oW

O5H
ODH
i5H
1DH
25H
2DH
35H
3DH
45H
4DH
55H
SDH
65H
6DH
75H

. 7DH

85H

8DH

95H

9DH

0ASH
OADH
CBSH
OBDH
OCSH
OCDH
ODSH
ODDH
OE5H
OEDH
GF5H
OFDR

50H
ODOH
51H
0D1H
52H
0D2H
53H
OD2H
54H
OD4H
55H
OD5SH
56H
0D6H
57H
0D7H
58H
ODBH
589H
0DSH
5AH
ODAH
5BH
ODBH
5CH
ODCH

06H
OEH
16H
1EH
26H
2ERH
36H
3EH
46H
4EH
56H
5ER
66H
6EH
76H
7ER
86H
BEH
96H
9EH
0A6H
CAEH
OB6&H
GBEH
0CeH
OCEH
0D6H
ODER
0OE6H
OEEH
OF6&H
OFEH

60H
OEOH
61H
OE1H
62H
OFE2H
63H
CEZH
64H
OE4RH
65H
OESH
66H
0E6H
67H
OE7H
6BH
OEBH
69H
OESH
6AH
OEAH
6BH
CEBH
6CH
OECH

O7H
OFH
17H
1FH
27H
2FH
37H
3FH
47H
4FH
57H
5FH
67H
6FH
7T7H
7FH
87H
8FH
97H
9FH
OA7H
OAFH
0B7H
OBFH
OC/H
OCFH
OD7H
ODFH
OE7H
OEFH
OF7H
OFFH

708
OFOH
71H
OF1H
72H
OF2H
73H
OF3H
74H
OF4H
75H
OF5H
7T6H
OF6H
77H
OF7H
78H
OF8H
79H
OF9H
7AH
OFAR
7BH
OFBH
7CH
OFCH



CB
DB
DB
DB
DB
DB

0DH
BDH
CEH
BEH
CFH
BFH

TABLE_SCRB_3:

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
BB
DB
DB
CB
CB
DB
DB
LB
CB
LB
DB
LB
OB
DB
DB
DB
DB
DB
DB
DB
DB
DB

CFFH
CF7H
CFEH
CFeR
OFDH
OF5H
OFCH
OF4H
OFBH
OF3H
OFAH
OF2H
OFS9H
0F1H
0FBH
0FOH
TFH
77H
7EH
T6H
7DH
75H
7CH
74H
7BH
73H
7AH
72H
79H
71H
78H
70H

TABLE_SCRB_4:

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
bB
DB
bB
DB
DB
bB
DB

80OH
B8BH
81H
891
B2H
8AH
83H
BBH
B4H
BCH
85H
8DH
86H
8EH
8TH
8FH
00RH
08H

1DH
9DH
1EH
9EH
1FH
9FH

OEFH
OE7H
OEEH
OE6H
OEDH
OESH
0ECH
OE4H
OEBH
OE3H
OEAH
0EZH
OESH
CE1H
CEBH
OEOH
6FH
67H
6EH
66H
6DH
65H
6CH
64H
6BH
63H
6AH
62H
69H
61H
68H
60H

S0H
98H
91H
S9H
92ZH
SAH
93H
9BH
94H
9CH
95H
9DH
96H
9EH
97H
9FH
10H
18H

2DH
CADH
2EH
CAEH
ZFH
OAFH

CDFH
OD7H
ODEH
OD&H
ODDH
OD5H
ODCH
OD4H
ODBH
OD3H
ODAH
ODZ2H
0Do9RE
CD1H
0C8H
0DOH
SFH
57H
S5EH
56H
SEH
55H
5CH
54H
S5BH
53H
5AH
52H
59H
51H
58H
50R

OAOH
OABH
OA1H
OA9H
OAZH
OARH
OA3H
OABH
OR4H
OACH
OASH
OADH
OA6H
OAEH
OA7H
OAFH
20H

28H

3LH
OBDH
3JEH
0BEH
3FH
0BFH

CCFR
0C7H
OCEH
0C6H
0CDH
0CSH
OCCH
OC4H
OCBH
0C3H
OCAH
0CZH
OCO9H
0C1H
0CBH
OCOH
4FH
47H
4EH
46H
4DH
45H
4CH
44H
4BH
43R
4AR
42K
490
41H
48H
40H

OBOH
OB8H
OB1H
OB9H
OBZH
OBAH
OB3H
0BBH
OB4R
0OBCH
OBEH
OBDH
OB6H
OBEE
OB7H
0BFH
30H

38H

4DH
0CDH
4EH
OCEH
4FH
OCFH

3FH
37H
3EH
36H
3DH
35H
3CH
34H
3BH
33H
3AH
32H
39H
31H
3EH
30H
OBFH
OB7H
0OBEH
OB&H
OBDH
0BSH
OBCH
0B4H
OBBH
0B3H
OBAH
CB2H
OB9H
CB1H
0OBBH
0BOH

CCOH
OC8H
CC1H
0C9H
0C2H
0ChH
0C3H
OCBH
OC4H
0cch
0C5H
0CCH
0C6H
OCEHR
0Cc7H
OCFH
40H

48H

r

I

r

S5DH
ODDH
5EH
ODEH
5FH
ODFH

2FH
27H
2EH
26H
2DH
25H
2CH
24H
2BH
23H
ZAH
22H
29H
21H
28H
20H
OAFH
0A7H
OAEH
OA6H
OADH
OASH
OACH
0A4H
OABH
OA3H
OAAR
0AZH
OASH
OAlH
0ABH
0ACH

0DOH
ODBH
CD1H
ODSH
0D2H
ODAH
OD3H
0DBH
O0D4H
0DCH
0D5H
ODDH
0D6H
ODEH
OD7H
0DFH
50H

58H

r

r

r

6DH
OEDH
6EH
OEFEH
6FH
OEFH

1FH
17H
1EH
1léH
1DH
15H
1CH
14H
1BH
13H
1AH
12H
19H
11H
18H
10H
9FH
S7TH
9EH
96H
9DH
95H
9CH
S94H
9BH
93H
9AH
92H
99H
91H
98H
90H

OEOH
OE8H
QOE1H
OESH
OEZH
QOEARH
QOE3H
OEBH
0E4H
OECH
OE5H
OEDH
OE6H
OEEH
QOE7TH
QOEFH
60H

68H

!

r

7DH
OFDH
7EH
OFEH
7FH
OFFH

OFH
07H
OER
O6H
ODH
05H
OCH
04H
OBH
03H
OAH
02H
09H
O1H
08H
OO0H
8FH
87H
8EH
86H
8DH
85H
8CH
B4H
8BH
83H
8AH
82H
89H
81H
88H
80H

OFOH
CFBH
CF1H
OF9H
OFZH
CFAH
CF3H
OFBH
CF4H
OFCH
CF5H
OFDH
OF¢&H
OFEH
OF7H
OFFH
70H

78H



DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

01lH
09H
0ZH
OAH
03H
O0BH
04H
0CH
05H
OCH
OeH
OEH
07H
OFH

TABLE_DESCRB_1:

OB
DB
OB
OB
DB
DB
DB
OB
OB
DB
DB
DB
DB
DB
DB
DB
OB
DB
DB
DB
OB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

00H
0D8H
10H
18H
20H
28H
30H
38H
40H
48H
S0H
58H
&0H
68H
70H
78H
BOH
B8H
90H
98H
OAOH
OASH
0BOH
0OB8H
0COH
0C8H
ODOH
0D8H
OEOH
OE8H
OFOH
OF8H

TABLE DESCRB 2:

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

00R
80H
01H
81H
CZ2H
82H
03H
83H
04H
84H

11H
19H
12H
1AH
13H
1BH
14H
1CH
15H
1CH
16H
1EH
17H
1FH

01H
0OSH
11H
19H
21H
29H
31H
39H
41H
49H
51H
59H
61H
69H
71H
79H
81H
B9H
91H
99H
0AlH
OASH
OB1H
0OB9H
0C1H
0C9H
0OD1H
ODSH
OEXH
OESH
OF1H
OF9H

10H
90H
11RH
91H
12H
92H
13H
93H
14H
94H

21H
29H
22H
2AH
23H
Z2BH
24H
2CH
25H
2DH
26H
2EH
27H
2FH

0ZH
OAH
12H
1aH
22H
2AH
32H
3aH
42H
4aH
S52ZH
5AH
62H
6AH
T2H
7AH
BZ2H
BAH
92H
9AH
0AZH
CARH
0B2H
0BAH
0C2H
OCAH
0OD2H
ODAH
OEZH
OEAH
OF2H
OFAH

20H
OAOH
21H
OA1H
22H
0aZH
Z3H
OA3H
Z24H
Oa4H

LI T T
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31H
39H
3Z2H
3AH
33H
3BH
34H
3CH
35H
3DH
36H
3EH
37H
3FH

03H
OBH
13H
1BH
23H
2BH
33H
3BH
43H
4BH
S3H
5BH
63H
6BH
73H
78H
83H
8BH
93H
9BH
CA3H
CABH
OB3H
CBBH
OC3H
OCEBH
OD3H
ODBH
OE3H
OEBH
OF3H
OFBH

30H
0BOH
31H
0OB1H
32H
0BZH
33H
0B3H
34H
0OB4H

L R Y

- m om w ow

41H
4 9H
42H
4AH
43H
4BH
44H
4CH
45H
4DH
46H
4EH
47H
4FH

04H
0CH
14H
1CH
24H
2CH
34H
3CH
44R
4CH
54H
5CH
64H
6CH
T4H
7CH
84H
8CH
94H
9CH
OA4RH
OACH
0B4H
0OBCH
0C4H
0CCH
0D4h
0DCH
OE4RH
OECH
OF4Rh
OFCH

40H
OCOH
41H
0C1H
42H
0C2H
43H
0C3H
44R
0C4H

L N . T T Y

- m w w

51H
59H
52H
5AH
53H
5BH
54H
5CH
55H
SDH
56H
S5EH
STH
SFH

05H
ODH
15H
1DH
Z25H
2DH
35H
3DH
45H
4DH
S55H
5DH
65H
6DH
75H
7DH
85H
8DH
95H
9DH
OA5H
OADH
0B5H
OBDH
0C5H
0CDH
0D5hH
ODDH
OESH
OECH
OF5H
OFCH

50H
ODOH
51H
0D1H
S2H
OD2H
53H
0D3H
54H
OD4H

LI T S A .

-

-

61H
69H
62H
6AH
63H
6BH
64H
6CH
65H
6DH
66H
6EH
67H
6FH

06H
OEH
16H
1EH
26H
2EH
36H
3EH
46H
4EH
56H
5EH
66H
6EH
76H
TEH
86H
8EH
96H
9EH
OAGH
OAEH
0B6H
OBEH
OC6H
OCEH
0D6H
ODEH
OE6H
OEEH
OF6H
OFEH

60H
OEOR
61H
OE1H
62H
OEZ2H
63H
0E3R
64H
0E4H

L S S T S T VR S Y

-

-

E N N T T Y

71H
79H
72H
7TAH
73H
7BH
74H
7CH
75H
7DH
76H
TEH
77H
7FH

07H
OFH
17H
1FH
27H
2FH
37H
3FH
47H
4FH
57H
S5FH
67H
6FH
7TH
7FH
87H
8FH
97H
9FH
OATH
OAFH
0B7H
OBFH
OC7H
OCFH

0OD7H

ODFH
OE7H
OEFH
OF7H
OFFH

70H
OF0R
71H
OF1H
72H
OF2H
73H
OF3H
74H
OF4H



DB
DB
LB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
LB
LB
DB
DB
DB
DB
DB
DB
DB

05H
85H
06H
B6H
07H
B7H
08H
BBH
0SH
89H
OAH
8AH
OBH
BBH
GCH
BCH
ODH
B8DH
OEH
8EH
OFH
8FH

TABLE_DESCRB_3:

DB
DB
DB
DB
DB
DB
BB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
LB
DB
DB
DB
CB

TFH
77H
7TEH
76H
7DH
75H
7CH
74H
CFBH
OF3H
OFAH
OF2H
OFSH
OF1H
OF8H
OFCH
OFFH
OF7H
OFER
OF6H

-OFDH

OF5H
OFCH
CF4H
7BH
73H
7AH
72H
T9H
71H
78H
70H

TABLE,_DESCRB_4:

CB
DB

80H
88H

15H
95H
16H
96H
17H
97H
18H
98H
19H
99H
1AH
9AH
1BH
9BH
1CH
9CH
1DH
9DH
1EH
SEH
1FH
SFH

6FH
67H
6EH
66H
6DH
65H
6CH
64H
OEBH
OE3H
OEAH
OEZH
OE9H
OE1H
OE8H
CECH
CEFH
OE7H
OEEH
CE6H
CEDH
OES5H
OECH
CE4H
6BH
63H
6AH
62H
69H
61H
68H
60H

90H
98H

25H
CASH
26H
OAGH
27H
CATH
2B8H
OABH
29H
0ASH
2AH
CAAH
2BH
OABH
2CH
CACH
2DH
OADH
Z2EH
OAEH
2FH
OAFH

5FH
57H
SEH
S56H
5DH
55H
5CH
54H
ODBH
CD3H
0DAH
0DZH
CD9H
OD1H
OD8H
ODOH
ODFH
0OD7H
ODEH
OD6H
ODDH
OD5H
ODCH
OD4H
5BH
53H
S5AH
52H
59H
51H
58H
50H

OACH
0ABH

r

L

35H
0B5H
36H
OB6H
37H
OB7H
38H
OB8H
39H
OBSH
3AH
OBAH
3BH
OBBH
3CH
0BCH
3DH
OBDH
3EH
OBEH
3FH
OBFH

4FH
47H
4EH
46H
4DH
45H
4CH
44H
OCBH
OC3H
OCAH
0CZH
0C9H
OC1H
OCBH
OCOH
OCFH
OC7H
OCEH
0C6H
OCDH
0C5H
0CCH
0C4H
4BH
43H
4AH
42H
49H
41H
48H
40H

0BOH
OBBH

r

45H
OC5H
46H
0C6H
47H
0C7H
48H
OC8H
49H
OCSH
4AH
OCAH
4BH
O0CBH
4CH
OCCH
4DH
OCDH
4EH
OCEH
4FH
OCFH

3FH
37H
3EH
36H
3DH
35H
3CH
34H
0OBBH
OB3H
0OBAH
0BZH
0B9H
OBl1lH
0B8H
0OBOH
0OBFH
OB7H
OBEH
0B&6H
OBDH
0OB5H
0OBCH
OB4H
3BH
33H
3AH
32H
39H
31H
38H

. 30H

OCOH
OC8H

55H
0D5H
56H
OD6H
57H
OD7H
58H
CD8H
59H
OD9H
5AH
ODAH
5BH
ODBH
5CH
ODCH
5DH
ODDH
SEH
ODEH
S5FH
ODFH

2FH
27H
2EH
26H
2DH
25H
2CH
24H
CABH
0A3H
CAAH
0AZH
0ASH
OA1H
OABH
OAOH
OAFH
OA7H
OAEH
OAGH
OADH
0A5H
OACH
OAdH
2BH
23H
2AH
22H
29H
21H
28H
20H

0DOH
OD8H

65H
OESH
66H
OE6H
67H
OE7H
68H
OEBH
69H
OE9H
6AH
OEAH
6BH
OEBH
6CH
CECH

-6DH

CEDH
6EH
OEEH
6FH
OEFH

1FH
17H
1EH
16H
1DH
15H
1CH
14H
9BH
93H
9aH
92H
99H
91H
98H
90H
9FH
97H
9EH
9¢H
9DH
95H
YCH
94H
1BH
13H
1AH
12RH
19H
11H
18H
10H

OEOH
OEBH

t

L4

75H
OF5H
76H
0F6H
77H
OF7H
T8H
OF8H
79H
OFS9H
7AH
OFAH
7BH
OFBH
7CH
OFCH
7DH
OFDH
7EH
OFEH
T7FH
OFFH

0FH
07H
0OEH
06H
ODH
05H
0OCH
04n
BBH
B83H
BAH
B2H
89H
81H
88H
80H
8FH
87H
8EH
86H
8DH
85H
8CH
84H
0BH
03H
OAH
02H
09H
O1H
08H
00H

OFOH
OF8H



END

DB
DB
DB
DB
DB
DB
DB
DB
DB
DE
DB
DB
DB
EB
EB
DB
DB
LB
DB
CB
DB
DB
DB
CB
DB
LB
DB
DB
DB
DB

B1H
B9H
BZ2H
8aH
83H
8BH
84H
8CH
85H
8DH
86H
BEH
87H
8FH
G0H
08H
01lH
09H
02H
0AH
C3H
CBH
C4H
CCH
C5H
ODH
CeH
0EH
C7H
O0FH

91H
99H
92H
9AH
93H
9BH
94H
9CH
95H
9DH
96H
9EH
97H
9FH
1CH
18H
11H
19H
12H
1AH
13H
12H
14H
1CH
15H
1DH
16H
1FH
17H
1FH

0AlH
OA9H
OAZH
OARH
0A3H
OABH
OA4H
OACH
QA5H
0ADH
CheH
0AEH
0A7H
CAFH
20H
28H
21H
29H
22H
28H
23H
2BH
24H
2CH
25H
ZDH
26H
2EH
27H
2FH

0OB1H
OB9H
0BZH
OBAH
OB3H
0BBH
CB4H
CBCH
OB5H
OBDH
0OB&H
OBEH
0B7H
OBFH
30H
38H
31H
39H
32H
3AH
33H
3BH
34H
3CH
35H
3DH
36H
3EH
37H
3FH

0C1H
0CSH
0C2H
OCAH
OC3H
OCBH
0C4H
ccch
0C5H
0CDH
0CeH
CCEH
CC7H
OCFH
40H
48H
41H
49H
42H
4nH
43H
4BH
44H
4CH
45H
4DH
46H
4EH
47H
4FH

L R L

o ww

OD1H
0D9K
0OD2H
0DAH
0D3H
0DBH
CD4H
ODCH
CDbH
ODDH
ODeH
ODEH
0D7H
ODFH
50H
hBH
51H
58H
52H
5AH
b3H
5BH
54H
S5CH
55H
5DH
H6H
5EH
h7H
HFH

L T T

- m om m om wm oW -
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OE1H
OESH
OEZH
OEAH
OE3H
OEBH
OE4H
OECH
OESH
OEDH
OEE&H
CEEH
OE7H
OEFH
60H
68H
61H
69H
62H
6AH
63H
6BH
64H
6CH
65H
6DH
66H
6EH
67H
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ADC0820

June 1999

8-Bit High Speed uP Compatible A/D Converter with

Track/Hold Function
General Description

By using a half-flash conversion technique, the B8-bit
ADC0820 CMOS A/D offers a 1.5 ps conversion time and
dissipaies only 75 mW of power. The half-flash technique
consists of 32 comparators, a most significant 4-bit ADC and
a least significant 4-bit ADC.

The input fo the ADCOB20 is tracked and held by the input
sampling circuitry eliminating the need for an external
sample-and-hold for signals moving at less than 100 mvips,
For ease of interface 1o microprocassors, the ADCOB20 has
been designed to appear as 2 memory Yocation or KO port
without the need for exiernal interfacing logic.

Key Specifications

& Resolulion
n Conversion Time

8 Bits

2.5 ps Max (RD Mode)

1.5 ps Max (WR-RD Mode}

B Low Power 75 mvW Max
8 Total Unadjusted

Emor +¥2 LSB and * 1 LSB

Features

® Built-in track-and-hold function
B No missing codes

No exiemal clocking

Single supply —5 V0

Easy interface to all microprocessors, or operales

stand-alone

¥ Latched TRI-STATE® output

Logic inputs and outputs meet both MOS and T2L

voltage level specifications

® Operates ratiomelrically or with any reference value
equel to or less than Voo

® OV to 5V analog input voltage range with single 5V

supply

No zero or full-scale adjust required

Overflow output available for cascading

0.3" slandard width 20-pin DIP

20-pin molded chip camier package

20-pin smaft outline package

20-pin shrink small outfine package (SSOP)

Connection and Functional Diagrams

Dual-In-Line, Small Qutline
and SSOP Peckagee

{1 Vee
o—{2 NC
0e1—3 arn
De2—{4 -1
D83 =15 DBS
WR/RDY —{6 o5
MODE =7 DB
RO—{8 51
iWT— @ Yarr(+)
GNp—J1n Yo (=}

D3004501-1

Top View

TRI-STATE® i5 4 registered aderark of Nalioma Semiconducios Carporation

Molded Chip Camrier
Packags

&%
Yo (*)
Ve (=)
— G

DE005501-13

© 1999 National Semiconductor Corporation
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Connection and Functional Diagrams (continued)
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» —D080

TIMING AN CORTRAL CIRCUITRY

|
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MDDE W ROY [+
DEm05501-2
FIGURE 1.
Ordering Information
Part Number Total Package Temperature
Unadjusted Error Range

ADC0820BCY V20A ~Molded Chip Carrier 0°C o +70°C
ADCO820BCWM +¥2 LSB M20B — Wide Body Small Gutline 0°C o +70°C
ADCOB20BCN N20A — Molded DIP O°C to +70°C
ADCOB20CC) J20A — Cerdip -40°C to +85°C
ADCO820CCWM +1LSB M20B — Wide Body Small Outline 0°'Cto+70°C
ADC0820CIWM M20B— Wide Body Small Qutline -40°C to +85°C
ADCO0820CCN N20A — Molded DIP 0°C to +70°C
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Absolute Maximum Ratings qotes 1, 2)

H Military/Aerospace specified devices are required,
please contact the National Semiconductor Safes Office/
Distributors for availability and specifications.

Supply Voltage (Vo)

Logic Controf inputs

Vollage at Other Inputs and Output
Storage Temperature Range

v

-0.2V {0 Vg +0.2V
~0.2V 1o Ve +0.2V
-65'C to +150°C

Package Dissipation at T, = 25°C 875 mw
Input Cumrent at Any Pin (Note 5) 1 mA
Package Input Current (Note 5) 4 mA
ESD Suscaptabiiity (Note 9) 1200V
Lead Temp. {Soldering, 10 sec.}

Dual-in-Line Package (plastic) 260°C

Converter Characteristics
The following &

ifications apply for RD mode {pin 7=0), V=5V, Ve
fied. Boldface limits epply from Ty to Tyax; all other limils Ta=T7

Ouatin-Line Package {ceramic)
Surface Mount Package
Vapor Phase (60 sec.)
Infrared {15 sec.)

Operating Ratings (votes 1, 2)

Temperature Range
ADC0820CCJ
ADCO820CTIWM
ADCO0820BCN, ADCO820CCN
ADC0820BCY
ADCOB20BCWM, ADCO820CCWM
Ve Range

EE(EFSV,and Vrer(~}=GND unlass otherwise spaci-

300°C

215°C
220°C

TrminSTaSTreax
—40°CST \5+85°C
~40°C<T ,5+85°C

0'CSTAS70°C
FCsT,s70°C
FCLTp<70°C

4.5V to 8V

Paramelsr Conditiona ADCDB20BCN, ADCOB20CCH Lirnit
ADCDB20GC ADC0B20BLY, ADCOB20BCWM Unite
ADCOB20CCWM, ADCO20CIWM
Typ Tested Design Typ Tosted Design
{Note 6) Limnit Limit {Nate 6) Limit Limit
{Note 7} | (Note B} (Note 7) (Note B)
Resalution 8 ! ] Bits
Total tinadjusted ACCOB20BCN, BCWM 1 R 4% LsB
Ermor ADCOB20CCJ E1] L58
{Note 3) ADCOB20CCN, CCWM, CIWM, 1 +1 LSB
ADCDB20CCMSA 11 *1 LSB
Minimum Reference 23 1.00 23 1.2 L{¢]
Resislanca
Maximum Reference 23 B 23 53 8 K
Resistancn
Maximum Vigep(+) Vee Vee Vee v
Input Voltage
Minirum Vigg(~) GND GND GND v
Input Voltage
Minimum Veep(+) Vrer(-} Vrer{™) Vrer(-) v
Input Voltags
Meimum Vaeg(-) Veer(+} Vrer(+) Yier(¥) v
Input Voltage
Maximum Vpy Input Voot Voot Yoot v
Voliage
Mmimum Vi tnput GND-0.1 GND-@G.1 GND-0.1 v
Veltage
Maximurn Analog T8 =Vee
Input Leakage Vin=Veoo 3 03 3 pA
Cument ViN=GND -3 03 -3 A
Powsr Supply Veoe=5V+5% 116 T4 116 iva E47 LsB
Senstivity
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DC Electrical Characteristics
The following 2sg.e(;ciﬁcat.ions apply for V=5V, unless otherwisa specified. Boldface limits apply from Ty to Tgax: 8l other

fimits T,=T,=
Parameter Conditions ADCO320BCN, ADCOA20CCN Limit
ADC0820GC) ADGO8208CY, ADCOBZDBCWM Units
ADCO820CCWM, ADCO820CIWHM
Typ Tested Design Typ Tested Design
{Nole @) Limit Limh {Note 8) Limit Limh
[Note 7} (Note 8) {Note 7) {Nota 8)
Vi), Logicad *1° Vep=5.25V CE ,WR.RD 2.0 20 20 v
$npul Valtage Mode a5 15 a5 v
Vimpoy. Logical *0 V=475 | C5.WR.RD 0.8 0.8 08 v
inpul Valtage Mode 1.5 1.5 15 v
). Logieal 1" Vi =5V; €8 RD 0.005 1 0.008 1 A
Inpui Current Vayn=5v; WR 0.1 3 ot 2.3 3 pA
V=5V Mode 50 200 50 170 200 pA
ey Lagical "0° V=0V, C5 . RD, WR, -p.005 -1 -0.005 -1 A
Inpul Current Mode
Vour(q]. Logical *3* Vec=4.75V, lour=-360 pA; 2.4 28 24 '
Cutput Voltags DBo-pB7, OFC, INT
Veg=4. T8V, lour=—10 pA 45 46 45 v
DBO-DB7, OFL, [NT
Vour. Logical 0" Vee=d 75V, Ioyr=1.8 mA; 0.4 .34 0.4 v
Dutput Voltage beo-De7, OFL , INT ., RDY
Igyr. TRI-STATE Veur=5V; DRD-DBY, RDY 0.1 3 01 03 3 pA
Citput Current Vour=0v; DBO-DBT, RDY -1 -3 -01 -03 -3 pA
lsource. Output Vour=0v, DBO-DBT, OFL -2 -8 -12 -72 -8 mA
Sourca Cumant ~T -8 -4.0 -b -53 -4.0 mA
Isga. OUIput Sink Vouy= 5V, DBO-DBY, OFL , 14 7 14 B4 7 mA
Current INT , RDY
lgc. Supply Current TS =WHR =RD =0 75 15 75 13 15 A

AC Electrical Characteristics
'#'hg following specifications apply for V=5V, t =4,=20 ns, Vg (+)=5V, Ve(-}=0V and 7,=25°C unless otherwise speci
ed.

Typ Tested Dasign
Parameter Conditions {Note B} Lirnit Limit Units
(Note 7) {Note 8)
terp. Conversion Time for RD Pin 7 = 0, Figure 2 16 25 KB
Mode
tacco, Access Time (Delay from Pin 7 = 0, Figure 2 torp+20 torgt50 ns
Falling Edge of RO o Output
Valid)
town.rp. Conversion Time for Pin 7 = Ve by = 600 ns, 152 s
WR-RD Mode trn=600 ns; Figures 3, 4
twr, Write Time Min Pin 7 = Ve; Figures 3, 4 600 ns
Max {Mote 4) Sea Graph 50 s
tan. Read Time Min Pin 7 = Vi Figures 3, 4 600 ns
(Note 4) See Graph
tacce, Access Time (Delay from Pin 7 = Vee, tro<Y: Figure 3
Falling Edge of RD to Output C, =15 pF 1060 280 ns
Valid)
C, =100 pF 210 320 ns
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AC Electrical Characteristics (continued)
;2; following specifications apply for V=5V, 174720 ns, Ve (+}75V, Ve {(-)=0V and T,=25°C unless otherwise speci-

Typ Tested Design
Parameter Conditions (Note B} Limit Limit Units
(Note 7) {Note 8)
taccz, Access Time (Pelay from Pin 7 = Ve, tan™ty; Figure 4
Falling Edge of RD to Output C, =15 pF 70 120 ns
Valid) C;=100 pF 90 150 ns
tacca, Access Time (Delay from Reyuue = 1k and G = 15 pF 30 ns
Rising Edge of RDY io Oulput
Valid}
t,. Internal Comparison Time Pir 7=V, Figures 4, § 800 1300 ns
C, =50 pF
tyu, by, TRESTATE Control R,=1k, C,_ =10 pF 100 200 ns
{Delay from Rising Edge of RD to
Hi-Z State}
tinTe, Delay from Rising Edge of Pin 7 = Ve, C = 50 pF
WR to Falling Edge of INT tep>t; Figure 4 8 ns
trp <t Figure 3 trpt 200 lrp+290 ns
tinTH. Delay from Rising Edge of Figures 2, 3, 4 125 225 ns
RD to Rising Edge of INT C; =50 pFe
fntewr. Delay from Rising Edge of Figure 5, C, =50 pF 175 270 ns
WR to Rising Edge of INT
tapy, Delay from ©S to RDY Figume 2, C,=50 pF, Pin 7 =0 50 100 ns
15, Delay from INT to Output Valid Figure 5 20 50 ns
1. Delay from RD to INT Pin 7=Vce. thp < 200 290 ns
Figure 3
te, Delay from End of Conversion Figures 2, 3, 4, 5 500 ns
1o Next Conversion (Note 4) See Graph
Slew Rate, Tracking 0.1 Vips
Cyin: Analog Input Capacitance 45 pF
Cour, Logic Quiput Capacitance 5 pF
C)n, Logic Input Capacitance 5 pF

Nate 1: Absolula Maximum Ratings indicate limits beyond which damage to the davice may octur, DC and AC eleclrical spacifications do not apply when operating
the device beyond its specified operating conditions,

Note 2: All vallages are measurad with respect ta the GND pin, unlses otherwise specified
Note 3. Tolal unadjusted error includes offeat, fullacale, and linearity errors.
Note 4: Accuracy may degrade if g or lrg ie shorter than the minimum value specifisd. See Accuracy vs twr and Accuracy ve tgp graphs.

Note 5: When the inpul voitage (W) at any pin exceads the powar supply rails (Vy < V- ar Wy > V*) the absolule value of current at that pin should ba Jimited to
1 mA of Jesa. The 4 mA peckage input curent limits the number of pina lhat can excesd the power supply boundaries with a 1 mA current linit to four.

Nole 6: Typical are at 26°C and rapresent mast likely paramatric porm.

Note 72 Teated lmits are guaranleed to Nalional's AOGL (Average Outgoing Cuality Levet).

Nots 8: Dasign limila ars guarapieed but not 100% tested. Thasa limits are nol used 1o cafculate cutgoing quality levels.
Noie 9: Human body mode!, *00 pF discharaged through s 1.5 k(2 rasmtor.
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TRI-STATE Test Circuits and Waveforms

tin - p, Gy =10 pF
Vee v Y
¢c K
1] 0%
FBQ— taTA . 1%
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& ¥,
L ke onta ™ -
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= = T C . oy ————— -
- - - = Ty =0y
oH DSO05501-4
DSDoFs1-3
=20 ns
tom
vie Veo
1
Al DATA g ——————
i ouTAYT DATA /'
ouTayTE
cy Vo =t 7%
| Ds00ss015
- ° “ osmssars 4=20 ns

Timing Diagrams
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FIGURE 2. RD Mode {Pin 7 is Low)
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Timing Diagrams (continued)
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FIGURE 3. WR-RD Mode (Pin T is High and tgp<t)
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FIGURE 4. WR-RD Mode (Fin 7 is High and tgp™t)
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FIGURE 5. WR-RD Mode (Pin 7 is High)
Stand-Alone Operation
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Logic Input Threshold
Valtage vs Supply Yoltage
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Typical Performance Characteristics

Conversion Time (RD Mode)
vs Temperature
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Description of Pin Functions

Pin Name Function
1 Vin Analog input; range =GNDSV, <V
2 DBGo TRI-STATE data oulput— bit 0 {LSB)
3 DB TRI-STATE data output—bit 1
4 DB2 TRI-STATE data output—bit 2
5 DB3 TRI-STATE data output—bit 3
6 WR WR-RD Mode

RDY WR: With C5S low, the conversion is
started on the falling edge of WR.
Approximately 800 ns (the preset internal
time ou, t) after the WR rising edge, the
result of the conversion will be strobed
into the output latch, provided that RO
does nol occur priot to this time out {see
Figures 3, 4).

RD Mode

RDY: This is an open drain output (no
imemel pullup davice). RDY will go low
afler the falling edge of CS; RDY will go
TRI-STATE when the result of the
conversion is strobed into the output
latch. 1t is used to simplify the interface
to a microprocessor syslem (see Figure
2).

Moda: Mode selection input — it is
intemnally tied to GND through a 50 pA
current sourca.

RO Mode: When mode is low

WR-RD Mode: When mode is high
WR-RD Mode

With TS tow, the TRI-STATE data
outputs (DB0-DB7) will be activated
when R goes low (see Figure 5). RD
can also be used to increase the speed
of the converter by reading data prier lo
the preset inlemal time out (4, ~800 ns).
If this is done, the data result transferred
to output latch s latched after the falling
edge of the RD (ses Figures 3, 4}.

RD Mode

With CS low, the conversion wili start
with RD gelng low, also RD will enable
the TRI-STATE data outputs at the
completion of the conversion. RDY going
TRI-STATE end INT going low indicates
the completion of the conversion (see
Figure 2).

7 Mode

1.0 Functional Description

1.1 GENERAL OPERATION

The ADC0820 uses two 4-bit lash A/D convenlers o make
an 8-bit measurement {Figure ). Each flash ADC is made
up of 15 comparators which compare the unknown input to a
reference ladder to get a 4-bit result. To take a full 8-bit reed-
ing, one flash conversion is done fo provide the 4 most sig-
nificant data bits (via the MS flash ADC). Driven by the 4

Function
WR-RD Mode
INT going low indicates that the
cohversion is completed and the data
result is in the output latch. TNT will go
low, ~ 800 ns {the preset intemal time
out, t)) afer the rising edge of WR (see
Figure 4%; or INT will go low afler the
falling edge of RD , if RD goes fow priot
1o the BOO ns time out {see Figure J).
NT is reset by the rising edge of RD or
C3 (see Figures 3, 4).
RD Mode

TNT going low indicates that the
conversion is completed and the data
result is in the output latch. INT is resel
by the rising edge of RD or TS (see
Figure 2}

Ground

The bottom of resistor ladder, voltage
range: GND=Viggp{-}<V e (+) (Note 5)
The top of resistor lrdder, vollage range:
Vrer{—)SVrer(t)$Vee (Note 5}

TS mus! be low in order for the RD or
WR 1o be recognized by the converter.
TRI-STATE data output— bit 4
TRI-STATE data output— bit &
TRI-STATE data oulput—bit &
TRI-STATE data output— bit 7 (MSB)
Qverflow output— If the analog input is
higher than the Ve e{+), OFL will be low
at the end of conversion. It can be used
to cascade 2 or maore devices to have
more resolution (9, 10-bil}. This oulput is
always active and does not go into
TRI-STATE as DBO-DB7 do.

Mo connection

Pin Name

9 INT

10 GND
1M1 Veer(-)

12 Viee(d)
13 CS

14 DB4
15 DBS
16 DB6
17 DB?
18 OFL

19 NC
Power supply voliage

MSBs, en inlemal DAC recreates an analog approximation
of the input voltage. This anelog signal is then subiracted
from the input, and the difference voltage is converted by a
second 4-bit lash ADC (the LS ADC), providing the 4 jeast
significant bits of the output data word.

The internal DAG is actually a subsection of the MS flash
convertef. This is accomplished by using the sama resistor
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1.0 Functional Description continued)

ladder for the A/D as welfl as for generating the DAC signal.
The DAC outpul is aclually the tap on the resislor ladder
which most closely approximates the analog inpul. In addi-
tion, the “sampled-data” comparators used in the ADC0B20
provide the abilty to compare the magnitudes of several
analog signals simultaneously, without using input summing
amplifiers. This is especially useful in the LS flash ADC,
where the signal to be converted is an analog difference.

1.2 THE SAMPLED-DATA COMPARATOR

Each comparator in the ADC0820 consists of a CMOS in-
varler with a capacitively coupled input (Figures 6, 7). Ana-
log switches connect the two comparator inputs to the input
capacitor (C) and also conned the inverter's input and out-
put. This devica in effect now has one differential input pair.
A comparison requires two cycles, one for zeroing the com-
parator, and enather for making the comparison.

In the first cycle, one inpuf switch and the inverter's feadback
switch (Figure 6) are closed. In this interval, C is charged to
the connected inpul (V1) kess the inverler's bias voltage (Vg,
approximately 1.2V). In the second cycle (Figure 7}, these
two swilches are opened and the other (V2) input's switch is
closed, The inpul capacitor now sublracis its stored voltage
from the second input and the difference is amplified by the
inverter's open loop gain. The inverler's input (V') becomes

Ve—(V1-Vv2)

C+Cg

and the output will go high or low depending on the sign of
Vg'-Va.

The actual circutry used in the ADC0820 is a simpls but im-
portant expansion of the basic comparator described above.
By adding a second capacitor and another set of switches to
the inpul {Figure 8), the scheme can be expanded to make
dual differential comparisons. In this circuil, the feedback
switch and one inpul switch on each capacitor {Z switches})
are closed in the zeroing cycle. A comparisen is then made

z
R LADDER
3] ct z
s
¥in C/
L]
z Yo
ANA (MD

1) }r £s
; 1
/2158 r—
o —(/ =

DE00F501-14

by connecting the secend inpul on each capacitor and open-
ing all of the other switches (S switches), The change in volt-
age al the inverler's input, as a resuli of the changa in charge
on each inpul capacitor, will now depend on both input signal
differences.,

vz—o/] I:’

DS005501-12
. VO = VB
sYorC=Vi-Vp
+ Cg = stray input node capacitor
= Vg = hwerter input bies vollege

Zerocing Phase
FIGURE 6. Sampled-Data Comparator

L

'
i T

Vg’ —Vp = (V2-V1}

V'I—O/

D500%501-13

C+Cs
A
T C+GCg
Wo' m depandem on V2~ vt

o' fCva~Cv)

Compare Phase
FIGURE 7. Sampled-Data Comparator

Vo = ——m__ [C1(V2— V1) + CAVA — V3
0= GryEarog S Y+ Cava-val

—A

BT A

DSO0SS0T.45

FIGURE 8. ADC0820 Comparator (from MS Flash ADC)

1.3 ARCHITECTURE

In the ADC0820, one bank of 15 comparalors I3 used in each
4-bit flash A/D converter (Figure 12}. The MS (most signifi-
cant) flash ADC also has one addilional comparator o detect
input overmange, These two sets of comparalors operate al-
temnataly, with one group in s zeroing cycle while the other
Is comparing.

When a typical conversion is started, the WR line is brought
low. At this instant the MS comparaiors go from zereing to
comparison mode {Figure 11}. When WR Is returned high

after at least 600 ns, the oulput from the first set of compara-
tors (the first flash} is decoded and latched. Al this point the
two 4-bil converters change modes and the LS {least signifi-
cant) flash ADC enters iis compare cycle. No less than 600
ns later, the RD line may be pulled low to latch the lower 4
data bils and finish the 8-bil conversion. When RO goes low,
the flash ADs change state once again in preparation for the
next conversion.

Figure 11 also outlines how the converler's interface liming
relates 1o ils analog inpul {V|y}. In WR-RD mode, V), is mea-
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1.0 Functional Description (continued)

surad while WR is low. in RD mode, sampling occurs during
the first 800 ns of RD. Because of the inpul conneclions to
the ADCOB20’s LS and MS comparatars, the converter has
the ability to sampla ¥V at one instant (Section 2.4), despite
the fact that two separate 4-bit conversions are being done.
Mcre specifically, when WR is low the MS flash is in compare
moda {connecled to V), and the LS flagh is in zere mode
(also connected to V). Therefore both flash ADGs sample
V| 8t the same Ume.

1.4 DIGITAL INTERFACE

The ADC0820 has two basic interface modes which are se-
lected by strapping the MODE pin high or low.

RD Mode

With the MODE pin grounded, the converter is set to Read
mode. In this configuration, a complete conversion is done
by pulling RD tow untit output data appears. An INT line is
provided which goes fow at the end of the conversion as well
as a RDY output which can be used to signal a processor
that the converter is busy or can also serve as a system
Transfer Acknowledge signal.

RD Mode {Pin 7 is Low)

=\ a—

When in R0} mode, the comparalor phases are internally trig-
gered. At the falling edge of RD, the MS flash converter goes
from zero to compare moda and the LS ADC's comparalors
anter their zero cycle. After 800 ns, data from the MS flash is
latched and the LS flask ADC enlers compare mode, Follow-
ing another 800 ns, the lower 4 bits are recovered,

WR then RD Mods

With the MODE pin tied high, the A/D} will be sel up for the
WR-RD mpde. Here, a conversion is started with the WR in-
put; however, there are two options for reading the output
data which relale to intesface timing. M _an interrupl driven
schema is desired, the user can wait for INT 1o go low before
reading the conversion resutt (Figure 10). INT will typicatly
go low 800 ns efter WR's rising adge. However, if a shorter

conversion time is desired, the processor need not wait for
INT and can exercise a read afler only 600 ns (Figure 9}, If
this is done, INT willimmediately go low and data will appear
at the outpuls.

s\ /\

Dr5006501-37

FIGURE . WR-RD Mode (Pin 7 is High and 15,1}

DEG-DB7 == nms it dr o - — - - —

DS00%501-18

FIGURE 10, WR-RD Mode (Pin 7 is High and tp>t)

Stand-Alone

For stand-slone operation in WR-RD mode, TS and RD can
be tied low and a conversion can be started with WR. Data
will be valid approximately 800 ns following WR's rising
edge.

WR-RD Mode (Pin 7 is High} Stand-Alone Operation
T¥row

TN/
oB0-087 :-...._C:}_

DS05s01-19
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1.0 Functional Description (continucd)

* M5 COMPARATORS ZEAC
T0 REFERENLE LADDER.

+ L5 COMPRATORS FLOAT,

+ M5 COMPARATORS COMPARE
Vit 70 THEIR REFERENCE
LADDER TAP. THE CONPARATOR
QUTMITE MGITALLY TRACK
¥int-YLADOER TaP

+ L5 COMPARATORS ZEROD Y0+
Yin. THE COMPARATOR S
INPUT CAPACITORS TRACK Viy.

Note: MS means most significant
LS means keast significant

OTHER INTERFACE CONSIDERATIONS

In order to maintain conversion accuracy, WR has a mexi-
mum widlh spec of 50 ps. When the MS flash ADC's
sampled-data comparalors (Seclion 1.2} are in comparison
mode (WR is low), the input capaciters {C, Figure 8} must
hold their charge. Swilch loakage and inverter bias cument
can causa airors if the comparator is left in this phase for too
long.

« WS COMPARATOR DUTPUTS
ARE LATCHED. THE MS
DAC 15 SET. THE B$
COMPANATOR FLOATS.

* L5 COMPARATORS LOMPARE
LSB SECTION OF REFERENCE
LADDER.

FIGURE 11. Operating Sequence (WR-RD Mode)

L

LS COMPARATOR DUTPUTS
ARE LATCHED AND CAN
BE READ.

* M5 COMPARATORS NETURN
TG ZERT) MODE.

DSEss01-20

Sinca the MS flash ADC enlers ils zeroing phase at the and
of a conversion {Section 1.3), a new convarsion cannot be
slarled unti? this phase is complete. The minimum spec for
this tima {lp, Figures 2, 3, 4, 5) is 500 ns.

www. national.com
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Detailed Block Diagram
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2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two Ve inpuls of the ADCO820 are fully differential and
define the zero fo full-scale input range of the A to D con-
verter. This allows the designer to easily vary the span of the
analog inpul since this range will be equivalant to the voflage
difference between Vi (+} and Vi,(-). By reducing
Vrer(Vier=Vre r(*)~Vier(-)} to loss than 5V, the sensitivily
of the converter can be increased fi.e., if Vpge=2V then 1
1.SB=7.8 mV). The inpul/reference armangement also facili-
tates ratiometnic operation and in many cases the chip power
supply can ba used for transducer power as well as the Ve
sgurce.

This reference flexibility lats the inpit span not only be varied
bul aleo offset from zaro. The vollage at Viper(~) sets the in-
pwt level which produces a digital oulput of all zerces.
Though Vyyy is not itself differential, the reference design af-
fords nearly differential-input capabllity for most measure-
ment applications. Figure 13 shows some of the configura-
tions thal are possibla.

2.2 INPUT CURRENT

Due to the unique conversion techniques employed by tha
ADC0820, the analog input behaves somewhat differently
than in conventional devices. The A/D's samplad-data com-
parators lake varying amounts of inpul current depending on
which cycle the conversion is in.

External Reference 2.5V Full-Scale

Vi (41 W+ Wt ey ] s
Imf-]-—-r END w“-_:_r_
o = =

5w REF 4 ) o
Ms25
REF(—) J:_
= DSO05501-21 =

Power Supply as Reference

The equivalent input circuit of the ADCOB20 is shown in Fig-
ure 14. When a conversion starls (WR low, WR-RD mode),
all input switches close, connedting V,y, to thirty-one 1 pF ca-
pacitors. ARhough the two 4-bit Nash circuits are not both in
thair compare cycls al the same time, V,,, stilt sees all inpul
capacitors at once, This is because the MS fNlash converter is
connected to the input during its compare interval and the LS
flash is connected to the input during its 2eroing phase (Sec-
tion 1.3). tn other words, the LS ADC uses V, as ils
zero-phase input.

The input capaciiors must charge 1o the input vollage
through the on resistance of the analog switches {aboul 5 k2
{0 10kQ). In addition, about 12 pF of input stray capacitance
must also be charged. For large source resistances, the ana-
leq input can be modeled as an RC network as shown in Fig-
ure 15. As Rg increases, it will take longer for the input ca-
pacitance to charge.

In RD mode, the input switches are closed for approximately
BOO ns at the start of the conversion, In WR-RD maode, the
lime that the switches are closed to allow this charging is the
time that WR is low. Since other facters force this time to be
at least 600 ns, input time constants of 100 ns can be ac-
commodated without special consideration. Typical total in-
put capacitance values of 45 pF aHow Rg to be 1.5 ki wilh-
out lengthening WR to give V,,, more time to settle.

Input Not Referred to GND

Vin 4 ) —— =
GND B
in
REF( 1} ¥ REF[ + |
LMM5-2 5
REFf-§ Ymi-1 REF{ )
— ot
oSO05501-22 » ;,
=

* Current path must
Kl exist from Vi -)
to ground
DSOS 0-23

FIGURE 13. Analog Input Options
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2.0 Analog Considerations (continusd

= ___l_ Row
s Ron
“N_W'MT
1of
TS X - 1pF
o L

R-LADDER

15 L5H COMPARATORS
Rox

L] )r
HSE__ )’: oF

A-LADDER

E¥IDF

16 MSH COMPARATORS
DSD05501-24

FIGURE 14,

s L] D
Vin
ﬁf‘; —_I__ 32pF 1_

DS005501-25

FIGURE 15,

2.3 INPUT FILTERING

It should be made clear that transients in the analog input
signal, caused by charging current flowing into V,,,, will not
dagrade the A/D’s performance in most cases. In effect the
ADC0820 does not “look” al the input when these Iransients
occur. The comparators' oulputs are rol latched while WR is
low, so at lees! 600 ns will be provided o charge the ADC's
input capacitance. It is therefore not necessary to fiter out
these transients by putting an external cap on the V) termi-
nal.

2.4 INHERENT SAMPLE-HOLD

Ancther benefit of the ADCOB20's input mechanism is its
ability io measure a variaty of high speed signals without the
help of an exiernal sample-and-hold. In a conventional SAR
type converler, regardiess of iis speed, the input must re-
main at feasi ¥ LS8 stable throughout the conversion pro-
cess if full accuracy is to be maintained. Consequently, for
many high speed signals, this signal must be exiernally
sampied, and held stafionary during the conversion,

Sampled-dala comparators, by nalure of their input switch-
ing. already accomplish this function to a large degree (Sec-
tion 1.2}, Although the conversion time for the ADC0820 is
1.5 ps, the time through which V,,, must be 12 LSB stable is
much smaller. Since the MS flash ADC uses V,, as its “com-
para” input and the LS ADC uses Viy as its “zero” input, the
ADCO0820 only *samples” V,,, when WR Is low (Sections 1.3
and 2.2). Even though the two flashes are not done simulta-
naously, the analog signal is measured al cne instant. The
value of V), approximately 100 ns after the rising edge of
WR (100 ns due to internal fogic prop delay) will be the mea-
sured value.

Input signals with slew rates typically below 100 mV/ps can
be converted without error. However, because of the inpul
time constants, and charge injection through the opened
comparalor input switches, fasier signals may ceuse errors.
Stilt, the ADCO820's loss in accuracy for a given increase in
signal slope is far less than what would be witnessed in a
conventional syccessive approximation device. An SAR type
converer with a conversion time as fast as 1 ps would st
not be able to measure a 5V 1 kHz sine wave without the aid
of an external sample-and-hold. The ADC0820, with no such
help, can lypically measure 5V, 7 kHz waveforms,

www national.com




3.0 Typicat Applications

8-Bit Resclution Configuration
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3.0 Typical Applications (continued)

L]

Talacom A/D Converter

25
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1L ¥ —
W
12
59 == Var +}
n (-1
| HMODE

V=3 kHz max t 4V,
No track-and-hold needed
Low power consumption

7

20wHr
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Mutltiple Input Channels
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3.0 Typical Applications (continued

Fast infinite Sample-and-Hold
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3.0 Typical Applications (continued)
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DAC0800/DAC0802

General Description.

The DACOB0Q series are monolithic 8-bil high-spesd
current-output digilal-to-analog converlers {DAC) featuring
typical setlfing times of 100 ns. When used as a muliplying
DAC, monotanic perfarmance over a 40 1o 1 reference cur-
rent range is possible. The DACOBCD series also features
high compliance complamenlary current outputs to allow dif-
ferential output voltages of 20 Vp-p with simple resistor loads
as shown in Figure 1. The refarence-to-full-scala current
matching of betler than 13 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities
of betler than 10.1% over temperatune minimizes system er-
ror accumutations.

The noise immune inputs of the DACOB800 series will accept
TTL levels with the logic threshold pin, V¢, grounded.
Changing the V| - polential will allow direct interface to other
logic families. The performance and characteristics of the
device are essentially unchanged over the full £4.5V to
118Y power supply range; power dissipation is only 33 mW
with #5V supplies and is independent of the logic input
states,

&National Semiconductor

8-Bit Digital-to-Analog Converters

June 1999

The DACO800, DACQE02, DACO8S00C and DACOB02C are a
direct replacement for tha DAC-08, DAC-08A, DAC-0BC,
and DAC-08H, raspectivaly.

Features

Fast settling output current:
Full scale error:. 11 LSB
Nonlinearity over temperature: +0.1%

Full scale cument drift:  +10 ppmi"C

High output complianca: —10V to +18V
Complemenlary current oulputs

Inerface direclly with TTL, CMOS, PMOS and others
2 quadrant wide range multiplying capability

Wide power supply range: 4.5V o £18V

Low power consumption: 33 mW at +5v

Low cosl

100 ns

Typical Applications

DIGITAL IRPUTS

Vouy T020Vpp

¢
Y™ 001 pf '

Ordering Information

FIGURE 1. 20 V5 Output Digital-to-Analog Converter (Note 5)

DS00%ERG-1

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package {(N16E) (Note 1) | SO Package (M164)
+01% FS 0C<T,<+70°C | DACOBO2LCJ | DAC-08HQ |DACOS02LCN | DAC-08HP DACO802LCM
0.19% FS -55'C £ Ty € +125°C | DACOS00L) | DAC-08Q
+0.19% FS C2Tos+70°C | DACOBOOLCJ | DAC-OBEQ {DACOSOOLCN{ DAC-DBEP DACOS00LCM

Nole 1: Davices may be ordered by using either order humber.

€ 1999 National Semiconductor Corporation  DS0)5688

www._nafional.com
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Absolute Maximum Ratings moe 2)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V* - V)

Power Dissipation (Nols 3)

Referenca Input Differential Voltage
V14 ta V15)

Referenca Inpul Common-Mode
Range (Vt4, V15)

Reference Inpul Cumrent

Logic inputs

Analog Cument Outputs
Vg = -15V)

ESD Susceplibilily (Note 4}

+1BV or 36V
500 myy

Vo v

VT to VvV

5 mA

V7 to V™ plus 36V

4.25 mA
TBD V

Electrical Characteristics

The following specifications apply for
characteristics refer to both lgyr and

Storage Temperature
Lead Temp. (Soldering, 10 seconds}
Dugl-In-Line Package (plastic)
Duakin-Line Package (caramic}
Surface Mount Package
Vapor Phase {60 seconds)
Infrared {15 seconds)

Operating Conditions (vote 2)

Min Max

Temperafure (T,)
DACO800L -55 +125
DACOS00LC 0 +70
DACOS02LC 0 +70

-65°C 1o +150°C

280°C
300°C

215°C
2200C

Units

Ve = 215V, Igge = 2 mA and Ty = T € Tiuax unless otherwise specified, Output

QouT:
DACOB02LC DACOS00LY
Symbod Parameatat Conditions DAGCQ30CLC Units
Min Typ Max Min Typ Max
Rasolution 8 :] 8 8 8 -] Bits
Monatonicity -] -] -] & 8 :] Bits
Nonlinearity 101 10.19 %FS
ty Settling Time Te £¥% LSB, All Bits Switched 400 135 5]
“ON® or *OFF®, Ty=25°C
DACOS0OL 100 135 ng
DACOBOOLC 100 150 )
tPLH. Propagation Delay Ta=25'C
1PHL Fach Bit 35 60 35 50 s
All Bits Switched 35 60 kL 60 ne
TCles Fuli Scale Tempco 10 +50 140 150 ppt'C
Vac Qutput Voltage Compliance Full Seals Current Change 10 18 -1a 18 v
<¥: LSB, Royr ™20 M2 Typ
gy Fuli Secale Current Vrer 10,000V, R14=5.000 k2 1.984 1.992 2.000 1.84 1.99 204 mA
R15%5.000 kfl, T,=25'C
kss Fult Scale Symmetry lesa=lpsz +0.5 +4.0 11 +80 A
Izs Zors Scale Currenl 01 10 Q2 20 BA
s Cutput Current Range V=-5V 0 2.0 21 0 2.0 21 mh
VOE-BY o —18V Q 20 4.2 0 20 42 mA
Legic Input Levela
Vi Logic "0” V=0V 0g 0.8 v
Yy Logic ™1 20 2.0 v
Logic Input Current Vi =0V
M Logic *0° —10VsVys+0 8V -2.0 -10 -20 -10 pA
™ Logie *1° VLV )ys+H1BY 0.002 10 0.002 10 uA
Vis Logic Input Swing VTRV -10 18 -10 18 v
ViuR Legic Thrasheid Range Vg=415V -10 135 -10 1315 v
lys Reference Bias Cumrent -1.0 -3o -3.0 -3i0 pA
di/dt Referance lnput Slew Rate {Figure 11) 49 40 4.0 8.0 mAJus
PSSlg. | Power Supply Sensitivity 4.5V<vtgiBy 0.0001 .01 0.0001 oM %%
P5S%s- -4 5V 18y 0.0001 .01 00001 o %%
lREF=1mA
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Electrical Characteristics (continusd

The following specilications apply for Yo * $15V, Iggr = 2 mA and Ty £ Ta S Tyax Unless otherwise specified. Outpul
charactenistics refer 1o both loyr and gy,

DACOB02LC DACO800LS
Symbol Parametar Condillens DACCS00LC Unlts
Min Typ Max Min Typ Max
Power Supply Current Vg8V, Iper=1 mA

I+ 23 38 23 38 mA

- -4.3 -58 -4.3 ~-58 mA,
Vg=5V, —16V_ inep=2 mA

+ 24 38 24 38 mA

1- -6.4 -7a -84 ~7.8 mhA,
V=215V, Irpr=2 mA

H 25 38 2.5 38 mA

- -B.5 -7.8 -85 -78 mA

Po Power Dissipation 15V, lppr=1 mA 33 48 a3 48 mw
SV— 15V, Iner =2 mA 108 136 108 136 mw
145V, IRpr=2 mA 135 174 135 174 v

Hole 2: Abeolule Maximum Ralings indicats imits beyond which demage to the device may oecur. O and AC electrical specifications do not apply when operaling
tha device beyond ils specified operating conditians.

Note 3: The maximum junction lemperature of the DACOS00 and DACOBOZ is 125°C. For operating at slevated temperatures, devices in |he Dualtn-Line J peckage
musl be defaled based on a tharmal resistance of $00'GAW, junction-lc-ambienl. 175'C/W Far the molded Dratin-Line N package and 100'C/AW far the Small Outtine
M peckage.

Mote 4: Human body modal, 10¢ pF distharged through a 1.5 k(2 resislcr.

Note 5; Pir-out numbers Jor tha DACOS0X reprasent the Dual-n-Line-package. The Small Outlina package pin-cut differs fom the Dual-in-Line package.

Connection Diagrams

Dual-In-Line Package Small Outline Package

ool RN PR SN = I
Touy - P Vree ) Vreri*t) = 2 158,
v S Vaees) Vagr-} {3 148
oyt = 13 o+ COMPENSATION— 4 138
-1 3. THRESHOLD CONTROL, ¥y =1 5 12f-8,
p2 | 1L IO::I: : :01 ::3
""f :_.“ bur—1 8 9 —-B: usB
" ™ OSD05B888- 14
Dsoostes 13 : Top View
Top View

See Ordering Information
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FuH Scale Current
vs Reference Current
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Typical Performance Characteristics

L5B Propagation Delay vs lgg
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Gurve 1: Cg=15 pF, V=2 Vp-p cenlared st 1V.
Curva 2: Cc=15 pF, Vpy=50 mVp-p centerod at
200 mV,

Curve 3: Cc=0 pF. Yey= 100 mVp-p cenlerad at
OV and app through 5041 connected Io pin
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Typical Performance Characteristics (continved)

Qutput Current vs Qutput Output Voltage Compliance Bit Transfer
Veltage {Output Vokage vs Temparature Characteristics
Compliance)
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Vrer = 10000V
Rpge = 5.000k

R15 = Regr
Cg = 0.01 uF

255
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258

Ig + To = Ipg for all logic stales
For fad refarence, TTL oparation, typical valuas are.

Vi = OV (Ground)

gy = Ped
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FIGURE 4. Recommended Full Scale Adjustment
Circuit {Note 5}

Typical Applications

DIGITAL INPUFE

wE
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FIGURE 3. Basic Positive Reference Operation (Nots 5)

Rags

LIY-- 1] - s HACWMN
“Vppr O==Cr=AAA—] 11 ) %
DS005684.-180
DSnEss-21 e 2 BEF o 255
F8 = "Rper 268

Mole. Rpep seha keg; R15 is for bias current cancelation
FIGURE 5. Basic Nepative Reference Operation

(Note 5)
DAGITAL INFUTS
1] 150
Toaz el BRE 08 AT B iy
bpf = 2 i O
DSO058BE-17
B1 B2 B3 B4 B5 B6 BY B8| lomA | IomA Eo Eo
Full Scals 1 1 41 1 1 1 1 1] 1902 | o000 | -8960 | 0.000
Full Scale-LSB {1 1 1 1 1 1 1 0| 1984 | 0008 | -2.920 | -0.040
HaffScalettSB |1 0 ©0 © 0 © 0 1| 1008 | 0984 | -5040 | -4.920
Half Scale 1 0 0o 0 o o o o] to00 | 0992 { -5000 | -4960
Haf Scale-LSB | @ + 1 1 1 1 1 1] 09892 | 4000 | -4960 | -5.000
ZeroScaletlSB [0 0 0 o 0 0 O 1] 0008 | 1984 | -0040 | -9.920
Zero Scale 0 0o 0 0 0 O 0 0| 0000 | 1892 | 0000 | -9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 5)
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Typical Applications (Continued)

p—O + b

Iy = 1 nA Ot
e

50058886

B1 B2 B3 B4 B5 B6 B7 B8| E, Eo
Pos. Full Scale 1 1 1 1 1 1 1 1]-9920(+10.000
Pos.Full Secale-LSB |1 1 1 1 1 1 1 0f-9.840| +8920
Zero Scale+LSB 1.0 0 0 0 0 0 1|-0080}+0.160
Zero Scale 1 0 0 0 0 0 0 Of 0000 |+0.080
Zero Scale-LSB 0 1 1 1 1 1 1 11+0.080]| 0.000
Neg. Fult Scale+LSB 0 0 0 0 0 0 0 1]|+9.920]-9840
Neg. Full Scale 00 0 0 0 0 0 0R10.000]|-9.920

FIGURE 7. Basic Bipolar Output Operation {Nole J)

=
VREF = TV O AN~

—1 A
O ""( e +ﬁ)

whare X is the input code and
AL = Ay = Pagre

DATNEHID

DS005686-18

If Ry = Ry within £0.05%, output is symmetrical about ground

B1 B2 B3 B4 B5 B5 B7 B8 Eo
Pos. Full Scale 1 1 1+ 1 1 t 1 1| +9960
Pos. Full Scale-1.5B 1 1t 1t 1 1 1 1 0] +9880
{+)Zero Scale 1. 0 0 0 0 O 0 0] +0040
{-)Zero Scale o 1 1 1 1 1 1 1]|-0040
MNeg. FullScale+lSB 10 0 0 0 0 0 0 1| -9.880
Negq. Full Scale 0 ¢ 0 0 0 0 0 0f-9960

FIGURE 8. Symmetrical Offset Binary Operation {Note 5)

L
AN
lg
-——
4
Eg
DACEIY —Q 070+ lgg- Ry
z e = 255 (
= J. L FS = 756 REF

D5005684-19

For complemantary oulpul (operalion as nagative logic DAC], connect inverting input of op amp h'lo {pin 2), connect 1g (pin 4) to ground.

FIGURE 8. Positive Low Impedance Output Operation (Note 5}
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Typical Applications continued)
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For plemeanmary culput {operation as a nagalive logic DAC) connect non-inverling input of op am to T.;,(pin 2); eanmed Ig {pin 4} to ground.
FIGURE 10. Negative Low Impedance Output Operation (Note 5
g P
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NDCAR

DS00S686-10
Typical values: Ryy= Sk, +Vy=10V
FIGURE 11. Pulsed Reference Operation {Note 5)

00608 ¢
Vi = Vig + 14V

15V CMOS, HTL, HNIL

Viy = 7.8¥

Nole. Do not exceed negalive logic input range of DAC.

FIGURE 12. Interfacing with Various Logic Familias
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DS005081-12
Vip =y
Rim

{b) +¥ger must be above peak positive swing of Viy

DACOSD

DSOESAEE-11
{a) Irer 2 peak negative swing of |y
FIGURE 13, Accommodating Bipolar References (Note 5)
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Typical Applications continued)
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FIGURE 14. Settling Time Measurement (Note 5}
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Nete, For £ ps conversion tima with 8-bil fesolution and 7-bd accuracy, an LM381 camparalor replaces the LM319 and the referanca current = doubled by

reducing R1, R2 and R3 15 2.5 K1 and A4 10 2 M.

FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter (Nole 5)
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Physical Dimensions inches (millimeters} unless otherwise noted
. R g
1
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. SRR
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g.100 ¢ D.0ID e i
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Molded Small Outline Package (SO}
Order Numbers DACO800LCM,
or DACOBOZ2LCM
NS Package Number M16A
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Molded Small Qutline Package (S0)
Order Numbers DACOS00LCM,
or DACOB02LCM
NS Package Number M1BA
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Physical Dimensions inches (milimaters) uless otherwise noted {Continued)

0.740 - 0.780
{18030- 19.81}
]
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Molded Dual-In-Line Package
Order Numbers DAC0800, DACOB02
NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMIGONDUCTOR CORPORATION, As used herein:

1. Life support devices or systems are devices or
systems which, {(a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properdy used in
accordance with instructions for use provided in the
labsling, can be reasonably expected to rasult in a
significant injury to the user.

2. A critical compenent is any component of a life
support device or syslem whose failure to perform
can be reasonably expected to cause the failure of
the life support device or systemn, or o affect ils
safety or effectiveness.
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Emed: suppertgdnsc com Engish  Tal: +4B (D) 1 80-532 78 32
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Radiometrix )

Hartcran House, 231 Kenton Lane, Harrow, HA3 8RP, England
Telk: +44 (0 20 8009 3595, Fax:+44 (0120 8909 2233

Issue 2, 01 November 2004 BiM?2

433MHz high speed FM radio transceiver moduie

The BiMZ transceiver is an enhanced
replacement for our original BiM module. It
offers greater transmit power, higher data
rates, greatly improved receiver interference
rejection and a lower profile. The module is
ideal for enabling bi-directional wireless
connectivity in battery powered or handheld
applications

Features BiVI2-433-160

CE Certified by independent Notified Body according to the R&TTE Directive (1999/5/EC)
Verified to comply with Radio standard ETSI EN 300 220-3 by UKAS accredited Test Laboratory
Verified to comply with EMC standard ETSI EN 301 489-3 by UKAS accredited Test Laboratory
Usable range to 200 metres external, 50 metres in building

Data rates up to 160kbps

SAW controlled 10mW FM transmitter

Double conversion FM superhet receiver

SAW front end filter and full screening

Plug in replacement for Radiometrix BiM-433-40

3V or 5Volt supply at < 20mA

The BiM2 is a half duplex radio transceiver module for use in high-speed bi-directional data transfer
applications at ranges up to 200metres. The module operates on the European licence exempt frequency
of 433.92MHz. The small footprint of 23 x 33mm and low profile of 4mm together with fow power
requirements of <20mA @ 3 to 5 Volts enable convenient PCB installation.

Applications

PDA's, organizers and laptops

Handheld terminals

EPOS equipment, barcode scanners, belt clip printers
Data loggers

Audience response systems

In Building environmental monitoring and control
High end security and fire alarms

Restaurant ordering systems

Vehicle data up/download

Further information will be available imminently, however, BiM-433-F data sheets contains
applications information that is equally applicable to the new BiM2.

Radioemetrix Ltd, BIMZ Data Sheet page |



Functional overview

The transmit section of the BiM2 comprises of a SAW stabilised and FM modulated 433.92MHz oscillator feeding a
10mW buffer/output stage. Operation is cortrolled by a TX select line, the output achieving full power within 100ps of
this line being pulled low. Modulation is applied at the TXD input and may be either a serial digital stream at the same
levels as the module’s supply rails (digital drive) or a high level analogue waveform with a pk to pk anplitude close to
the modules supply level (linear drive). Modulation shaping is performed internally by a 2nd order 44kHz LPF to
minmimize spectral spreading. The RF output is filtered to meet the requirements of EN 300-220-3 and fed via a fast
antenna changeover switch to the 502 antenna pin.

The receive section of the BiM2 is a double conversion FM superhet with IF’s of 16MHz and 150kHz The dual gate
MOSFET LNA is followed by a 750kHz bandwidth SAW filter to provide >60 dB’s rejection of all out of band signals.
The receiver is controlled by an active low select line and will power up in <Ims. A post-detection 2nd order 35kHz LPF
establishes the signal bandwidth and ensures the clean operation of the subsequent adaptive data slicer. The slicer has a
2ms averaging time constant and is optimised for balanced data, e.g bi-phase codes. A fast acting carrier detect output
will indicate the presence of any RF signals.

GND (1)

1 2203~ T Gnd (18)

Vrc—] TXIRX lﬁ—q- Vee (17)
\im V.o 4——1 Swilch

L RXselect (18}
Anlenna (2) = band switch 44 kHz 2™
4 ase her B % | |order LPF = TX select (15)
TOKCY

F

WA '
RF GND (3) 1 4 \‘l\ EAw-stabilised
oscillator

NC (4)

= TXD (14)

T8 - 418 Milz
GND (5) L A‘i”iofm}"ed AF (13
- st Local
| osdillator é’:;m‘[ Adaptivg Data Shcer (13)
NC (6) ey " 15.82 MHz ke Data cut (12}
[ AF| 35kHz 4
NC(7) = SAW band mier 1 Vo _—
pass fiter IF ampkfier I = CD (11)
NC (B) = damodulatar
1% mixer )
Gnd (8} —.I 47KEY ,l:- GND {10}

FIgUre 17 BIOCK QIAagTain
Pin description:

R¥ GND pinl &3
RF ground pin, internally connected to the module screen and pin 5, 9, 10, 18 (0 Volt). This pin should
be connected to the RF return path (e.g. coax braid, main PCB ground plane etc.)

Antenna pin2
90Q RF input from the antenna, it is DC isolated internally. (see antenna for suggested antenna/feeds).

OVolt pins 5, 8, 10, 18
Supply ground connection and screen.

CcDh pin 11

Carrier Detect - When the receiver is enabled, a low indicates a signal above the detection threshold is
being received. The output is high impedance (50kQ) and should only be used to drive a CMOS logic
input.

RXD pin 12

This digital output from the internal data slicer is a squared version of the signal on pin 13 (AF). It may
be used to drive external decoders. The data is true data, i.e. as fed to the transmitter. Load impedance
should be >1k$2 and <1nF

Radiemetrix Ltd, BIMZ Data Sheet page2



AF pin 13

This is a buffered and filtered analogue output from the FM demodulator. It has a standing DC bias of
1.2 volts and 400mV pp base band signal. It is useful as a test point or to drive linear decoders. Load
impedance should be >2kQ and <100pF.

TXD pin 14
This DC coupled modulation input will accept either serial digital data {0V to Vcc levels) or High level
linear signals. Input impedance is 10kQ. .

TX select pin 15
Active low transmit select. 10kQ internal pull up to Vcc.

RX select  pin 16
Active low receive select. 10k internal pull up to Vec.

Pin153TX Pin 16 RX Function

1 1 power down (<1pA)
1 0 receiver enabled

0 1 transmitter enabled
0 0 self test loop back

Note: Loop test allows the receivers to monitor the transmitted signal. The receiver will not receive
external signais whilst the TX of the module is enabled,

Vce pin 17
+ve supply pin. +3.0 to +5.5 volts @ <20mA . The supply must be clean < 20mVep ripple. A 2.2uF de-
coupling capacitor and 10Q series resistor are used internally to filter the supply.

side view side views
I 4 mm
top view
RF GND 1 e 18 0 Vol A
Antenna 2 17 Vec
RF GND 3 16 RX select
NC 4 15 TX select
GND 5 14 TXD 23 mm
NCs 13 AF
NC 7 K 12 RXD
NC 8 11 CD
GND g J _10 0 Volt v
L 3048 mm ’i .
recommended PCB hole size: 1.2 mm
P 33 mm pin pitch: 2.54 mm

Figure 2: Physical dimension

Weight: 5g (typical with pins)

Radiometrix Ltd. BiMZ Data Sheet page3



Survival Maximums:

Operating temperature:
Extended operation at
Reduced specification
Storage temperature

Vee (pin 17)
All other pins
Antenna (pin 2)

Note:
licensed power level,

-10°C to + 55°C
-20°C to + 70°C

-40°C to + 100°C
-0.1Vto +10.0 V

-0.1V to +Vee+0.8V
+50V @ <10MHz , +20dBm @ > 10MHz

Figures apply to 5V versions unliess otherwise noted
Temperature 20° C unless noted

Electrical Performance
DC Levels

Operation of the BiM2 above 5.5 volt with efficient antenna may result in radiated power levels above the

supply voltage, Vec (std. version) 17 4.0 5.5 \'
supply voltage, Vee (3V version) 17 3.0 3.3 4.0 Vv
TX supply current, Ve (std) 17 10 14 16 mA
TX supply current, Vee (3.3V) 17 6 8 10 mA 3.3V supply
RX supply current, Vcc (std) 17 12 18 21 mA
RX supply current, Vce (3.3V) 17 10 14 17 mA 3.3V supply
supply ripple allowed 17 - - 20 mVpkpx | below 1IMHz
AF output DC level 13 1.0 1.25 1.5 Vv
load capacitance on AF / Data 12,13 - - 100 pF
CD output load resistance 11 220 - - kQ Note 2
Interface levels
data output high, 100pA source 12 - Vee-0.6 - \' RXD high
data output low, 100pA sink 12 - 0.4 - \% RXD low
TX & RX select, high (deselect) 15, 16 | Vce-0.5 Vee \%
low (select) 15, 16 0 0.5 V

Internal select pull-ups 15,16 - 10 - kO
TXD, high 14 Vee-0.5 Vee v

low 14 0 0.5 \'i

RF Parameters
Antenna pin impedance

TX or RX

RF centre frequency - - 433.92 - MHz

Transmitter

RE power output, Vce std 2 +7 +10 +12 dBm 5V
RF power output, Vce 3.3V 2 +3 +6 +8 dBm 3.3V
Initial frequency accuracy -50 0 +50 kHz

Overall frequency accuracy - -100 0 +100 kHz

FM deviation - 20 30 40 kHz

Modulation bandwidth - DC 32 kHz

Modulation bandwidth DC 80 kHz 160kpbs
Modulation distorticn - - - 15 %

Recelver

RF sensitivity, 10dB S/N 2,13 -95 -101 dBm

RF sensitivity, 10dB S/N 2,13 -91 -96 dBm 3.3V
RF sensitivity, 10dB S/N 2,13 -94 dBm 160kbps

Radiometrix Ltd, BIMZ Data Sheet
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RF sensitivity, 1ppm BER

2,12 -87 -93 dBm 5V
RF sensitivity, 1ppm BER 2, 12 -82 -88 dBm 3.3V
RF sensitivity, 1ppm BER 2, 12 -90 dBm 160kbps
CD threshold , Vcc = 5V z, I -98 -104 dBm Note 2
CD threshold, Vcc = 3V 2, 11 -92 -98 dBm Note 2
CD threshold, Vee = 5V 2, 11 -96 dBm Note 2
IF bandwidth, Vce = 5V, 160kbps - - 500 - kHz
CD bandwidth 2,11 - 400 - kHz Note 2
Ultimate (S+N)/N, -70dBm input 13 - >40 - dB
Ultimate (S+N)/N, -70dBm input 13 30 dB 160kbps
maximum operating RF input 2 - +10 - dBm
AF output level 13 - 400 - mV peak to peak
Initial frequency accuracy - -50 0 +50 kHz CD centre
EMC Parameters pin min, typ. max. units notes
Rejections: refection figures are relative to a 15dB (5+N)/N wanted signal
Co-channel rejection 2 - -10 - dB
Image rejection (fre-2f1r) 2 - 64 - dB 402.0MHz
Cut of band rejection 2 - >70 - dB DC to 2GHz
AM rejection 2 - >30 - dB
Out of band blocking level 2 - >-15 - dBm
Out of band IP3 2 - +1 - dBm
Radlatlons
RX LO leakage, conducted 2 -60 -57 dBm
RX LO leakage, radiated - - -70 - dBm
TX 2™ harmonic 2 - -42 -36 dBm
TX harmonics >1GHz 2 - -40 -30 dBm
TX spectral bandwidth @-40dBc 2 - - 250 kHz worst case

Baseband Transfer units

Performance

TX> RX

Linear baseband BW @-3dB 13 0.08 34 kHz TXD to AF

Linear baseband BW @-3dE, 13 0.08 - 80 kHz 160kbps

Balance code bit rate 12 - 64 - kbps

Time between code transitions 14 15.6 1000 ps

Time between code transitions 14 15.6 - 120 us S version

Time between code transitions 14 6.25 - 100 us 160kbps

Averaged code mark:space 14 30 50 70 % in any 2ms

preamble duration 14 3 - ms 01010101
pattern

preamble duration 14 1 - ms S version

link delay 14, 12 - 15 s TXD to RXD

Dynamic Timing

Power up with signal present

Power up to valid CD, teucp 11 - 0.7 1 ms Note 2

Power up to stable AF, tru.ar 13 - 0.5 1 ms

Power up to stable data, trudaea 12 3 5 ms

Power up to stable data, tpu.data 12 - 1 ms 1, S version

Power up to stable data, tPudata 12 - 0.8 ms 160kbps

Radiometrix Ltd, BiMZ2 Data Sheet

page s



Baseband Transfer i in. . . notes

Performance

Signal applied with supply on

Signal to valid CD,  tsigcn 11 . - 0.25 0.5 ms Note 2
Signal to stable data, tsigdata 12 - 3 4 ms

Signal to stable data, tsigdata 12 - - 1 ms 1, § version
Signal to stable data, tsigdata 12 - - 0.5 ms

TX power up to full RF 2 - 100 - us

Notes: 1. from 45% to 55% duty cycle
2. CD works up to a temperature of 40° C

Antenna requirements
Three types of integral antenna are recommended and approved for use with the module:

A} Helical  Wire coil, connected directly to pin 2, open circuit at other end. This antenna is very
efficient given it's small size (20mm x 4mm dia.}. The helical is a high Q antenna, trim
the wire length or expand the coil for optimurn results. The helical de-tunes badly with
proximity to other conductive cbjects.

B) Loop A loop of PCB track tuned by a fixed or variable capacitor to ground at the 'hot' end and
fed from pin 2 at a peint 20% from the ground end. Loops have high immunity to
proximity de-tuning.

C} Whip This is a wire, rod ,PCB track or combination connected directly to pin 2 of the module.
Optimum total length is 16cm (1/4 wave @ 433MHz). Keep the open circuit (hot) end
well away from metal compenents to prevent serious de-tuning. Whips are ground plane
sensitive and will benefit from internal 1/4 wave earthed radial(s) if the product is small
and plastic cased

helical loop
Ultimate performance ** * whE
Easy of design set-up o * e
Size kK * % *
Immunity proximity effects ** ER *
Range open ground to similar antenna 200m

The antenna choice and position directly controls the system range. Keep it clear of other metal in the
system, particularly the 'hot' end. The best position by far, is sticking out the top of the product. This is
often not desirable for practical/ergonomic reasons thus a compromise may need to be reached. If an
internal antenna must be used, try to keep it away from other metal components, particularly large
ones like transformers, batteries and PCB tracks/earth plane. The space around the antenna is as
important as the antenna itself.

Radilemetrix Ltd, BiM2 Data Sheet page6



0.5 mm enameled copper wire
close wound on 3.2 mm diameter former

433 MHz = 24 turns

A. Helical antenna

Feed point 15% to 25% of total loop fength
frack width = 1mm

R“F-GND
oo == 4 to 10 o inside area

I |

© o4 RF
B. Loop antenna
\ 16.4cm ; wire, rod, PCB-track or a combination
" 5 of these three
C. Whip antenna RF 433 MHz = 16.4 cm total from RF pin.

Figure 3: Antenna

Qrdering information

The standard BiM2, order code BiM2-433-64 is supplied with pins fitted for operation on 5 volt
supplies (4 to 5.5v)

Versions and Variants

BiM2-433-64-3V
A 3 volt version is available, BiM-433-64-3V for operation at 3.3volts (3.0to 4.0 V} itis
identical to the standard version but has been tested and aligned for operation at 3.3v.

BIM2-433-64-S
This is intended for RPC or Manchester code only and has fast settling time {(maximum 1ms)

Additionally, for volume orders, Radiometrix can supply the BIM2 to the customers’ PCB pin
requirements or even without any pins.

BiM2-433-160-5V
This fast version BIM2 has a raw data rate of up to 160kbps. 3V version also available (BiM2-
433-160-3V).

Radiometrix Ltd, BiM2 Data Sheet page7
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