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ABSTRACT

At present, communications play vital roles in our daily lives, cspecially communication

between people. We try to build everything in the order to respond them. This project presents a

voice or data communication via light beam. The optical com
meet this technology in our daily example compact discs, bar code

munication is a new technology and

develops continuously.We can
and remote control etc. This communication method is very useful for digital communication. It
is a low noise system, make our transmit signal is far more than hard-wire
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iy, = (2¢ B)
iiie I il Photocurrent = enP /hv
2.2.3.3Thermal Noise
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2.3.4.1Photovoltaic Mode
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2.3.4.2Photoconductive Mode
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2.4 MSUDANAND (Multiplexing)
v a o o =Y ] ' ar a
ANuMINBYBIMsTaAmand dmnsanluudssuumsdems e mssandaanad
' Q . 1 =y = L) 1 A
1anh 2 fyanendidienu uazdelduumonda 1 du n5e Mmeing 1 mMedase &
o n’: a ﬂ 9/ 3 = ¢ o as 9 o S A A ° o o o
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fiog 3 5a20fu afuulAdail
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A1 FDM ﬁ“l%’“lmmﬂszmaﬂﬁluﬁagapm%q uag Insviend dauanumaszuy Insdwin g
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2.4.338msifaRwdnuuuuian1aaai(Time-Division Multiplexing; TDM)
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2,531 11U RS-232-C
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ON/OFF
Logic 0/ Logic 1
@ w 1 LY v Y a Y
ANuduRUT ST UzvdYRNagaieg dussaunsaay dudas i luaag
2.1 volidunade91 RS-232- C 14anin(Negative Logic) LNUTEAVUIIAUA (ADINAL
. . A an =t =] a @ 4 v @ s & a0 o
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sy +15V
Space Space
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Transition Noise”” 1 Transition >
Region Margi\ | Region 3V
> Mark - 1 Mark
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2.5.20aEuliAmnavesmIdumese
a 3 < J b 4 b ¢
510AZIDIATBINAI VBINOUINAINETANLIATEIU RS232 C  lAndas1iTuaisis
g : g o
2.2 wolddunadioh 1asgurs-232- Lildnanialdndf(plug) nie Yandadie
o '3 v Y A ' o t o as 3 < J
(socket)vpenpuinwesagdealisdnyauzedils luilegiiusuines l4neuiinnes
a . = o
HUY DB-25(UeAEAUUY D Type 25 pin connector) UM IBUINDTIWTAWUIATIIH RS-232-
Y , 4 . )
crauiiamesuvuiifeuniuy 150 2113 Fauilumasguiitssmealdlas Intemnational

o @ A a [ 4 y
Organization for Standardization Iso)ydmuswazdeamuAnvesnouiamesuuuim14

910 ISO Draft International Standard 2110 , “ Data Communicarion:25 —Pin DTE/DCE

Interface connector and Pin Assignments ”  (Revision of ISO 2110-1972), February 1979.

[ o
&mIuswaziBeamanavestldndaf( DB-25-P) uazaldndaily ( DB-25-P) ueras 13

§ o ' (=] 5y o ' <] Jo A o
TugUfi 2.18 wolidunadishneuinmes@afes 19y DTE daunsuinmesdudiel ¥y

DCE
Side - f j T
Eievation > 0.46
~ 1 [ o]
] —-0.054"
1.85"

(1 A

o |© \&0 02900000000
t : ok
00902229900 @
- Y,
|
2.08" -
‘Male  1.58"
Female 1.51”
= Y = s
51/712.38 uaAsAnyHzN1INTYRINBUILANBSUUL DB-25
2.5.3 SNHATMINNUYBATDTANAILY
g 1 a & o 1
wosname 1duans 3 luasenz.2 dawise usneendiulszinneien 14 s
Uszinnfio

1. ﬂsnuﬁ %39 Common Return(A)

2. 1BRIAAYEYA(B)

3. (R3INANILAN(C)

4. 93 nAYeIdR MU Timing Circuit) (D)

Ja ~
5. IRINAVOAULYULUANTDI(S)
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INGTTNN 2.3 WWIHU lﬂ’)‘l AIDNHT '1u'ma‘u*naﬂmummmaiﬂmﬂizmwmm ‘H?V’L‘ﬂu

o o @ " @ v b o/ o A o/ & Gli/tv o lfl
Frdnusdansnvesnguidnys (Uszneudiedisnusaeanieand) Falyiuian Tdlu

a o ] A o o 4 da
mseuiodaanuang Aneadesiunsldan Rs-232-C 1nAT19i2.3 (0T NAA VRS

b4
] v v @ (Y] a vy LY
RS-232-C gutieenifiutlsziang Taeldnguuesidnusdeetinglidredu  wenenil

Tumsedaaasinmsmaouivesdoya, dygnaniuguuasdyyisa1ridnin DCE

1 :: o o { o W I 1
wiodanin DTE  sauvemsmnuandyanadldmhiumesnaniad

A3 1\11:"'12.3 RS-232-C Interchange Circuits

Connector IGnd Data Control Timing
Interchange pin Description From to From to From  to
circuit assigmment DCE ©DCE DCE DCE DCE DCE
AA 1 Protective Ground
AB 7 Signal Grou‘nd/Common Return
BA 2 Transmitted Data X
BB 3 Received Data X
4 Request to Send - X
5 Clear to Send e
6 Data Set Ready X
20 Data Terminal Ready X
22 Ring Indicator X
8 Received Line Signal Detector X
21 Signal Quality Detector X
23 Data Signal Rate Selector (DTE) X
23 Data Signal Rate Selector {DCE) X
DA 24 Transmitter Signal Element Timing X
(DTE)
DB 15 Transmitter Signal Element Timing X
(DCE)
DD 17 - Receiver Signal Element Timing X
{DCE)
SBA 14 Secondary Transmitted Data X
SBB 16 Secondary Receivéd Data’ X
SCA 19 Secondary Request to Send X
sCB 13 Secondary Cleair {o Send X
SCF 12 "l Secondary Received Line Signal i X

Detector
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2.5.41as9a1979 lveainasgiu Rs-232-C
S8 W luaeudy wnsg Rs-232-C hilddmuadnyas TIassadivosnou

q . v o q ¢ d
L'Nﬂmﬂﬂ}ilaﬂ AUULTTIEINID lﬁﬂﬂ cl‘lsf’ﬂﬂuLUﬂlﬂfJiuUUclﬂﬂvlﬁ

=4 A o t U= ° 1Y o’;’
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b4
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IS [ dy 4 v ar a 4
oinn ) Jeaedudeiinoulduinun iflosnngtuuuveangudyanunldlumsdoms

9 a J s é’ T o d' 9/ 9 Y

‘UE)Hﬁlluﬂﬂﬂ'lﬁﬂuaﬂﬂvlﬂﬂ'lﬂiﬂﬁ ‘lmﬂgﬂ'ﬂaﬂ“klﬂl%‘lli’)\'li%ﬂ‘i]‘ﬂﬂﬂ\‘lﬂ'liGl‘lfiﬂi\‘l’di'l\‘i‘lli’)\ﬁ%‘ﬂ'ﬂ
9 3 1 ] da o 9 o A a 4 4 g a

i’)'lﬂ!{‘ullﬂvlﬂﬂa'lﬁll‘ljﬂﬂx‘lllﬂﬂ'liﬂﬂmﬂiﬂual‘lﬂﬂumiﬂx‘lvmiﬂiﬂﬂll‘W’JLﬂ?Ji Fadlunisou

o 1 8 A o o 1 o A a ¢ A Iy o
LﬂﬂilﬂﬁLLUUQ'lU‘] cl‘lﬂﬂiﬂ\?ﬂﬂllﬂ']!,ﬂﬂi‘Uﬂ\ili'\iﬁﬂﬂ'ﬂlﬂifJQﬂﬂuW?meilﬂiﬂQIﬂUfJ'\ﬁUﬂ'\i ua
usoléfuay

o 9

a o o v a Y
amansy (Multiplexed), “l%’muaxsmlmg,auuumﬂﬂsuﬂ (Synchronous)
a ' a [ V@ ' 2
Dedicated Line ( aufildlumsdsdoyaiisintindor 1dadyanaudodtild) Fuslums
1 Y a o 4 4 t =1 ¥ LY
Weudumefitalnumanisdy strelsanuEa lduiwmunasguesmsldmodoyan

1 1 1 @ { ] [y a 4
poNUATUAINANIHYBITTLUA ﬂqwmﬁtgnunmm%suuﬂui:uu"luiﬂsﬂanmmeigﬂ

14
useenidlu 7 nguAsil
¥ lumsaadoyane19@ed (Transmit Only)

I umsdedoynosapeud ¥y RTS du

9

o 3

1 unssudeyanga@ea (Receive only)

a

s

1 umsfudeyauuuadngman( Half Duplex)

9

1 o <
¥ daazTudoyauvuyfagwan( Full Duplex)
' o < 1 [
¥danzsudoyauunyagmin udlddyana RTS A
LUUNIAY ( Special)
a o ' A 1 ¢!’, s/ Sk = & kY o
mssumeTauuuang Anarani lduaadBlumnh 24 aeldszymedygo
- 1 a J ' v o P ' a
Jatheidesnolumssumoimlaudazuuy (51 18dadagnaildlumsdidoyauundalas
Y Qy 4 ' a o o ] i dy
fanaliiesnniiuszuy lulnsaeuiunestines lildmsdedeyauunil

a319912.4 151u31R 3§14 ConfigurationVBIRS-232-C

Transmit Full

Transmit only with Receive Half 1l duplex

RS-232-C interchange circuit only RTS

only duplex duplex with RTS Special

Protective Ground

Signal Ground X

X X |x

Transmitted Data X

Raceived Data

Request to Send
Clear to Send

Data Set Ready

20 Data Terminal Ready

on v bs]w N~

0w, n X XX

22 Ring Indicator
8 Received Line) Signal Detector

x
7

x ton x

X Mot X X X|X X|X

X 0 X X

X o ;X X XX X|Ix

o o o 0O O olo O|x ©
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X = 1Femlunnnsdl
¥ ad o v o A o Y
s = 1¥lunsalnszuvveus URBITUAUATOYIE INTANNAIY
0 = BonlFmudnyuzYBITEUVYRUI
o =4 =) Ja (] da & d'sl 1 [ Y fa .
Mnas1ei24  sziuiiiesfnagiresnantiannenoegiaushe 1woINASignal
] Jda ¥ v [] 4 (XY ot ac
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1 Y Vg v vy Y A '
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2.5.58nuzsAe RS-232-CH Wilyuuuanasgu
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Ch1 Freq
161.2kHz
Low signal
amplitude

ch1 Ampl
3.44 V

Ch2 Freq
8.04kHz
Low signal
amplitude

Ch2 Ampl
3.84V
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Tek BT 2MS/s 11 Acgs
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LS S S S S S SN A EED SER SEE S RS dy SR SN SEN SR SR SN BN

Ch1 Freq
8.034kHz
Low signal
amplitude

Ch1 Ampl
3.76 V

Ch2 Freq
8.032kHz
Low signal
amplitude

Ch2 Ampl
3.84 V

Chi— VUM 2V M e ORT T qomv
3 Mar 1999
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Ch1 Freq
8.035kHz
Low signal
amplitude

Ch1 Ampl
3.76 V

Ch2 Freq
8.032kHz

Ch2 Ampl
4.48 V
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Ch1 Freq
156.9KH2
Low signal
amplitude

Ch1 Ampl
3.36 V

R fHi-- Ch2 Freq

. - . . { 16.04kHz
Low signal
amplitude

Ch2 Ampl
3.52V
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Ch1 Freq
80.66kHz
Low signal
amplitude

Ch1 Ampl
3.76 V

Ch2 Freq
16.08kH2
Low signal
amplitude

Ch2 Ampl
3.84 V
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Ch1 Freq
154.1kHz
Low res

Ch1 Ampl
3.84 V

Ch2 Freq
153.6kHz
Low res

Ch2 Ampl
3.76 V
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Ch1 Freq
80.05kHz
Low sighal
amplitude

Ch1 Ampl
3.2V

Ch2 Freq
8.032kHz
Low signal
amplitude

Ch2 Ampl
3.76 V
Unstable
histogram
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Ch1 Freq
83.1kHz
Low signal
amplitude

Ch1 Ampl
3.28V

Ch2 Freq
8.028kHz
Low signal
amplitude

Ch2 Ampl
3.68V
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Tek ETTH 2MS/s 63 Acqs

Ch1 Freq
8.031kHz
Low signal
amplitude

Ch1 Ampl
3.76 V
Unstable
histogram

Ch2 Freq
16.13kHz
Low signal
amplitude

Ch2 Ampl
3.68V
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Ch1 Freq
157.5 Hz

Ch1 Ampl
5.12V

Ch2 Freq
157.5 HZ
Low signal
amplitude

Ch2 Ampl
3.36V

3 Mar 1999
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Ch1 Freq
091.6 Hz
Low signal
amplitude

.Ch1 Ampl
1.72V

Ch2 Freq
1.001kH2

Ch2 Ampl
3.52V
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ﬂTiTQﬂTﬂWu?ﬂﬁl Uead mmm’mﬁmmzmmﬁmm Electromagnetic Spectrum

‘T‘;'e) mmm'sﬂéu(m) mm?;(Hz)
Gamma ray fnd 3x10" 1AANL0Y
X-rays 3%10""-10* 310 - 3*10”
Ultraviolet light 10° -4*107 7.5%10"-3*10"
Visible light 4*107-7%10" 4.2*10"-7.5%10"
Infrared light 7*107-10° 3%10'"-4.2¢10"
Microwaves 10°-0.3 10-3*10"

Radio waves 0.3-30,000 10-10
Low-frequency waves 111N2130,000 G'iTﬂ’J'T 10,000
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1 General Description

3

The! MAX220-MAX249 family of line driversireceivers is
intefded for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where £12V is
not available.

These parts are especially useful in battery-powered sys-
tem:s, since their low-power shutdown mode reduces
power dissipation to less than 5pW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no q’xternal components and are recommended for appli-
cati?ns where printed circuit board space is critical.

I Applications
Portable Computers

g Low-Power Modems
interface Translation

E Battery-Powered RS-232 Systems

t Multi-Drop RS-232 Networks

SN AKX/

+5V/-Powered, Multichannel RS-232

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

4 Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

4+ Meet All EIA/TIA-232E and V.28 Specifications
4 Multiple Drivers and Receivers

4 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°Cto +70°C 16 Plastic DIP
MAX220CSE 0°Cto +70°C 16 Narrow SO
MAX220CWE 0°Cto +70°C 16 Wide SO
MAX220C/D 0°Cto +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°Cto +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

|
|

Power No. of Nominal SHDN Rx

Part Supply RS-232 No. ot Cap. Value & Three- Activein DataRate
Number (V) Drivers/Rx_Ext. Caps (uF) State SHDN (kbps) Features
MAX220 +5 22 4 4.710 No — 120 Ultra-low-power, industry-standard pincut
MAX222 +5 22 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 510 4 1.0 (0.7) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5and 212 2 1.0 (0.1) No — 120 Standard +5/+12V or battery supplies;

P +7.510 +13.2 same functions as MAX232
MAX232 (MAX202) +5 212 4 1.0 (0.1) No — 120 (64) Industry standard
MAX232A +5 212 4 0.1 No — 200 Higher slew rate, small cans
MAX233 (MAX203) +5 212 0 — No — 120 No external caps
MAX233A +5 212 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0{0.1) No — 120 Replaces 1488
MAX235 {MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 413 4 1.0 (0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0 (0.1) No — 120 Complements IBM PC sefial port
MAX238 (MAX208) +5 4/4 4 1.0 (0.7) No — 120 Replaces 1488 and 1489
MAZ(Z@Q (MAX209) +5and 3/5 2 1.0 (0.7) No — 120 Standard +5/+12V or battery supplies;

+7.510 +13.2 single-package solution for 1BM PC serial port

MAX240 +5 515 4 1.0 Yes — 120 DIP or flatpack pacKage
MAX241 (MAX211) +5 4/5 4 1.0 (0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 212 4 0.1 Yes 4 200 Separate shutdown and enable
MAX243 +5 212 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 810 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package

k
/Zl AX1I/mv Maxim Integrated Products 1
For free samples & the latest literature: http.//www.maxim-ic.com, or phone 1 -800-998-8800.

FOr small orders, phone 408-737-7600 ext. 3468.
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Driwem/ﬁ?@ceivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

SUPPIY VOAGE (VEC) ..+ oocerrecrsreseseeee s -0.3V to +6V

Input \{oltages

16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW

TN e i eerveeeneen 0.3Vto (Vee - 0.3V) 18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
RIN = e e +30V 20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
TOUTINOIC T) (i i s e +15V 20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mwW

Outpuf Voltages 16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
TOUTE  cvrooee evoreieiie cot reeneesteesneaeesseresessuesnserssesaransan +15V 18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Row‘ ................................ -0.3V1to {Vee + 0.3V) Operating Temperature Ranges

DrrvPrIPf e Ouinul hnrt Circuited to GND......... Continuous MAX2_ _AC_ . MAX2_ _C_ _rrrreieereererecnnnd 0°Cto +70°C

Contiion. Power Diss staton {(Ta = +70°C) MAX2__AE__,MAX2__E__ ....-40°C to +85°C
16-Pin*Fiastic DIP (dCrde 10 H3mW/°C above +70°C)....842mW MAX2_ _AM_ _, MAX2_ _M_ _ -55°Cto +125°C
18-Pn Plastic DIP (derate 11.11mW/°C above +70°C)....889mW Storage Temperature Range ..........cccocvveenenns -65°C to +160°C
20-Pin Piastic DIP {(derate 8.00mW/°C above +70°C) ....440mW Lead Temperature (soldering, 10SeC) .......cceevivvivvvcnnnnns +300°C

NoteE1' Input voltage measured with Toyt in high-impedance state, SHDN or Vcc = OV.

Stresses beyond those listed nder "Absolute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only. and functional
Opefrl‘ll)'? of the Jdevice at thoss or any other conditions beyond those indicated in the operational sections of the specifications is not impled. Exposure to
absofute maximum ranng condiions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Veek= ~4V £10%, C1-C4 = 0.1pF, Ta = TmiN to Tmax. unless otherwise noted.)

Y e e e——

‘ PARAMETER 1 CONDITIONS | MIN  TYP  MAX [UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3k to GND +5 +8 v
Input Logic Threshold Low 1.4 0.8 Vv
Inplt Logic Threshold High 2 1.4 Y
Logic Pl"T-lJ p/input Current Normal operation > 40 A
Jits 1 ur ——
? pinp SFDN - OV. MAX2221242, shutdown 00 a1 | "
Vee = 5.5V, =0V, V = £15V, MAX222/, 0.01 10
OLilpUl Leakage Current cc = 5.5V, SHDN = 0V, Vourt = 15V, M 242 +0.0 + LA
i Vee = SHDN = 0V, Vour = £15V +0.01 +10
I i i
Data Rate All except MAX220, normal operation 200 116 kbits/
MAX220 22 20 sec
Trénsmiller Output Resistance Vee = V+ = V- =0V, Vour = £2V 300 10M 9]
Output Short-Circuit Current Vour = OV +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Volage Operating Range +30 v
r All except MAX243 R2 0.8 13
RS-232 Input Threshold Low Ve = 5V xcep L v
* MAX243 R2iN (Note 2) -3
All except MAX243 R2 1.8 2.4
RS-232 Input Threshold High Veg = 5V Xcep N v
MAX243 R2|n (Note 2) -0.5 -0.1
Alt except MAX243, Vcc = 5V, no hysteresis in shdn. 0.2 0.5 1
RS-232 Input Hysteresis P ¢ Y ! v
| MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TJL/ICMOS Output Voltage Low lout = 3.2mA 0.2 0.4 \
T:I'L/CMOS Output Voltage High lout = -1.0mA 3.5 Vcc-0.2 \
. Sourcing Vour = GND -2 -10
TTL/CMOS Output Short-Circuit Current mA
, vpu reut e Shrinking VouT = Ve 10 30
' SHDN = Ve or EN = Ve (SHDN = 0V for MAX222), .
T:TLICMOS Output Leakage Current OV < Vour < Vee +0.05 £10 HA

2| MAXIM

B ]
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ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

(Vee < +5V £10%, C1-C4 = 0.1pF, Ta = TMiN to TMax. unless otherwise noted.)
£

E PARAMETER CONDITIONS MIN TYP MAX | UNITS
EN lﬁput Threshold Low MAX242 1.4 0.8 Vv
EN Input Threshold High MAX242 2.0 1.4 Vv
Opefating Supply Voltage 4.5 55 Vv
MAX220 0.5 2
No load
Vee Supply Current (SHDN = Veg). MAX222/232A/233A/242/243 4 10 mA
Figules 5,6,11,19 3KkQ load MAX220 12
f both inputs MAX222/232A/233A/242/243 15
H Ta = +25°C 0.1 10
Shuldown Supply Current MAX222/242 Ta = 0°Clo +70%C 2 50 A
ul
LCPWN SUPPYY TA = -40°C 10 +85°C 2 s |
f Ta = -55°C 1o +125°C 35 100
§H5N Input Leakage Current MAX222/242 +1 HA
SHON Threshold Low MAX222/242 1.4 0.8 \
§HEN Threshold High MAX222/242 2.0 1.4 \
{
CL = 50pF to 2500pF.
| RL=3kQto 7k, | MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Vee =5V Ta = +25°C, Viys
t measured from +3V | MAX220 15 3 30
! to-3Vor-3Vio +3V
MAX222/232AJ233A/242/243 1.3 3.5
Transmitter Propagation Delay PHLT NAX220 7 0
TLL to RS-232 (normal operation), S
T - 10 R-232 (normal operation) : MAX222/232AI233A12421243 15 35 | "
1 PLHT MAX220 5 10
[ MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay PHLR MAX220 06 3
RS-232to TLL (normal operation), - ps
Fidure 2 [ MAX222/232A1233A/242/243 0.6 1
PLHR MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 .
R$-232 10 TLL (shutdown), Figure 2 [tprs NMAX242 25 w0 ] ¥
Réceiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tDR MAX242 160 500 ns
[] . .
Transmmer-Ou.tpul Epable Time T MAX222/242, 0.1pF caps 250 is
{SHDN goes high), Figure 4 {includes charge-pump start-up)
Transmitter-Output Disable Time
(SHDN goes low), Figure 4 tor MAX222/242, 0.1yF caps 600 ns
Transmitter + 10 - Propagation . MAX222/232A/233A/242/243 300
Delay Difference {normal operation) {PHLT - tPLHT MAX220 2000 ns
Receiver + lo - Propagation { MAX222/232A1233A/2421243 100 0
Delay Difference (normal operation) PHLR - tPLHR MAX220 225 s
Néte 2: MAX243 R2purt is guaranteed to be low when R2in is 2 OV or is floating.
)
3

INAXIM
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+é V-Powered, Multichannel RS-232

¥
i Typical Operating Characteristics
¥
' MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243
[3
j AVAILABLE OUTPUT CURRENT MAX222/MAX242
" OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 — . " —— 0V s .
H L g \ OUTPUT LOAD CURRENT |8 e caes % §
t | ETHER V4 ORV- LoADED — 10 i FLOWS FROM V. TOV- vl N L
s Vo= 5V 0.1pF alears [~ TR e
S 4 }Veces S i ,\ S WV o
= NO LOAD ON = -4 ~d = SHON
£ % | TRANSMITTEROUTPUTS Z Voo 25,25V g o
Z o | (EXCEPTMAX220. MAX2334) = ' = = o
£ 5 Lv-tomem. noLoaonv, 5 1 f—ALCAS A z
5 kv , + 5 X
s , 0w uF £ +" Vg = +4.75V I~ 5 \\< 1uF CAPS
< ‘4 L1l pr — o 6 A
§ T N\ \\; -
e 1%) 5 o y <+ 0.IpF CAPS
| Vs LOADED, NO LOAD ON V- ’ v
Jo 4 v
? o s 10 15 0 0 10 2 30 4 50 60 500ps/div
LOAD CURRENT (ma) DATA RATE (kbiis/sec)
' ]
3
‘
) .
¥
!
b
}
!
!
1
)
]
)
I
)
' '
|
)
4 MKV
I
L}
i
) {
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+5V-Powered, Multichannel RS-232
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! Drivers/Receivers
§
ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241
VCCrrirerannd OO O UUTOP O RIOOR -0.3V o +6V 20-Pin Wide SO (derate 10 00mW/°C above +70°C)....... 800mwW
(Vce - 0.3V) to +14V 24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 941mW
Voo, bbb et +0.3V10-14V 28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. w
Input Voltages 44-Pin Plastic FP (derate 11.11mW/°C above +70°C) .....889mW
TIN e ; .................................................. -0.3Vto {(Vcc + 0.3V) 14-Pin CERDIP (derate 9.09mW/°C above +70°C) .......... 727TmwW
RIN-cvveeeirieeeeeiiastireeteereeeer s beseessrsreaaesssaesssesneeaseressrennessnsessrnns +30V 16-Pin CERDIP (derate 10.00mW/°C above +70°C)........ 800mwW
Output Voftages 20-Pin CERDIP (derate 11.11mW/°C above +70°C)......... 889mw
TouT ..... o e (V+ + 0.3V) 1o (V--0.3V) 24-Pin Narrow CERDIP
ROUT cor e teiie ettt sriesees e sereiessarasssressnosonsns -0.3Vto (Ve + 0.3V) (derate 12.50mW/°C above +70°C) .............. W
Short-Circuit DUration, TOUT -.veeeeververrreressseeserenenecnns Continuous 24-Pin Sidebraze (derate 20.0mW/°C above +70°C)..........1.6W

Continuous Power Dissipation (Ta = +70°C)

14-Pin gastic DiP (derate 10.00mW/°C above +70°C)....800mW Operating Temperature Ranges

16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW MAXZ _ _C et

20-Pin If,lastic DIP (derate 11.11mW/°C above +70°C)....889mW MAXZ _ B o e e

24-Pin Narrow Plastic DIP MAX2 __ M s
(derate 13.33mW/°C above +70°C) .......... 1.07W Storage Temperature Range

24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW Lead Temperature (soldering. 10sec)

16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mW

I
Stresses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage lo the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure (o

absoiute maximum rating conditions for extended periods may affect device reliabillty.

]
ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241
(MAX223/230/232/234/236/237/238/240/241, Voe = +5V £10; MAX233/IMAX235, Ve = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239.

Vee = ?V £10%: V+ = 7.5V 10 13.2V; Ta = TmiN 10 TMax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Outpl;n Voltage Swing All transmitter outputs loaded with 3kQ2 to ground +5.0 1.3 vV
' MAX232/233 5 10

Ve Power-Supply Current ';': Loi(.jz'yc MAX223/230/234-2381240/241 7 15 mA

i MAX231/239 0.4 1

y MAX231 1.8 5
V+ Fj’ower-Supply Current MAX239 z e mA l
Shu(‘down Supply Current | TA = +25°C MAX223 1 20 PA E

. MAX230/235/236/240/241 1 10 ;
Input Logic Threshold Low | Tin: EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 v o

] TiN 2.0
Inp:Jt Logic Threshold High _EE SHDN (MAX223); 24 \

, EN. SHDN (MAX230/235/236/240/241) ‘
Logic Pull-Up Current TiN=0V 1.5 200 LA
Receiver Input Voltage
Oderating fsange ? 30 30 Vo

T e
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Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Vcc = +5V +10; MAX233/MAX235, Ve = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,
Vee & 5V £10%; V+ = 7.5V to 13.2V; Ta = TMIN to Tmax: unless otherwise noted.)
L

g PARAMETER CONDITIONS MIN TYP MAX | UNITS
' Normal operation
' SHDN = 5V (MAX223) 0.8 1.2
- ° SHDN = 0V (MAX235/236/240/241)
Rs-§32 Input Threshold Low \T/A *gf/ < v
cc= Shutdown (MAX223)
' SHDN = OV, 0.6 1.5
i EN = 5V (R4IN. RSIN)
: Normal operation
! SHDN = 5V (MAX223) 1.7 2.4
- 0 SHDN = OV (MAX235/236/240/241)
RS-232 Input Threshold High Ta = +25°C, Vv
| Vee = 5V Shutdown (MAX223)
SHDN = 0V, 1.5 2.4
Pt EN = 5V (R4IN. R5IN)
RSt232 Input Hysteresis Vce = 5V. no hysteresis in shutdown 0.2 0.5 1.0 \Y
RSF232 Input Resistance Ta = +25°C, Ve = 5V 3 5 7 kQ
TT!_/CMOS Cutput Voltage Low lout = 1.6mA (MAX231/232/233, lout = 3.2mA) 0.4 \Y
TTL/CMOS Output Voltage High oyt = -TmA 35 Vcc-04 \Y
P T
! OV £ RouT £ Vee: EN = OV (MAX223);
i TTL/CMOS Output Leakage Current BN = Ve (MAX235-241) 0.05 +£10 pA
. MAX223 600
Receiver Output Enable Time Norma.l ns
: operation MAX235/236/239/240/241 400
MAX223 900
Riceiver Output Disable Time Norma‘l ns
{ operation MAX235/236/239/240/241 250
1 .
. RS-232 IN to Normal operation 0.5 10
Pr'opagation Delay TTL/CMOS OUT.| SADN = oV tPHLS 40 ps
' CL = 150pF (MAX223) tPLHS 6 40
MAX223/MAX230/MAX234-241, Tp = +25°C, V¢c = 5V,
Ri = 3kQ to 7k, C = 50pF to 2500pF, measured from 3 5.1 30
s +3Vto-3Vor-3Vito +3V
Transition Region Slew Rate Vips
b MAX231/MAX232/MAX233, Ta = +25°C, Vce = 5V,
' RL = 3kQ to 7k, Cy = 50pF to 2500pF, measured from 4 30
) +3Vto-3Vor-3Vito +3V
_ Transmitter Output Resistance Vee = V+ =V- =0V, Vout = =2V 300 Q
]
Transmitter Output Short-Circuit +10 mA
Current .

|

i

]
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' Typical Operating Characteristics
’ MAX223/MAX230-MAX241
L}
{ TRANSMITTER QUTPUT VOLTAGE (Vou)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Vou) vs. Vce DIFFERENT DATA RATES vs. LOAD CAPACITANCE
84 T z 14 T 20 I RANSWITIERLORDED Tpe 2% 3
g g A= +25"C g
2 TRANSMITTERS 5 oo / ORGP
: LOADED / 12 1 LOADED, R = 3kQ
o |- | e . el 100 N C1-C4 = TF—
70 ~ = N |
1 TRANSMITTER >>(‘ £ 90 ] 2 TRANSMITTERS -
g | e / / S 68 ' jeouits/sec <17 or LOADED
>§ 7.? L / M{]BI{‘E?;SS. é iy 80Kbits/sec /\\ § 8.0 m— V\
| | e N
1 A measc | ga  LTamesC |3 TRANSMITTERS \\ N
E C1-C4 = 1pf Vee = +5V 6.0 LOADED | ‘/c N
| / 1 TRANSMITTER o, |3 TRANSMITTERS LOADED . TRANSWTTEE\\\
4 TRANSMITTERS LOADS = R~ 3k 30 LOADED N
GE< LOADED | 3kQ2 || 2500pF 60 C1-C4 = uf w0 ) I
45 50 55 T 0 500 100 1500 2000 2500 0 500 1000 1500 2000 2500
i Vee (v LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
' TRANSMITTER OUTPUT VOLTAGE (Vou)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-)
: VOLTAGE (Vou) vs. Ve DIFFERENT DATA RATES vs. LOAD CURRENT
50 . s 60 L —
" ATRANS-  Ta=e25°C |3 Tam 425 ) 3 Sl :
) és ) ~ MITTERS  C1-C4=1pf |3 62 [yep = 5V : 8 3 = 3
4 LOADED ™ TRANSMITTER 3 TRANSMITTERS LOADED / § L0250
LOADS = 64 |- | =~
R R = 3kQ 4 4 Vee = +5V
J0 I \\ 30 || 2500pF | o5 |CizCest /] CI-Cd = 1pF
he I s 2 . 10
= 75 \\ ™~ = 68 | 160Kbisssec ,/ R AND V-__NOLL;,EéD’ | |v+LoADED. |
g1 AN ] £ BOKbitssec y = Pt onv-| NO LOAD
I 1IRANS- X \ 20 | 20Kebiwsec 2 [-LOADED i ONV-
£0 | MITTER £ - : L
. | Loaed \ 2 /] 4 BV
s [2mas_3mas. . ///Ca ® L |~ T
, MITTERS  MITTERS 1 8 yAdiis
gp L LOADED LOADD " — 0 T AL TRANSMITTERS UNLOADED
Y 50 55 T 0 50 1000 1500 2000 2500 0 5 10 15 20 25 30 35 40 45 50
1 vee ) LOAD CAPACITANCE (pF) CURRENT {mA)
V+, V- WHEN EXITING SHUTDOWN
(11F CAPACITORS) _—
i .
S S |
i ] {f
' fed
. o\ ,
--*9***&&-’” R s it IRV
I B ‘
i . V-
{ A SHON®
t _ i
i s00ms/giv
: SHUTDOWN POLARITY 15 REVERSED
FOR NON MAX241 PARTS
ViAXI/MN 7

i
|
!
|
i
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ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (VCC) ovvvveveenierenriinrcce et -0.3V to +6V Continuous Power Dissipation (Ta = +70°C)

Input Voltages 28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. W
TiN. %NA ENB, ENR, ENT, ENRA, 40-Pin Plastic DIP (derate 11.11mW/°C above +70°C) ...611TmW

ENTA, ENTE...coreverrer e -0.3Vto (Ve + 0.3V) 44-Pin PLCC (derate 13.33mW/°C above +70°C) ........... 1.07W

R .................................................................................... +25V Operating Temperature Ranges
TOUT (NOLE 3)...rrieemrercicir et +15V MAX225C_ _, MAX24_C_ _ ..o 0°Cto +70°C
ROUT -reeerrrveerseemiinssereseisssiensennsnssseenseenes -0.3Vto (Vcc + 0.3V) MAX225E_ _, MAX24_ E_ _ .o -40°C to +85°C
Short €ircuit (one output at a time) Storage Temperature Range.........ccoevevevenrennns -65°C to +160°C
Touﬁ O GND ettt rneser e sr s Continuous Lead Temperature (soldering,10S€C) .......cccoeviiiiiininnas +300°C
ROUTIO GND....cooiiiiiciiiiicirn e Continuous

Note 3:'Input voltage measured with transmitter output in a high-impedance state. shutdown, or Vcc = OV.

Stressps beyond those listed under “Absolute Maximum Ratings " may cause permanent damage lo the device. These are stress ratings only, and functional
opera:/on of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolq(e maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

(MAX225, Vce = 5.0V £5%; MAX244-MAX249, Vce = +5.0V £10%, external capacitors C1-C4 = 1pF: Ta = Tmin to Tmax: unless oth-
erwise noted.)

j PARAMETER J CONDITIONS l MIN TYP MAX | UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 \'
Inplit Logic Threshold High 2 1.4 \Y
Loéic Pull-Up/input Current Tables 1a-1d Normal operation 10 50 A
Y Shutdown +0.01 +1
Data Rate Tables 1a-1d, normal operation 120 64 | kbits/sec
Ou.iput Voltage Swing All transmitter outputs loaded with 3k to GND +5 +7.5 \'
; — —
5 FIA ENG, ENT, ENTA. ENTS 001 525
Output Leakage Current {(shutdown) Tables 1a-1d A
! Vee =0V, £001 225
R Vour = 15V =
Trénsmiuer Output Resistance Ve = V+ = V- = OV, Vout = +2V (Note 4) 300 10M Q
Output Short-Circuit Current Vour = OV +7 +30 mA
R$-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 \Y
RS-232 Input Threshoid Low Vee = 5V 0.8 1.3 \Y
RS-232 Input Threshold High Vce = 5V 1.8 2.4 A
RS-232 Input Hysteresis Vce = 5V 0.2 0.5 1.0 \Y%
R§-232 Input Resistance 3 5 7 kQ
T‘{L/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 \Y
TTL/CMOS Output Voltage High lout = -1.0mA 3.5 Vcc-0.2 \Y
L Sourcing Vout = GND -2 -10
1JITL/CMOS Output Short-Circuit Current Shrinking VouT = Voe 0 0 mA
TTLCMOS Output Leakage Curent | NOrMmaloperation, outputs dsabled. 005 =010 pA

/NI
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+5V/-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

{MAX225, Ve = 5.0V £5%; MAX244-MAX249, Ve = +5.0V £10%. external capacitors C1-C4 = 1F: Ta = TMin to Tmax: unless oth-
erwise' noted )

' PARAMETER | CONDITIONS | MIN TYP  MAX | UNITS
POWFR SUPPLY AND CONTROL LOGIC
0 egatin Supply Voltage MAX225 475 525 %
u
pefating supply Vollag MAX244-MAX249 25 55
No load MAX225 10 20
Ve Supply Current MAX244-MAX249 11 30 A
{nornal operation) 3kQ loads on | MAX225 40
all outputs MAX244-MAX249 57
i Ta = +25°C 8 25
Shutdown Supply Current : A
N PPy Ta = TmiN L0 TMAX 50 s
Leakage current +1 pA
Control Input Threshold low 1.4 0.8 v
' Threshold high 2.4 1.4
AC CHARACTERISTICS
L CL = 50pF to 2500pF. Ry = 3kQ to 7kQ. V¢ = 5V,
Transition Slew Rate Ta = +25°C, measured from +3V10 -3V or -3V 10 +3V | ° 10 301 Vi
Trapsmilter Propagation Delay LPHLT 1.3 3.5
TLE to RS-232 (normal operation). Us
Figure 1 PLHT 1.5 3.5
Re!:eiver Propagation Delay IPHLR 0.6 1.5
TLL to RS-232 (normal operation), Us
Fiqu(e 2 {PLHR 0.6 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (low-power mode). ps
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation
v ) - 5
Delay Difference (normal operation) PHLT - PLHT 350 ns
Réceiver + to - Propagation
Delay Difference (normal operation) IPHLR - (PLHR 350 ns
Receiver-Output Enable Time, Figure 3 | teR 100 500 ns
Receiver-Output Disable Time, Figure 3 | tpr 100 500 ns
t MAX246-MAX249 5 s
b (excludes charge-pump start-up) H
Transmitter Enable Time tET
MAX225/MAX245-MAX249 10
i , ms
{includes charge-pump start-up)
Transmitter Disable Time, Figure 4 1oT 100 ns

1
Note 4: The 3000 minimum specification complies vith EIA/TIA-232E, but the actual resistance when in shutdown mode or Vce =
0V is 10MQ as is implied by the leakage specification.
]

R
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General Description

The ADCO0831 series are 8-bit successive approximation A/D
converters with a serial /O and configurable input multiplex-
ers with up to 8 channels. The serial /O is configured to
comply with the NSC MICROWIRE™ serial data exchange
standard for easy interface to the COPS™ family of proces-
sors, and can interface with standard shift registers or pPs.
The 2-, 4- or 8-channel multiplexers are software configured
for single-ended or differential inputs as well as channel as-
signment.

The differential analog voltage input allows increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Features

= NSC MICROWIRE compatible —direct interface to
COPS family processors

m Easy interface to all microprocessors, or operates
“stand-alone”

&National Semiconductor

April 1998

ADC0831/ADC0832/ADC0834/ADC0838
8-Bit Serial I/0 A/D Converters with Multiplexer Options

a QOperates ratiometrically or with 5 V¢ voltage
reference

m No zero or full-scale adjust required

2-, 4- or 8-channel multiplexer options with address logic

Shunt regulator allows operation with high voltage

supplies

OV to 5V input range with single 5V power supply

Remote operation with seria! digital data link

TTLMOS input/output compatible

0.3" standard width, 8-, 14- or 20-pin DIP package

20 Pin Molded Chip Carrier Package (ADC0838 only)

Surface-Mount Package

Key Specifications

= Resolution: 8 Bits

a Total Unadjusted Error: %% LSB and 1 LSB
m Single Supply: 5 Vpe

= Low Power: 15 mW

m Conversion Time: 32 ps

Typical Application
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Absolute Maximum Ratings (Notes 1. 2)

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

Cuirent into V* (Note 3) 15 mA
Supply Yoitage. Ve (Note 3) 6.5V
Voltage

Logic Inputs -0.3V to V¢ + 0.3V

Analog Inputs -0.3V 10 Ve + 0.3V
Input Current per Pin (Note 4) +*5 mA

Package +20 mA
Storage Ternerature -65°C to +150°C
Packago Dissipation

at To=25"C (Board Mount) 0.8W
Lead Temperature {Soldering 10 sec.)

Dual-In-Line Package (Plastic) . 260°C

Dual-In-Line Package (Ceramic) 300°C

apply from Ty t0 Tyax.

Molded Chip Carrier Package

Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C
ESD Susceptibility (Note 5) 2000V

Operating Ratings (Notes 1, 2)

Supply Voltage, Vee 4.5 Vpe 10 8.3 Vpe
Temperature Range TinET aSTmax
ADCO0831/8BCJ,
ADCO0831/4/8CCJ,
ADC0832BIWM,
ADC0831/2/4/8CIWM —-40°C to +85°C
ADCO0831/2//4/8BCN,
ADC0838BCV,
ADC0831/2/4/8CCN,
ADC0838CCV,
ADC0831/2/4/8CCWM 0°C to +70°C

Converter and Multiplexer Electrical Characteristics Tne following specitications apply for
Voo = V4 = Vg = 5V, Vage S Vec +0.1V, T, = T, = 25°C, and fe;« = 250 kHz unless otherwise specified. Boldface limits

www.national.com

Conditions BCJ, BIWM, BCV, CCV, CCWM, BCN
CIWM and CCJ Devices and CCN Devices
Parameter Typ Tested Design Typ Tested Design Units
{Nete 12) Limit Limit {Note 12) Limit Limit
(Note 13) { (Note 14) (Note 13) (Note 14)
CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error Vgpzz=5.00 V
ADCO0838BCV (Note 6) E37] 3
ADCO0831/2/4/8BCN V2 E373 Ls8
ADC0831/8BCJ £4
ADCO0832BIWM EYY
ADCO0838CCV +1 E3 S
ADCO831/2/4/8CCN +1 £
ADCO0831/2/4/8CCWM E3] +1
ADCO0B31/4/6CCJ =1
ADC0831/2/4/8CIWM %=1
Minimum Reference 3.5 1.3 35 13 1.3 kQ
input Resistance (Note 7)
Maximum Reference 3.5 5.9 3.5 54 5.9 kQ
Input Resistance (Note 7)
Maximum Common-Mode Vee +0.05 Vee +0.05 | Vec+0.05 A
input Range (Note 8)
Minimum Common-Mode GND -0.05 GND -0.05 | GND-0.05 v
Input Range (Note 8)
DC Common-Mode Error =1/16 E27] =1/16 EX7 E37] Lss8
Change in zero 15 mA into V+
error from V=5V Vee=N.C.
to internal zener Vpz==5V
operation {Note 3) 1 1 1 LS8
Vz, internal MIN | 15 mA into V+ 6.3 6.3 6.3
diode breakdown MAX a5 8.5 8.5 v
{at V.} (Note 3)
Power Supply Sensitivity Vee=5V5% =t/16 £V 3 +1/16 2V E37) Ls8
2
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Converter and Multiplexer Electrical Characteristics The following specifications apply for
Vee = V+ = Vgee = 5V, Veer S Ve #0.1V, Ty = T; = 25°C, and fo i« = 250 kHz unless otherwise specified. Boldface limits

apply from Ty t0 Tuax. (Continued)

Conditions BCJ, BIWM, BCvV, CCV, CCWM, BCN
CIWM and CCJ Devices and CCN Devices
Parametar Typ Tested Design Typ Tested Design Units
{Note 12) Limit Limit (Note 12) Umit Limit
(Note 13) | (Note 14) (Note 13) | (Note 14)
CONVERTER AND MULTIPLEXER CHARACTERISTICS
lorr, Off Channel Leakage On Channel=5V, -02 -0.2 -1 pA
Current (Note 8} Off Channel=0V -1
On Channel=0V, +02 +0.2 +1 KA
Oft Channel=5V +1
lon, On Channel Leakage On Channel=0V, -02 -0.2 -1 pA
Current (Note 9} Off Channel=5V -1
On Channel=5V, +02 +0.2 +1 pA
Off Channel=0V +1
DIGITAL AND DC CHARACTERISTICS
Vigny Logical 1" Input Vee=5.25V 2.0 2.0 2.0 v
Voltage {Min)
Vpuop Logical “0” Input Vec=4.75V 0.8 0.8 0.8 v
Vottage (Max)
leygsy Logical *1™ Input Vp=5.0V 0.005 1 0.005 1 1 pA
Current (Max)
Imvoy Logical “0” input V=0V -0.005 -1 -0.005 -1 -1 pA
Current (Max)
Voursy Logical “1” Output Vees4.75V
Vohage (Min) tour=~360 pA 24 2.4 24 v
lour=-10 pA 45 45 45 v
Voure). Logica! "0" Output Vee=4.75V 0.4 0.4 0.4 v
Voltage (Max) lour=1.6 mA
lour, TRI-STATE Output Vour=0V -0.1 -3 -0.1 -3 -3 pA
Current (Max) Vour=5V 0.1 3 0.1 +3 +3 A
Isounce, Output Source Vour=0V -14 ~6.5 ~14 ~7.5 -6.5 mA
Current (Min)
lsinac, Output Sink Current (Min) Vour=Vee 16 8.0 16 9.0 8.0 mA
Ice. Supply Current (Max)
ADCO0831, ADC0834, 0.9 2.5 0.9 25 25 mA
ADC0838
ADC0832 Includes Ladder 23 8.5 2.3 6.5 6.5 mA
Current
AC Characteristics
The following specifications apply for Ve = 5V, t, = t, = 20 ns and 25°C unless otherwise specified.
Typ Tested Design Limit
Parameter Conditions {Note 12) Limit Limit Units
(Note 13) (Note 14)
fcuk. Clock Frequency Min 10 kHz
Max 400 kHz
tc: Conversion Time Not including MUX Addressing Time 8 ok
Clock Duty Cycle Min 40 %o
{Note 10) Max 60 %

www.national.com
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AC Characteristics (continued)
The following specifications apply for Vec = 5V, 1, = t; = 20 ns and 25°C unless otherwise specified.

Typ Tested Design Limit
Parameter Conditions (Note 12) Limit Limit Units
{Note 13) (Note 14)
tseT.up CS Falling Edge or 250 ns
Data Input Valid to CLK
Rising Edge
thoLo, Data Input Valid 90 ns
after CLK Rising Edge
{541+ o~ CLK Falling G =100 pF
Edge to Output Data Valid Data MSB First 650 1500 ns
{Note 11) Data LSB First 250 600 ns
31, ton. — Rising Edge of C.=10 pF, R =10k 125 250 ns
CS to Data Output and (see TRI-STATE® Test Circuits)
SARS Hi-2Z C =100 pf, R=2k 500 ns
C)n. Capacitance of Logic 5 pF
Input
Cour. Capacitance of Logic 5 pF
Outputs
Note 1: Absolute Maxk Ratings indk limits bayond which damags to the device may occur. DC and AC electrical specifications do not apply when operating

the device beyond its specified operating conditions.

Note 2: All vohages are measured with respect to the ground plugs.

Note 3: Intemal zener diodes (6.3 to 8.5V) are connected from V+ to GND and V¢ to GND. The zener at V+ can operate as a shunt regulator and is connected
to Ve via a conventional diode. Since the zener voltage equels the A/D's breakdown voltage, the diode insures that Vg will be below breakdown when the device
is powered from V'+, Functiondlity Is therefore guaranteed for V+ operation even though the resultant voltage at Vg may exceed the specified Absolute Max of 6.5V.
It is recommended that a resistor be used to limit the max current into V+. (See Figure 3 In Functional Descrption Section 6.0}

Note 4: Whan the Input voltage (Vi) at any pin exceeds the power supply ralls (Viy < V™ or Viy > V*} the absolute value of curtent at that pin should be limited
10 5 mA or loss. The 20 mA package Input currant limits tha number of pins that can exceed tha power supply boundaries with a 5 mA current limit to four.

Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 6: Total unadjusted error Includes ofiset, full-scale, linearity, and muttiplexer errors.

Note 7: Cannot be tested for ADC0832

Note 8: For Vi(-)2Vin(+) the dighal output coda wiit be 06000 0000. Two on-chip diodes ere tled to each analog input (ses Block Die gram) which will forward conduct

for analog input voltages one diode drop below ground or one diode drop greatar |han tha Ve supply. Be careful, during testing at low Vg lavals {(4.5V), as high
level analog inputs (5V) can cause this input diode to conduct— ally at el s, and cause emors for analog inputs near full-scale. The spec

allows 50 mV forward blas of sither dicde. This msans that as Iong as the analog Vi or VREF does not exceed the supply voltage by more than 50 mV, tha output
code will be correct. To achieve an absolute 0 Vpg to 5 Vpg Input voltage rangs will therefore require 8 minimum supply voltage of 4.950 Vg over temperatura vara-
tions, initial tolerance and loading.

Note 8: Leakage current is measured with the clock not switching.

Note 10: A 40% to 60% clock duty cycls range insures proper oparation at all clock frequancies. In the casa that an available clock has a duty cycle outside of thase
limits, the minimum, time the clock is high or the minimum timae the clock is low must be at least 1 ps. The maximum tims the clock can be high is 60 ps. The clock
can be stoppad when low 5o long as the analog input voltage remains stable.

Note 11: Since data, MSB first, is the output of the P used in the ve app! loop, an additional delay is buit In (see Block Diagram) to allow
for comparator rasponse time.
Note 12: Typicals are at 25°C and rep most likely p lc norm.

Note 13: Tested limlts are guaranteed to National's AOQL (Average Ouléolng Quality Level).
Note 14: Guaranteed but not 100% production tested. Thess fimits ara not used to calculate outgoing quality levels.

www.national.com
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Typical Performance Characteristics
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Leakage Current Test Circuit

ADCORIX
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TRI-STATE Test Circuits and Waveforms
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Timing Diagrams

Data Input Timing

— SET-U?

. OATA
4] [ ‘ser-ur auT (D0}

Data Output Timing

DATA
ix(on

0S0055683-24

ADC0831 Start Conversion Timing

o / ./

er-ue

START CONVERSION

w————-\‘ /

(N

7 BITS
{MSB)

ADC0831 Timing
1 2 3 4 5 6 1 8 9

CLOCK (CLK)

——l tseTup

CHIP SELECT (TF) -l

D5005583-28

10 n

UL

| 1 |

DATA DUT (00)
Tol-
7 1

STATE 1 6 5 & 2
(mss)

*LSB first output not available on ADC0831.

»
l TRI-STATE

0
{LSB)
0500858327

{—SET-UP

DS005583-28
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Semiconductor

Prea}sion Waveform Generator/Voltage
Controlled Oscillator

The lC,:L8038 waveform generator is a monolithic integrated
circuit capable of producing high accuracy sine, square,
tiangular, sawtooth and pulse waveforms with a minimum of
external components. The frequency (or repetition rate) can
be selected externally from 0.001Hz to more than 300kHz
using &ither resistors or capacifors, and frequency
modut:ation and sweeping can be accomplished with an
external voltage. The ICL8038 is fabricated with advanced
monolithic technology, using Schottky barrier diodes and thin
film resistors, and the output is stable over a wide range of
température and supply variations. These devices may be
interfdced with phase locked loop circuitry to reduce
temp%rature drift to less than 250ppm/°C.

Ordering Information

ICL8038

" September 1998 * . * File Number - 2864.3

Features

« Low Frequency Drift with Temperature. . ... .. 250ppm/°C
e LowDistortion. ............... 1% (Sine Wave Output)
¢ High Linearity ........... 0.1% (Triangle Wave Output)
+ Wide Frequency Range ........... 0.001Hz to 300kHz
s Variable DutyCycle ........... ... ...t 2% to 98%
» HighLevelOutputs................. t....TTLto 28V

» Simultaneous Sine, Square, and Triangle Wave
Qutputs:

 Easy to Use - Just a Handful of External Components
Required

! i PART NUMBER STABILITY TEMP. RANGE (°C) PACKAGE PKG. NO.
lGLB(?SSCCPD 250ppnv°C (Typ) 01070 14 Ld PDIP E14.3
ICL8038CCJD 250ppm/°C (Typ) 01070 14 Ld CERDIP F14.3

i
ICL8038BCJD 180ppm/°C (Typ) 010 70 14 Ld CERDIP F14.3
ICLB03BACJD 120ppnv°C (Typ) 01070 14 Ld CERDIP F14.3
Pinout Functional Diagram

t 1CL8038 v

E (PDIP, CERDIP) CURRENT o

TOP VIEW URCE

! #1 COMPARATOR

| Y #

| SINE WAVE

i ApJust L' 14] e

h SINE

;  waveoutl? 13] NC COMPARATOR

' TRIANGLE 3 2| SINE WAVE

out ADJUST
puty cvee [[4] 1] v- 0R GND
, FREQUENCY TIMING
ADJUST |[s 1
[5] %] capaciToRr o FLIP-FLOP
SQUARE #2
i Ve E ® | wave out — o V-OR GN
FM SWEEP 1
} — SINE
BUFFER [« BUFFER I | CONVERTER _l
s I SV LY,

—— m TR e .

-

CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures
Copyright © Harris Corporation 199¢



ICLB038

Absollht:e Maximum Ratings

Supply Yoltage (V-1OV4). ... ..ot 36V
Input Valtage (Any Pin) . ...oooiei i V-to V+
Input Clrrent (PiNS 4and 5). . .. ..vvevvivvrnrenaennnnn. 25mA
Output Sink Current (Pins 3and 9) .. ......ovvvervnnvnn, 25mA
Operating Conditions
Temperature Range

ICLBQ38AC, ICL8038BC, ICL8038CC ............ 0°C to 70°C

3
i

Thermal Information

Thermal Resistance (Typical, Note 1)

84a (°CIW)  8yc (PCIW)
CERDIP Package. .. ........ovvvnn 75 20

PDIPPackage ..........ccvuvunnn 115 N/A
Maximum Junction Temperature (Ceramic Package) ........ 175°C
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range.......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s) . ........... 300°C

Die Characteristics
Back Side Potential

CAUTION: Stressas above those fisted in “Absolute Maximum Ratings”™ may cause permanent damage to the device. This Is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:1

1. 8, is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications  Vgyppry = +10V or +20V, To = 25°C, R_ = 10kQ, Test Circuit Unless Otherwise Specified

T

: ICL8038CC ICLB038BC ICL8038AC
TEST :
PARAMETER SYMBOL CONDITIONS | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX UNITS
Supply Voltage Operating Range | VguppLy '
V+ Single Supply +10 - +30 | +10 - +30 | +10 - +30 \
V+,V- |DualSupplies ' 45 | - |#15| #5 | - | *15( 5 | - |15 v
Supply Current Isupply | VsuppLy = £10V 12 | 20 - 12 20 - 12 | 20 mA
{Note 2) .
3
FREQUENCY CHARACTERISTICS (All Waveforms)
Max. E’requency of Oscillation fmax { 100 - - 100 - 'i - 100 - - kHz
z ]
Sweep Frequency of FM Input fSWEEP - 10 | - - 10 - - 10 | - kHz
Sweep FM Range (Note 3) - | 3851 - - 1351 - - 35:1 -
FM Ll@earily 10:1 Ratio - 0.5 - - 0.2 - - 0.2 - %
Frequency Drift with AAT  [0°C1070°C - (250 | - - | 180 - - | 120 ppm/°C
Temperature (Note 5) ?
Frequency Drift with Supply Vollage | Af/AV Qver Supply . - 005} - - 10.05 - | 0.08 - %V
; Voltage Range
OUTPUT CHARACTERISTICS
T T T
Square Wave ' !
! i
Leakage Current loLk | Vg=30V b - 1 - - 1 - - 1
Séturation Voltage Vear |lsnk=2mA | - o2 |05 | - |02 04| - 02|04 v
Ri:se Time ir Ry = 4.7kQ - (180} - - 1180 - - 180 | - ns
F%II Time £ |R_=47kQ -l | - | -laa!] - | -] - ns
Typical Duty Cycle Adjust AD P2 8| 2| -le| 2 - |9 %
( Iote 6) :
T
Triaqgle/Sawtoolh/Ramp I -
Amplitude VTRIAN- | RTRi= 100kQ {030|033] - 1030(033] - [030]033] - xVsuppLY
GLE
Linearity - 0.1 - - 0.05 - - 0.05 - %
Qutput Impedance Zoyt {louT=5mA o 200 | - - 200 - - 200 | - Q

2 | HBARRIS
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“lactrical Specifications Vgyppry = 210V or +20V, Tp = 25°C, Ry = 10kQ, Test Gircuit Unless Otherwise Specified (Continued)
1CL8038CC ICL8038BC ICL8038AC
i TEST
i PARAMETER SYMBOL , CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX UNITS
T
Sine Wave '
Amplitude VgINE | RsiNE = 100kQ 02 |022) - 02 |022| - 02 |022| - xVsuppLy
THb THD Rg=1MQ -l20| 5 - |18l 3 |- |10]|15 %
{ | (Note 4)
THD Adjusted THD Use Figure 4 - 1.5 - - 1.0 - - 08 - %
NOTES:
2. R and Rg currents not included.
3. VduppLy = 20V; Ra and Rp = 10kQ, f= 10kHz nominal; can be extended 1000 to 1. See Figures 5A and 58.
4, 82}(9 connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Rp and Rg.)
5. Figure 1, pins 7 and 8 connected, VgyppLy = +10V. See Typical Curves for T.C. vs VgyppLy-
6. Not tested, typical value for design purposes only.
;
Test Conditions
. PARAMETER Ra Rp RL Cc SWq MEASURE
Suppl'y Current 10kQ 10kQ 10kQ 3.3nF Closed Current Into Pin 6
Swee;p FM Range (Note 7) 10kQ 10kQ 10kQ 3.3nF Open Frequency at Pin 9
Frequiency Drift with Temperature 10kQ 10kQ 10kQ 3.3nF Closed Frequency at Pin 3
Freql;;ency Drift with Supply Voltage (Note 8) 10kQ 10kQ 10kQ 3.3nF Closed Frequency at Pin 9 !
1
Output Amplitude (Note 10) i
Sine 10kQ2 10kQ 10kQ 3.3nF Closed Pk-Pk Output at Pin 2
Trfang|e 10kQ 10kQ 10kQ 3.3nF Closed Pk-Pk Qutput at Pin 3
Leakgage Current (Off) (Note 9) 10kQ 10kQ2 3.3nF Closed Current into Pin 9
Satu.[alion Voltage (On) (Note 9) 10kQ 10kQ 3.3nF Closed Output (Low) at Pin 9 .
Rise and Fall Times (Note 11) 10kQ 10kQ 4.7kQ 3.3nF Closed Waveform at Pin 9
DutyE Cycle Adjust (Note 11)
M?x 50kQ ~1.6kQ 10kQ 3.3nF Closed Waveform at Pin 9
[
M!'n ~25kQ 50kQ 10kQ 3.3nF Closed Waveform at Pin 9
Tria?gle Waveform Linearity 10kQ 10kQ 10kQ 3.3nF Closed Waveform at Pin 3
Totail Harmonic Distortion 10kQ 10kQ 10kQ 3.3nF Closed Waveform at Pin 2
NOT&S:

7. +he hi and lo frequencies can be obtained by connecting pin 8 1o pin 7 (fw) and then connecting pin 8 to pin 6 (fLo)- Otherwise apply Sweep

Voltage at pin 8 (213 VguppLy +2V) £ Vsweep < VsuppLy where VsyppLy is the total supply voltage. In Figure 5B, pin 8 should vary between

5.3V and 10V with respect to ground.

8. {0V < V+ <30V, or 25V < VgyppLy < £15V.

10.

i1, ;\lot tested; for design purposes only.

b
t

. Oscillation can be halted by forcing pin 10 to +5V or -5V.
pulpul Ampfitude is tested under stalic conditions by forcing pin 10 to 5V then to -5V.

L IR S S
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The Ie\E(eIs of the current sources can, however, be selected
over a wide range with two external resistors. Therefore, with
the twd currents set at values different from 1 and 21, an
asymmetrical sawtooth appears at Terminal 3 and pulses
with a duty cycle from less than 1% to greater than 99% are
availalile at Terminal 9.

The sihe wave is created by feeding the triangle wave into a
nonlingar network (sine converter). This network provides a
decreasing shunt impedance as the potential of the triangle
moveél toward the two extremes.

Wavéform Timing

The symmetlry of all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this aFe shown in Figure 3. Best results are obtained by
keepibg the timing resistors R and Rp separate (A). Ra
contrgls the rising portion of the triangle and sine wave and
the 1 state of the square wave.

The njagnitude of the triangle waveform is set at 1/3
VsuppLy; therefore the rising portion of the triangle is,

et

= AN

N\

FIGURE 2A. SQUARE WAVE DUTY CYCLE - 50%

R i b Torren e e

S —o V+

% Ra %RB R
[ 7 4 5 6 g I I I I
8 ICL8038 s——o AN
11 12 2 S\

10
! +c %azx

o V- OR GND

FIGURE 3A.

—

‘ ___CxV=CX1/3XVSUPPLYXRA=RAXC
i ] 02xVgyppLy 0.66
The falling portion of the triangle and sine wave and the 0

state of the square wave is:

Lo CXV CX13VgyppLy _ RpRgC
2" "1 T v v "~ 0.66(2R, R
2(0.22) SURPPLY_O'ZZ SURPPLY (2R, - Rp)
B A

Thus a 50% duty cycle is achieved when Rp = Rg.

If the duty cycle is to be varied over a small range about 50%
only, the connection shown in Figure 3B is slightly more
convenient. A 1kQ potentiometer may not allow the duty cycle
to be adjusted through 50% on ali devices. If a 50% duty cycle
is required, a 2kQ2 or 5kQ potentiometer should be used.

With two separate timing resistors, the frequency is given by:
1 1

f= =
11 +12 RAC ; RB
066 ' 2R,-Rg

or,ifRAp=Rg=R

0.33 .
f= BC (for Figure 3A)

\
>

N\ | T\
- P

N\

\

\

- - -

FIGURE 2B. SQUARE WAVE DUTY CYCLE - 80%

FIGURE 2. PHASE RELATIONSHIP OF WAVEFORMS

‘ Ovs

1kQ RL

8 IcL8038 s——o AN/

10 1 12 2——o N\f\y

"LC ?100K
T o V-OR GND

M

FIGURE 3B.

FIGURE 3. POSSIBLE CONNECTIONS FOR THE EXTERNAL TIMING RESISTORS
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Ne;the} time nor frequency are dependent on supply voltage,
even tﬁough none of the voltages are regulated inside the
integrated circuit. This is due to the fact that both currents
and thresholds are direct, linear functions of the supply
voltagéd and thus their effects cancel.

Reduging Distortion

To minimize sine wave distortion the 82kQ resistor between
pins 11 and 12 is best made variable. With this arrangement
distortion of less than 1% is achievable. To reduce this even
further, two potentiometers can be connected as shown in
Figurel' 4; this configuration allows a typical reduction of sine
wave distortion close to 0.5%.

' { V+

1kQ

Ra Rg RL

ICLB038 slb—o AN

o
-
-
-
N
-2
»N,

l 100kQ 10k
¢ 3100k
' 10kQ %
* *—0
‘ V- OR GND
FIGURE 4. CONNECTION TO ACHIEVE MINIMUM SINE WAVE

| DISTORTION

[
Selelting R4, Rg and C
For any given output frequency, there is a wide range of RC
combslnatlons that will work, however certain constraints are
placed upon the magnitude of the charging current for
optlmum performance. At the low end, currents of less than
1HA are undesirable because circuit leakages will contribute
significant errors at high temperatures. At higher currents
(t> SwA), transistor betas and saturation voltages will
contribute increasingly larger errors. Optimum performance
will, therefore, be obtained with charging currents of 104A to
1mA. If pins 7 and 8 are shorted together, the magnitude of
the chargmg current due to Ry can be calculated from:

1 X+ =V) 4 022(Ve-V-)

R4 and Ry are shown in the Detailed Schematic.
A similar calculation holds for Rg.

The capacitor value should be chosen at the upper end of its
possible range.

Waveform Out Level Control and Power Supplies

The waveform generator can be operated either from a
single power supply (10V to 30V) or a dual power supply
(£5V to £15V). With a single power supply the average levels
of the triangle and sine wave are at exactly one-half of the
supply voltage, while the square wave alternates between
V+ and ground. A split power supply has the advantage that
all waveforms move symmetrically about ground.

The square wave output is not committed. A load resistor
can be connected to a different power supply, as long as the
applied voltage remains within the breakdown capability of
the waveform generator (30V). In this way, the square wave
output can be made TTL compatible (load resistor
connected to +5V) while the waveform generator itself is
powered from a much higher voltage.

Frequency Modulation and Sweeping

The frequency of the waveform generator is a direct function
of the DC voltage at Termina!l 8 (measured from V+). By
altering this voltage, frequency modulation is performed. For
small deviations (e.g. £10%) the modulating signal can be
applied directly to pin 8, merely providing DC decoupling
with a capacitor as shown in Figure 5A. An external resistor
between pins 7 and 8 is not necessary, but it can be used to
increase input impedance from about 8kQ (pins 7 and 8
connected together), to about (R + 8kQ).

For larger FM deviations or for frequency sweeping, the
modulating signal is applied between the positive supply
voltage and pin 8 (Figure 5B). In this way the entire bias for
the current sources is created by the modulating signal, and
a very large (e.g. 1000:1) sweep range is created (f = 0 at
Vgweep = 0). Care must be taken, however, to regulate the
supply voltage; in this configuration the charge currentis no
longer a function of the supply voltage (yet the trigger
thresholds still are) and thus the frequency becomes
dependent on the supply voltage. The potential on Pin 8 may
be swept down from V+ by (/3 VguppLy - 2V).

6 | BARRIS
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10 1

* —o V+
Rg Ry
5 6 ¢ l I | I
ICL8038 ——o AN

22— N\f\y

12
%81K

o V- ORGND

FIGURE 5A. CONNECTIONS FOR FREQUENCY MODULATION

[

* o V+
sWeEP 3Ry 3Ry Ry
VOLTAGE j
b
4 5 6 o nn
)
i ) 1CL8038 st—— AN/
% .
3
10 11 12 22— S\

w

|

%81K
+ o V- OR GND

FIGURE 5B. CONNECTIONS FOR FREQUENCY SWEEP
FIGURE 5.

i

Wpfca/ Applications

The sine wave output has a relatively high output impedance
(1k&2 Typ). The circuit of Figure 6 provides buffering, gain
and a[nplitude adjustment. A simple op amp follower could
also be used.

]

E ] > o V+
ZRa Rg
i
7{ 7 p s o | AMPLITUDE
i 4
! 100K 741
] ICLB038 -
20K
[}
!
10 1 4.7K
1,
'] T 0 V-

FIGURE 6. SINE WAVE OUTPUT BUFFER AMPLIFIERS

»
r

With a dual supply voltage the external capacitor on Pin 10 can
be shorted to ground to halt the ICL8038 oscillation. Figure 7
shows a FET switch, diode ANDed with an input strobe signal
to allow the output to always start on the same slope.

L * * o V+
2 Ra Rg
7 4 5
8 ICL8038
11 10
C 7 STROBE

{r +15V (+10V)

= 15V (-10V)
ON

FIGURE 7. STROBE TONE BURST GENERATOR

To obtain a 1000:1 Sweep Range on the |CL8038 the
voltage across external resistors Ra and Rg must decrease
to nearly zero. This requires that the highest voltage on
control Pin 8 exceed the voltage at the top of R4 and Rg by a
few hundred mV. The Circuit of Figure 8 achieves this by
using a diode to lower the effective supply voltage on the
ICL8038. The large resistor on pin 5 helps reduce duty cycle
variations with sweep.

The linearity of input sweep voltage versus output frequency
can be significantly improved by using an op amp as shown
in Figure 10.

+ o +10V
DUTY CYCLE
S
= OpF 1K 315K
47K 47K
3
5 4 6 g °
>
FREG. 34 8 ICL8038 3 —'\3\,
10 1 12 2 _——O’\f\l
- 1 DISTORTION
20K ~15M7{ To.oomr % piodh
> - * o -10V

FIGURE 8. VARIABLE AUDIO OSCILLATOR, 20Hz TO 20kHzY

' 7|5umws
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FIGURE 10, LINEAR VOLTAGE CONTROLLED OSCILLATOR

! DUTY o Va+
% . CYCLE

! 1
! p FREQUENCY TRIANGLE
' ADJUST ouT

_ FM BIAS e
Vit o o—, 74 5 6 3o /\/\,
! ; SQUARE SINE WAVE

p: WAVE ouT

ouT
' 9 ICL8038 2 —of\j\l
. V&O DEMODULATED
INPUT 0 PHASE —  AMPUIFIER FM 5 10 " o 1 ingE WAVE
: DETECTOR :
? RZ
‘ -J—
— TIMING SINE WAVE
_— CAP. ADJ.
LOW PASS -['
FILTER
' + > o V-/GND
H
: FIGURE 9. WAVEFORM GENERATOR USED AS STABLE VCO IN A PHASE-LOCKED LOOP
¥
i HIGH FREQUENCY | i 1 ‘
SYMMETRY
k —_
AAY S10ka 3 100k
N753A 4.7k 4.7k
(6.2V) p mMa
: wz AAA »S 100k
\4
! 1,000pF 1 L Low rrEQUENCY
(N S | M 4 5 6 g o SYMMETRY
+15V ’ I I I I
! - 1kQ SINE WAVE
ICL8038 OUTPUT
7 A +15V
+41 W 8  FUNCTION GENERATOR 3 W° AN
MY/ 741 — o
3 IN I P4 w“ y 12 2 }! + + _EO
| ==  10kQ S50uF =
| OFFSET 100k 15V
I
3,900pF S ] sINEWAVE

| ]_ DISTORTION
) - 0 15V
3
i
]
{

Use In Phase Locked Loops

Its high frequency stability makes the ICL8038 an ideal
buildiﬁg block for a phase locked loop as shown in Figure 9.
In this"application the remaining functional blocks, the phase
detector and the amplifier, can be formed by a number of
available ICs (e.g., MC4344, NE562).

In ord{ar to match these building blocks to each other, two
steps must be taken. First, two different supply voltages are
used d'nd the square wave output is returned to the supply of
the phase detector. This assures that the VCO input voltage
will no:t exceed the capabilities of the phase detector. If a
smaller VCO signal is required, a simple resistive voltage
divider is connected between pin 9 of the waveform

generator and the VCO input of the phase detector.
1

Second, the DC output level of the amplifier must be made
compatible to the DC level required at the FM input of the
waveform generator (pin 8, 0.8V+). The simplest solution here
is to provide a voltage divider to V+ (R4, Ro as shown) if the
amplifier has a lower output level, or to ground if its level is
higher. The divider can be made part of the low-pass filter.

This application not only provides for a free-running
frequency with very low temperature drift, but is also has the
unique feature of producing a large reconstituted sinewave
signal with a frequency identical to that at the input.

For further information, see Harris Application Note AN013,
“Everything You Always Wanted to Know About the ICL8038".

r—
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Definition of Terms

Supply Voltage (VgyppLy)- The total supply voltage from
V4 to V-,

Supply Current. The supply current required from the
power supply to operate the device, excluding load currents
and tl?e currents through Rp and Rg.

Frequency Range. The frequency range at the square wave
output through which circuit operation is guaranteed.

Sweep FM Range. The ratio of maximum frequency to
minirdum frequency which can be obtained by applying a
sweep voltage to pin 8. For correct operation, the sweep
voltaqe should be within the range:

(%l VISUPPLY + 2V) < Vgweep < VsuppLy

Typical Performance Curves

20

: 2
g . oo A »
: /'/1’/‘%
¥ /,//15\
2 2

7z
s 0

5 1 15 20 25 30
E SUPPLY VOLTAGE (V)
i
F;IGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE
1§03
% 1.02
Z i 10
3 ot /,/
g ! A 20
E o 30 ~ /—_—_/
8 00 20 ?«\\
5 101+ 30
< J.BB
=
c |
o £
Z 098
L2 5
7
v 50 26 0 2§ 75 125

TEMPERATURE (°C)

FIGURE 13. FREQUENCY vs TEMPERATURE

FM Linearity. The percentage deviation from the best fit
straight line on the control voltage versus output frequency
curve.

Output Amplitude. The peak-to-peak signal amplitude
appearing at the outputs.

Saturation Voltage. The output voltage at the collector of
Qo3 when this transistor is turned on. It is measured for a
sink current of 2mA.

Rise and Fall Times. The time required for the square wave
output to change from 10% to 90%, or 90% to 10%, of its
final value.

Triangle Waveform Linearity. The percentage deviation
from the best fit straight line on the rising and falling triangle

-waveform.

Total Harmonic Distortion. The total harmonic distortion at
the sine wave output.

1.03
. 102
(]
4
S 101
3 1
w
1
= 1.00 _
g8 - =
N
3
2 099
@
2
0.98
~
s 10 15 20 25 30
SUPPLY VOLTAGE (V)
FIGURE 12. FREQUENCY vs SUPPLY VOLTAGE
200
150 r2s0c <} RISE TIME
25°C < | = %/
M _ee0 >
e % c/\t'é o —
w 100 g L-125°C
F /AA . | 2s0c
- FALL TIME
] /A/ /b-55°C
50
0
0 2 4 6 8 10
. LOAD RESISTANCE (kQ)

FIGURE 14. SQUARE WAVE OUTPUT RISE/FALL TIME vs
LOAD RESISTANCE
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Typical Performance CUrves (Continued)
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FIGURE 15. SQUARE WAVE SATURATION VOLTAGE vs LOAD
CURRENT
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FIGURE 17. TRIANGLE WAVE OUTPUT VOLTAGE vs

FREQUENCY
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FlGl'lRE 19. SINE WAVE OUTPUT VOLTAGE vs FREQUENCY
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FIGURE 16. TRIANGLE WAVE OUTPUT VOLTAGE vs LOAD

CURRENT
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FIGURE 18. TRIANGLE WAVE LINEARITY vs FREQUENCY
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FIGURE 20. SINE WAVE DISTORTION vs FREQUENCY
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