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Abstract

This project is to design and construct two robot soccers which are controlled by
microcontroller. These two robots have different functions as they use different motors. The first
robot uses DC motor that can not specify the direction. The second robot has the proper direction,
it wses servo motor which it can specify a direction and speed more precisely. However, both
robots can carry and shoot a ball in a desired level.

The results show that the first robot can shoot a ball at the speed of 1.420 m/s. The

results show that the second robot can shoot a ball at the speced of 1.161 m/s.
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MicrocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

USB V2 0 Compliant SIE

Low-speed (1.5 Mb/s) and full-speed (12 Mb/s)
Supporls contral, interrupl, isochronous and bulk
fransfers

Supparls up lo 32 endpoints (16 bidirectional)
1-Kbyle dual access RAM for USB

+ On-board USB transceiver wilh on-chip vollags
regulator

Interface for ofl chip USB transcever

Slreaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only}

Power Managed Modes:

Run: CPU on, peripharals on

Idte: CPU oM, pedpherals on

Sleep. CPU off, peripherals off

Idle mede currents down 1o 5.8 pA typicat
Sleep current down 1o 0.1 pA Iypical

Timer1 oscillater: 1.1 pA typical, 32 kHz, 2V
Walchdog Timer: 2.1 pA typical

= Two-Speed Oscillator Start-up

Flexible Osclitator Structure:

« Five Crysial modes, including High-Precision PLL
for USH

* Two Exlernal RG modes, up 1o 4 MHz

+ Two External Clock modes, up fo 40 MHz

* Internal oscillator block:
- 8 user seleclable frequencies, from 31 kHz 1o 8 MHz
+ Usar tunable lo compensate for frequency drifl

* Secondary oscillator using Timer! @ 32 kHz

= Fai-Safe Clock Monitor
- Allows for sale shuldown if any clock slops

Peripheral Highlights:

.

High currenl sink/source: 256 mA/25 mA

Three external inlerrupls

Four Timer modules (Timer0 1o Timer3)

Up lo 2 Caplure/Compare/PWM (CCP) modules-

- Capture is 16-bit, max. resolulion 6.25 ns (TcY/16)
- Compare is 16-bit, max, resolution 100 ns {TCY)

- PWM oulput: PWM resolutionis 1 lo 10-bit
Enhanced Capture/Compare/PWM (ECCP) module:
- Mulliple outpid modes

- Seleclable polarity

- Programmable dead -lime

+ Auto-Shutdown and Aulo-Restan

Addressable USART module:

- LIN bus supporl

Master Synchrenous Serial Port (MSSP) module
supporting 3-wire SPI™ (all 4 medes} and 12G™
Masler and Slave modes

10-bil, up to 13-channels Analog-lo-Digial Convarler
module (A/D) wilh pregrammable acquisition lime
Dual analog comparalors wilh input multiptexing

Special Microcontroller Features:

.

C campiler oplimized architecture with optional
exlended instruction sel

100,000 erase/write cycle Enbanced Flash
program memory typical

1,000,000 erasa’write cycle dala EEPROM
memory typical

Flash/dala EEPROM relention: > 40 years
Self-programmable under software conlrel
Pricrity levels for interrupls

8 x 8 Single Cycle Hardware Mulliplier
Extended Walchdeg Timer (WDT):

- Programmable period from 41 ms lo 131s

* Pregrammable Coda Profection

Single-supply 5V In-Circuit Serial Programming™
(ICSP™) via twio pins

* [n-Circuit Debug (ICD) via iwo pins

Wide operaling veltage range {2.0V lo 5.5V)

Program Memory Data Momory MSSP = | B
i P 10-bit | CCP/ g ® | fimers
Dovice | piasy | #9093 | spam |EepROM| VO | AD | ECCP | sPP sop |Mastor| S | B lgngpi
(bytes) || tiona | (B¥103) | {byles] {eh) | (PWHY) Fe | = 5
BIC16F2455 | 24K 2208 2048 | 256 [24 | 0 | 20 | Na | ¥ v EREE
PIC16F2550 | a2k 16384 2048 | 256 | 24| w0 | 20 | No | Y Y |1 12]| s
PIC18F4455 | 24K 12288 2048 | 256 | 85 | 13 1M | Yes | ¥ Y |1 2] i
PICIBF4S50 | 32K 16384 7048 | 256 | 35 | 13 th | Yes | ¥ Y 1 2| s

Advance Information

% 2003 Microchip Technology Inc.

DS39617A-page 1
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PIC18F2455/2550/4455/4550

Pln Diagrams

28-Pin 5DIP, SOIC

RCOTIOSOTIICKL +—w ]
RCITIOSVCLP2UVUOE «- .
RCZCCPIFPIA + o]

Yuse —= ]

ADYSPPY +—e-[]

ROISPPI « [

26
25
24
23
2
21

WoLRwveemE3—= "1 - 28{ ] = RATKBIAPGD
Aruano~+—-[] 2 271 = RB&KBIZ/PGC
Aatiant =—{] 3 26[ 1 = RBSKBINPGM
AAZANZVREF-GYrer=—=[] 4 25[] == RBAANITKBIACY
RAZANIVREF ] 5 3 2 24[ 1 = HBYANS.CGP2/VPO
RA4TOCKICIOUT+—= ] & ] 23] == ABZANGINTZVMO
RASANASTANDIHNCZOUT+— ] 7 g 22{] = RBIANIINTI/SCKSCL
vss—=0[] o ® 21[] == ABI/ANT2INTO/SDLSDA
oscrcLanar—[] o QO 20[] =-—voo
0SC2CLKORAG+—[]10 o o 19] =—vss
RCHTIOSOT19CK ~—[] 11 18[] =— ACZAXDTISDO
RCIMOSkCCP2-A0E=—[]12 17[] = RACETCK
RC2CCP1=—~[]13 16 ] == Divp
vusa=—[]14 15{1 == D-vM
40-Pin PDIP
TACTAN M- RES —-g 1 /' op - remxenren
RAMAND = [ 2 49 [ =+ RBEKBIZPGC
RAVANT «~—»[]3 33 [0 == RBSKBIPGM
RAZ/ANZVREF “GVREF w—e-[] 4 37 [J =—= ABLANI1KBHYCSSPP
AAVANAVREF+ =[5 asp ABYANO:CCP2' VPO
RALTOCKICIOUT a—w[ 5 35 [ =——= FABYANBENTZAVMO
RASANASEAVDING20UT +—e [} 7 34 [J = ABUANIDTNT1/SCKISCL
RAEQCKISPPIANS +—[] 8 2 @ 33[)+— REOANT2ANTOSOIS0A
AELCK2SPP/ANG +— [] 9 32 [0 ~——vio
REQOESPPIANT +—[] 10 E 3 A0 —ves
AVDD ——a [ 11 © 0 39+ ADISPPIMID
Ass . .12 © O 29{) =— RDWSPPEPIC
OSCUCLKLAA? — {1 & & 23[) -« » ADSSPPSPIA
OSC2TLKOAAS « ] 14 27{) +—» ADASPPA

] - RCFRXDTSDO
) = ACBTXCK

[T = Durve

[} =—a DVM

[} =~— RDA/SPP3

[J=———= RD2SPPZ

Hote: Pinouts are subject lo change.

-

Assignment of this Teature is dependent an device eonfiguration.
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PIC18F2455/2550/4455/4550

Pin Diagrams (Continued)

RBQANT 2HNTOSDLSDA
RBUANTINT I/'SCKSCL
RBZANIINTZVIAD
RBIANYCCP2" VPO

Note: Pinouts are subject 1o change.

W
k
2z
nQ
; 8%
44-Pin QFN L8k
- L B
o [x B Bl =] bull 2]
8 uhng #o8
g%:!’.mm@m‘:’tt
PN — *N—O
EODDS TOoOLD
COOLCOd I ST
SRR
IYSTIBRRHEANT
RCIRXDT/SDO +—» | 19 33| —= OSC2CLKORAE
RDAICCPRTP2A == | 2 328 +— OSCICLKLRAT
ADS/SSPETIA == | 3 U~ ves
RD&SSPRPIC + | 4 30( ~— Avss
RD7SSPZRID == g PIC18F4455 283 72— ‘;3“
55 —= -— oD
Moo — | 7 PIC18F4550  27{ - RE2DESPPIANT
Voo —+ | & 264 = REI:GK2SPP/ANS
RBOLANIZINTASDE = | 9 251 = REXFCKISEPIANS
RB1IANTOANT 1/SCKSSCL ~»—= | 10 24( = RASANLSSAVDIN'C20UT
REZANEWNTZAMO =+ 1rwnvm0hmmo_g‘m = RALTOCKICIOUT
R I PN N
PG
H
]
Qo zICgnes =+
a w S
a28308022: ¢
N f-ampgnoe
o SEET-gdal?
A L
< x‘ﬂg"l—' B
& oo oo o
zZ cooxz  SF
R
3 g |
o g o g
<&
ad
44-Pin TQFP ¢ 2rEf i3
Erzggus OF
83288282850
IIDQKICLCC>II¢Z
SERRASINg!
i
DOODRANAN
HEHHHHHHAH
h ITHZSREER
RCTRXOTSCO - o
ROASPPA = o Jr -
ROSSPPSPIB N,
RDESPPEPIC +— Johr ~—
ROWSPPTPID =—w PIC{BF4455 25 —+—
Vss —= = PR -———
Voo —-= PIC1BF4550 27 -—
T
-t

Bl3P a0 ~—= CITi7

RAQ/AND === T3

RATANT =—= I3
RAZANZAER-/CYALF =

MELRAV PR E) == T

RB&/KBIZPGC =— CIT{16
RAMANIVAEFs =i

RBSKEI/PGM =+ 415

BB

RB4A/ANTI KB 0/CSEPP =— 14

Assignmen! of this [ealure is dependent on davice conliguration.

NG

RGO T10S0TAICK!
OSCZCLKO AAE
OSCICLKLAAT
vss

VoD
REZ/OESPPANT

REVCKZSPRIANG
HEQCKISPPZANS
RASANASELYIINGZOUT
RASTOCKICIOUT
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L298

DUAL FULL-BRIDGE DRIVER

u OPERATINGSUPPLY VOLTAGEUP TO 46 V

= TOTALDC CURRENT UPTO4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

a LOGICAL 0" INPUT VOLTAGE UP TO 1.5 V
{HIGH NOISE IMMUNITY)

DESCRIPTION

Tha L2981s an integraled monolithic circuitin a 15-
lead Mulfiwalt and PowerSO20 packages. Il is a
high voliage, high curment dual full-bridge driver de-
signedto acceplstandard TTL loglc lavels and drive
Inducilve loads such as relays, solkenoids, DC and
steppingmotors. Two enableinputs are providedio
enablgordisablelhe deviceindependentlyot thein-
put signals. The emitters of the lower transislors of
each bridge are connected togetherand the come-
sponding exiernal terminal canbe used for the con-

BLOCK DIAGRAM

DRDERING NUMBERS : L298N {Multiwall Yedl.)
L208HN {Multiwatt Horiz.}
L 298P (PowerS020)

nectionofanexiernalsensing resistor. Anadditional
supplyInpulls provided so thal the logicworks at a
lower voltage.

1 1 3 &
tn} nt
Pl 4 u Py
1
nr |, 0 in}
EnA EnB
[ L n Jods3
1 [} "
SENSE AQ _L j—QSEEE R
Asa fsm

Jenuary 2000
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L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameler Value Unilt
Vs Power Supply 50 v
Vsg Loglc Supply Vokage 7 v
ViVen  |inpul and Enable Voltage —0.3lo7 V
lo Peak Output Current {each Channed
~ Non Aepelilive (1 = 100ns) 3 A
~Repettive (80% on —20% off; 1o, = 10ms} 25 A
—DC Operalion 2 A
Visns Sensing Voltage -1 1023 v
Pot Total Power Dissipaton (Tesse = 75°C) 25 w
Top Junction Operaling Temperature —25 o130 “C
Tag. T |Storage and Junction Temperalure —40 lo 150 C
PIN CONNECTIONS (top view)
/ u s ™ CURRENT SENSING B
14 D QUIPUT 4
G BV wnn
12 D WRUTY
" ] ENABLE B
10 D WPUT3
’ 9 > LGGIC SLPPLY VO TAGE Vig
_63_ fultiwaltts = o
7 ] INFUT 2
& > ENABLEA
B =] NPT
1 S SUPPLY YOLTAGE Vs
_$_ 3 ] CTPUT 2
2 D OUTPUT 1
\ I’ ! »] CLARENT SENSTNG A
Z TAB CONNECTED TOPHH b omrasa
¢’
@i 4 20 ] GND
Sensen [ 2 19 [ Sensef
NC. ] 3 18 [ NG
Out1t ] 4 17 ] Ould
oz 7] s PowerSO20 16 [ ous
vs C_}& 15 [ Inpund
Inputt T 7 14 [ Enable B
ErableA 1 B 13 T inpui3
npn? [—f 9 12 vss
GHD [ 10 " GHD
DosiErs
THERMAL DATA
Symboi Parameter Pawer5Q20 Muitiwall15 Unit
Hinjcase | Thermal Resistance Junclioncase Max. - 3 CiwW
RAiniams | Thermal Resistance Junclion-ambienl Max 13 () 35 *CAW
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L2968

PIN FUNCTIONS (refer to the block diagram)

MW.15 | PowerSO Name Function
1;15 219 Sense A:Sense B |Between this pin and ground is connected the sense resistor to
control tha cumrent of the load
2.3 4.5 Out1;0ut2 Quiputs of the Bridge A; the current that flows through the load
connecded between these bwo pins Is monitored al pin 1.
4 6 Vg Supply Vellage for the Power Oulput Slages.
A non-inchclive 100nF capachor must be connected between this
pin and ground.
5,7 79 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6N 8,14 Enable A; Enable B |TTL Compalible Enable Input: the L slate disables the bridge A
{enatles A) andfor the bridge B {enable B).
8 1,10,11,20 GND Ground.
] 12 Vvss Supply Vallage for the Logic Blodks. A100nf capacider musl be
connected betvean this pin and ground.
10; 12 13:15 Input 3; Input 4 TTL Compalible Inputs of lhe Bridge B.
13;14 16,17 Ou3d; 0o d Outpuls of the Bridge B. The curen! that flows throwugh the load
connected between these wo pins is monitored al pin 15.
— 3;18 N.C. Not Connecled

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vs3 = 5V, Tj = 25°C; unlass otherwise specifled)

Symbol Parameter Test Condilions Min. | Typ. | Max. | Unit
Vs Supply Vokage (pin 4) Operalive Condifion Vi +2.5 46 Vv
Vss  |Logic Supply Vohage (pln 9) 4.5 5 7 v
Is Quiescent Supply Curent (pin4}  [Vea=H; L =0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi=X 4 mA
lss  [Quiescent Cuniert from Vg {pin 9) [Ven =H; L =0 Vi=L 24 36 mA
VimH 7 12 mA
Ven =L Vi=X 6 mA
Vi |Input Low Vollage -0.3 15 v
{pins 5,7, 10, 12)
Vi |Inpul High Voltage 23 V88 v
{pins 5,7, 10, 12}
1 Low Voltaga Input Current Vi=L -10 pA
(pins 5,7, 10,12)
It High Voltage Input Current Vi= H< Vg —0.6V ao 100 KA
[pins 5,7, 10, 12)
WVen =L |Enable Low Vollage (pins 8, f1) 0.3 1.5 v
Ven=H [Enable High Vokage {pins 6, 11) 23 Vss v
len =L JLow Voltage Enable Current Ven =L 10 pA
{pins 8, 11)
len = H |High Vollage Enable Currenl Ven = H £ Vas 0.6V 30 100 PA
{pins 6, 11)
Veesany |Source Saturation Voltage h=tA 0.95 1.35 1.7 v
I = 2A 2 2.7 v
Veeea |Sink Saturation Volage IL=tA (5) 085 [ 12 18 v
iL=2A (5) 17 2.3 v
Voesa  [TolalDrop h=1A (5) 1.80 32 v
IL=2A (5) 49 v
Viens  |Sensing Vohage (pins 1, 15) -1 () 2 v
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ELECTRICAL CHARACTERISTICS (conlinued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unil
T1 (V) |Source Cumrent Tum-off Delay 0.5Vilo 091 {2);(q) 1.5 ns
Ta{V} [Source Cunent Fall Time 0gl o1l {2);(4) 0.2 us
Ta{V} }Source Current Turn-on Delay 05Vilo 0.1l (2)(8) 2 1s
T4 (V) |Source Curreri Rise Time 011 100.91,  (2);(4) 0.7 s
Ts (V) [Sink Current Turn-off Delay 05Vilo09l  (3);(4) 0.7 us
Te {V} [Sink Current Fall Time 090 tod1l.  ({3);{4) 0.25 1S
Tz {V} [Sink Currert Tum-on Delay 05Vito 091 (3)};(4) 1.6 1s
Ta(Vy |Sink Cuirert Rise Time 01l f009I1.  {3);(4) g2 1S
Ic (V) |Commutation Frequency I =2A 25 40 KHz

T4 {Ven) |Source Current Turn-off Delay 05V to0.9h (21 (4) 3 is

T2 (Ven) |Source Currenl Fall Time 001 oGl (2);(4) 1 us

Ts (V=) |Source Currerd Turn-on Delay 05V fo0 1l (2} {41) 0.3 its

T4 (V.} |Source Current Rise Time 0.1l to09l,  ({2);(4) 0.4 us

Ts (Ven} |Sink Currerd Turn-cff Delay 0.5Vato09h  (3L(4) 2.2 ps

Te (Vend |Sink Currend Fall Time 09l o1l {34 0.35 us

Ty (Ven} |Sink Currend Turn-on Delay 05V to08L  (3):(4) 0.25 us

Ta {(Ver} {Sink Currenl Rise Time il w09l {36 a1 us

1] 1}Senging voflage can ba —1 V lor L < 50 psec; in sleady slale V. min: —0.5 V.
2) See fig.2.
3) Seelg,. 4.
4) Tha load must be a puaa resistor.
Figure 1 : Typical Saiuration Voltage vs. Qutpul Figure 2 : Switching Times Tes! Circuits.
Current.
oy Tl
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tvi Voo Vgaal¥
Yead lg
24 h s/ H eyt L
[ YOO
L
0 114 1298 o1
16 ot ENABLE I
=
|~ O— 105

12 ] Rja200

08

ael - 59980

0 D4 OB 12 16 20 I [IglA}. Note : For INPUT Swilching. selEN = H

For ENABLE Swilching selIN = H

62



L298

Figure 3 : Source Current Delay Times vs. Input or Enable Swilching,
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Figure 4 : Switching Times Test Cirauits.
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Figure 5 : Sink Current Delay Times vs. Inpul 0 ¥ Enable Switching.
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Figure 6 : Bldirectional DC Molor Control,
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Figure 7 : For higher currents, outpuls can be paralieled. Take care to parallal channel 1 with channel 4

and channel 2 with channel 3.

Vg Yes
DO AF A0 nF
4 3 .
EHABLE [)
L 298
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER QUTPUT STAGE

The L298integralestwo poweroutputstages(A; B).
The power outpul stage is a bridge configuration
ard its oulpuls can drive an induciive load in com-
monor differenzialmoede, dependingon thestate of
lha inputs. The current that {lows through lhe load
comes out from the bridge at the sense outpul :an
externalresistor {Rsa ; Rsa.) allows todetect he in-
lensily of this current.

1.2. INPUT STAGE

Eachbridgeis driven by meansof fourgatesthe in-
putof whichareini; In2 ; EnAandIn3 ; Ind ; EnB.
TheIninputs set the bridge state when The En Input
is high; a lowstate ofthe Eninputinhibitsthe bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
ba fareseen between both Vs and Vss, to ground,
as near as possible to GND pin. Whenthe large ca-
pacitor of the power supply Is foo farfromthe IC, a
second smaller one musl be foreseen near the
L298.

The sense resislor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be nearthe GND pin of lhe |.C.

Eachinpul must be connactedte the source of the
driving signals by means ol a vary shorl path.

Turn-On and Turn-Off : Belore to Tum-ONlhe Sup-
ply Voltageand beforeto Tumnit OFF, the Enablein-
put must be driven 1o the Low state.

3. APPLICATIONS

Fig 6 shows a bldirectional DC motor control Sche-
malic Diagram lor which only ono bridge Is needed.
The extarnal bridge of diodes D1 1o D4 is made by
four fast recovery elements {tmr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst casa ol the load current.

The sense outputvoltage can beusedto control lhe
cument amplitudo by chopping the Inpuls, or to pro-
vide overcument protection by switching low lhe en-
able input,

The brake funciion (Fast motor slop) requires thal
lhe Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repeiitive paak current needed from the
load is higher than 2 Amps, a paralieled configura-
tion can be chosen {See Fig.7).

An extemal bridge of diodes are required when in-
duclive loads are driven and when the inputsof the
ICare chopped; Shotikydicdeswould be preferred.
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This solution candriva uniit3 Amps In DC operatlon
and unifl 3.5 Amps of a repetilive peak curreni.

OnFig 8iils shownthedriving ofa iwophasebipolar
stepper motor ; the needed signals to drive tha in-
puts of tha L298 are genaraled, in this example,
fromihe IC L297.

Fig 9 showsan example of P.C.B. designedforthe
appllcation of Flg 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circult drives blpolar stepper motors with winding currents up to 2 A. The dicdes are fast 2 A types.

Fig 10 shows a second two phase bipolar stepper
motor conlrol circuit where the current Is controlled

by the I.C. L6506.
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Figure 9 : Suggesied Printed Circull Board Layout lor the Circult of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Clrcuit by Using the Current Controller L6508,
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Data Sheet

One Microamp Supply-Current, +3V fo +5,5V,
250kbps, RS-232 Transmilters/Receivers

The Intersil ICLI2XX devices are 3.0V 10 5.5V powered
RS-232 transmitiersireceivers which meet EIATIA-232 and
V.28/V.24 specifications, even at Ve = 3.0V. Targeled
applications are PDAs, Palmtops, and notebook and laptop
compuiers where the kow operational, and even lower
slandby, power consumprion is crtical. Efcient on-chip
charge pumps, coupled with manual and aulomatic
powerdown functions (except for the IC1.3232), reduce the
standby supply current [0 a TpA Uickle. Small feotprint
packaging, and the use of smal, low value capaditors ensure
board space savings as well. Dala rates greater than
250kbps are guaranteed at worsl case load condilions. This
farmily is fully compatible with 3 3V only sysiems, mixed 3.3V
and 5.0V systems, and 5.0V only syslems.

The ICL324X are 3-diiver, 5-receiver devices that provida a
complete serial porl suilable for laptop or nolebook
computers. Both devices also indude noninverting atways.
active rocelvers for “wake-up” capability.

The ICLI3221, 1CLI223 and ICL3243, fealure an
automatic powerdown function which powers down the
on-chip power-supply and driver circuiis. This occurs when
an aliached peripheral device is shul off or the RS-232
cable is removed, conserving system power automnatically
without changes 1o lhe hardware or operaling sysfem.
These devices powar up agaln when a valid R5-232
voltage s applied to any receiver inpul.

Table 1 summarizes the features of the devices represenied
by s dala sheet, while Application Note ANSGE3
summarizes the leatures of each device tomprising the
ICL32X 3V Family.
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ICL3221, ICL3222, ICL3223,
ICL3232, ICL3241, ICL3243

March 1, 2006

FN4805.21

Fealures

Pb-Free Plus Anneal Available a3 an Option
{RoHS Compliant) (See Ordering nfo)

15%V ESD Protected {Human Body Model}

Drop i Replacements for MAX3221, MAX3222,
MAX3223, MA%3232, MAX3241, MAX3243, SP3243

ICL3221 is Low Power, Pin Compatble Upgrade for 5V
MAX2214

ICL3222 is Low Power, Pin Coimpatble Upgrade lor 5V
MAX242, and SP312A

1CL3232 is Lowy Power Upgrade for HIN232/1CL232 and
Pin Compalible Compeafilor Devices

RS-232 Compatible with Ve = 2.7V
Meats EIAMA-232 and V. 28/V 24 Specificalions at 3V
Lalch-Up Free

On-Chip Voltags Converters Require Onty Four External
0.1F Capatitors

Manual ard Aulomatic Powerdowm Features {Excepl
ICL3232)

Guaranieed Mouse Difveability (ICL324X Only)

= Receiver Hysteresis For Improved Noise Immunily

+ Guaranteed Minimum DataRale............. 250kbps
« Guaranteed Minimum SlewRate. . .. _.......... BV/us
« Wide Power Supply Range . ...... Single +3V to +5.5V
« Low Supply Cwrent in Powerdown State. .. ... ... .. 1phA
Applications

= Any System Requiring R5-232 Communication Ports

- Ballery Powered, Hand-Held, and Portable Equipmen
- Laplop Compuiers, Notebooks, Palmtops

- Modems, Printers and elher Peripherals

- Digita! Cameras

~ Cellular/Mobie Phones
TABLE 1. SUMMARY OF FEATURES
NO. OF DATA MANUAL AUTOMATIC
NO.OF | HO.OF | MOKITOR Rx_ RATE Ax. ENABLE READY POWER- POWERDOWN

PARTNUMBER! Tx. Rx, {Rgurg) {kbps) FURCTION? oureuT? DOWN? FUNCTION?
ICLazz 1 1 [+ 250 Yes No Yes Yes
ICL3z22 z F4 [+] 250 Yes No Yes No
iCLa223 2 2 o 250 Yes "o Yes Yes
iCL3232 2 2 1} 250 Na No Na Neo
1ICL3244 3 5 2z %0 Yes No Yes No
1CL3243 3 E] 1 250 No No Yes Yes

1 CAUTION: These devices are seraitive 1 elecinpatadc dncharge, foliow proper I Hardirg Procedunss,

1884 INTERSE o¢ 1-880-456-3774 | Inderst [and design)is a regisiernsd kacemark of knter sl Amancas e,
rgit fters] Armecitas Ine. 1998-2006 Al Rights Rasarved
AN cther Irademarks mentraned ang the propesty of Hwesr res pociive Dwners
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ICL3221, ICL3222, ICL 3223, ICL3232, IC1.3241, ICL3243
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Pinouts
1CL3221 (SSOP, TSSOP)
TOP VIEW
En[q] [1€] FORCEOFF
c1+ E 15] Voo
va [3 [14] oD
c1-5 [ERel™
ca2+ 3] [17] ForcEoN
ca. [} (] Tim
v-[7] i} mvaLD
R 3] 7] R1our
ICL3222 (3508, TS50P)
TOP VIEW
& 3] hd 0] SHON
ct+ [2] [19] Vec
vs 3] T8 GHD
c1-[3] 7] Tiour
c2s [5] 18] Ry
cz-[§] [15] Rigur
v-[7] 14 NC
T2pur {8} 13 T1gy
Ry {3} 7] 2w
R2ous [19] 1] Ne

L3232 (PDIP, SOIC, S50P, TSSOP)

TOP VIEW

cie E d ] Ve

v+[2 [15] GND
<1 [3] [13] T10ur

cor E % Riay
c2-[3 2] Rigyt

v- [&] [11] Ty

T2pyr E ETzan
"z [2] 9] R2qur

1CL3222 (PDIP, SOIKC)

TOP VIEW
W[
Ci+ E
v+ [
¢t [4]
c2s E
c2-[¢]
v-[7
T2our {8
Ry [
1EL3223 (PDIF, 3SOP, TSSOP)
TOP VIEW
(1] hd 7] FORGEOFF
c1t E E Vee
v+ [3] 18] oD
c1- 3] 7] T1our
Cc2+ E E Rijy
c2- €] 5] Rigur
v-[7] 3] FORCEON
T200r [Z] 13] 71
R2y 9] 12} 294

R:Zourliul

ICL3241 {SOIC, SSOP,

TOPVIEW

c2+ 7]
t2- 2]

v- (3]
Rig [3]
R2w [5]
R [¢]
Ra [7]
RSy [5]
Tour [9]
T2out E
Tgur [E
T3y fiz]
T2y [13]
Tig [[]

(11} INVALID

TSSOP)




ICL3221, ICL3222, ICL3223, ICL3232, ICL3241, ICL3243

Typical Operating Circuits

TTUCMOS
LOGIC LEVELS

TTLICMOS
LOGIC LEVELS

ICL3221
C3 (OPTIONAL CONNECTION, NOTE)
IV Oogg—— - - - o]
T O1F | v
‘l:z 15 .
Cy 3D v, if.c
I cc + G
suwFpal Ve “3_\_ 01pF

INYALID [—»

— |1
FCORCEOFF —e Vco

_]_—| FORCEON
L GHD

10 TO POWER
CONTROL
1Logic

connecled o aither Ve or GND
1CL3223
+33v
&
£t 3
C cis Vee 3
c
0eF T 2 LAl e WA
n1? J-Ts Y7 u :Tr_c
L1y V-
T e mny
Ty -2
13 17 =
Tty — — Tigur
T.
] B N ‘
™ T2gur
| Sl 83
15 16 (5 g
Rigyr +— Rl a
W0
Rigyy +
1 &N
L o
L FORCEOFF |—0 Ve
14 — POWE
Enm FORCEOH INVALID [—» ZgNTROLRLOGIC
- GHD

J_w

TTUCMOS
LOGIC LEVELS

TTLCMOS
L2QIC LEVELS

RS-;!E
LEVELS

L3222
€3 (OPTIONAL COMNECTION, NOTE)
LIVt = === - ) ]
0.1uF i
I u .
C': 2 C1+ v, k]
] e C
Cz r__i c2 —
oApF & ¢ wl 7 ¢
ez 110.1..F
T, ==
172 ! 15 =
Tigy + Tour
T2
1 8
Tiw —T20ur
13
Rigyy +— | —— A1),
h Skt
10 = 2
Reaur + R2jy
il & Ry Bk}
= SHON |°—aVee

GND
g

NOTE: The negalive terminal of 3 can bs

LEVELS

RS-ZI2

connecled lo eher Ve of GND
LI
C3{OPTIONAL CONNEGTION. NOTE)
W ogr—————~ === -
.II 0ApF |1s AR
A 1
=
C1r C14e Veo 2 1 ¢
3
L Y Vi ijfo.mF
MC?J:F" ol 8 [
s ¥ —1L o1
c2- 9.1uF
11 ) W=
Tim Tlour
10 Iz 7
Tom —*T2gur
12 13
Rigyr 4—— Rigy
Rq Sk
3 — B
R2oyr +— Ry
Rz a2
anb =

__l_:s

NOTE: The negalive lerminal of C4 can be
cornected lo elther Vo or GND
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fCL3221, ICL3222, ICL 3223, ICL 3232, ICL3241, ICL3243

Absolute Maxtmum Ratings Thoenmal Informatien
VegloGround. . . e Thernal Reslslance (Typical, Nole 3)
VeloGround . ... i . 16 Ld PDIP Package” _........ooonivennnn..
V-teGround. ...l . 18 Ld PDIP Package® ...... .
VHloVe 20 Ld PDIP Packaga® .. ... . PN
input Volloges - 16 Ld Wide SOIC Package ... ... ..........
Ty FORCEOFF, FORCEON, EN, SHON .. .. _,.. 03Vio6V 16 Ld Narrow SOIC Package . . .
RING e 125V 18 Ld SOIC Pachoge . .. ......
28 LdSOIC Packags ... .. ..
16 Ld SSOP Package .. ...
20 L.d SSOP Package ... ... .
1GLITSSOPPackage . ... .. ... ...........
20LdTSSOPPackage . .......oov i iiaiannn .
23 Ld SSOP and TSSOP Packapges
Maximum Junciion Temperalure (Plastic Package) . _. . ... 150°C
Operating Conditions Maximum Starage Temperature Rangs. .. ........
Maximum Leed Tempesalre (Soldering 10s)
Te hire Range
O 32XXOK C o T6°C (SOIC, SSOP, TSSOP . Lead Tips Only)
OLIBXXIX o DG 10 85°C *Pb-free PDIPs can be used for through hale wave solder processing
""""""""""""""""" only. They are nol Intended for use In Reflow solder processing
applications.
CAUTION: Stresses abova those Bsled in "Absalvte Maximum Ralings™ may cause permansed damago to the device. This Is @ stress anly raling and operation of the
dovice al these or any othar condi above those Indicaled in the op wonal sections of this speciication Is mol impiled.
HOTE:

3. 0y ks measured with the component mounted on a low effective thermal condirctivity lesl board in free ak. See Tech Brel TB379 lor delails.

Electrical Specificatlons  Tes! Condillons: VCC = 3V ta 5.5V, C1 - C4 = 0.141F; Unless Otherwise Specified.
Typleals are al TA = 25°C

PARAMETER TEST CONDITIONS T(Eg:" M TYP | MAX {UNITS

DC CHARACTERISTICS
Supply Current, Aulomatlc All Rypy Open. FORCEON = GND, FORCEQFF = Vee 25 T e T T
Powsrdawn {ICL3221, 1CL3223, ICL3243 Only)
Supply Currenl, Powerdawn, FORCEQFF = SHDN = GND (Excepl ICL3232) 25 - Lo 10 A
Supply Curren, AB Outpits Undoaded, Ivcc =3.457, T |0 s T ma
Aulomatic Powerdawn Disabled | FORCEON = FORCEOFF = 1CL3221-32

SHON =Vee Vet =aovIcLa241.431 25 . 03 | 10 | mA
LOGIC AND TRANSMITTER INPUTS AND RECEIVER OUTPUTS
InpulLogle Threshold Low | Ty, FORCEON, FORCEOEE, EN, STDN Ful S T T e T
Input Logle Threshold High Tin. FORCEQN, FORCEDFF.EN, [Vee =33V Fal | 20 - - v

ol Vgg = 5.0V “Fut 24 | - v
Ingul Leakage Current Tin. FORCEON, FORGEQRF, EN, SHDON Ful P w001 | HO | pA
Oulpul Leakage Current FORCEOFF = GND or EN = Vg Full - D05 | %10 A
(Except ICL3Z32)
| Outpul Vetinge Low loyr = 1.6mA Full . - faa v ]
Output Vollzge High layr = -1 0mA Full |Vee-08|vec01) - v
AUTOMATIC POWERDOWN (ICL3221. ICL3223, ICL3243 Only, FORCEON = GND,; FORCEQFF = VCC)
Recetver Inpul Threshokds to CL32XXX Powers Up (Sea Fire 6) Fult | 271 . 27 v
Enable Transmitiers
{Recabver Ingul Theeshokds to ICL32XX Powers Down (See Figure 6) Fol | 3 | - 03 v
Disable Transmiters
{NVALID Culpul Viotinge Low loyr = 1.6mA Full . R 04 v
INVALID Oulput Vollage High lout =-1.0mA Full |vec08 - - v
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ICL 3221, IC1.3222, ICL3223, ICL3232, ICL3241, |CL3243

Eloctrical Specificatlons  Tesi Conditions: VCC = 3V 10 5.5V, C1 - C4 = 0.1)1F; Unless Otherwise Spacified.

Typicels are 81 TA = 25°C (Continucd)

PARAMETER TEST CONDITIONS T(Ifgjp MmN | Tre | MAX |unms

Recetver Threshold lo 25 - 100 - us

Transmitters Enabled Delay (tyay)

Recetver Pogiive or Negalive 25 - 1 - s

Tiveshold 1o INVALID High Delay

i)

Recelver Positive or Negative - 25 A B e

Threshold to INVAUID Law Delay

(hn)

RECEIVER INPUTS

Inpul Volage Range Full | 25 5 | v |

Inpir Trreshold Low Veg =33V 25 | 06 12 ] v
Veq = 50V - 2% | o8 15 | - v

Inpil Threshold High Ve 233V - 25 - 15 | 24 | v |
Ve = 50V - 25 . 18 | za 1 v

Inpi Hysleresic B — 25 R 03 - v

Inpi Resistance o s 3 5 |7 K0

TRANSMITTER OUTPUTS ~

Outpul Voitage Swing AN Transmifter Outpuls Loaded with 32 1o Ground Ful | 50 | 54 - v

ulpul Resislarce Voo = Ve = V- =0V, Transmitter Oulpul = =2V Full 300 10M“~ - 4]

Outpul Short Circull Currend Ful Y 235 | 180 § mA

Output Leakage Current Vour =12V, Vea =0V or W lo 5.5Y Fal | - S T Y
Aulomatlc Powerdown of FORCEOFE = SHON = GND

MOUSE DRIVEARILITY {ICL324X Orty) T

Transmiller Outpul Valiage Thiy = T2y = GND, T3 = Ve, TIour Loaded with 3k2 lo—l Ful | 45 R

{See Figure 9) GND, TloyT ard T20yy Loaded with 2 5iA Each

TIMING CHARACTERISTICS Y 117 N T

Maximum Dala Rale Ry =3k Cp = 1DQOpF61;e Transmitter Switlching ‘ Full 250 500 T kbps -§

Recefver Propagation Delay Receiver Inpd 1o Recelver T 5 | - 03 A B
Qutput, G = 150pF YeLs \ 25 - i oa ; us

Recebrer Outpul Enable Time | iNormal Operation {E xcepl CL3232) 25 oo [ e

Recelver Oulpil Diseble Time  :Normad Operation (Excepl (6L3232) 25 S 0 - ns

Teansmitler Shew " et A e - 200 | 1000 | ns

Receiver Skew her AP D I Ful | - 0o | s00 i ons

Transfion Region Slew Rale  Vog = 33V, ©{ = 200pF to 2500pF 25 4 20 3| Vi
:Leas?:kfe(}ik;:)kn?z!v 03V or-ay {CL T 200pF to (000pF 25 o - 0 Viss
103V

ESD FEREORMANCE T e -

RS-232 Pins (Tour A Human Body Model T lickaz2s - Ic3243 25 115 | - oy
IECE10004-2 Conloc Discharge |ICL3221 - [GL3743 25 . w | - e
IEC61000 4.2 A Gap Discharge |ICL3221 - 1013232 25 P - kv

ICL324+4 - ICL243 ) R BT - KV
Al Other Pins Human Body Model licLa221 - L33 25 - 2 |
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1CL3221, ICL3222, ICL3223, ICL3232, ICL3241, ICL3243

Detailed Description

ICL32XX interface ICs operate from 2 single +3V o +5 5V
supply, guaraniee a 250kbps minimum data rale, require
only four small exiernal Q. 1uF capacitors, feafure low power
consumption, and meel all EtA RS-232C and V28
specifications. The circuit is divided into three sections:
charge pumg, lransmilters and receivers.

Charge-Pump

Inlersil's new ICL32XX family ulilizes regulated on-chip dual
chamge pumps a5 vottage doublers, and vollage taveriers to
generale +5.5V fransmitter supplies from a Vg, supply as
low as 3.0V, This allows these devices o raintain RS-232
comphiant oulput levels over the +10% tolerance range of
3.3V powered syslems. Tha efficienl on-chip power supplies
require onfy four small, extemal 0.1pF capacilors for ihe
voltage doubler and inverler funclions at Ve = 3.3V. See
lhe Capacitor Selection section, and Table 3 for capacitor
recommendations for other operating cordiions. The charge
pumps oparate disconbinuously {i_e., they tum off as scon as
the V+ and V- supplies are pumped up to the nominal
values), resulting in significant power savings.

Transmitiers

The transmitiers arg propretary, low dropoul, inverting
drivers that iranslate TTL/CMOS inpuls to EIA/TIA-232
oulput levels. Caupled with the en-chip 5.5V supplies,
these transmilters deliver true RS-Z32 levels over a wide
range of single supply system voltages.

Except for b IGL3232, all mansmiller oulputs disable and
assume a high impedance slale when tha device enters the

powerdown moda (See Table 2). These oulputs may be
driven 1o £12V when disabled.

All devices guaraniea a 250%kbps dala rale for full load
conditions {3ki1 and 1000pF), Ve = 3.0V, with one
transmitler operating al full speed. Under more typical
conditions of V¢ 2 3.3V, R_ = 3k}, and Cy_ = 250pF, one
transmitier easily operales at 900kbps.

Tranamitler inpuls Roat if left unconnected, and may cause
oe increases. Connecl unused inpuls to GND for the best
perfonmance.

Receoivors

All the ICL3ZXX devices contain standard inveriing receivers
that three-stale (except for the ICL3232) via the EN or
FORGEQFF control lines. Additionally, the two ICL324X
products include noninverting {monitor) receivers (dencled
by the Reyyyyp label) that are always aclive, regardiess of the
stale of any control linas; All the receivers convert RS-232
5ignals fo CMOS output levels and accepl inputs up lo £25V
while presenting the required 3k to 714} input impadance
{See Figure 1) even if ihe power is ofi (Voo = OV). The
receivers’ Schmilt trigger input stage uses hysteresis o
ingrease noise smunity and decréase efors due to slow
inpul signal transitions.

The ICL3221/22723/41 inverting recefvers disable only when
EN ig driven high. 1C1.3243 recsivers disable during forced
{manual) powerdown, but not during automatic powerdown
{See Table 2).

[CL324X monitor re ceivers remain aclive aven during
manual powerdown and forced receiver disable, making
them exiremely useful for Ring Indicator monitofing.
Standand meceivers driving powerad down paripherals must
be disabled to prevenl cumenl flow through the peripheral's
prolection dicdes (See Figures 2 and 3). This renders them
useless for wake up functions, bul the corresponding
monilor receiver can be dedicated to this lask as shown in
Frgure 3.

Yec

RAxp &t
25V < Vggy € +25V 3

GHD
FIGURE 1, INVERTING RECEIVER CONNECTIONS

Low Power Operation

These 3V devices require a nominal supply current of
0.3mA, even al Ve = 5.5V, during normal operation {notin
powsrdown mode). This is considerably less than the 5mA
to T1mA current reqeired by comparable 5V RS-222 davices,
allowing users to reduce systerm power simply by swilching
to this new family.

Pin Compatible Replacements For 5V Davices
The ICLI221/22/32 are pin compatible with exisling 5V
RS-232 trangceivers - see (he Fealures section on the front
page for delails.

This pin compatibility coupled wilh the low lcc and wide
operating supply range, make tha ICL32XX potential lower
power, higher performance drop-in replacaments for existing
5V applications, As long as ihe 15V RS-232 oufpul swings
are accaptable, and ransmitter input pull-up resistors aren't
required, the ICL32XX shoould work in most 5V applications.

When replacing a device in an exsting 5V application, il is
acceptable (o lerminale Cq 1o Vioe 23 shown on the Typical
Operating Circuil. Ngvertheless, terminate Cq 10 GND if
possible, as slightly beiter performaince resulls from this
configuration.

Powerdown Functionality (Except ICL3232)

The already low curmenl requirement drops significantly
when tha device enters povendown mode. In powerdown,
supply curent drops to 1A, because ihe on-chip charge
pump tums ofl {(V+ collapses o Ve, V- colfapses 1o GND),
and tha transmitler outpuls ihree-state. Inverling receiver
outpuls may or may nol disable in powerdown; refer to
Table 2 for details. This micro-power moda makes these
davices ideal for baflery powered and poriable applications.



A

ICL3221, ICL3222, ICL3223, ICL3232, ICL3241, ICL3243

The INVALLD outpurt always indicates whether of nof a valid
R5-232 signal is presend al any of the receiver inputs (See
Table 2}, giving the user an easy way 1o datermine when the
inlerface block should power down. In the case of a
disconnected interface cable where all the receiver inputs
are floating (but pulled to GND by tha inlemal receiver pull
dowen rasistors), the INVALID logic delects the invalid levels
and drives the output [ow. The power management logic
then useés this indicator to power down tha nterface block.
Reconnedling the cable restores valid levels at tha receiver
inputs, INVALID swilches high, and the power management
ogic wakes up tho inlerfaca block. INVALID can also be
used to indicale the DTR or RING INDICATOR signal, as
long as the other receiver inputs are Aoaling, or driven to
GND (a3 in the case of a powered down driver). Connecting
FORCEOFF and FORCEON together disaties the
auvtomalic powerdown featura, enabling them lo function as
a manual SHUTDOWN input {See Figure 4).

Vee
I l Vec
CURRENT
= [ Yee 1FLCM'
* T Your™Vee
Rx —
POWERED
DOWN =
UART
—
Te —
SHON = GND oLD
GND —] r&sa23:2CcHP

ik T,

FIGURE 2. POWER DRAJIN THROUGH POWERED DOWN
PERIPHERAL

Veo

1

TRANSITION

r DETECTOR
i 10 T ICLI24X

= WAKE-UP
LOGIC -

RZgyma

X | vour-uz

POWERED R2our Ry

Tx Ty =
e
— II: Tour

_J_ FORCEGFF = GNO__ T

OR SHDH = GND, EN =¥

FIGURE J. DISABLED RECEIVERS PREVENT POWER DRAIN

_ FORCECFF
PWH |
NGl FORCEON
Logic
INvALID I 3
ICL3221/2M43
Lo E
UART
crPy —
= =

FIGURE 4. CONNECTIONS FOR MARUAL POWERDOWHN
WHEN HO YALIO RECEIVER SIGNALS ARE
PRESENT
With any of the above conlrol schemes, the me required o
exit powendown, and resume ransmigsion is only 100ns. A
mouse, or olher application, may need micre tme o wake up
from shutdown. IFautomalic powerdown is being utilized, the
RS-232 devics will reenler powerdown il valid receiver levels
aren't reestablished within 30ps of the ICLI2XX powering
up. Figuio 5 Blusirates & circuit that keaps the ICLI2X04 from
infliating aulomatic powerdewn for 100ms after powering up.
This gives the slow-lo-wake peripheral circuit ims to
regstlablish valid RS-232 outpul levels.

POWER MASTER POWERDOWH LINE
MANAGEMENT
LR O-1.F D

SIS S R

FORCEOFF FORGEQH

1CL322 1723143

FIGURE 5. CIRCUIT TOPREVENT AUTO POWERDOWN FOR
100ms AFTER FORCED POWERUP

Aufomatic Powerdown (ICL3221/21/43 Only)

Even grealer power savings is available by using the
devices which feahwe am autormatic powerdown function.
When novalid RS-232 vollages (See Figure 6) are sensed
on any receiver input for 30ps, the charge pump and
Lansmillers powerdown, lnereby reducing supply curmentl lo
1pA. Invalid receiver levels occur whengvor the driving
pefipheral's culpuls are shut off (powered down) or when the
RS-232 inlerface cable is disconnecied. The ICL32XX
powers back up whenever il detects a valid RS-232 voltage
lave!l cn any receiver inpul. This automnalic powerdown
feature provides additional system power $avings without
changes 10 tha exisbng operating system.
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CD4066B
CMOS QUAD BILATERAL SWITCH

SCHSGS 1D - HOVEIABER 1990 — REVISED SEPTEMBEN 200G

15-V Digital or +7.5-V Peak-to-Peak * Matched Conlirol-Input 10 Signal-Output
Swiltching Capacitance: Reduces Quiput Signal

1250 Typical On-State Resislance lor 15-Y Transients

Operalion ®  Frequency Response, Swilch On = 40 MHz
Switch On-State Resistance Matched to Typical

Within 5  Over 15-V Signal-Input Range ¢ 100% Tesled for Quiescen| Currentat 20 V
On-Stale Resistance Flat Over Full *  5-¥,10-V, and 15-V Paramelric Ratings
Peak-te-Peak Signal Range ® Meels All Requirements of JEDEC Tenlative
High On/Off Quiput-Voltage Ratio: 80 dB Siandard No. 13-B, Slandard Specifications
Typical at fjg = 10 kHz, R =1 kQ for Description of "B" Serles CMOS

High Degree of Linearily: <0.5% Distortion Devices

Typical at fig =1 kHz, Viy =5 V p-p, ¢  Applications:

Vpp—Vgsz 10V, A = 10kQ

Extremely Low Off-Stale Swilch Leakage,
Resulting in Very Law Cffsel Current and
High Effective Off-Stale Resistance: 10 pA
Typical at Vpp — Vg5 = 10V, Ty = 25°C
Extremely High Control [nput Impedance
{Conlirol Circuit Isolated From Signal
Cireuity: 1012 & Typical

Low Crossialk Between Switches: 50 dB
Typical at fig = 8 MHz, R =1 k0

- Analog Signal Switching/Multiplexing:
Signal Gating, Modulator, Squelch
Conirol, Demodulator, Chopper,
Commutating Switch

— Digital Signaf Switching/Multiplexing

— Transmission-Gale Logic [mptementation

— Analog-te-Dightal and Digital-lo-Analog
Conversion

— Digital Control of Frequency, Impedance,
Phase, and Analog-Signal Gain

E, F W, NS, OR PW PACKAGE

(TOP VIEW)
SIG AINOUT [+ 141] vpp
SIG A QUTAN []2 123{] CONTROL A
S1G B OUT/IN [| 3 12{] CONTROL D
S1G B INFOUT (] 4 1] SIG D INOUT
CONTROLB |5 16[] SIG D QUT/AIN
CONTROL C [ 9]] SIG C QUTIN
Vgsfl7 &[] SIG C NfQUT

description/ordering information

The CD40868 is aguad bilateral switchinlended for the ransmission or muliplexing of analog or digilal signals.
Itis pin-for-pin compalible wilh the CD4016B, bul exhibits a much lower on-slate resislance. in addition, the
on-slate resislance is ralalively constant over the {ull signal-inpul range.

The CD40G668 consists ol four bilateral switches. each with independent controls. Both ihe p and the n devices
in a given swilch are biased on or off simullaneously by Ihe control signal. As shown in Figure 1, the well of the
n-channel davice on each swilch is tied o eilher the inpul (when ihe switch is on) or lo Vgg (when the swilch
is off). This configuralion eliminates Lhe variation of the switch-transistor threshold vollage with inpul signaland,
thus, keeps Ihe on-slate resislance low over the lull operaling-signal range.

The advantages over single-channel switches include peakinput-signal vollage swings equal to the full supply
voliage and more constant on-slate impedance over (he input-signal range. However, lor sarnple and-hold
applications, the CD4016B is recommended,

A Please ba aware that an important nolice concemning availabibly, standard warranty, and use in critical apphications of

Texas Instruments semiconductor producis and disclaimers therelo appears al the end of this data sheel

Copynghy < 2003, Taxas brstruments Iheorporaled

FROQUCTION DATA imbovrcialich 35 cvmd {M« dale
pevtod st %
SR e pocseing Texas

INSTRUMENTS

POST OFF GE BOX €553463 ® DALLAS. TEXAS 75255 1
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CD40668

CMOS QUAD BILATERAL SWITCH

SCHS0510 — NOYEMBER 1983 — REVISED SEPTEMBER 2000

18

¥ descriptionsordering information {continued)

ORDERING INFORMATION

a PACKAGEY PART NUMBER |  MARKING

GDIP-F Tube of 25 CD4066BF3A CD4O66BFIA

PDIP -E Tube ol 25 CD4066DE CD40sEBE
Tube 0150 CD4086BM

_55°C [0 125°C SOIC ~ M Reel of 2500 CEXO66BMO6 C040868M

Reel of 250 CD4086BMT

SOP-NS Reel af 2000 CD40666NSH GCD40668

TESOP - PW Tube of 30 GD4G56BPW CMOSEB
Reel ol 2000 CD4068BPWR

T Package drawings. slandard packing quanlities, thermal dala, symbokzaton, and PCB design

guidefines are available at wwew.li.corse’pachage.

Control
Vc"'

Swilch
Conuol /—/\——\
s (]) In
Yis
o ]

1 All cantrolinpuls are prolecied by the CMOS protection netwark.
NOTES: A Allp substrales are connecled to V.
B. Normal operation control-Bne biasing: switch on (lagic 1}, Y = Vpp: switsh ofl (logic 0} V¢ = V55
C. Signallevel range: Vg < Vi s VDD

5
e

V]

Cut
Vos

D

- Vsg

€205-2913

Figure 1. Schematic Diagram of One-of-Four Identical Switches and Associated Control Circuitry
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CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051D - NOVEMBEA 1658 - AEVISED SEPTEMBER 2003

absolule maximum ratings over aperating free-air temperature (unless otherwise noted)t

DC supply-voltage range, Vpp {vollages referenced to Vgg lermlna]) .................... 05Vie20V
Inpul vellage range, Vi (all inpuis) . ... ... .. —05VieVpp+05V
DC input current, Iy (any one inpul) .. ... o e 16 mA
Package thermal impedance, B, (see Nola 1); E package . BO°CW
M package 86°C/W
NSpackage ........... ... ...l 76°C/W
PWpackage ... . ...l 113°CW

Lead temperature (during sokdering):
At distance 146 1 1/32 inch (1,59 + 0,79 mm) from casefer 10smax ............._ v 285°C
Storage temperalurerange. Tgig ....oooo oo —65 C o 150°C

T Stresses beyond those isled under “absolle maxirmum raings” may cause permanen! damage lo the device. These are stress ralings anly, and
functional operation ol lhe device al thase or any other condilions beyond those indicated under “recommended aperating condiions” is nol

imphed. Exposure lo absohute-maximum-raled candilicns lor axiended pericds may affect device refahility.
NOTE 1 The package thermal impedance is calcutated in accordance with JESD §1-7

recammended operating conditions

MIN  MAX | UNIT
VoD Supply vollage 3 18 v
TaA QOperating [ree-air lemperahre —55 125 =C

79
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CD40668
CMOS QUAD BILATERAL SWITCH

SCHSO51D - HOVERBER 1908 —~AEVISED SEPTERBER 2003

TYPICAL CHARACTERISTICS

+ iz —» CDa06sR v
1 % of 4 Swilches —  'o®

= Ms—Vael

I,
o T Rl

92CS5-30966

Figure 6. Determination of rypn a9 a Teat Condilion for Control-Inpul High-Veltage (Vjc) Specification

Kelthloy
Yop 160 Dightal
Mulilmetar
« 1a > >
100 2* on 1okie
Rango ,,ﬁ,bl{_
x-y P
Vss Pl ;1 Moseloy
N oner ¥ rozoA
" Ld
£

92C3-22T16
Figure 7. Channel On-State Resislanca Measuremenl Circuit
POWER DISSIPATION PER PACKAGE

TYPICAL ON CHARACTERISTICS vs
FOR 1 OF 4 CHANNELS SWITCHING FREQUENCY

[ AMBiENT TEvrERATURE T, 25-¢ [
Vpo' 2.5 V.Vgge -2.8V
HPUT = TERM. |, CUTPUT » TERM. 2

::-rpzé*c

z
T
2 &
-]
> -
3 3
]
o -
= c i
?o_, 0 2 s ! 75\'/v4 A
5 g s L 3
& & i e >
3 4 2 2 - Vo Te
1 o= L P *—=
10 12
o g — 2
> 5 6 13
2 - [
i Al wnused minah are ::9 2 =
ronnected 1o Vgs
-a 10
= -2 TN A\, 4 0 2 f g2 2 BT S
Vi - Inpul Yollage - Y { — Swilching Frequency — kHz
920530919 §2C-309720

Figure 8 .Figure 8
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Cbh4o66B
CMOS QUAD BILATERAL SWITCH

SCH30510 - NOVEMBER 1902 - HEVISED SEPTEMBER 2003

TYPICAL CHARACTERISTICS

Clos
R St
i |
| Yg=-5Y¥ Vpp=5V |
| ¢ ? |
CD4066B Voo
Jold Vp=Vgg 0_'
Swilches { Q <

& 1 Vig = ¥pD O (:11)4;5:3

{
1
Cia T Vss o5y T Cos Switches
L

= &

1 &
- ¥
20530921 s
Measured on Boonlon capacilance tridge. madel 75a {1 MHz); 92C5-30922
lesi-fixture capacitance nulled oul. Allunused lerminats are connected 1o Vgg_
Figure 10. Typical On Characteristics Figure 11. Off-Switch Inpul or Output Leakage
for One of Four Channels
¥g= VoDo—| /o0
(P Vos +10 V—/—\— Ve VoD
vis o-jCD40SSB] 1 O @
1olf4 ty=f=20ns Yis [cDacesp | Yos
Swiiches

Switches| S 45k

i 200 ki2 104
_/—\_ ¥ss is" PF 1k
Yoo = 1 A _{)-VSS

= =20ns = 7 E =
920530923 9205305924
Allunused ferminals are connected lo Ygg. All unused lerminals are connecled to Vgg.
Figure 12. Propagation Delay Time Signal Input Figure 13. Crosstalk-Conirol Input
(V1s) to Signal Oulput (Vog) 1o Signal Qutput
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CD40668
CMOS QUAD BILATERAL SWITCH
SCHS051D - NOVEMSER 1998 — REVISED SEPTEWMBER 2000
g TYPICAL CHARACTERISTICS
VDD—/_\— Vop
ty=ty=20ns ¥Yc=YoDO— © v
Qs
Vv C040668
o0 Told
Switches 1k
Vssd 50PF
=
NOTES: A. Allunused terminals are connecied lo Vgs. 9205-30525
B. Delay is measwred al Vyq leval of +10% Irom graund {turn-on) or an-slate outpi level (lum-off).
Figure 14. Propagation Delay, tp g, tpy Control-Signal Qutput
ol e ol le
Ve | A oow e A VAW - o T N, 1ov
0%
10% | | NN
| ¢ Rapatitlon
"J [ Rale
tr=li=20ny £
Vs . N, L kHz
________ L
Ypp=10V
SPOTIOEyf2 Vogt 1 e
Via = CD40668
s = 10V £ 1cl4 l
Switches S50pF T % 1%0
VSS_J[: te
= AL
Allunused lerminals are connecied 1o Vg, §2C5-30025

Figure 15. Maximum Atlowable Control-Input Repetilion Rate
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CMOS QUAD BILATERAL SWITCH

SCHSO51D— ROVEMBER 1008 — REVISED SEPTEMBER 2003

TYPICAL CHARACTERISTICS

vYop

f

Inputs

¥Ypp

Vsg

tret?t

!

Vgs 92C5-27555

Measwre inpuls sequentiafly lo both Vo and Vgg. Connect all naused inputs to either VDD o Y55, Measure cantzol mpuls only.

Figure 16. Input Leakage-Current Test Clrcult

| .‘9000@ o FOOOOR
! Ch<k

‘ Resct 3
@

-

o JOTPE 3 Jz 33 04 3y
PE Jp 3 By X N} - External
s / ‘m—@_ Qs
— = ; a9, 9
™ (1)
ORC)
3

1/4 CO4065E -@

SzaNs)

%
i

CD4001H

20060

l I
q
L2 CO40488 ! -] H
ou- J 13 v @ O 0
i 18| 4 —
AT 56 s
._@_._L Outpuly
@ rﬁ ) Loy Channel 1
Signd _g);‘ G— 10 E C
Tnputs 10k
o Channel { oy 2 | 1ecowne o
o Channel 2 @c 3 i 3 ® ‘ crnnneiz &
G Channel3 @ 144 COA0EEE cuqoﬁsBJ w0ko
o = @- @ - %_
- Channel 3
P-*zquwnlB Todn = AT @ {® L Q
» Coa00 10k
1- CD40488
1] - CDWeSE = =
z-CDagal Clock _ vpp @ Channel 4 A
Maximum 10ka
Allowable - — vmf"ﬂﬂ- Vsl
Signal Level Chan1 Chan2 Chan Chans 0 mmn = %

F2CM-30928

Figure 17. Four-Channel PAM Mulliplex System Diagram



CD40668
CMOS QUAD BILATERAL SWITCH

SCHS051 D - HOVEMBER 1998 — BEVISED SEPTEMBER 2003

{4 TYPICAL CHARACTERISTICS
5Y
o Analog Inputa (+5 V)
| I“ |
=5V s N\
o] O Vpp=5V
voozsvy 7 T T 7
|
5V hd SW 004066&
| I o — v Vo
N CD40548| o =
b
L 4

Digitel l w
Contiot
nputs L0 0 0O 5 ,l

¥sg=0Y¥

I Vg5 =—
= s5=-5VY
Veg=-5Y Analog Oulputs (£5 V)

920820927

Figure 18. Bidirecllonal Signal Transmission Via Digltat Conirol Loglc

(4}
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Phillpa Semlconduciors
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Product specification

Low power dual voltage comparator

LM193/A/293/A/393/A/2903

DESCRIPTION

The LM183 series consists of two independent precision voltage
comparalors wilh an offsel voffage specification as low as 2.0mV
max. for two comparators which were designed spedificalty 1o
operale Irem a singlo power supply over a wide range of voltages.
Operalion from sphil power erppfies is also possible and the low
power supply current drain fs independent of the magnitude of the
power supply vollage. These comparalars also have a unique
charatienstic in that Lhe inptt common-mode vollage range includes
ground, even though operaled from a single power supply vollage.

The LM 193 seties was designed la direclly inlerface wilh TTL and
CMOS. When operaled from both plus and minus power supples,
the LM192 series will direclly interface with MOS logic where their
low power drain is a distinct advanlage over standard comparalors.

FEATURES

* Wida single supply vollage range 2.0VDG lo 36VDC or dual
supples +1.0VDC, 1o +18VDC

® Very low supply current drain {0.8mA) independent of supply
voltage (2.0mW/comparalor at 5 0VDC)

® | ow inpul biasing currenl 25n4

® Low input offsel currenl 15nA and offset vollage 2mY

* |nput common-mode voltage range mcludes ground

® Differential inpul voltage range equal o the power supply vollage
® Low outpul 250mV al 4mA saluration vollage

® Duitpul vollage compatible with TTL, DTL, EGL, MOS and CMOS
lagle syslems

APPLICATIONS
® A/D converters

* Wide range YCO

® MOS cleek generalor
® High voltage logic gale
* Multivibrators

ORDERING INFORMATION

PIN CONFIGURATION

D, N, FE Packages

Vi

7 oUTPUTE

L] J INVERTING RPUT B

BJ NON-INVERTING [HPUT B

TOP YiEW

Figure 1. Pin Condiguration

EQUIVALENT CIRCUIT

{Bne Comparaler Onfy) Fp—

Figure 2, Equivalent Circuit

DESCRIPTION TEMPERATURE RANGE CRDER CODE DWG #
8-Pin Ceramic Dual In-Line Pachage (Cerdip) -55°C o +125°C LM193FE 05804
8:Pin Cerarnic Dual In-Line Package (Cerdip) -25°C to +85°C LM293FE 0580A
B-Pin Plastic Dual In-Line Package {DIP} -25°C lo +85°C LM293N S0T797-1
8-Pin Plastic Small Qutfine (50} Package -25°C o +85°C LIAza30 50T96-1
B-Pin Plastic Dual In-Line Pachage {01F) -25°C lo +85°C LMZ93AN S0T97-1
B-Pin Ceramic Dual In-Line Package {Gerdip) 0o +76°C LM393AFE 0580A
B-Pin Caramic Dual In-Line Package {Cerdip) Clo +70°C LM3923FE Q580A
B-Pin Plastic Small Oulline {SQ) Package 0lo +70°C LM393D SOTO6-1
B-Pin Plastic Dual In-Line Package {DIP) 0lo +70°C L M383N SQT97-1
8-Pin Plastic Dual In-Line Package {DIP) O fo +70°C LM393AN SQT97-1
8:Pin Plastic Dual In-Line Package (DIF} 40°C 10 +125°C LM2903M SOT971
8:Pin Plastic Dual In-Line Package [DIP) -40°C o +125°C LM2903D S0Ta71




Phifps Semiconduclors Product specification

Low power dual voltage comparator LM193/A/293/A/393/A/2903

ABSQLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING uUMT
Voo Supply vollage 36 o018 Voo
Difterential input velage k] Voo
Vin Inpul vaollage 0310436 Voo
Pp Maxinmun power dissipation.
Ta=25%C [stll-air)!
F package 789 mw
M package nsQ mw
D package 780 m¥
Quipul shorl-cireant to ground® Conlinuous
[™ Iopul curerd (Vi<-0.3YocP 50 mA
Ta Cperaling lemperalure range
LM133/193A -55 lo 4125 G
LM293293A +2510 485 G
LM3935393A Olo +70 °C
LM2503 -40 10 +125 G
Tsta Siorage lempetahae range 6510 +150 *C
Tsowo Lead soldering temperahae 300 *G
{T0sec max}
NOTES:

1. Derale abave 25°C, al the following rafes:
F package al 6 2mW~C
N pachage at 9.3mW"C
D package at 62mW"=C

2. Shorl circuits from Lhe outpul to V4 can cause excessive heating and eventual destrucion. The madmum oulpun eurrenl is appreximalely
20mA inde pendent ot tha tnagnitsde of Vi,

3. This input curren! will onty exist when the voltage at any of the inpul leads s diven negalive. It is due 1o the caectar-base uncion of the
input PN ransistors becoming lonvard biased and lheveby acling as inpul dicde clamps. In 2ddifion to this dinde action, there is alse laleral
NPN parasitic ransisler action on the K chip. This ransistor action can causa the cudput vollages of the cemparaters 1o 9o 1o the Y+ voltage
Level {of to ground for a large overdiive) lor the lime duralion thal an inputis driven negative. This is nol destructive and narmal cutpul stales.
will re-estabdish when the input voltage, which was negalive, again refurns to a value grealer than -0.3Vps.



Philips Semiconduclors

Product specification

Low power dual voltage comparator

LM193/A/293/A/393/A/2903

DC AND AC ELECTRICAL CHARACTERISTICS

V+=5VDC, LM133/193A: -55°C Ty, < +125°C, unless olherwisa spedified. LM293/283A: -25°C T < +85°C, unless ofherwise specified.
LM393/393A: 0°C Ta < +70°C, unless stherwise specified. LM2203; -40°C Ta £ + 125°C, unless othemwise spacified.

LM193A

LM293A393A

LM2903

SYMBOL PARAMETER TEST CONDITIONS . - UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Ta=25°C 1.0 20 1.0 20 20 | £70 my
Vos Input ofiset voitage® Over lemp. 140 +40 5 | x5 | mv
v, Inped cammen-moda Ta=25°C 0 Vei5| 0 Vi-1.5}) 0 V15 ¥
oM vollage range™: & Over lemp. o v+2o| o V20| 0 ve20| Vv
Differential input Keep all Viys 20Vpg (or
Vma vohage‘ P i V-'r;need’) pG ( Vi Vi Vi v
||N(,) or "NH with culput
. in linear range
laias Inpuat Bias current! Ta=25°C 25 | 100 25 | 250 zs | 250 | ma
Over temp. 300 400 200 | 500 nA
teuylnigy
los Input ofisel current Ta=25C 130 | 25 150 | +50 5 150 nA
Ower temp, +100 1150 50 | +200 nA
Ving2 Voo, Y0,
fou Cutpul sink current Vo<1.5V0c 80 | 18 80 | 18 60 | 16 mA
Ta=25'C
Vo=5¥0pc, Ta=25°C 0.1 (X o1 nA
Culpul leakage VN(*)B‘VDCr Ving =0
current Vo=30Vp; 10 1.0 1.0 WA
Over temp.
A =22 on both o8 | 1 o8 | i o8 | 1 mA
comparalors, Ta=25°C
lee Supply current = =
L=:I3 on
comparalars, V=30V 1 25 1 25 1 25 mA
Ay Voliage gain RISk, VialSVoo: 1 50 | 200 50 | 200 25 | 100 Vimv
A=25°C
Ving21Voe, Vaua=0,
IsivmcedmA
You Satwation vollage
Ta=25°C 250 400 250 400 400 400 mV
Cvertemp. 700 700 700 mV
Vin=TTL logic swing,
Large-signal Viaer=1.4Vpe
fsr response time Va=5Vpa, Ai=5.1k4), 390 aul 300 ne
Tp=25°C
tg Response ime™ VHL:SVDE‘ R}=5'1m 1.3 13 13 s
Tp=25°C




Philips Semiconduciors Produd specification

Low power dual voltage comparator LM193/A/293/A/393/A/2903

DC ELECTRICAL CHARACTERISTICS (Continued)
Vi =5VDC, LM193/193A: -55°C Ta S +125°C, unless othorwise spacified. LM293f293A; -25°C Ta S +85°C. unless otherwise spedified.
1M3937393A: 0°C Ty, < +70°C, unless otherwise spedfied. LM2903: :40°C Tp < +125°C, unless olherwise specified.

SYMBOL PARAMETER TEST CONDITIONS Lit1% L2932 NI
. Min Typ Max Min Typ Max
Ta=25C 20 +Ho 20 15.0 my
Vos Ingxa ofed voltage® Ower temp. 190 19.0 my
v Inpal commeon-mode. Ta=25G a V15 1 Ve-i5 v
om vollage range & Over temp. [ V2.0 o vizo | v
Differentral snput Keep all Vips 20V
Vion voliage! {or V-t naed) v Ve |V
lirygaj of bogy with oulput
- in inear ange
s Inpdt bias currant! Tx=25°C = | e 25 | 250 | na
Crveriemp. 300 400
Tty oy nA
los Inpul ofiset ewrant Ta=25C +3.0 +25 150 *50 nA
Owver temp. 1100 1150
Vi 1 Voe, Vinigs=0,
lol Outpid sink caarent Vsl SVpg 5.0 16 6.0 5 mA
Ta=25°C
Ving21Voc, V=0,
V=5V
Output leakage cumrent Ty=25C 01 o1 nA
Vo=30VDC over temp, 10 1.0 pA
Ay == on both comparalors,
lec Supgly cument Taz25%C 0.8 1 0.6 i mA
Ay==on I\:lo:‘f:n;o{,npamlurs. 25 25 mA
A Vellage goin R 215k, V+=15¥gs 50 200 50 200 VimV
Vv 1V¥oc, Yings;=0,
" IsmksdAmA
Vou Sabaiciuchagg Tp=25°C 250 | ao0 20 | a0 | mv
Over lemp. 700 T0Q m¥
Vin=TTL logic swring,
Large signal Vaer=1A4AVpe, Vg =5V
lsn yespanse ime Py =5.1kg), 300 308 ns
Ta=25°C
Ve=SVoc.
g Response lime? R =51kl 13 1.2 ps
To=25°C
NOTES:
1. Posilive excursions of inpul vollage may exceed the power supply fevel by 17V, As long as lhe olher voltage remains within the

common-mode range, the comparalor will provide a proper outpul state. The low inpul votiage slate must not be less than -0.3Vpe (Vi
below ths magnitixde ol the negalive power supply, if used).

2, Al suipid switch point, Vg = 1.4Vpg, Rg=002with ¥4 from 5V to 30V and over ihe full inpud commen-mode range {0V 1o V4-1.5Vpc)-

3. Theinpul common-modz veilage or either input signal vollage shoukd nol be allewed 1o go negative by more Lhan 0.3V. The upper end of the
common-mode voliage range is V+-1.5V. but &fiher or bolh inputs can go ko 30V withoul damage.

4. The direction of the inpul current is oul of the IC due to the PNP inpul slage. This current is essentially constanl. independenl ol the slata of
the oulpul 50 no foading change exists on Lhe relerence orinpad fnes.

5. The response Gme specified s for 2 100mY inpui slep with a SmV everdrive.

8. Fer inpad gnals thal exceed Ve only the eyer-criven companaler is allecled, With a 5Y supply, Vi should be Limiled 1o 25Y maximym,
ard a imditing resistor should be used on all inputs thal might enceed the positive supply.
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Low power dual voltage comparator

LM193/A/293/A/393/A/2903

TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 4. Typical Petformance Characleristica
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