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This thesis describes the principle of design, manufacture and development of a
reliable automatic control system for wood drying room, using the method of providing
additional control panel board that works as the standby control board in parallel with the
main control panel board. The standby control panel board is capable of taking over the
control as soon as the main control panel board is out of order. This principle is called one-
on-one redundance. The system is capable of controling 8 wood drying rooms
independently, it also enables the operator to set the control set-points such as the drying
time, the temperature and relative humidity of the air in each room via personal computer.
Besides, the record of present data and historical data of each room can be monitored.

The one-on-one redundance principle and the system were successfully tested in the

laboratory and gave the satisfactory results as outlined in this thesis.
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1 { @ Jaa
9.1 GISII'E')HQQWQ‘]!ﬁﬂﬂﬂﬂl%ut“ﬁ@iﬂ%ﬁﬂﬂ SHT11

SHT1x / SHTT7x
Humidity & Temperature
Sensmitter

_ Relative humidity and temperature sensars
_ Dew point
_ Fully calibrated, digital output
_ No extemal components required
_Ultra low power consumption
_ Surface mountable or 4<pin fullyinterchangeable
_Excellent long-term stability
_ Small size
Automatic power down

SHT1x Product Summary

The SHT1x / SHT7x i a single chip relglive humdity and
tomperature multi sensor module eompnsing & calibrated
digilal oulpul. Application of induslnia! GMOS processes with
cusiomized posi procassing  (CMOSens® | fachnology)
enaures highest rehabdity and excallent long e stabdiy

The devica includes two calibrated microsgnsors for relative
humidity and lemperature which are seamledsly Goupled o
a 14bdt analog to digital converter and a-senal inferdace
crcuil on the same chip, This results in supenor signal
quality, a fast responss ima and nsensdwity io exiernal
disturbances (EMC) al & véry-compebive pree:

Each sensor i calibrated in a precision humidity chamber
and the calibration coofficsents are programmed into the

Prehmanany Information June 2002

SENSIRION

THE RNANEOR COMPANY

¢

OTP memory These coefficients are used inlemally durng
measuremants to calibrale the signals from the sensors,

The Z-wire seral mlerdace and intemal voltage regulabon
allows aasy and fasi sysism mtagration. lis bny see and low
power consumplion makes i the ulimale chowce for even
e most demanding applications mcluding  automolive,
instrumentation, medical equipment, heabing, ventilalion and
ar _condiboning  sysiems  (HVAC), portable consumor
electronics and ballery-operaled conlrollers,

The dewice 18 supplied in aithar a surface-mountabla LCC
{5HTix) or-ae-a 4-pin single-in-line type package (SHTTx).
Customer spacific packaging oplions may be avadable on
renjueest.

Applications

_ Consumer Appliances
_ Automotive

_HVAC

_ Weather stations

_ Test & Measurement
_ Data Logging

_ Automation

_ White Goods
Ordering information

Part Number | Humidity | Temperature | Package
AcCuracy | accuracy

SHTN 3 5%RH | £0.5"Cgas c | SMT

SHT15 #2 (%RH | #0 5°C SMT

Schematic Diagram

i

==

CRAC S arv

WL

SHTT £73 5%RH | #0 5°C@as e | 4-pin sanghe-in-ling

Available (33 2002

SHTTS £20%RH | #0.5°C 4-pin single-in-ine

Available 3 2002

WWW SENSIN0n com Sensinon, Eggbahistr. 14, BI52 Zinch, Switzerand, Tel +41 1 306 40 00, Fax: +41 1 306 40 30
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SHT1x ! 3HTTx Relalve Humidity & Temparalure Sensor Syatem

1 Sensor Performance Specifications!!

{Parameter Gonditions [Min, [Typ.[Max. |Units
{Humidity |
Resaolution 0.5 [0.03] 0.03 |% RH
8 |12 12 bt
Henaatability +i 1 % RH
Accuracy@ aea figure 1
[inteschangeability sy
Monlinearty 10 - 50 % HH | <13 +39 |% HH
Range 0| [ 100 fHRH
Responss ime | 118 (53%) 4 5
sitraly movang ar ‘
Hystoresis +1 e HH
Long term stability | Typical <1 Y RHT|
Tamparaturs
Hesalution 0041001 001 °C
0 024002 002 Fr
L ﬁ 4 s A
Hepeaatakility 4 G
Hd
Accuracy s fiqure 1
Hangs Al 123 8C =——
Iy —
Responss Time [ 1/8 (53%) b 30 s
Table 1 Sensor Performance Spedfications

1.1 Converting the digital cutput to physical values

111 Humidity
Te compensate for the nonlineanty of the humidity sensor
and i oblain the full accuracy il & recommended o conver
the readout with the following formula:

RH,,, =€, ¢, 250y, +1, 'sum::

ci=4  c=00405  co=-28°105 Tor 12bit S0
cr=-4  o=0643 ei=-1.2°10%  for 8bil S0my

For simplified, less computahof inlénse conersion fomlas
see applicabon note “RH Mon-Lineanly Compensation”.

1005

SENSIRION
THE SENSOR COMBANY
Relative Humidity absolute accuracy
= i t t ; i 1
“"f“*—::\-; SHTIUTT .~ 7
= 3 - \.\ " | T | :J I
zan L SHTISFS | L _J
1% - I ! l —t |
= 0% ' ' i = WRH
Lt I-\}‘a 217"1: b."ﬂ. 4“ Mh M\ TN n-m. 'ID'h |Il'\‘|
oave] Tlﬂ‘l.Pl‘l‘l‘l:l.ll'l Itt:ul‘itjf L EASE
- ‘\\l\ . srj=se"
,1-:_:,.,.,*.::;.5"4\__ hiip | .._~1|||.|r
bl - T~ - SHT15/75
n-,f_' 1 i e -4..-:-{'-’ I:' T 1 .
o - T I . L,
-_rv =T a4 r e Fe
s Ot Mpﬂil‘ﬂ l:tl.lrl:jl' @25'1: mfph:lli =t
+4"C e ; | | E | & 1.A°F
£3°C -] { £ 54°F
22c ! SHT11/71 136°F
x1°C --~—t“- = = & 1.8°F
SAMSTS Tt
£0°C H].T T T T T 1T %RH

L
1“-““4;‘9“““““‘-1'&"

Figure 1 Rl Humidity, Temperature and Dewpoint acouracies

For lemperatures significantly different from 25°C (~71°F)
the lemperalure coelficent of the RH sensor should be
considerad:

RH_ =(T,. - 25) el 41, # 50, )+RH,__

with 1 = 0.01; tz = 000008 fe 12030 ; 12 = 000128 tor 5 20w
This equals ~0.12%RH / °C @ H0%RH

1.1.2  Temperatue

The lemperalure sensar s very near by design. Use the
following formula fo  converd from digilal readout o
temperature: Temperature = dys &S50

Lse the .H[.lprng:lrmta lahls anlrlma frar BV @ 3V

: | : ; 5 : | Fahrenheit
% T S S S | B [ & [ & [ &
3 : : ! : : Mhn ay -4 0.m -40 0.018
B0%p - ——F s —ac o oo oo o 12bitsV ] 40 0.04 0| 0072
E i i ; : | : 14bit3y | 334 00098 371 | 00178
%10 PO 1T ¢ MO0l 1 1263V | 384 00392 371 | 00704
s - R Rl el T I____::___ [z equals.a vollage dependency af - A0.2°CIV @ 25°C
: 't 5 f ;' : 171 3, Dewpaint
0t e - Sce application 'note ~*Dewpaint. ealctlation” for more

Bm amw md::m mum

infarmabion

1"l Fre opesation within normal cpermfion range as desenbed in Chapler 3, RH accuracy at 25°C

21 Mot including non-linearity

1 The default measurement resolution of 145it {lemperature) and 12bit (humrsdity’ can be reduced to 12 and 8 bit theough the status regester.

#iWhere S0 is fhe senaor output for relative humidity

T value after compensation weh formeda in chapter 111, Max value withou! any compensation

WA SENSINoN, com
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SHT1x/ SHTTx Relative Humidity & Temperalure Sensor Syslem

SENSIRION

THE SENSOR CORMPARY

2 Serial Interface

feeded
| g ow
H‘G o DATA '—.; SHT 1x
o e N
Vdd 24 - 55V

Figure 2 Typical application circuit
21 Power Pins

The device requires a vollage supply batween 2.4V and
5.5V. After powerup the device requires 11ms lo reach iy
“sleap” slale. No commands should be sent before that ima

while SCK s high, followed by a low pulse on SCK and
raesing DATA again whie SCK 15 stil high.

DATA U

Figure 3 “Transmission S1an" sequence

The subsequent commend sequence consists of three
address bits {only “000° is currently supported) and fiva
command bits, The SHTIXSHTTx indicates the proper

Jtecaplion of a command by pulling the DATA pin low (ACK
,bﬂjﬁﬁlmfnllmg edge of the Bth SCK clock and the DATA

line i3 released (and goes high) after the falling edge of the

Power supply pns (VDD, GND) may be decoupled wnﬂ'lj Gth SCK clack
100 nF capacitor, Stiﬂ_'_i‘immml Sequence” for an application of the
22 1O Pins (Bidisctional 2 v lntérace) | g

, 224 Ganneclion resal sequence

See Table 5 for a defailed 10 gtigﬂden

I communicalion with the device & lost the following signal

221 Senal clock input (SCK) . soquence will reset its senal interface;

The SCK is used fo syncheol eﬂ:éuimmmsm Vihile leaving DATA high toggle SCK @ or more bmes. This
between a master and the SHT1x/SHTTx Since (ke device:  must be followed by a “Transmission Star™ saquence
contains fully stabc logic th ;pmlmmﬂﬂ{ preceding the next command. This sequence resets the
frequency. ~ nlarface only, The slatus register preserves s conlend

222 Serial data (DATA) 'V E S 4
The DATA instate pin is used f? 3 in and.oul of . 4 D.HTA.

the dewice. DATA changes at the falling andvalid 12k 4 Transmission! Start
on the rising edge of the senal CFLMWMFUI —

oo e A A\ A T T

Pullup resistors are often included in mm of _-ﬁ”l Connection reset soquence
22N

microcontrollers oL
223 Command sequance ) .T‘f e
To iniliate a lransmission a “Transmission Stard mmm SRS
has 1o be issued. It consists of a lowering of the DATA line £

N o -~ .4/

\ 7 \d ]
Command TCode  [Desenpion
Reserved 0000 Reseved
Measure Temperature 00011 Temperature measurement S
Measure Humidity o101 Humidity measurement
 Status Hequater Read 00111 R the bion nole
Status Register Write 00110 Wiils access o the status register [ses application note)
Resorvid |M01x:1110¢_|Reserved
Soft resst 11110 rasats the chip, clears the status register to default valuss
wait 11m3s before nexd command

Table 2 SHT1wSHTTx list of commands

win Tor data reddy

"
A TETTTTT |5 FTT I T T T g T T I T Tl T I T 1T TT |5
MM EEENEL |ﬂ|||'"'?5|| TR el O O O s “‘|
‘ﬂg—*—?_"
Adr Command
WWW.SENSINION.Com June 2002 Preliminary Information k'

107



SHT 1% 7 SHTTx Relative Humidity & Temperature Sensor System

SENSIRION

THE S PAROII ORI R

225  Measurement sequence (T and RH)

Afler msuing a messsurement command (00000101 far RH,
00000011 for Temporatura) the confrolier has fo wait for the
measurement fo complete This fakes approximalaly
11/55210ms for & B12/14bit measurement. The exact time
varias by up fo +15% with the speed of the intamal oacillator
To signal the complebon of a measurernent, the SHT1x pulls
down the data ling @ and the controller must restart SCK.

Two byles of measurement data and one byle of GRG
transmitied. The wC must

checksum  will then be
acknowledge each byle by pulling the DATA line low. All
values are MSB firsd, right justified. (e.g, the 5% 3CK is MSB
for a 12bd value, for a Bbdt resutt the first byle s not used),

Communscabon lerminates after the acknowledge bit of the

CRC data. If CRC-8 Checksum 13 nol used the conlrollar
may termnate the communication after the measurement

data LS8 by keeping ack high
The device automalically relurns lo sleep mode afller the

measurement and communication have fimshed.

Warning: To keap hoeat up of the SHT1SHTTx below 0.1°C
it should not be active for more than 15% of the bme (a.g.
Togx 3 measurements | second for 12t accuracy)

2,26 CRC-8 Checksum Caleulation

Ph@:;p.‘-ﬁwll applicabon mole "CRC-8  Checksum
Caleulation™ for information on how to calculate the CRC.

Measrement
= 5fma for 12 ba
= 11 for § b

Beld = SHT1X contrals DATA sagnal
Moemal = w controls DATA hne

\ %
Figure 5 Exmﬂuma&‘i/mmsammmwmm'imrmnmam.? %

2.3 Status Register ~

Some of the advanced functions of the SHT1WSHTTx are
available through the status regester. The following-section
gves a bnef overpew of -these-faatures. -Pleass-consult
application nole “Status Regisber” far mors nformation,
231 Measurement reslulion

The default measurement resolulion of 1dbil (lemperaturs)
and 12t (hamidity) can bereduced lo-12 and 8 bt This i
especially useful m high ‘sped of extreme low power
applications.

232 Endof Battery

The “End of Battery” funclion detects VDD voltages below
24TV, Accuracy is #0 05V

233  Heatewr o

An on chip heating element can be swilched on. It will
mcraase the temperature of the sensor by approximately
5°C. Powsr consumplicn will mcrease by BmA @ 5V.
Apphcabons;
= By companng temperature and humidity values
belfore and afler swilching on lhe healer, proper
funchonality of both sensors can be verified.
* n high. RH emwdnments healing the sensor
element will aveid condansation.
Waming: The budt-in calibralion 18 not corract while the
sensmiller is heated!

Please consull application note “Slatus Regmter” for more
infarmation on how bo access and use these features.

Juna 2002 Preliminary Information 48
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_ ) SENSIRION
SHT1x / SHTTx Redative Humidity & Temperature Sensor System THE SO COH LAY
3 Specifications SHT1x/SHT7x 3.4 Electrical Specifieations!”
31 Absoclute Maximum Ratings 341  ESD (Electostatic Discharge)
Ambient Storage Temperature:  40°C o 120°C ESD immunily is qualified according to MIL STD 883,
3.2 Operating Conditions misthod 3.["5 1Hum Bﬂd‘,r Model at £2kV)).
Lalch-up mmunity is prowided at a force current of 2100 mA
100% ey ., with Tu=80°C according o JEDEC 17
PR 0 S N 51 IS 50 2 VG See application note "ESD, Latchup and EMC” for mare
' TTTTENT A information
[11 A . .IHGI'I-'I#I:“ETI-:.“ 'f/}‘ DC Characleristics
A% |- |Foodibons | i .\ Temperature= 25°C unless otherwise noted
| Conditiors  [Min. [Typ. [Max. [Units
e 119k B4 4] 5 |55V
0% : mesunng 550
-G re e BVEAgE = | E
Figure 8 Hecommended opereting — 0 - 21;% ickd
T5% 100% [Vidd
Narooacly ko e ! sipa e | 0 | (% v
to normal conditions i will sl 1
slate by itself on ] m_
To auqa!l@rate fhis process we = Tristated (off) 1] [
reconditioning procedure. y . Tabled  SHT1SHT7x DC Characteristcs

90°C al <5%RH for 24 followed by

v
20-30°C at >T4%RH for 48h . 7 343 1O Characteristics

e [ Caonditions [tin [Typ. M [unit
Prolonged exposure fo extreme aceeleraty GCH Fequency [VDD 245V [ 10 |MHz
ageing , ¥ L VDD <45V 1Mz
s e AR B [Ovpaiad5pF[35] 10| B [
33 Epﬁﬂill Conditions — — . Dutput knad 100 pF E 40 | 200 |ne
Exfensive lesls were performed in vanous enironments. -~ {Ta ‘Jﬁ_ﬁm:: :n_u s
Results® E . ! e
|Environment  [Norm | = I o pa 1= -
‘emperature JESD22-A104-A _ |Wikhin - 3 \TA 56 up fime 100 3
Cycles 40-125C, 1000cy  |Specifications | DATA holdbme | D[ 0] |ns |
|Pressure Cooker |JESDEZ-A110-8 shifl) T= [SCH read T 7 200 [ne

2.3
Salt Atmosphere |DIN 5002155

| T
Freezing cycles [-20 +30°G, 100cy |Reversible  shi ...R " leTF
|ﬁ|||ylu||murgad 30min dwell tme by +2% RH —
Table 3  Cuskicabon lests
Please conlact SENSIRION for’ sdditional gualiication *
infarmation. DATA K

Figure 7 “Timing Dragram

M Parameters ane penodically sampled and not 100% lested

B Wit one measurement of 3 bil acouracy withoul OTF reload per second

A With ane measunement of 12t accuragy per second

# The emperature sensor passed all tests without any dnft Package and electronics also passed 100%

WiV SENSIRON com June 2002 Prafiminary Information L
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SENSIRION

THE SEMSOR COMPARTY

4 Physical Dimensions and Mounting Information

4.1 SHT1x (surface mountable)

Pin_|Name | Comment

I GND Ground

¢ DATA Sonal dafa adirectional

3 SCK Sanial clock mpul

4 VDD Supply 2.4 - 5.5V

58 [nc [} nat connect ping on nght side
Table &  SHT1x Pin Descnpbon

411 Package fype

The SHT1x = supphed m a surdace-mountable [CC type
package, The sensors housing consists of a Liquid Crystal
Polymer [LCP) cap with epoxy glob lop on a stendard
0 Bmm FR4 subsirale

Device size s 7 67«5 08 x 2 5 mm Weight 100mg

Wi naanm

= E

Figure 8 SHI1x Mounling examgs

Ton View

137

7.62

412 Soldaring Information

The SHT1x can be soldered waing slandard reflow ovens al
maximum Z25°C for 20 saconds For manual soldering
contact tirme must be imied to 5 seconds at up to 35070,
After soldening the devices must be stored at >T4%RH for at
leasl 24h to alfow the polymer o recover,

Plaass conault the applcaion nole “Soldenng procedure”
fordetaled instruchons.

413 Delivary Conditions

ine SHI4x will be defvered in standard 1C tubes by 80
pieces por tube, Mher delivery options may be avalable on
requesl.

Side View

N30 0 N

=l

Recommended FCH Footprint

4.61

1.27

1.9

5.08

Flgure 8  SHT1x drawing and foolpant dimangions in mm

WIWW 3BNSirion com

Mo copper inside thisfigld

1.8 348 18
7.08.
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THE SEMNSOR CORMPAMY

4.2 3HTTx (4-pin single-in-line)
SHTTx are availabls starting Q3 2002

Pin | Hame Comment

1 SCK Sanal clock input

Z |\vDD Supply 24- 5.5V

3 | GND Ground

4 |DATA Semal dala lidirecbonal
Table?  SHTTx Fin Descripfion

421 Package lype

The dewce s suppliad in a smgla-n-ling pin fype package
The sensors hausing consists of a Liquid Crystal Polymear
{LCP) cap with epoxy glob lop on & standard 0.6mm FR4
substrafe,

The sensor head is connected o the ping by asmall bridge
ter minirmnize heal conduchon and mesponse fimes

A 100nF capacior 15 mounted on the back side: between
VDD and GND.

Waight 168mg, Waight of sanaor head 73mg

All pins are gold plaled lo avod comosion:

Fins mate with most 1 2¢mm (005" sockeis

2.9, Proci-dip / Mill- Max B51483-004:20-001 or similar
427 Soldenmng Informalion (Brebmimary )

The SHTTx may be soldered using Slandard wave
soldaring sysiams af maximum 225°C for 20 seconds

For manual soldenng contact e must be inded o &
seconds &l up o 350°C.

After solderng the devices must be storad at =/ 3% EH for
at least 24h to allow the polymer to recover,

Please consull the application note “Soldenng procedure”
for defadad matruchons

423 Delivary Gonditions

The SHTTx will be defvered i drays by x pleces pei lay.
Other delivery options may be available on request

- 3.1 -
{012)
2.9
(.05}
x5}
3 E*
o, W =
ma L
12 b E 0.6
{005 u (24}
o (e
| =
L] E’ wa—
J
7|3
D.46 1.37 6zl
E-EBJ {0.05) 0.01)
5}-"3 - - 3 [
102} (.08

Flgurs 10 SHTTx dimensicas in mm (inch). preliminary

4.3 Other Packages
Other packaging ophona may ba avadable on request

4.4 Production date

The producton déle 0 prnted dilo e cap &) whité
numbers in fhe form wwy e 3517 = weak 35 001

4.3 Mounting Recommendations

The relalive humidily of & gas. strongly depends on ils
temperature. It i3 therefore essantial to keep {he sansor at
the same temparature as the airof which the humidity s fo
be measured

If the sensmitter shares a PCH with heating elacirome
components it should be mounted below the heat source
and [he houang musl seman well venblaled. To reduce

heal conduction copper layers between the SHT1x and the
rast of the PCH should be minimized and a siit may he
millesd in bacrbwien.

Prolonged  direcl  exposure of fhe SHTISHT x o
sunshing or UV radzation should be avoided,

4.6 Wiring considerations and signal integrity

Carrying the SCK and DATA signal parallel and in close
provamify-(e.g. in wires) for moresthan 10cm may result n
eross, talk, and loss of scommunicationy This may be
resohved by rouling VDD andior GND betwean |ha lwo data
sgnals.

Flease sea tha application note "ES0, Latchup and MG
for more information.

WKW, SENSINGN Com June: 2002 Prodiminary Infammation T
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¥.2 Foyamepneany leFinumnesaeynsu MAX3100

181255 Row (+ 297

SPiMicrowire-Co

General Description
The MAX 3100 universal asynchroncus recener ransmit.
ter (UART) is the hirst UART specilically optimized for
small microcontroller-based systems. Using an
SPI™Microwara™ miedace lor communicalion with the
host microcontrolier (W), the MAKSI0 comes in a conk
pact 18-pin 508, The asynchronous FOassuitable it
use In RS-232, RS-485, IR andopto-Solated data links
IR-link communication is easy wilh e MaxXa100ts
infrared data association (IrChAL NG mode.
Thie MAX3100 incledes a crystal gscllar and a bauds
rate cpanerator wath software. programmable dhicer ratos
for all common bawd rates fiom J00bawd 0 230k baud,
A softwsre. or hardware-imoked shutdown Bhers quies.
cent current to 10ph, while allowing tha MAXIT00 o
delect recever actnay.
an B-word.desp first-intirstout (BIFO) Buttés . mininfizes
processor overhead, This devicg alsainciudes a flaxiblz
terrupt with four maskable soUrces Incliding address
recognition on 9-bit networks. Two Rardware-handshak.
) corrol lines are included {ones Bpul and ooe salpat)
The MAX3I100 is available in 14-pin plastic CIP and small,
1g-pin QS0P packages in the commarcial and Bxtended
tempetalune fanges

Applications
Hand-Heid Instrumeants
Intedligerd Instrumentation
UART in 5P| Systems
Small Metworks in HVAC & Buiding Comtrol
Isolated RS-232/R5-485: Directly Crives Cpio-Couplers
Low-Cost IR Data Links for Computers/Peripherals

MAXIMN

atible
UART in QSOP-16

Features

+ 16-Pin QS0P Package (8-pin S0 foolprint):
Smnllest UART Available

+ Full-Featured UART:
—iriDA SIR Timing Compatible
—&-Word FIFO Minimizes Processor

Qverhend at High Dala Rales

—Up to 230k Baud wilh a 3.8884MHz Grysial
—48.8il Address-Recognilion Inlerrupl
—Receive Aclivily Inlerrupt in Shuldown

SPVMicrowire-Compalible pC Interlace

+ Lowes! Power:
=—150uA Operating Current at 3.3V
=—10uh in Shutdown with Receive Intarmupt

+ +2.7V 1o +5.5Y Supply Voltage in Qperating Mode
+ Schmill-Trigger Inpuls for Oplo-Couplers
+ TX and ATS outpuls Sink 25ma far Ople-Couplers

-

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
m‘x.‘nw.F-:n [V ¥ -'.'_ﬂ!"l.: 14 Flasie DHP
[ MARIIOCEE O°Clo+70°C  16O50F
MARIIOOEPD.  -40°Clo +B5'C 14 Plastic DIP
MAXIIOOEEE A0t +BE°C 16 Cs0F

Typical Operating Gireul appears al end of data sheet

Pin Configurations

TOPVIEW wrl S e
et (1] iz}
] maxuaa |71
] s o] B
i 1] 1] £
an [5 o]
ong [1 o] =
oe

w 3] * 5] Vo
vtz 5] 1
0 1] mmam |1

Sl marm  fu]em
ne [3] 1] e
i ¢] T
oA [ 1] &1
i [ 1] (5]

asoP

SH iz a ragemark of Moforola, e, Mcrowwe s a radamank of Nationa! Semiconauictor Conp

sMAXL

Maxim Inlegraled Products 1

For free samples & the latest literature; hitp2vwww.maxim-ic.com, or phone 1-800-938-8800.

For small orders, phone 408-737=-7600 ext, 3468,
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MAX3100

SPIMicrowire-Compa

UART in QSOP-16

ABSOLUTE MAXIMUM RA

Ve 106 GHD .o

lﬁ.&-lumﬁ'%mtuu

B G
'l 5 TR X2) ..

Xz, DOU Srm ¢Iﬂ:ll
1o Ve ﬁ GNDY .. i

TINGE

tible

Cominucus Powor Dissipation (Ta = « 10°C)

Prastic (AP (derate 10.00mW"C above +10°C)
S0P (derabe 8.30mWC abowe + 70°C)

e i, Thase ane sreds rfngs ondy and fmctonal
of the specfications & ol implied. Expusiove i

T TEEE—
f ]
%m

\

- ‘_ MIN TYP MAX | UNITS |
| o.7xvec W
‘ 035 Vee v
005 % Vee v
21 13
5 pF
OSCILLATOR INPUT (X1)
Input High VoRags 0.7 nVee Vool 2 [
INFLIL Lo Vollaga Vecl? D2EVee v
Inpait Cumrant 2: s
Input Capacance 4 5 p¥
OUTPUTS (DOUT, TX, g/ NT N T N
-~ ‘ _ [ wec-os
Output High vorsgs ™\ | @ViGR i o v
a— 0o
-
mmmwm\&j I o4 v
Output Leakages — i &1 ™y
Cusput Capackance | Cout A1 5 pF
(TR OUTRUT (Open
Cuaput Low Volage VoL | bSinE = 4maA 0.4 v
Owlput Leakoge i VIRD wosV =N 1 A
CaApt 8 B ut 1 | 0 1 NN 5 pF
POWER R y |
- | Winet BdzMHE C - - B Y oz 1
Voo Supply Currenl in 1 o
e | Bl athar iagie s are &t ma
RO Mo Ve Vee O Voo 0158”04
\ 5 I oF I ! IZ 9 i
Ve l&? v
2 ¥ MAXIM
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ELECTRICAL CHARACTERISTICS (continued)

SPIMicrowire-Com
UART in QSOP-16

Voo = + 2TV 10 + 5.5, Ta = Tiun (o T unless oharwiss noted. Typical values are ol Ta = +257°C.)

tible

PARAMETER | SYMBOL| CONDITIONS [ MmN TYR mMax [ umiTs |
AC TIMING (Fiqura 1]
T3 Low lo DOUT Valkl v | Cuoan = 100pF 00 s
TS Highto DOUT Tridiata | ITR | Cioap = 100pF. RO = 10K 00 e
ﬁlnSCLKElﬁ-me koss 100 13
T8 10 SCLK Hod Tima == [ e
SCLK Fall to DOUT Valid 100 | Cuoap = 100pF 100 s
DI 1o SCLK Setup Time [ WA 100 s
DIN 1o SCLK Hold Time toH ) 0 L
SCLK Feriod e A 238 ns
SCLK High Tima toH - 100 e
SCLE Low Tima [=8 104 ns
SCLK Rising Enga =
105 Faliing iczo | & 0 s
| T5 Rising Edge [ \
10 SCLK Rising ' b_m e
TS Hign Pulss Wiah B\ N 200 ™
| OuipARiseTimg: | W DOUY: Clgko - T00RF 10 s
utput Fan Tama t ‘Jm NN 10 ns
Hole 12 irsn and tes) Spacily e R rligas LS to with 10 othar devices on the SPI bus
and the TF used to gkt g han toso and tost thiat the SCLK, edge is gnored.
w '{;’:
dbdiaad
& N ‘b LK), )
- N T o b e
b e Ay i i
s o, A |
: . eadnedd SNl
e s : :
i I-.J..:-.- N sy i I
(] ; AN A
-..iu.l..-
== I
it NG ¢
I {
-_— 7
Figura 1. Detiac Sanalimerace Timing
WU Aa PN

moas@ A TUUINEITFT

ﬂW’]@ﬁ NIUUAINEIRE

114

00LEXVIN



MAX3100

115

SPiMicrowire-Compatible
UART in QSOP-16

Typical Operating Characteristics

(Ta = +257C, uniless olhenaise noled.)

SHUTDWN CURRENT SUPPLY CURRENT ws
SUPPLY CURRENT vs. TEMPERATURE wi. TEMPERATURE ENTERMAL CLOCK FREQUENCY
i —_— : ] " " :
VAL CRYSTAL | el | i
00 ar —{4 4 H - LT i
0 LT lgn z " A
E. 0 e 7 i % =
= =
= o E i g - -"} 4 |
E i Fashis =l L ] /‘ Vors 3T -]
= i w—"—;“’ RIS ¥ & = 4 ’f.ﬂ'
5 w00 - 3 § - f/ | ot
m Ve =10 — r Yop =W /"r‘/
10 - - 100 f =
o o I | E—— o
T T T R I T 0 [ ] 3 ] H
TEMEERATURL {4 TEMFERATIEE {*) DXTEEAL CLOCK FEEOUAMCY (i)
T, BTS, DOUT OUTPUT CUBRENT TH, BTS, DOUT OUTPUT CURRENT
SUPPLY CURRENT va. BALID RATE wi OUTPET LOW VOLTAGE (Vg = 3.2V) wa. OUTPUT LOW VOLTAGE {Vee = SV}
a0 - o " M
18I | E Ii ) | Fa
wo | RETAL L e e Sl g e W L RELY ;-_,{ i T A
T £ W s _.""f im “f/f
» Lo o [ 3 _,r"/ '§ i L /n' -
1T T
E= [T it = | Tl 8 » ;54' i
3 1 e E] BT ]
i 00 {8~ S, L= ho® j’j ..-""
= w — LT oo E 1] —
150 [ TRaaTING H =] - 1 / -~
- | A7 — =8
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SPiMicrowire-Compatible
UART in QSOP-16

___Pin Description

P
S50F o HAME FUNCTION

1 1 CHH SPIMICrowine Serlal-Data Inpul. Schmitt-triggern inpul
] F] COUT | SPUMICTOowIrE SeilDats Cutpul High imgssaance wien G5 15 high.
1 1 SCLE | SPUMicrowine Sanial.Cioek InpUL Schmiltengoan inpul.
4 4 = At -Losw ChipeSalact inpar. DOUT goes high impadancs when G5 = nigh. [RG, TX, and RTS

e ahwiys Scive. SCRmI-ANgger npuL
& 5 I At -Low ML RGP Wﬁh INMSMUER SLIE 10 MICIOEOCassal,

HErTwrarE- SITICWT I WHEN St down (SHOM = 0). U oscilaton s off ammedistely
7 [ ENON | wamaun waning fof ihi coman tans 1 L ot FCILCInG SUPEHY CLETS 10 [USE akadge

CLmTents, - -
& ) GHD ol (el 3
P & K Cry=tal Conmection. Leave X2 unconmectaa for aasmal clock. S Crysal-Oscilann
) | Opration —xt, X2 a1 -
19 o %1 )}ﬁ- AN T A0 SEES B A el CRCk INpUL Sess Oy ROl o

| Opei —X1.X2 Cex rEaclion
1 10 = Al PR Activi Inpus. Mmmﬁmglgﬁrm; oftan usad for B5-23F claar-
niput ok ).
1 n ' (P ACTIve-Low OULpUL CORroled by he RIS fegister DL Often Lsed for
23 raquastin-send oumpll of RS-4i5 dnvar anabia.
" 12 Rk Ay Sarial-Diata | poar) Impam. Th sarkal information recarana from s moosm o
23 5 raCaier. rrSIOn o B wila i SInidown gensrales an intamupd (Takde 5).
15 13 T Asyrehronous Serial[iata (iransminar) Cutpn
16 14 [ I*c-ﬁw f.q:q- P@?z.w n}(}w
5.12 - NG | e Comection. ol iniemally Connecled.
v, T = Y
De cription ~ the TS auput pin. Recated words A 3N e
O 7p! ; if the Fecenve-bit interrupt is enabled.

The MAX3100 universal asynchr
mitter [UART) interlaceas the SP

232, RS5.485, IrDA). Figure 2 shows the MAXZ100 nunc.
lrcmal dizwggram, i S 4

The MAX3100 combines:a simple UART and a baud.rate

genesator with an SP1L
1or, Configure the L

LA

15 receiver irans.
rowire-compatitle,

synchronous serial data from a microptacessor (P -
asynchronous, serial-data communication-pons {(H5-—and

dlata from a 16-bil regrster that holds the aldest
o the receive FIFD, the received parity data,
logic level at the TTS input pin. This register

[ ins & bit that is the framing eror in normal

L

. operation and a recefve-activity indicator in shutdown,

determines the rate at which the
roperate, Bits BO 1o B3 in the

mmm!w
i | er detemiing the baud-rate divi-

rransmitter an

‘write.configuration reqjster. which contains the baud rate.  Sor (BRD). which dividcs down the X1 oscillator frequen-
data-word length, parity ehabie, and enable of the 8word cy. The baud clock 5 15 times the data rate (bawd rate).
recene firstantirst.out | ). The write: abon  The ransmitter accepts SPIMicrowire data, for-

selects betwesn normal LART timing and 110/ timing,
controls shutcown, and A 4 inlerrupt mesk s,

Transmil data by writing a 16-bilword Lo a wiite-data
reqister. where the last 7 or & bits.are actual data to be
ramsmited. Also included is the state of the ransmined
panty bit (F enailad) This regisier conrols the state of

MAXLM -

rmats i, and ransmits i in asynchronous senal format
from the TX cutput. Data is loaded into the ransmit.
buffer register from the SPIMicrowine inerface, The
MAXI10Radds start and stop bits to the data and
Clocks e data out at the selected bauwd rate (Table 7).
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SPiMicrowire-Compatible

UART in QSOP-16

ONE BALID PERIOD =~

Flgure 3. Staut- [t Timdng

o [T 1 ven Jnon [omw ] v ] 7w [ i | & [ ot [/ T v [& | & e [ o]

e NN A S 7 0 N 5 5 N 0 Y A N N B T

Flgure 4. SP1 inarace (Wiite Confiquration)

The recensr saclion recaives Jdata in seratform, The
MAX 3100 detects 3 =tart bit on a highta-Ew FX ransi
ton (Figure 3). An internal clock samples data a1 16
Urmes the data rate. The star bil can occur as much as
one clock cycle beloaré it is detected. as ndicated b
the shaded portion: Thi.atate. o . stam Litis. dafi

as the majority of the #th, 8th, and Sth sample of the
internal 18x baud elock. Subsequent bits are also
majority sampled. Rec@ive data s stored in an &-word
FIFD. The FIFO is cleared if it overflows.

The an-board ascillator can use a 1.8432MHz or
3.6854MHZ crystal, or it can be driven 3t X1 with a 45%
12 55% duty-cycle SqUane waveg

5Pl Interface
The bit streams for DIN and DOUT consist of 16 bis,
with™ bits_assigned as shown in the MAX3100
Clperabions section DOUT transitions on SCLKE'S faling
edge, and [IN s latchad on SCLES risng edge (Figure
Al o alifts such as the cleaning of intermal
reqisters, are executad only on C8's rising edga. The
DIN stream is monitored for w5 first two bits 1© 1@l the
LIART the rype &F data rransfer baing executed (Write
Condig, Read Conlfig. Write Data, Read Data),

Cinty 16-bit words are expected. It C5 goas high in the
middle of a transmission (any time before the 16th bit).
the sequence is aborted (i.e., data does not get writken
1o individual registersh, Every time TF goes low, a new
16-bit streamdls expotted. An example of a wike con-
figuration is shown in Figure 4,
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MAX2 100 Operations
Write E
Table 1 shows write-configuration data. & 16-bit
SPUMicrowire write configuration clears the receive
FIFO and the R. 7. RAFE, Dor-D7r, Dot-07t, Pr, and Pt
regsts's and TEITIAIn urn:hmgﬂd TI1E new
configuration is valid on T5's rising edge ' the ransmit
hﬂwbmﬂyﬁnl]mdﬂ‘anﬂbﬁhnbu IEthe
latest ransmission has not been completad,
tess are updated when the ransmission h
The wrte- configuration bits (FEN, SHDRNL, IR, ST.
BI1-BO) take etfect alter the QL!'I‘H\I nsmission
over, The mask bits (TM. F!'H

mmediatety aner the 16t adge atyLK

Table 2 shows raad-

50

P -:Hen:t/_gl/‘%’ <hows readiwrite

119

tible

MAX3100. The device entors test mode f bt 0 = 1. In
this made, it T5 = 0, the RTS pin acts as the 16x clock
generator's output. This may be usetul for direct baud-
rate generation (in this mode, TX and RX are in digital
lnopback)

Mormally. the write-data register loads the TX-buffer
registes. To change the pin's state without writing
data, set the TE bit. Setting the TE bt high inhibits the
write command (Tabile 3).

data chears the R bt and intermupt TG (Table 4).

Register Functions
abon and power-on rese
_Staen|POR), and describes cach bit used in program-
wxmm Figure: 5 shows parity and word.

dengih cumrnl

Table 1. Write =11 3
BT | 15 | W BNTANE [ s [T+« T 2Tz 70
om | 1 WM R [=5r| PeE | L | B3 | 82| B | BEO
pout | R | T 0 oo o|lo]o]o]o]|o
Table 2. Read (I}‘]{q 01135‘2, ‘l)
BT 16 14 } 4 2 1 0
[k o 1 m'_l, ;ﬂ o o o | TEST
pout [ R | T BLERL WEREEREE
——
Table 3. Write Data (D15, D14 =1, 0)
Br | 15 ‘u‘g Bl |n| w N EEEEERE
DN | 1 e b o TE Ddt | D2 | DA | D1t | Dot
pout | R | S4i0 | 0 | 0 | RAFE Odr | Ddr | oo | Oor | Doo
=
Table 4. Read Data (D15, 014 =0, D)
By | s | w | 2 | Q2 | 6 [ s | a]3]a]1]o
CIN | e =] #iby [ O A i o~ S| =0 i iy I
pout | B\| [T of |§of [§ol  ||oacl] peef|| ost [ e | par | o | Dor | Do




SPiMicrowire-Compatible
UART in QSOP-16

Table 5. Bit Descriptions

BIT READJ FOR
MNAME WRITE STATE DESCRIFTIGN
BO-B3 w O Beapcd. Pt Dibvisor Sabact Bils. Seds the Daud clock's value (Tabks &)
BO-B3 3 0 Eepwad-Frade DHvisor Siﬁtt-ﬂpu ;{mlha A= D CROCK vl a55gNed b thase registers.
TS . [ il Ao Send-Input. Fis of the G5 pin (CT5 Bit = O implés GT5 pin = I0qic
Cchangs hikah,
oot | w . Tral'ul:t;ﬂt!.m Radister, Emmum’m INK 1N UEAMETI-24aer ragister. DTLIS KInorea
MMMMRMHrmMHM#ﬂM!MIWﬂ Theesa will e all O wlven
Dor-Lear T (OO0 wmﬂwlmwmammm Wi L = 1, E7F i always 0.
FEN w [ ; the 12cahve FIFG whven EEN - 0. Wiren FEF - 1, FIFO b disabled.,
FEN r o D-Enabis Reaurack. FEN'S State & rean.
] W [ ’syﬁmammlkﬂimmn-l.
" r 0 F09:3¢ The vaige of na 18 DA,
! l.r mumﬂmmummum L o= O resuis i S.00 words
L w o o = 14568 FIQUF 5. L = 1 FRSURS IN T-bIl WOrds [5-08 words if FE = 11.
L r o |¢v¥nrﬂhn.ul-¢
BI Thies Bit 1 I &% an exlra BE that will B rarsmiited IF PE = 1. To bs
Pt w ¥ 00 303 ot Calculate parky. I PE = 0, then is b (Ft) ks
mnmwue _pnNtm—ﬂMmHmﬂm]
aumm 3 bt r@cialad If PE = 1. Tharafore, PE = 1 results in S0l
Pr r X n. -m urpe 5 56013 0 B 15 $106ad In T FIFD wil e réceive
ch']
mhm data when FE = 1, and sends the Pt
pe w 0 .ﬂumlqrbth when PE = 0. Wih PE = 1. an exira bit ks sxpecied Lo
-mma:mmapm ragkster, Pr = Owhen PE = 0. The MAX3100 doss not
cﬂ'tuaam—— ——— .
PE [ o Reacts the Valle of the W“"
PM W 0, mmnmﬂﬁuamlmﬂmnﬂmtpﬁ],
(7] i TG | P the vaie of (e PRE bl (Takee 6, o
R . \ 4 mauHMMEme-imm@}MMmmrmmm
| receive mgister or FIFG.
AN W 0| Wask for R LA TR Is asserte IT A = 1 o F. - 1mm5]
;7] i Do | Reads the valse of the T8 L& (Tabls €] A
HAM w [ Mirsk for RAJFE bl TR ks ersserted o FAM = 1 and RAFE = 1 (Tabks &),
HAM ] 1] Fodarts The vallgeol e RAR it (Table &),
AT " vﬂ,v Prequesi-lo-Send Bl Donbroks i state of ihe ATE putpul Tk bits reset on power-up [RTS
bit = (1 53 the HTS pift & alchigh).
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Table 5. Bit Descriptions (continued)

BIT READY FOR

HAME WRITE STATE DESCRIPTION

R ehver Aty Framing-Error BiE 10 shubdoam maadé, this 15 1he RA bt In nonmal opseration,
this i ha FE D In sihsdown mada, & ransition on RX sais BA « 1. In nomal maoda, & ram-
) SO 0% FE = 1. A Tramiineg &imor G curs if & 260 15 recehved wisn the first sop bit 15
expachad. FE 15 Sel winsn & Boming emon ooours, and clsanesd upon recaipl of e ned propser.
Iy Trarmcl charactad NCpenaant of e FIFC baing snania, When tha divice wakes up, i &
Ity hat & framdng recd will Gccur. Thiss &nor can B keansd with & wite configuration. The
FE Dt B rol Charad on o Mesd Datd operalion. When an FE & encoutead, M WART ressls
Rzl 10 e SYAL IR L 15 kaoking for & sEart bit,
Coltware-SHUIONTY BIL ENbEr SCPtware STk will & wile ConmigUration wiere SHOM = 1.
Smmw%t - Eguﬁhlgﬁ Qe Conrses e GRCHIMON B0 Shops &% S00n
s U trancanitlar hm:mutl .?mlé shudcosm also clears B, T, RATFE, D=0,
SHOMI w i} Dr=Dv7e. Pr. F1, & Al dala in FIFD. RTS and CTS can Da rasd and updated
whille i Shuldowm. Exit solbaiine i i Corfiguiration whens SHCR = 0. The
CrscMaton fastans fyppic aity Wl SOME o T8 qoing hkgh. TS and CT5 aré unalfécted, Rl
o b Fin Dascr 1fon buarchare shuldown gl
| Shamdown Feod-Back Bt The résd-corfiguration register outputs SHOMNG = 1 when Bhe DART
G—"_ 15 In siahervn. o 1l ENES TN 15 ol 5=l il e cumart Dyts o ine Warrsmilter s sent (T =
Y Thus e ih AESOT W 1T MaY Shut dowm ma RS 232 driver. TS D i 3l 2060 imims-
o1 clatiery whan ma cayica s shut down meouah ine SHON pen
0
o

RAFE T 0

SHOH T

| Trasrmit-Siog Bit. #sesm bt wll L= trawsanikied when ST = 0, Twe slop bits will e transmi-
T G Y TLIres. 00 S0 bt

wiRnST = 1,
Reads ife value of the 5T 08,

nﬂ-ﬂ.ﬁtﬂWﬁﬂ-T = 1 mReans Tl e Uansmil Lufor ks amply 3nd raady to
m;ptmmdaamd

”~ -zmwau. -1 mm;fm‘ﬁ?fmwbemdumanﬁsmmm The
s ol TS, PL o m::umumf'smngmgammt:-a

Mashfor T O 1A% s 3s8erted 1 TR~ 1 and T =1 (Table &),
| najusummu bat (Tabde 6}

/ / N =N
+ L
J‘J’ 1-'}/‘

4 TP Tl )
e EEs rm;migg:_nﬂm Gl BT
FEalinl

At .u)
_IMIT-‘Fﬁf’FﬁTﬁ_FWﬁE"T_‘im ST
£

l Fi-LL-0

H'i'iml A E1R
*
ale| o

O |START) oo f o B2 | o0d f ow )b )06 [ it | STORC SHPC RE

T SEOTMI B8 R 15 CMITTED B 5T - 00

Figura 5. Farity and Worg-Lamgsh Songrol

10 sMAX]LM




A Read Data operation clears the intermupt TR, Table

SPiIMicrowire-Compatible
UART in QSOP-16

Interrupt Sources and Masks shows the functional diagram for the inerrupt scurces

and mask blocks,

6 gives the detals lor each interupt source. Figure &

Table 6. Interrupt Sources and Masks—EBIit Descriptions

BIT | MASK MEANING
NAME | BIT WHEN SET DESCRIPTION
Trwex B¥ Dol r@fbansts S VAN iN Che wWorol COEnEy in The recehs -DUTer regisker
(oddest A avdilabla). The Fr DR 5 S8t when panty ks enabbsd (PE = 1) and the
. Fecalved parity Ul 10, The Fr DIL IS Cleared aither when parity & not enabled (PE
Fr FHl | Received parity bit = 1 pori s il arid the recelved bik F 0. An inermupt ks Issued
Dasad om iha olarsn PTowalisn nna receiver FIFC. Tha oldest P valis B e next
Wl TR il e rag 1 G REAS DAL ORaraEtion.
. Thies B bl b e b e el B vl Lo e readd Brorm the recehe regisisn
B REM Diata availabie FIFO, FIF __dyﬂdﬂmﬂchrﬂbm1 reind, A iteimupd B assarted as kKog
ER=1 m b = 1.
T s the BA {R-trawesithon) b in Swadown, and the FE (framing-ermor B in
AT Moot P ks el IF Chane Nas Daen & IFANsInon on Rwamm
TrareEion on i whan SHLEGR. R, 1 ClGarand v Bhe MUACT 00 oot shutdown, TR 15 assaned
RATE T in shutchow; Gaming whany B 15 8s1 anc REM = 1.
enrar when ek in FE is dat: solely by tha currenily recsheed data, and ks et stored in FIFD,
s Ta FIT b i 34L& T670 (5 Facalvad whan e Nrst stop R 15 sxpactad. FE 5
clériad opor eceipt of the next properly framed character, TG s assenad
y ., Whan FE 15 581 8nd RAM = 1.
4 / Tha T bl I 5840 whan IS ransmit baTar 15 rady 10 accops dsa, TRD 15 assanad
. Y Transmil bl 15 o I THA = 9 aampct 9 trasnesnil buffer becormees smply. This soures i claared on
Sy F4 5 = tising clurieg & Russcd DatA ofseratkon. Alhadgh iha inbemups 5 chaanesd,
A y & T e Coéedd e 16t TG ARSI -EAMT o Staas.
NEW DATA AvaILABLE
[
. = g M —
;b z " ib— [ATA EEAD
W P | Al RECENED PAITY BT - 1
L — #L.= 00 RECIVED PARITY 14T -
- — - 4

|

-
[ T

e PR EEROD
T MK

DN

Figwre 6, Inferrupd Sowrces and Masks Functonal Dugram

AN

n
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Table 7. Baud-Rate Selection Table®

BAUD BAUD
BALD DIVISION RATE RATE
Bl B2 B1 B0 | RATIO | (foscs fosc =
1.84320Hz) | 3.6884MHz)
0 o o o 1 1152 30,4k
o o0 oo 1 Fa 578K 1152k
a 0 10 4 T E 57.6K
o 0 1 8 144K For
0 1 0 0 6 7200 144k
T 1 0 1 EF] 3E00 7200 |
0 1 1 0 B4 1800 3800
o 1 1 1 126 S g
10 00 3 mak 68K
1 o o1 & 182k 0.4k
10 10 12 | swo [ 182k
1T o 11 7] 3800 2600,
1 1 0 0 48 | ze00 | amoo |
11 0 T 1200 2400
1 1 1 0 19z 800 1200
1 1 11 WAl | Taow [ 00|
*Srandard batd rates Shewn in bald , \\ 4
*"Diafimnk Laerd rate , ),

4
Clock-Oscillator Baud Rates
Eits BO-B3 of the wite-configuration régistér determing
the baud rate, Table 7 shows baud-rate divi for

tible

Egu tg owgrclcarf-pfhc receive FIFD, R, gr RAJFE,
=07r, Fr, and resgi nol_sets the T bit lagh,
Configuration bits t'ﬁ'&'ﬁ% ﬁwfﬁ IR. 5T. PEEL.
B0-3. and RTS) can be maditied when SHOMNo = 1 and
CTS can also be read, Even though RA is reset upon
entefing shutdown. it will go high when any transitions
are detected on the RX pin. This allows the UART o
monitor activity on the recetver when in shutdown.

The command 10 power up (SHOMI = 0) nens on the
oscillator when TF goes high it SHDN pin = logic high.
with a start-up time of abowt 25ms, This is dane through
& waite: contiquration, which clears all registers bt

and IS, Since the crystal oscillator typically requires
28M5 10 start. the first received characters will be gar-
bled. and & framing emor may occur.

' Applications Information

Driving Opto-Couplers
Figure 7 shows the MAXI100 in an isolated sefial inter-
face. The MAKI100 Schmitt-rigger inputs are driven
directly by opto-coupler cutputs. lsolated power is pro.
itk by The MAXB4S ransfonmer driver and linear reg.
ulator . A significant feature of this applcation is
that the opto-coupler's skew does nol altect the asyn.
chroncus sefial output’s timing. Only the set-up and
hold times of the SPI interface need to be met

- Figure & shows 3 bidirectional opto-isolated interface

Using only two Opto-ISolators, Over 819% power savings
i5 realized using IrDA mode due to its 318-wide baud
perinds.
s

. Crystal-Oscillator Operation—

X1, X2 Connection

! gien |
input codes, as well as the given baud rate fﬂj“//- we MAXZ 100 nclhudes a E.I}I'Slal oscillator for bawd-rate

1.8432MHz and 3 6864MHz crystals. Notethat the
rate = Crystal frequency /164 dNiSion Fauo. -

~  generation. For standard baud rates, use a 1.8432MHz
~ . or 3.6REAMHZ crystal, The 1.8432MHz crystal results in

o fower operating cument; however, the 3.6864MHZ crys-

P e 5 m?\t@l‘may b more readily available in surface mount.

In shutdown, the oscillator turns off o raduce power

dissipation (lce < 10pA). The MAXII00 enters shu:-"' N

down in one of two ways: by a software command
{(SHDNi bit = 1) of bya rhardnare commeand (R0 =
kg low), The hardware shutdewn 1S affectie immedi-
atedy and will immediatedy terminate any Fansmssion in
g«ogres& The software-shutdown. requested by setting

HONI Bt = 1. 15 entérad upon completng frans.
mission of the data in Both the ransmit register and the
transmit-buffer register, The SHDMo bit is set when the
MAX3100 enters shutdown (either hardware or soft-
ware), The microcontrodles (pC)can monitor-the SHOMo
bit 1o determing whan all data has, been ansmingcd,
and shut déwn any extemal circuitry (sLch as ‘’S-232
transceners)at thal time:.

12

Ceramic resonators. are low-cost aliematives o crysials
and operate similafly, though the “0° and accuracy are
rier. Some Ceramic resonators are avallable with inte-
m logd-capacitors, which can further reduce cost
tracleall betweon crysals and ceramic resonators

is in initial frequency accuracy and temperature drift,
The tetal error in the baud-rate generator should be
kept below 1% for reliable operation with other sys.
terms. This s accomplished sasily with a crystal, and in
most cases can be achieved COrAmIc resonators.
Table &.lists the different types of crystals and res.

onators and ther supplers.

MAXLMN
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o5 150 o
J
Vg H% Y
T (=
G — ; o ]
s ol aaam | 7 AMAXLAg |5 S0
DN ——= MAXTTOP v MAXTND — DIl
COUT —] 1y - 0T
23
mp T
J_' = S
Figura &, Rldinecrional Opee rsmfmnnmﬂ_m__ F . | .
\ 4
Table 8. Component and Supplier List
FREGUENCY | TYRIGAL | o oo " PART PHONE
I {MHz) oL pF | R NUMEER NUMBER
Thicasgh-Haoks Crystal E F e ¥
(HE-4GU) 18422 25 4 ECS Intermational. Inc. | ECS-18-13-1 (813) 782-7787
Through-Hole 18432 47| Murata Noh America | CSA1.84MG (800) 8319172
Thicasgh-Hoks Crystal ) vJdt .
(HCABUS) 16864 33 ] %\ECS international. Inc. | ECS-36-18-4 (213) 782-7787
SMT Crystal 16864 30 U UEES ntemationsl, Inc, | ECS-36-20.50 {o13) 782.7787
] ] Hone —— — .
SMAT Resonalor 16864 teran) | 'éwf'a‘r{gg.ccara PBRC-3.606 (803 448-9411
This oscillator supports paralielresonant mode crystals ified load capacitance of 11pF would use capacitors of
and ceramic resonators, of can be driven from an— 22pF on either Side of the | 1o ground. Sefies-res-

oxternal clock soures. Intermally, the oscillator consists
of an investing amplilecsth its inpul, X1, bed 1o its out-
put. X2, by a bias network that sef-biases the inverer
at approximately Voo L2, The external feedback circui,
usually a crystal, Irom X2 to X1 provides 180" of phase
shift, causing the circuit 1o oscillate, As shown in the
standard application circul, thie orystal ocresonator 15
connected botween X1 and X2, with the koad capaci-
tance for the g Laing the-geries combination of C1
and C2. For example, 8 1.8432MHz orystal with aspecs

14

onant mode crystals have a slight frequency eror, typi-
cally oscillaling.0.03% higher than specilied senes.
resonant frequancy. when operated in parallel mode,

It is very impertant to keep crystal, resonator. and
lpad-capacihor leads and traces as shoft and dwect as
possible. The X1 and X2 trace lengths and gmund
racks Ehould be Bght with no other Intenening races.
This jhelps minimize, parasitic capacilance and noiss
pickup In the ascillator. and reduces EMI. Minimize
CAPACIthE Iading ol X200 minimize supply current,

/M AXIM
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The MAX3100 X1 input can be driven directly by an
extemnal CMOS ciock source. The rip kvel is approxi-
mately equal o Voo 7 20 No connechion should be
mada 1o X2 i thes mode. IFa TTL or non-CMOS clock
source i5 used, AC couple with a 10nF capacitor to X1.
Th peak-1o-peak swing on the input should be at keast
2¥ for reliable operation.

8-Bit Networks
The MAX2100 supports & comnon mulidrop communi-
cation techmgque refiermed to as 9-bit mode. In this mode.
he parity bit IS <&t (o ndicate a message thal contams a
hesader with a destmation address, The MAKI 100 party
mask can be set 10 generate intermupts fon this conditon.
Oiperating a in this mode reduces the process-
ing averhead of all nodes by enabiling the siave con.
trollers lo ignore most message lallic. This can releve
the remote processor 1o handle mere el thasks.

In 9-bil mode, he MAXI100 5 S6t up with 8 bits pﬁ}ﬁ
rity. The parity bit in all normal messages is clear. but
15 32l in an address-type message. The MAKIT100 pari.
by-intermupt mersk s enabled o generale an stemupt on
high parity. When the master sends@n address mes-
£age with the parity bit et 3l MAKET100R0dES issuc 3
interrupd. All nodes then remieve thoreceived byte @
compare (o their assignad address, Unce addressed,

tible
UART in QSOP-16

The parityath-bit interpt is conrolled only by the data
in the receive register. and is not affected by data in
the FIFDH, S0 the most effective use of theéaaruyfwwil
intermupt is wath FIFO disabled. \Wilh the FIFD disabled,
received nonaddress words can be ignored and nat
avien read from the UART,

IR IrDA Mode
The MAX3100°s IrDA mode can be used to communicate
with other IfDA SIR-compatible devices, or 10 reduce
Power ConsSUMpton in opto-solated applications.
In IrD& mode. a bit period is shortened o 316 of a
baud period (1.6ps at 115,200 baud) (Figure 9). A data
Zerg s wansmitled as a pulse of ight {TX pin = loge
low. B pin = logic high).
I receive mode, the BX signal's sampling is done
halfiay ino the ransmission of a high kevel. The sam-
pling be dong onee, Instead of three Bmes, as in normal
mode, The MAX3100 ignores pulses shorter than
approximeately 416 of the baud period. The DA devica
that is commumnicating with the MAXI100 must be sot o
transmit puieas at 3716 of the baud peniod. For compatl.
bility with ctbier IPDA devices, sel the farmat 1o 8. bit
clala, e STop, N parity.

IrDA Module

the node continues Lo process each received Byte, tthe © The MAX3100 was optimized lor direct optocougler

node was not addressed. it ignores, all message raffic  drive, whereas IrDA modules contain inverting
o et the RX and TX outputs a5 shown in Figure 10

until 3 new address is sent out by the masten,

- P
oo 8 LA

T |"'|1|o|t|a d|| IIGII

HEAAL
L}

II}I'I,lﬁl']If' ill'l 1||.'l|1
| v 'S5

bufters.

] 8051 Example: IrDA to RS-232 Converter

. Figura 10 shows the MAX3100 with an 8051 pC. This

S circuit recenves kDA data and outputs standard RS-232
Y5 data. Alhough the 8051 contains an internal LART. it
dods not suppart (rDA of Nigh-speed communications.
¢ The MAX3100 can easily interface 1o the 8051 to sup.
t these high-performance communications modeas
~ The 8051 does not have an SP| interface, 50 communi-

“cation with the MAXI100 is accomplished with port

~ pins and a shart software routine (Figure 12a),

% fiware routine polls the TR output to see i data
- 5 available from the MAX3100 UART. It then shifts the
data out, the 8051 port pins. and transmits it out

the RS-232 side throwgh the MAX3221 driver. The 2051
simutanecushomeniorsdts mternal UART tor mcoming

i ]

=h / 2
= !.—&m“m_.!gl
L+ LR reAM -l

Figurg 9. DA Timing

COMMUNICATONS rom the RS-232 side. and ransmits
this data out the IrDA side through the MAX3100. The
lowe-level rowtine (IATLE) is the core routine that sends
and receives data over the podt ping o simulate an SP1
port on the 8051, This techniguee s usedul tor any 8051-
based MAX3100 port-pin-inarfaced application.
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DHRECT

Figrre 10, Bicractional RS-227 M0 Lisdng a 80851

Interface to PIC Processor
("Quick Brown Fox” Generator)
Figure 17 illustrates the wse of e MAX3100 with the
PIC®, This circul 15 a "Ouick Brgwm Foe” geperator that
repeatedly ransmits “THE QUICK BROWH FORILMPS
OVER THE LAZY DOGT {cowering the entire slphabat)
over an R3-232 link with adjustable baud'rawe, word
length, and delay. Alhough a softwarebased LIART
could b impleamentad on the PIC, laalmes ke a0cu
rate vanabds baud rates, high Baud raes. and Simip
protocol selection would be difficult 1w smplement reli-
ably. The 16C54 in the exampde is the most basic of the
PICs. Thus, it is possible o mplement the example on
amy member of the RIC family.

18
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The software routing (Figure 12) begins by reading the
DIP switch on part RE. The switch data includes 4 bits
T thee Daod rate, 1 bit for number of Stop bits, 1 bit lor
aword length of 7 or 8 bits. and 1 bit tor delay between
messages. The PIC reads the switch only at inkializa-
lion (reset], and programs the paramelers inlo the
MAX 3100, | then begins sending the message repaat.
adly. It the delay bit is sed, it inserts a 1sec delay
Demwcon Fansmissions. As in the 8051 example. the
makn routing is called UTLE, and can be used in any
PIC-based, port-pin-interfaced application,

FIC I recisterac] tracmark of Microchip Conporaion

M AXLM
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MAX2100 Synchronous-to-Asynchronous SPI UART at a Glance
Table 9. Synchronous Data Input Format (DIN pin from microprocessor, SPI MOSI)

Bit Nurmber
Oper-
ation | 35 | 14 | 13 12 "m|w| e B 7 [ 5 4 3 2 1 [}
WrRe S ENER [ I -
Config 1 1 | FEN | sHOom | TM | B | FRA | BARA moay | 5T | FE 1 Bl | B2 Bl B0
Read ' i
Conflg a 1 0 i} 0 i [} [} o i a i} i o o | Tesr
Wit d 3 -
it 1 0 0 i} o | TE |RTS| A Dit | Dot | DS | Do | D@ | DA | O | Do
P — —--'— o}

0 0 i 0 0 i} a C 0 0 i} i v} 0 v
Cala & Q

Table 10. Synchronous Data Output Format (DOUT pin to microprocessor, 5Pl MISO)

Eil Humber

fon l
atien | 15 | 14 | 13 12 1|10 | @ 8 7 6 5 4 3 2 1 0
IlI.I‘-m F _r F - \

Rl T 0 0 o4 oo 0 N B o 0 0 0 0o
Corflg R
- . Tt i Ses s

a ]

comg | R | T M | &HOMg | TM | B | B | RAM doapy| STW| PE | L | e | B2 |8 B0
White R \ i . ) .
Data R T o 0 )- 0 | epf CTS B Git | B | O5c | oar | D3 | D | o | Dor
et R o )
Data 4 T 0 0 0 l_LE CTS R Ciir J [ | D5 | Ddr | D& | D2 | Dr | Ce

1= AMAXLMM




Table 11, Bit Definitions”®

SPiIMicrowire-Compatible
UART in QSOP-16

megister | B Bil Se1 (1) Bit Ciear (9) megister | (B | sitset(1) Bit Clear i}
. Casable FIFCH Enabde FIFC . Word length = Whard lemgth =
Config FEN EniTar Eaiffasr e - Tbes fnis
Condlg | SHONI | Shutdown Cperate m:-aa = WL TX SupLE Enalr:;rlc;cr:_l:-rmal
o fi | Enabi tansmit | Dissbie transmi ope
-onilg 0N INGHMUE con INaITuEG Wk BTS Db ATS campue | Dres BTG ot
| Enatw data- Disable data V o' P b Ut pin Migh
Conifl) 5 LLe=e s BT o Wik Pt Transmi Trarsmil
gt [TETTE] Laata iy = 1 Paricy = i
. = Enatda parity DHsable parity Ru-:l—- Dt owamun of _
Config P intemupt Inkeduuipt Drala RAFE framing emor Meormal
—_—— Erabda lrming- Dizabie raming- Riail . LTS inpat pin s TS Inpuk pin B
Config HAM SO IGETLIR BT LI Dxals CIs |cry lagh
Enabda irDa Sandard | Dralas hars sy Dutia buller s
Config 153 P — fiming All R receivad gty
Caoniflg 1 Ty SO0 b5 _WE_QI_?P_N A Al 1 Trarsmin Dular LRART 15 sy
Config 3 Farity coaiied Farlty Qigabied Is empty trasvsmitting
*Dafanit sething 5 oy
Table 12. Fisld Definitions Table 13. 1.8432MHz Baud Rates
F F . SRS N
Regisier Field Name Meaning Bi.B0  ERD | Baud | BI.B0 | BRD | Baud
Conlig B3 B0 | | Baudrate anmsor Doo00 | 1 | sk |[1o00| 3 5.2k
WiRe Dala D0 Traramit dati R F4 Ghk (R | & 19,2k
R Caatia Pt Fracansd pailty be oA 4 Hx (1000 12 AE00
Faad Data C¥Tr=0r Fecaad data aaan 8 Tdk (BN | 24 4800
o 1.0 0 16 1200 1100 48 2400
01 01 a2 W |V ran % 1200
2110 &4 et 1110 e 00
o111 128 pLt] 1111 4 300
AL W
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éaugaiiigi
3
<

~¥100 URET- BO3] Bassd

R EEEE SIS E R R AR SRR

FOoH EQU ATH

‘PORT PIN DEFINITIONS- DIT BARIING IF
BT RIT B O (ASES st (FEeE GLFR)
CIE BIT Fi.1 AsEa in {Erom UARTH
SCLE BIT ¥ OB :sarial clock

8 BIT M3 iehip selesk- ast Low
IPg BIT P32 HIAPGE pelled in ERLS cods
T LOCATIONE

XD EQU 10M JECAnAmAt Doegd

LY B 1iE

Rl EQU 13m ireceive mege

config
HALH WOUTINE LOGP ssesssssssssssssdsasns
HE TR URIV lats avail feos 31040 wark?
shack for POEl rov- BR out lrds

:
:

;
;
;

rt- gEt Lt and send cun BO08Q ware
(Tad data
tpend dits
Jpand e @5E] Darn- gem Aari BA EN
SgEt data bo acc
send GUT Oh ME=TET Slde TS0 Daud
‘back o
ieved from 051 wack- get it and dend cut 3108 mare

& ERUF cdata l!l.“( BOR1 uart

;
i e

E;;i
.
52
£

i

CEahd T2 WAFE- sand AsBR Sut IcDA
‘Bank wn

¥
=

R

L

: BFLE- EALR ®5 UAFE- BALR EOW

7 mend 18 Bara fres THL TER iE wa mEl mEd
ik ik cd o Ganeivate mm

WOV T ©YgeE higa

CALL BTT® — R G

[ T _.,...-gﬂ:.n.p-u_g-:,,,.'(;

WY A, TR - Tomt high ByEs® = 0

CALL BYTH

. WETH= SBAFE oub & in B BLES WiER Pl clockings froe snd To Lco
BT e L P BECE Do meEd A
EETR OTH ‘makn sure Ain iw fnpue o A
TP NIE R igat mib af Rcc @ carry 0 o |
e DR TPt out on pan -
AETH ALK releok high- olock
Lo =] sgot data after cik hagh
[~ =7 selock low
[ - Iput im labit of &
G Lo L Floop Eil B BAES
RET ]
¢ ownd ol Sorde
Bm

Figure 120, 805 WDARS-232 Code
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;7 MAX-3100 UART WITH PIC "QUICK BROWN FOX GEWNERATOR CODE"

B L R T D T T T T T T T T Y
DEVICE PIC16CS54,XT_ OSC WDT OFF, FROTECT _OFF

RAM LOCATIOHNS

TX1 EQU 10H ;data to uart byte 1
TH2 EQU 11H data te uart byte 2
RX1 EQU 12h :data f£rom uart byte 1
RX2 EQU 13h ;data from uart byte 2
LPCHT  EQU 14H ;loop counter
SHFTO  BQU 15H ;shift out temp variable
SHFTI EQU 16H i;shift in temp variable
DLWAL EQU 17H :delay wvalue
TEMP EQU 168H temp variable
Grl EQU 15H itemp variable
GP2 EQU 1AH ;temp variable
CHETE EQU 1BH icharacter peinter
: constants/literals
(= EQu i} ;carry bit
Zr EQU - izero bit

i/o equates
uart connected teo pic on port RA
DouT EQU o ;data out (to uart)
DIM EQu 1 ;data in (from uart)
SCLK EQU 2 ;serial clock
[a:] EQU 3 ichip select- act low

:Copnfiguration dip switch connected to RB
¢ RBO to RB3 are baud rate BO-B3
 RB4 is 7 or B data bits
HES is 1/2 stop bits
RE6 18 speed of sending about 100cps or 2.5 cps
: RB7 is run/stop
! note configuration bits are only read on reset
R AR RS LAl LR AR AR AR A A a i A AR ARl AR bl bl bl

;subroutine area- pic must hawve these in low memory

:URART SERIAL (SPI) support routinhes
rsend 1€ bits from tx1l and £x2, receiwve 16 to rxl and rx2

UTLE BCF A CE ;activate cs
HOVE TX1,0 ;get txl to w
CALL BYTH isend byte 1, recieve byte 1
MOVHE RX1 istash byte 1
MOVEF TH2,0 ;get txl to w
CALL BYT8 :zend byte 1, recieve byte 1
HOVHE B2 :stash byte 1
BEF RA,CS iactivate o=
RETLW L] iall dene

;LOCAL SUB FOR SHIFTING IH/OUT 8 BITS- CORE OF SPI SUPPORT
: BYTB- shift ocut/in B bite w/fepi- frem and te w, temp shfti shite

BYTH HOVHE SHFTO sput in shift out
HOVIW B ;load loop counter
HOVWEF LPCHT iatash it
BELE RLF SHFTO, 1 iget high kit teo send
BCF RA,DOUT ipreclear dout
BTFSC  STATUS , CY :if in low then skip
BEF HA, DOUT :set dout
BEF RA, SCLK iclock high- cleck out/get input
BCF STATUS ,CY ipreclear carry
BTFSC RA DIN ;Af in low then skip
BEF STATUS CY :set carry
RLF SHFTI,1 irotate into place- shfti
BCF RA, 8CLE ielock low
DECFSE LPOHT,1 ide loop counter
COTO BELP iloop til 8
HMOVF SHPTI D iput shito to w- pesult
RETLH 0

;end spl serial support

Flgure 125, MAX3100 Using PIC uC
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delay routine- counts down dlval (loaded at init)

DELAY  MOVE DIVAL,O :load delay

DLY2X MOVWF  GP2 ;put it in

DLLFPZ CLRF GP1 use gpl to count off ticks
DLLFP1 DECFSZ GP1,1 dec gpl valuec til 10 ms

soTo DLELP1 ust loop

DECFSZ GFP2,1 idec gp2 value

GOTO DLLP2 ido another 10 ms til gp2=0
RETLH i) sreturn

:this "subroutine" returns literal of potchptr
:this is the only way to pull out rom literals on the pile. ..
QBE HOVE CHPTR, W JGET IH W
PC ;JUHMP TO TABLE
{QUICK BROWH FOX MESSAGE
RETLW "THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG"

The above sentence needs a single line for a single letter or space ie.
RETLW ODH rearriage return

RETLW ORH :line feed

RETLW 0H rend of message

B e e e T e T e
iMAIN ROUTIMNE-

START HOVLW GFFH ;all of rb iz input- dip switch
TRIS RB aet it
HOVLW o8 ¢init port a with es high only
HOVWE  RA soutput to port register
MOVLW 02H ira is output except din
TRIS RA iset it= now has
HOVLW 08H ino wdt- rtce from clock
OPTION ;put in option register

rread switches amd bit twiddle te configure uart- tx2 (1ls byte)

HOVE RB,0 ;gat port b to w

AMDLW  1FH

HOVHE TX2 /2tash in tx2

BSF TX2 6 /preset the stop bit bit
BTFSC BB, 5 ;check the switeh

BCF TH2 & relear if set

MOVLE 5

BIFSS BB, 6 ;check the sawitch

MOVLH 250 roverload long delay-
HOVHF DLVAL ;stash in delay value
MOVLW OCOH Jupper byte of config
MOVWF TX1 ¢stash to txl

CALL UTLE :send to uart- configured

;uart 1s now configured as set on dip switch

SWRERR MATH LOOP ##eds
jgo must stay high for run- else stop and reset string ptre
HOVLW Q

HOLD :elear pointer with offszet 1
MOVWE CHETR ;load pointer
HANG BIFSE RB,7 swait high
THP HOLD igo to reinit and hold
CALL CHF iget character te w
AMDLW OFFH :check for end of message ([zero)
BTFSC STATUS Zr bail
GOTO HOLD ibail to reinit pointer
MOVHF  THZ2 sload data to tx2
HOVLW 0BOH ;write data
HMOVHE THL iput in place
CALL UTLK isend it
IMNCF CHPTR, 1 ‘next character
CALL DELRY rdelay
THP HANG iloop

B L L R i AR LR R s 2]
VECTORS- start

ORG 1FFH ‘reset vector
GOTO START
END

RETLW

Figura 12b. MAX3100 Using PIC LC [continued)
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Typical Operating Circuit
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