ATMEL

T5743N

UHF ASK/FSK Receiver

Description

The T5743N is a multi-chip PLL receiver device supplieplications are in the areas of telemetering, security
in an SO20 package. It has been especially developed fechnology and keyless-entry systems. It can be used in
the demands of RF low-cost data transmission systette frequency receiving range of £ 300 MHz to

with data rates from 1 kBaud to 10 kBaud in Manchestd50 MHz for ASK or FSK data transmission. All the
or Bi-phase code. The receiver is well suited to operastatements made below refer to 433.92 MHz and
with Atmels PLL RF transmitter U2741B. Its main ap-315 MHz applications.

Features
® 5V to 20V automotive compatible data interface ® Single-ended RF input for easy adaptation to
e Data clock available for Manchester- and Bi-phase- M4 antenna or printed antenna on PCB
coded signals e Low-cost solution due to high integration level
e |C condition indicator, sleep or active mode e ESD protection according to MIL-STD. 883
e Minimal external circuitry requirements, no RF (4KV HBM)
com_ponent? on the PC board except matching to tie High image frequency suppression due to 1 MHz IF
receiver antenna in conjunction with a SAW front-end filter. Up to
e High sensitivity, especially at low data rates 40 dB is thereby achievable with state-of-the-art
- . . . - SAWS.
® Sensitivity reduction possible even while receiving
e Fully integrated VCO ] Qommunlcatlon tcpx(} possible via a single,
bi-directional data line
® | ow power consumption due to configurable self . ) .
polling with a programmable timeframe check Power management (polling) is also possible by
means of a separate pin via i@
® S020 package
® Programmable digital noise suppresion
® Supply voltage 4.5V to 5.5V,
operating temperature range 2@0o 105C ® Receiving bandwidth 8 = 600 kHz
System Block Diagram
UHF ASK/FSK UHF ASK/FSK
Remote control transmitter Remote control receiver
U2741B T5743N
Demo Control_<_1)£ nC
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Figure 1. System block diagram
Ordering Information
Extended Type Number Package Remarks
T5743N-TG S0O20 Tube
T5743N-TGQ S020 Taped and reeled
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Pin Description
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Figure 2. Pinning SO20

Pin  Symbol Function
1 SENS | Sensitivity-control resistor
2 IC_ IC condition indicator
ACTIVE |Low = sleep mode
High = active mode
3 CDEM | Lower cut-off frequency data fil-
ter
4 AVCC | Analog power supply
5 TEST | Test pin, during operation at GND
6 AGND | Analog ground
7 | MIXVCC | Power supply mixer
8 | LNAGND | High-frequency ground LNA and
mixer
9 LNA_IN | RF input
10 n.c. Not connected
11 LFVCC | Power supply VCO
12 LF Loop filter
13 | LFGND | Ground VCO
14 XTO Crystal oscillator
15 DVCC | Digital power supply
16 MODE | Selecting 433.92 MHz /315 MHz
Low: fxTo = 4.90625 MHz (USA)
High: fxTo = 6.76438 MHz (Europe)
17 DATA | Bit clock of data stream
CLK
18 DGND | Digital ground
19 POLL- | Selects polling or rceiving mode
ING/_ON | Low: receiving mode
High: polling mode
20 DATA | Data output / configuration input
2 (34)
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Block Diagram
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Figure 3. Block diagram

RF Front End

The RF front end of the receiver is a heterodyne configthe control voltage W for the VCO. By means of that
ration that converts the input signal into a 1-MHz IFeonfiguration (g is controlled in a way that /64 is
signal. According to figure 3, the front end consists of aaqual tokto. If f| o is determined yfro can be calculated
LNA (low noise amplifier), LO (local oscillator), a mixer using the following formula: xfro = fLo/64

and an RF amplifier.

The LO generates the carrier frequency for the mixer viehe XTO is a one-pin oscillator that operates at the series
a PLL synthesizer. The XT(@rystal oscillator) generates resonance of the quartz crystal. According to figure 4, the
the reference frequencyfo. The VCO (voltage-con- crystal should be connected to GND via a capacitor CL.
trolled oscillator) generates the drive voltage frequencihe value of that capacitor is recommended by the crystal
fLo for the mixer. fo is dependent on the voltage at Pirsupplier. The value of CL should be optimized for the
LF. fLo is divided by factor 64. The divided frequency idgndividual board layout to achieve the exact valueepf
compared toyro by the phase frequency detector. Thand hereby of fp. When designing the system in terms
current output of the phase frequency detector ©f receiving bandwidth, the accuracy of the crystal and
connected to a passive loop filter and thereby generates XTO must be considered.
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Figure 4. PLL peripherals

This is described by the following formulas:

0(USA) : f, = 1o

MODE =314

MODE

e - _fo
1 (Europe): k = 735 92
The relation is designed to achieve the nominal IF
frequency of & = 1 MHz for most applications. For
applicationswhere kg = 315 MHz, MODE must be set to
‘0", In the case ofgg = 433.92 MHz, MODE must be set
to ‘1. For other RF frequenciesyfis not equal to 1 MHz.
fir is then dependent on the logical level at Pin MODE and
on frr Table 1 summarizes the different conditions.

The RF input either from an antenna or from a generator
must be transformed to the RF input Pin LNA_IN. The
input impedance of that pin is provided in the electrical
parameters. The parasitic board inductances and capaci-

The passive loop filter connected to Pin LF is designed ftances also influence the input matching. The RF receiver
a loop bandwidth of BLoop = 100 kHz. This value forT5743N exhibits its highest sensitivity at the best signal-

BLoop exhibits the best possible noise performance of th@noise ratio in the LNA. Hence, noise matching is the

LO. Figure 4 shows the appropriate loop filter compobest choice for designing the transformation network.

nents to achieve the desired loop bandwidth. If the filt
components are changed for any reason please notify tW%
the maximum capacitive load at Pin LF is limited. If the
capacitive load is exceeded, a bit check may no longer
possible since b cannot settle in time before the bit

ood practice when designing the network is to start
power matching. From that starting point, the values
f the components can be varied to some extent to achieve

% best sensitivity.

check starts to evaluate the incoming data stream. SHl& SAW is implemented into the input network a mirror

polling does therefore also not work in that case.

frequency suppression 6Pref = 40 dB can be achieved.
There are SAWs available that exhibit a notch at

fLo is determined by the RF input frequengy &nd the  Af = 2 MHz. These SAWSs work best for an intermediate

IF frequency & using the following formula:
fLo =fre—fiF

To determinefo, the construction of the IF filter must be

frequency of £ = 1 MHz. The selectivity of the receiver
is also improved by using a SAW. In typical automotive
applications, a SAW is used.

considered at this point. The nominal IF frequency iBigure 5 shows a typical input matching network, for
fir=1 MHz. To achieve a good accuracy of the filter'§gr = 315 MHz and g = 433.92 MHz using a SAW.
corner frequencies, the filter is tuned by the crystdigure 6 illustrates an according input matching t&€50
frequency %to. This means that there is a fixed relatiorwithout a SAW. The input matching networks shown in
between  and fo. This relation is dependent on thefigure 6 are the reference networks for the parameters

logic level at Pin MODE.

Table 1 Calculation of LO and IF frequency

Conditions
fre = 315 MHz, MODE =0
frp = 433.92 MHz, MODE =1

300 MHz < k< 365 MHz, MODE=0 fio =

365 MHz < kg < 450 MHz, MODE =1 fo =

Local Oscillator Frequency
fLo = 314 MHz
fLo = 432.92 MHz

1

1+ 432.92

given in the electrical characteristics.

Intermediate Frequency

fir=1 MHz
fir=1 MHz
fie = %

14
fo— fio

1 ™ 432.92
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Figure 5. Input matching network with SAfilter
frRe = 433.92 MHz fre= 315 MHz
81| NAGND 81| NAGND
T5743N T5743N
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15p: 25n JLNA_IN 33p 25n tLNA_IN
RAN RAN
3.3p 100p 3.3p 100p
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F22NJ F39NJ

Figure 6. Input matching network without SAulter

Please notify that for all coupling conditions (squ\namg Signa| Processing
figures 5 and 6), the bond wire inductivity of the LNA

ground is compensated. C3 forms a series resonadfeAmplifier

circuit together with the bond wire. L = 25 nH is a feed’he signals coming from the RF front end are filtered by
inductor to establish a DC path. Its value is not critical bgihe fully integrated 4th-order IF filter. The IF center

must be large enough not to detune the series resonafreguency

is [ = 1 MHz for applications where

circuit. For cost reduction this inductor can be easiljgr = 315 MHz or kg = 433.92 MHz is used. For other
printed on the PCB. This configuration improves th&®F input frequencies refer to table 1 to determine the

sensitivity of the receiver by about 1 dB to 2 dB. center frequency.

The receiver T5743N employs an IF bandwidth of
Bjr = 600 kHz and can be used together with the U2741B

in FSK and ASK mode.
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RSSI Amplifier FSK/ASK Demodulator and Data Filter

The subsequent RSSI amplifier enhances the output ) o

signal of the IF amplifier before it is fed into the demodd he Signal coming from the RSSI amplifier is converted
ulator. The dynamic range of this amplifier isiNtO the raw data signal by the ASK/FSK demo.dulator..
DRgss) = 60 dB. If the RSSI amplifier is operated withinThe operating mode of the dempdulator is set via the bit
its linear range, the best S/N ratio is maintained in ASRSK/_FSK in the OPMODE register. Logic ‘L' sets the
mode. If the dynamic range is exceeded by the transmitf§modulator to FSK, applying ‘H’ to ASK mode.

signal, the S/N ratio is defined by the ratio of the maxi-

mum RSSI output voltage and the RSSI output voltage ASK mode, an automatic threshold control circuit
due to a disturber. The dynamic range of the RSSI ampl{ATC) is used to set the detection reference voltage to a
fier is exceeded if the RF input signal is about 60 dBalue where a good signal-to-noise ratio is achieved. This
higher compared to the RF input signal at full sensitivitycircuit effectively suppresses any kind of inband noise
signals or competing transmitters.tHé S/N (ratio to sup-
Eress inband noise signals) exceeds 10 dB, the data signal
can be detected properly.

The output voltage of the RSSI amplifier is internally

compared to a threshold voltagenVred VTh_redis deter- The FSK demodulator is intended to be used for an FSK
mined by the value of the external resist@eiR RsensiS  deviation of 10 kHz Af < 100 kHz. In FSK mode the
connected between PBENS and GND or ¥ The output data signal can be detected if the S/N (ratio to suppress
of the comparator is fed into the digital control logic. Byinband noise signals) exceeds 2 dB. This value is guaran-
this means it is possible to operate the receiver at a loweed for all modulation schemes of a disturber signal.

In FSK mode the S/N ratio is not affected by the dynam
range of the RSSI amplifier.

sensitivity.
If Rsensis connected to GND, the receiver operates at fullhe output signal of the demodulator is filtered by the
sensitivity. data filter before it is fed into the digital signal processing

. ) circuit. The data filter improves the S/N ratio as its pass-
If Rsensis connected to Y the receiver operates at a3 can be adopted to the characteristics of the data

lower sensitivity. The reduced sensitivity is defined by th@ignal. The data filter consists of &arder highpass and
value of Rens the maximum sensitivity by the signal-to-a 2d.order lowpass filter

noise ratio of the LNA input. The reduced sensitivity
depends on the signal strength at the output of the RS&I

amplifier e highpass filter cut-off frequency is defined by an

external capacitor connected to Pin CDEM. The cut-off
Since different RF input networks may exhibit slightlyfrequency of the highpass filter is defined by the follow-
different values for the LNA gain, the sensitivity valuesng formula:

given in the electrical characteristics refer to a specific

input matching. This matching is illustrated in figure 6 1

and exhibits the best possible sensitivity. fcu_DF = 5% 7 X 30 KO X CDEM

Rsenscan be connected togvor GND via apC. The

receiver can be switched from full sensitivity to reduced ) ]

sensitivity or vice versa at any time. In polling mode, th# Self-polling mode, the data filter must settle very

receiver will not wake up if the RF input signal does nd@pidly to achieve a low current consumption. Therefore,

exceed the selected sensitivity. If the receiver is alrea@PEM cannot be increased to very high values if self-

active, the data stream at Pin DATA will disappear wheR0lling is used. On the other hand CDEM must be large

the input signal is lower than defined by the reduce@nough to meet the data filter requirements according to

sensitivity. Instead of the data stream, the pattern accoff® data signal. Recommended values for CDEM are

ing to figure 7 is issued at Pin DATA to indicate that th@iven in the electrical characteristics.

receiver is still active (see also figure 34).

The cut-off frequency of the lowpass filter is defined by

o ATAg) a j’_\ )8 the selected baud-rate range (BR_Range). The
(" toaTA_min 'DATA_L_max ( BR_Range is defined in the OPMODE register (refer to

chapter ‘Configuration of the Receiver’). The BR_Range

Figure 7. Steady L state limited DATA output pattern ~ must be set in accordance to the used baud rate.
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The T5743N is designed to operate with data codif@glling Circuit and Control Logic

where the DC level of the data signal is 50%. This is valid

for Manchester and Bi-phase coding. If other mOdUIat'o'ﬁhe receiver is designed to consume less than 1 mA while
sqhgmes are used, the D_C l%\’el should aIv!aysorem%lgmg sensitive to signals from a corresponding trans-
within the range of ¥c_min = 33% and VBc_max= 66%. yyer This is achieved via the polling circuit. This circuit
The sensitivity may be reduced by up to 2 dB in tha«E}nables the signal path periodically for a short time.
condition. During this time the bit-check logic verifies the presence
Each BR_Range is also defined by a minimum anda a valid transmitter signal. Only if a valid signal is
maximum edge-to-edge timeedtsig. These limits are detected the receiver remains active and transfecathe
defined in the electrical characteristics. They should ntn the connectefC. If there is no valid signal present the
be exceeded to maintain full sensitivity of the receiverreceiver is in sleep mode most of the time resulting in low
current consumption. This condition is called polling
mode. A connectefC is disabled during that time.

The RF receiver T5743N can be operated with and with-

out a SAW front-end filter. In a typical automotiveAll relevant parameters of the polling logic can be config-
application, a SAW filter is used to achieve better seletred by the connectgaC. This flexibility enables the
tivity. The selectivity with and without a SAW front-endUSer to meet the specifications in terms of current con-
filter is illustrated in figure 8. This example relates t¢umption, system response time, data rate etc.

ASK mode. FSK mode exhibits similar behavior. Note

that the mirror frequency is reduced by 40 dB. The plof3egarding the number of connection wires tou@ethe

are printed relatively to the maximum sensitivity. If a€ceiver is very flexible. It can be either operated by a
SAW filter is used, an insertion loss of about 4 dB muginglebi-directional line to save ports to the connegt€d

Receiving Characteristics

be considered. or it can be operated by up to five uni-directional ports.
0 Basic Clock Cycle of the Digital Circuitry
-10
20 \ without SAW The complete timing of the digital circuitry and the
\ \ analog filtering is derived from one clock. According to
-30 ) . . .
— N \ figure 9, this clock cycle dik is derived from the crystal
g 0 \ ~ oscillator (XTO) in combination with a divider. The divi-
. 50 / \ \ sion factor is controlled by the logical state at Pin MODE.
T _60 M According tochapter ‘RF Front End’, the frequency of the
~70 [ |V V\ crystal oscillator ({to) is defined by the RF input signal
_80 / \/~\ (frrin) which also defines the operating frequency of the
9 ! with sSAw | {f local oscillator (fo).
-100
6-5-4-3-2-1012 3 456 —
16564 df (MHz) TCIk
Figure 8. Receiving frequency response Divider MODE L : USA(:10)
N . L :14/:10 E H: Europe(:14)
When designing the system in terms of receiving band-
width, the LO deviation must be considered as it also i bVCC
determines the IF center frequency. The total LO devi- XTO
ation is calculated to be the sum of the deviation of the E
crystal and the XTO deviation of the T5743N. Low-cost
crystals are specified to be withir100 ppm. The XTO XTO
deviation of the T5743N is an additional deviation due to XTO E—'DI—H—'
the XTO circuit. This deviation is specified to be
e

+30 ppm. If a crystal a£100 ppm is used, the total devi-

ation is+130 ppm in that case. Note that the receiving

bandwidth and the IF-filter bandwidth are equivalent in

ASK mode but not in FSK mode. Figure 9. Generation of the basic clock cycle
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Pin MODE can now be set in accordance with the desirstynal is present, the receiveset back to sleep mode af-
clock cycle Tk Tcik controls the following application- ter the period Bit-check This period varies check by
relevant parameters: check as it is a statistical process. An average value for
Tait-checkiS given in the electrical characteristics. During
Tstartup@nd Tit-checkthe current consumption ig * Ison

e Timing of the analog and digital signal processing The condition of the receiver is indicated on Pin IC_AC-
TIVE. The average current consumption in polling mode
is dependent on the duty cycle of the active mode and can

® Timing of the polling circuit including bit check

® Timing of the register programming

® Frequency of the reset marker be calculated as:
e [F filter center frequency o) o Isoft X Tsieep T Ison X (Tstaup + Taitchecd
Seol TSIeep + TStanup + TBitcheck

Most applications are dominated by two transmission fre-

(juencies: dend= 315 MHz is mainly used in USAsdnd  puring Tsleepand Tsartupthe receiver is not sensitive to
= 433.92 MHz in Europe. In order to ease the usage of glkransmitter signal. To guarantee the reception of a trans-
Tci-dependent parameters on this electrical characterigjiied command the transmitter must start the telegram
tics display three conditions for each parameter. with an adequate preburst. The required length of the
e Application USA preburst depends on the polling parameteggeep

(fxTo = 4.90625 MHz, MODE = L, dix = 2.0383us)  Istartup TBit-check@nd the start-up time of a conneqfe

o (Tstartuc)- Thus, Bit-check depends on the actual bit rate

® Application Europe and the number of bits @¥.chec) to be tested.

(fxTo = 6.76438 MHz, MODE = H, dik = 2.0697us) ) o
o The following formula indicates how to calculate the
g Othe( applications _ preburst length.
(Tciis dependent orxfo and on the logical state of

Pin MODE. The electrical characteristic is given as &Preburst= Tsleept Tstartupt TBit-checkt Tstart uc

function of Tci). Sleep Mode

The clock cycle of some function blocks depends on thge |ength of period Jieepis defined by the 5-bit word
selected baud-rate range (BR_Range) which is defineddoep of the OPMODE register, the extension factor
the OPMODE register. This clock cyclgdi is defined XSleep (according to table $nd the basic clock cycle

by the following formulas for further reference: Tcw. It is calculated to be:
BR_Range = BR_Range0:x&ik = 8 x Tcik Tsleep= Sleepx Xsieep X 1024 X Tcik
BR_Rangel: ¥cik=4x Tcik o .
BR_Range2: Xcik = 2% Tcik In US- and European applications, the maximum value of
BR_Range3: Xcik = 1x Tcik Tsleepis about 60 ms if XSleep is set to 1. The time reso-
] - lution is about 2 ms in that case. The sleep time can be
Polling Mode extended to almost half a second by setting XSleep to 8.

According to figure 10, the receiver stays in pollingde XSleep can be set to 8 by bit XSlegto'l".

in a continuous cycle of three different modes. In sleefccording to table 8, the highest register value of sleep
mode the signal processing circuitry is disabled for theets the receiver into a permanent sleep condition. The re-
time period Ejeep While consuming low current of ceiver remains in that condition until another value for
Is = Isoft. During the start-up period,sfartup all signal  Sleep is programmed into the OPMODE register. This
processing circuits are enabled and settled. In the follofinction is desirable where several devices share a single
ing bit-check mode, the incoming data stream is analyzeédta line and may also be used i@ polling — via Pin

bit by bit contra a valid transmitter signal. If no validPOLLING/_ON, the receiver can be switched on and off.

8 (34) Rev. A3, 17-Dec-01
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1
Sleep mode:
All circuits for signal processing are
disabled. Only XTO and Polling logic is
enabled.
Output level on Pin IC_ACTIVE => low
Is = Isoff
Tsleep= Sleepx Xsieep* 1024x Tcik

!

Start-up mode:

The signal processing circuits are enabled.

After the start-up time Startu all circuits
are in stable condition and ready to recei
Output level on Pin IC_ACTIVE => high
Is=lIson

TStartup

]
Bit-check mode:
The incomming data stream is analyzed.
the timing indicates a valid transmitter
signal, the receiver is set to receiving moq
Otherwise it is set to Sleep mode.
Output level on Pin IC_ACTIVE => high
Is=lson
TBit-check
Bit check

NO

oK ?

|

Sleep:
Xsleep
Tei:
Tstartup
e.
f TBit-check:

1 _YES

Receiving mode:
The receiver is turned on permanently and
passes the data stream to the connedfed

It can be set to Sleep mode through an OF
command via Pin DATA or POLLING/_ON.

Output level on Pin IC_ACTIVE => high
Is = lson

I OFF command

F

5-bit word defined by Sleep0 to
Sleep4 in OPMODE register
Extension factor defined by
XSleefstd

according to table 9

Basic clock cycle defined bxfo
and Pin MODE

Is defined by the selected baud rate
range and k. The baud-rate range
is defined by Baud0 and Baudl in
the OPMODE register.

Depends on the result of the
bit check

If the bit check is ok, git-check
depends on the number of bits to be
checked (Mjt-check @nd on the
utilized data rate.

If the bit check fails, the average
time period for that check depends
on the selected baud-rate range and
on Tcik. The baud-rate range is
defined by BaudO and Baudl in the
OPMODE register.

Figure 10. Polling mode flow chart

( Number of checked Bits: 3) Bit check ok
IC_ACTIVE . :
Bit check ! l v v v v v A
. : | 12 Bit | 1/2Bit| 1/2Bit| 1/2Bit| 1/2Bit| 1/2Bit'
Dem_out  NURRAKKKXXKK )f o X
Data_out (DATA) ' : \ X X
! TStart—up \ TBit—check
. Start-up mode

Bit-check mode

' Receiving mode

Figure 11. Timing diagram for complete successful bit check
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Bit-Check Mode ing a fixed frequency at a 50% duty cycle for the
In bit-check mode the incoming data stream is exa\miné*rd"msmItter preburst.. A Illll.'.. ora 10101‘." sequence
o o in Manchester or Bi-phase is a good choice concerning
to distinguish between a valid signal from a correspong- . . . >
. ) . . o at advice. A good compromise between receiver sensi-
ing transmitter and signals due to noise. This is done BQy: o oo ; -
ity and susceptibility to noise is a time window of

subsequent time frame checks where the distances 5506 regarding the expected edge-to-edge tigeJs-

tween 2 signal edges are continuously compared toin% pre-burst patterns that contain various edge-to-edge

programmable time window. The maximum count of thi%me eriods. the bit-check limits must be proarammed
edge-to-edge tests before the receiver switches to receiv- P ’ prog

ing mode is also programmable. according to the required span.

The bit-check limits are determined by means of the for-
mula below.

Assuming a modulation scheme that contains 2 edges per ] ]

bit, two time frame checks are verifying one bit. This ig Lim_min= LIm_min x Txcik

valid for Manchester, Bi-phase and most other moduldLim_max= (Lim_max —1)x Txcik

tion schemes. The maximum count of bits to be checkgé min and Lim_max are defined by a 5-bit word each
can be setto O, 3,_ 6or9 b_lts_ wa_the variabd@ Meckin  within the LIMIT register.

the OPMODE register. This implies 0, 6, 12 and 18 edge

to edge checks respectively. lghcheckis set to a higher Using above formulas, Lim_min and Lim_max can be de-
value, the receiver is less likely to switch to receivingermined according to the requiredinfl_min, TLim_max
mode due to noise. In the presence of a valid transmit@?d Txcik. The time resolution defining i min and
signal, the bit check takes less time #iNneckis setto  TLim_maxiS Txcik.- The minimum edge-to-edge tima t

a lower value. In polling mode, the bit-check time is noffDATA_L_min. tDaTA_H_min) iS defined according to the
dependent on Pkcheck Figure 11 shows an examplechapter ‘Receiving Mode’. The lower limit should be set
where 3 bits are tested successfully and the data signaidd-im_min=> 10. The maximum value of the upper limit
transferred to Pin DATA. is Lim_max = 63.

According to figure 12, the time window for the bit checHf the calculated value for Lim_min is < 19, it is recom-
is defined by two separate time limits. If the edge-to-edgeended to check 6 or 9 bits ghchec tO prevent
time teeis in between the lower bit-check limitik min  Switching to receiving mode due to noise.

and the upper bit-check limitfn_max the check will be Figures 13, 14 and 15 illustrate the bit check for the bit-

continued. If ge is smaller than fim_min Or lee exceeds check limits Lim_min = 14 and Lim_max = 24. When

TLim_max the bit check will be terminated and the re- . ] A o
ceiver switches to sleep mode. the IC is enabled, the signal processing circuits are en-

abled during Earup The output of the ASK/ FSK
Usig demodulator (Dem_out) is undefined during that period.

Configuring the Bit Check

g When the bit check becomes active, the bit-check counter

Dem_ou [ TL.fee | is clocked with the cycle dcik.

E = Figure 13 shows how the bit check proceeds if the bit-
) mmex | | check counter value CV_Lim is within the limits defined

by Lim_min and Lim_max at the occurrence of a signal
edge. In figure 14 the bit check fails as the value CV_lim
is lower than the limit Lim_min. The bit check also fails
For best noise immunity it is recommended to use a loiiv CV_Lim reaches Lim_max. This is illustrated in
spanbetween Tim min and Lim_max This is achieved us- figure 15.

Figure 12. Valid time window for bit check
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(Lim_min = 14, Lim_max =24) Bit check ok Bit check ok
IC_ACTIVE _| ,
Bit check ! l v Y

: ' 1/2 Bit 1/2 Bit 1/2 Bit
Dem_out :\)OOO(X)OO(X)OO( .
Bit—check— — Z
P L EEEE RN EEEREEER R EE R E S EE S EEEEEEENEREESEEEEEER

|
1
I e T

| TStan—up , XClk

TBit—check

Start-up mode

Bit—check mode

Figure 13. Timing diagram during bit check

(Lim_min = 14, Lim_max =24)

Bit check failed (CV_Lim < Lim_min)

IC_ACTIVE _| |
Bit check ' |

- ; : 1/2 Bit \B
Dem_out :\)OOO(XX)OOOOO( X X XJ
i I N B D E DECEEEDECECECEE: 0

: TStart—up : TBit—check : TSIeep

| Start-up mode Bit-check mode X Sleep mode

Figure 14. Timing diagram for failed bit check (condition: CV_Lim < Lim_min)

(Lim_min =14, Lim_max =24)

Bit check failed ( CV_Lim >=Lim_max )

IC_ACTIVE _| |
Bit check : |
f Z : 1/2 Bit Y
Dem_out  \UARLARRARGAL. X C
Bit—check— [ : : -
counter L0 [a]2[ 5] 4] o e[ 7[ 1] 2[ 5[ 4 o[ o] ] o[ o[1d 1114141419 161719 1q2q 2} 2p 2 s 0
: TStan—up : TBit—check : TSIeep
: Start-up mode Bit—check mode : Sleep mode

Figure 15. Timing diagram for failed bit check (condition: CV_[EmLim_max)

Duration of the Bit Check

If no transmitter signal is present during the bit check, t

output of the ASK/ FSK demodulator delivers random

signals. The bit check is a statistical process @igeck
varies for each check. Therefore, an average value
Tait-check IS given in the electrical characteristics

Tait-checkdepends on the selected baud-rate range and
Tcik- A higher baud-rate range causes a lower value fi

Tait-check resulting in a lower current consumption in pol
ling mode.

In the presence of a valid transmitter signalit-dheckis
dependent on the frequency of that signaj, fand the
count of the checked bits,gilcheck A higher value for

Ngit-check thereby results in a longer period fasicheck
requiring a higher value for the transmitter pre-burst
Preburst

Receiving Mode

fI?rthe bit check was successful for all bits specified by
'lgﬁit_check, the receiver switches to receiving mode. Ac-

Bprding to figure 11, the internal data signal is switched
to Pin DATA in that case and the data clock is available

after the start bit has been detected (figure 22). A con-
necteduC can be woken up by the negative edge at Pin
DATA or by the data clock at Pin DATA_CLK. The re-
ceiver stays in that condition until it is switched back to
polling mode explicitly.
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Digital Signal Processing signal is limited tode= Tpata_min. This implies an effi-
cient suppression of spikes at the DATA output. At the
The data from the ASK/ FSK demodulator (Dem_out) isame time it limits the maximum frequency of edges at
digitally processed in different ways and as a result coDATA. This eases the interrupt handling of a connected
verted into the output signal data. This processingC.
depends on the selected baud-rate range (BR_Rangd)e maximum time period for DATA to stay Low is lim-
Figure 16 illustrates how Dem_out is synchronized by thted to Toata_L_max This function is employed to ensure
extended clock cyclexcik. This clock is also used for the a finite response time in programming or switching off the
bit-check counter. Data can change its state only aftexceiver via Pin DATA. Bara_L max iS thereby longer
Txcik has elapsed. The edge-to-edge time pegigaf the  than the maximum time period indicated by the transmit-
Data signal as a result is always an integral multiple ¢ér data stream. Figure 18 gives an example where
Txclk- Dem_out remains Low after the receiver has switched to
The minimum time period between two edges of the dataceiving mode.

TXC\k

Clock bit-check | L 1] 88 o L1 L]

counter -

Dem_out Q 8 8 |

Data_out (DATA) — ‘ 88

ee

Figure 16. Synchronization of the demodulator output

Demout |l 22 S 22 SR
Data_out (DATA) 2 2 2 2

tDATA_mln tDATA_mln tDATA_mln

tee tee lee

Figure 17. Debouncing of the demodulator output

csome | 2 ¢
e | ) 0
SR — )

A N o
= RS E—

Data_out (DATA)

Start-up mode Bit-check mode Receiving mode

Figure 18. Steady L state limited DATA output pattern after transmission
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After the end of a data transmission, the receiver remaimsnimum value of t1 depends on BR_Range. The maxi-
active. Depending of the bit Noise_Disable in the ORnum value for t1 is not limited but it is recommended not
MODE register, the output signal at Pin DATA is high oto exceed the specified value to prevent erasing the reset
random noise pulses appear at Pin DATA (see chaptearker. Note also that an internal reset for the OPMODE
'Digital Noise Supression’). The edge-to-edge time peand the LIMIT register will be generated if t1 exceeds the
riod tee Of the majority of these noise pulses is equal @pecified values. This item is explained in more detail in
slightly higher than Hata min- the chapter ‘Configuration of the Receiver’. Setting the
N receiver tesleep mode via DATA is achieved by program-
ming bit 1 to be ‘1’ during the register configuration. Only
The receiver can be set back to polling mode via Pome sync pulse (t3) is issued.

DATA or via Pin FOLLING/_ON. The duration of the OFF command is determined by the
Whenusing Pin DATA, this pin must be pulled to Low forsum of t1, t2 and t10. After the OFF command the sleep
the period t1 by the connected. Figure 19 illustrates time Tsieepelapses. Note that the capacitive load at Pin
the timing of the OFF command (see also figure 34). THRATA is limited (see chapter 'Data Interface’).

Switching the Receiver Back to Sleep Mode

IC_ACTIVE SQ
t1 t2 t3 t5
R 7 —
110
HH
outl (IC) % . %
Data_out (DATA) X % %
Serial bi—directiofal x
data line % = %
Bit 1
(1)
(Start bit)
OFF-command Tsieep Tstart-up
Receiving Sleep mode Start-up mode
mode
Figure 19. Timing diagram of the OFF-command via Pin DATA
IC_ACTIVE « ! !
fore oo 1 1 Bit check ok
POLLING/_ON SS ‘ ‘ ‘
Data_out (DATA) X % ! ! l X
Serial bi—directional " l SS 1 1 l X
data line ' '
Receiving mode | Sleep mode  Start-up modeBit—check mode Receiving mode
Figure 20. Timing diagram of the OFF-command via Pin POLLING/_ON
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IC_ACTIVE |
tonl ‘ :
POLLING/_ON !
Data_out (DATA) ] X

data line

Start-up mode Receiving mode

Serial bi—directional 1 l X
Sleep mode :

Figure 21. Activating the receiving mode via Pin POLLING/_ON

Figure 20 illustrates how to set the receiver back to poltompared to a programmable time window. As illustrated
ing mode via Pin POLLING/_ON. The Pinin figure 22, only two distances between two edges in
POLLING/_ON must be held to low for the time periodManchester and Bi-phase coded signals are valid (T and
ton2. After the positive edge on Pin POLLING/_ON and2T).

t_he delay n3. the polling mode is active and the SleepI'he limits for T are the same as used for the bit check.
time Tsieepelapses. They can be programmed in the LIMIT-register
This command is faster than using Pin DATA at the cogLim_min and Lim_max, see tables 11 &if).

of an additional connection to tie. .
e The limits for 2T are calculated as follows:

Figure 21 illustrates how to set the receiver to receiving .

mode via the Pin POLLING/_ON. The Pin POLL-Lowerlimitof 2T: _ o
ING/_ON must be held to Low. After the delayd, the Hm-min_2T = (Lim_min + Lim_max) — (Lim_max — Lim_min) /2
receiver changes from sleep mode to start-up mode (§pper limit of 2T:

gardless the programmed values fgfedpand Nsit—check  Lim_max_2T= (Lim_min + Lim_max) + (Lim_max — Lim_min) / 2
As long as POLLING/_ON is held to Low, the values for . ] o .
Tsleepand Nit_checkWill be ignored, but not deleted (See(lf the result for L.|m_.m|n_2T or 'Lim_max_2T" is not
also chapter 'Digital Noise Suppression’). an integer value, it will be round up)

If the receiver is polled exclusively by, Tsjeepmust The data clock is available, after the data clock control

be programmed to 31 (permanent sleep mode). In tipgic has detected the distance 2T (Start bit) and is issued
case the receiver remains in sleepde as long as POLL- With the delay be|ay after the edge on Pin DATA (see fig-
ING/_ON is held to High. ure 22).

If the data clock control logic detects a timing or logical
Data Clock error (Manchester code violation), like illustrated in fig-
The Pin DATA_CLK makes a data shift clock availablaires 23 and 24, it stops the output of the data clock. The
to sample the data stream into a shift register. Using tHigceiver remains in receiving mode and starts with the bit
data clock, auC can easily synchronize the data streangheck. If the bit check was successful and the start bit has
This clock can only be used féManchester and Bi- been detected, the data clock control logic starts again
phasecoded signals. with the generation of the data clock (see figure 25).

Generation of the data clock: It is recommended to use the function of the data clock

. . . only in conjunction with the bit check 3, 6 or 9. If the bit
After a successful bit check, the receiver switches frogheck is set to 0 or the receiver is set to receiving mode

polling mode to receiving mode and the data stream \'/%a the Pin POLLING/_ON, the data clock is available if

available a.t Pin DATA. In receving mode, the data ploch]e data clock control logic has detected the distance 2T
control logic (Manchester/Bi-phase demodulator) is aE'Start bit)
e, '

tive and examines the incoming data stream. This is do
like in the bit check, by subsequent time frame checlote that for Bi-phase-coded signals, the data clock is is-
where the distance between two edges is continuouslyed at the end of the bit.
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Preburst Data

Bit check o
) T l,_ ZTAL

Dem_out i

Data_out (DATA) -~~~

%
100

DATA_CLK oo : : |_| : lL |_| oo
: ! Start bll tDelay tFLDatzLCIk
) X Receiving mode,
Bit-check mode | data clock control logic active
Figure 22. Timing diagram of the data clock
Data
Timing error_ (Tee< Tiim minOR Tiim_max<T ee< Ttim_min_2r OR Tee™ Tiim max_29
o 1 o

Dem_out T '

oaa ouroamy [ LT T
DATA_CLK St |

Receiving mode,
data clock control
logic active

Receiving mode,
bit check active

Figure 23. Data clock disappears because of a timing error

Data

Logical error (Manchester code violation)

Data_out (DATA) -~ -

Dem_out T X : : X Lo
1 1
1

Receiving mode,
data clock control
logic active

Receiving mode,
bit check aktive

DATA_CLK - _H | | I I I

Figure 24. Data clock disappears because of a logical error
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Data

Bit check ok

: L TR

Dem_out T ' !
Data_out (DATA) =~ ~ 1 1

1 L0000
Start bit) peceiving mode,
data clock control

logic active

DATA_CLK T

Receiving mode,
bit check active

Figure 25. Output of the data clock after a successful bit check

The delay of the data clock is calculated as follows: 34). When the level of Data_In is equal to the level of
Data_Out, the data clock is issued after an additional
delay belay2

tpelay1is the delay between the internal signals Data_Out

and Data_lIn. For the rising edggelby1 depends on the Notethat the capacitive load at Pin DATA is limited. If the
capacitive load Cat Pin DATA and the external pull-up maximum tolerated capacitive load at Pin DATA is ex-
resistor Rup For the falling edgeptiay: depends addi- ceeded, the data clock disappears (see chapter 'Data
tionally on the external voltagex\(see figure®6, 27 and Interface’).

tDelay = tDelay1 * Delay2

Data_Out
Vx
V,=065*Vg - - |
Vi =035*Vg - - |
Serial bi—directional
data line
Data_In
DATA_CLK
tDelay tDelayz
tDelay tFLDatELCIk

Figure 26. Timing characteristic of the data clock (rising edge on Pin DATA)

Data_Out

X I T Co T T Vx

SN V, =0,65* VS

Serial bi—directional B B V, =0,35*VS
data line B
Data_In [

T
DATA_CLK

tDeIay tDeIayZ
tDe\a tPﬁDaﬁaﬁClk

Figure 27. Timing characteristic of the data clock (falling edge of the Pin DATA)
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Digital Noise Suppression is suppressed and the level at Pin DATA is High in that
case. The receiver changes back to receiving mode, if the

After adata transmission, digital noise appears on the d&ig check was successful.

output (see figure 28). To prevent that digital noise keeris way to suppress the noise is recommended if the data

the connectedC busy, it can be suppressed in two differstream isvlanchester or Bi-phase coded and is active after

ent ways. power on.

1. Automatic noise suppression (figure 29): Figure 30 illustrates the behavior of the data output at the

end of a data stream. Note that if the last period of the data
If the bit Noise_Disable (table 10) in the OPMODE regisstream is a high period (rising edge to falling edge), a
ter is set to 1 (default), the receiver changes to bit-chepklse occurs on Pin DATA. The length of the pulse
mode at the end of a valid data stream. The digital noidepends on the selected baud-rate range.

Bit check ok Bit check ok
Data_out (DATA) Preburs| Data | Diqi_tal Noise ( Digital Noise Preburs! Data ! Digital Nloise
B - ] ‘ I
DATA_CLK BRI i ANttt |
sicheok. GerthOTOM | Recongmode, | GoceinO T Recehing mode
mode logic active . bit check aktive : logic active : bit check aktive
Figure 28. Output of digital noise at the end of the data stream
Bit check ok Bit check ok
Data_out (DATA) Preburs| Data | Preburs| Data |
DATA_CLK AN A SRR
Bit-check o lock conrel Bitcheck oo dork comey 1 Bit-check
mode | |ogic active ! mode ' logic active ' mode
Figure 29. Automatic noise suppression
Timing error (tee < TLim_min OR TLim_max < tee < TLim_min_2T OR te> TLim_max_27
'«—— Data stream = Digital noise
T

Dem_out - ' -

Data_out (DATA) - - - LT -
Pulse !

| —

DATA_CLK T W I I

 Receiving mode,
! data clock control
. logic active

Bit-check mode :

Figure 30. Occurence of a pulse at the end of the data stream
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2. Controlled noise suppression by theC POLLING/_ON is low, but the bit check is active in that
(figure 31): case. The OFF-command activates the bit check also if
If the bit Noise_Disable (see table 10) in the OPMODEe Pin POLLING/_ON is held to Low. The receiver
register is set to 0, digital noise appears at the end ofchanges back to receiving mode if the bit check was suc-
valid data stream. To suppress the noise, the Pin POL([QSSfUl. To activate the pOIllng mode at the end of the data
ING/_ON must be set to Low. The receiver remains iffansmissionthe Pin POLLING/_ON must be set to High.
receiving mode. Then, the OFF-command causes the o )
change to the start-up mode. The programmed sleep tirhiis way to suppress the noise is recommended if the data
(see table 8) will not be executed because the level at Steam is not Manchester or Bi-phase coded.

Bit check ok OFF—command Bit check ok

Digital Noise '

Serial bi-directional Prebursli Data Preburs Data ‘ Digital Noisel

data line

e L AL RE SR RN R L AR SRR RE RE TR IR NG N

(DATA_CLK)

POLLING/_ON

Bit-check Receiving mode | Start-up) Bit-check Receiving mode , Sleep
mode + mode  mode

Figure 31. Controlled noise suppression

Configuration of the Receiver

The T5743N receiver is configured via two 12-bit RAMTable 2 Effect of Bit 1 and Bit 2 on programming the registers
registers called OPMODE and LIMIT. The registers cal Bjt 1 | Bijt 2 Action
be programmed by means of the bidirectional DATA por.
If the register contents have changed due to a voltage
drop, this condition is indicated by a certain output pa

1 X | The receiver is set back to polling
mode (OFF command)

tern called reset marker (RM). The receiver must he O 1 | The OPMODE register is pro-
reprogrammed ithat case. After a power-on reset (POR), grammed
the registers are set to default mode. If the receiver is op- g 0 | The LIMIT register is programmed

erated in default mode, there is no need to program the
registers. Table ghows the structure of the registers. Ac-
cording to table 2 bit 1 defines if the receiver is set badkble 3 Effect of Bit 15 on programming the register
to polling mode via the OFF command (see chapter 'Rl Bijt 15 Action

ceiving Mode’) or if it is programmed. Bit 2 represents the . . .
register address. It selects the appropriate register to|be 0 The_ values will be written into the
programmed. To get a high programming reliability register (OPMODE or LIMIT)

Bit15 (Stop bit), at the end of the programming operation, 1 The values will not be written into the
must be set to 0. register
18 (34) Rev. A3, 17-Dec-01
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Table 4 Effect of the configuration words within the registers

Bitl‘BitZ‘ Bit 3 ‘ Bit 4 ‘ Bit 5 ‘ Bit 6 ‘ Bit 7 ‘ Bit 8 ‘ Bit 9 ‘Bitlo ‘ Bit 11 ‘ Bit 12 ‘ BitlB‘ Bit 14 ‘ Bit 15

OFF—command

5 N N N D D I

OPMODE register

BR_Range NBit—check Modu- Sleep X Noise
lation Sleep | Suppres-
sion
0 1 Baudl | BaudO | BitChk | BitChk | ASK/_ | Sleep4| Sleep3| Sleep2| Sleepl| Sleep0| Xsjeep | Noise_D 0
1 0 FSK Std isable
Default 0 0 0 1 0 0 0 1 1 0 0 1
values of
Bit 3...14
LIMIT register
Lim_min Lim_max
0 0 Lim_ | Lim_ | Lim_ | Lim_ | Lim_ | Lim_ | Lim_ | Lim_ | Lim_ | Lim_ | Lim_ Lim_ 0
min5 min4 min3 min2 minl min0 | max5 | max4 | max3 | max2 | maxl max0
Default 0 1 0 1 0 1 1 0 1 0 0 1
values of
Bit 3...14

Tables 5o 12 illustrate the effect of the individual configuration words. The default configuration is highlighted for
each word.

BR_Range sets the appropriate baud—rate range and simultaneously defines XLim. XLim is used to define the bit—
check limits Tjm_min and Tim_maxas shown in table 11 amable 12.

Table 5 Effect of the configuration word BR_Range

BR_Range Baud-Rate Range / Extension Factor for Bit-Check Limits_(XLim)
Baudl BaudO

0 0 BR_Range0 (application USA / Europe: BR_Range0 = 1.0 kBaud to 1.8 kBaud)
XLim =8 (default)

0 1 BR_Rangel (application USA / Europe: BR_Rangel = 1.8 kBaud to 3.2 kBaud)
XLim=4

1 0 BR_Range2 (application USA / Europe: BR_Range2 = 3.2 kBaud to 5.6 kBaud)
XLim =2

1 1 BR_Range3 (Application USA / Europe: BR_Range3 = 5.6 kBaud to 10 kBaud)
XLim=1

Table 6 Effect of the configuration wordsiNcheck

NBit-check Number of Bits to be Checked
BitChk1 BitChkO
0 0 0
0 1 3 (default)
1 0 6
1 1 9
Rev. A3, 17-Dec-01 19 (34)
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Table 7 Effect of the configuration bit Modulation

Modulation Selected Modulation
ASK/_FSK
FSK (default)
1 ASK
Table 8 Effect of the configuration word Sleep
Sleep Start Value for Sleep Counter (Tsjeep= Sleepx Xsleepx 1024x Tcik)
Sleep4 Sleep3 | Sleep2 Sleepl Sleep0
0 0 0 0 0 0 (Receiver is continuously polling until a valid signal occurs)
0 0 0 0 1 1 (Tsieep= 2ms for XSleep =1 in US- / European applications)
0 0 0 1 0 2
0 0 0 1 1 3
0 0 1 1 0 6 (USA: Tsjeep= 12.52 ms, Europe:gleep= 12.72 ms) (default)
1 0 1 29
1 1 0 30
1 1 1 31 (Permanent sleep mode)
Table 9 Effect of the configuration bit XSleep
XSleep Extension Factor for Sleep Time, (Ejeep= Sleepx Xsleepx 1024x Tcik)
XSleepsq
0 1 (default)
1 8
Table 10 Effect of the configuration bit Noise Suppression
Noise Suppression Suppression of the Digital Noise at Pin DATA
Noise_Disable
0 Noise suppression is inactive
1 Noise suppression is active (default)
20 (34) Rev. A3, 17-Dec-01
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Table 11 Effect of the configuration word Lim_min

Lim_min * (Lim_min < 10 is not applicable) Lower Limit Value for Bit Check
Lim_min5 | Lim_min4 | Lim_min3 | Lim_min2 | Lim_minl | Lim_minO (TLim_min = Lim_min x XLim x Tcjk)
0 0 1 0 1 0 10
0 0 1 0 1 1 11
0 0 1 1 0 0 12
0 1 0 1 0 1 21 (default)

(USA: TiLim_min = 342us, Europe: Tim_min = 348Us)

1 1 1 0 1 61

1 1 1 1 0 62
1 1 1 1 1 63

*) Lim_min is also be used to determine the margins of the data clock control logic (see chapter 'Data Clock’)

Table 12 Effect of the configuration word Lim_max

Lim_max » (Lim_max < 12 is not applicable) Upper Limit Value for Bit Check
Lim_max5 | Lim_max4 | Lim_max3 | Lim_max2 | Lim_max1 | Lim_max0 (TLim_max = (Lim_max — 1)x XLim x Tcik)
0 0 1 1 0 0 12
0 0 1 1 0 1 13
0 0 1 1 1 0 14
1 0 1 0 0 1 41 (Default)

(USA: TLim_max = 652ps, Europe: Tim_max = 662}s)

1 1 1 0 1 61

1 1 1 1 0 62
1 1 1 1 1 63

*) Lim_max is also be used to determine the margins of the data clock control logic (see chapter 'Data Clock’)

Conservation of the Register Information sented by the fixed frequencym at a 50% duty-cycle.
o . RM can be canceled via a Low pulse t1 at Pin DATA. The
The T5743N implies an integrated power-on reset argl implies the following characteristics:

brown-out detection circuitry to provide a mechanism to

preserve the RAM register information. e fry is lower than the lowest feasible frequency of a
data signal. By this means, RM cannot be misinter-

According to figure 32a power—on reset (POR) is gener- preted by the connecterC.

ated if the supply voltage &/drops below the threshold

voltage Wrhreset The default parameters are pro-#® If the receiver is set back to polling mode via Pin
grammed into the configuration registers in that DATA, RM cannot be canceled by accident if t1 is ap-
condition.Once \k exceeds Yhresethe POR is canceled plied according to the proposal in the section
after the minimum reset periogst A POR is also gener- 'Programming the Configuration Registers’.

ated when the supply voltage of the receiver is turned °§y means of that mechanism the receiver cannot lose its

To indicate that condition, the receiver displays a resetgister information without communicating that condi-
marker (RM) at Pin DATA after a reset. The RM is repretion via the reset marker RM.
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VS VThReset
POR |
tFZSI
Data_out (DATA)__X | |
Tty
Figure 32. Generation of the power-on reset
Programming the Configuration Register
IC_ACTIVE
tl 2 | 3] |5 t9
N 7 . 8
t6
Outl @C) [ gg N gg [1 [
Data_out (DATA)_X % SS 'Sg
Serial bi-directignal SS _gg__
data line e M I B
Bit 1 Bit 2 Bit 14 Bit 1
(0) (1) (0) (0)
(Start bit) (Register— (Poll8) (Stop bit)
select)
Programming frame TSleepTStart-up
Receiving SleepStart—up
mode modemode

Figure 33. Timing of the register programming

Vy=5Vt020V
T5743N me
VS =45Vto55V

pup

DATA /10

oVI5V Input — 0..20v L -
Data_In Interface H Serial bi-directional data line
Do |
Data_out i

- C

R e A
'

f OoutlpC

Figure 34. Data interface
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The configuration registers are programmed serially vigolling mode at the same time. For the length of the pro-
the bi-directional data line according to figureeB@l fig- gramming start pulse t1, the following convention should
ure 34. be considered:

To start programming, the serial data line DATA is pulle® t1(min) <tl < 563X Tci: t1(min) is the minimum
to Low for the time period t1 by theC. When DATA has specified value for the relevant BR_Range

been released, the receiver beCOFT‘eS the master devfiﬁ%gramming respectively OFF-command is initiated if

Wh.en the programming delay p'erlo'd 12 has elap.SEd’tHe receiver is not in reset mode.If the receiver is in reset
emits 15 subsequent synchronization pulses with ,ﬂf'ﬁode, programming respectively Off-command is not in-
pulselength £3. After each of these pulses, a programming,ioq ang the reset marker RM is still present at Pin
window occurs. The delay until the program windo A

starts is determined by t4, the duration is defined by t5.

Within the programming window, the individual bits areThis period is generally used to switch the receiver to pol-
set. If theuC pulls down Pin DATA for the time period t7 ling mode or to start the programming of a register. In
during t5, the according bit is set to '0’. If no program+eset condition, RM is not cancelled by accident.

ming pulse t7 is issued, this bit is setto 1. All 15 bits arg {1 5 7936« Ty,

subsequently programmed this way. The time frame to

program a bit is defined by t6. Programming respectively OFF—command is initiated in

) ] ] ] ) any case. The registers OPMODE and LIMIT are set to
Bit 15 is followed by the equivalent time window t9. Durhe default values. RM is cancelled if present.

ing this window, the equivalence acknowledge pulse t8 o )
(E_Ack) occurs if the just programmed mode word id hls_perlod is used_lf the connectg@ de_tec_ted RM_.If the
equivalent to the mode word that was already stored fiiceiver operates in default mode, this time period for t1
that register. E_Ack should be used to verify that théan generally be used.
mOFﬂe word was correctly transfe_rred_ to the register. Thgote that the capacitive load at Pin DATA is limited.
register must be programmed twice in that case.

Data Interface

Programming of a register is possible both in sleep— and ) . . )
in active—mode of the receiver. The data interface (see figure 34) is designed for automo-

tive requirements. It can be connected via the pull-up
During programming, the LNA, LO, lowpass filter IF-resistor Byp up to 20V and is short—circuit—protected.

3;22;;{:;, and the FSK/ASK Manchester demodulator ar_iahe applicable pull-up resistopf depends on the load

capacity ¢ at Pin DATA and the selected BR_range (see
The programming start pulse tl initiates the prograntable 13). More detailed information about the calcula-
ming of the configuration registers. If bit 1 is set to '1’, ittion of the maximum load capacity at Pin DATA is given
represents the OFF—command to set the receiver backndhe 'Application Hints U3743BM’.

Table 13 Applicable Rip

BR_range Applicable Rpyp
CL<1nF BO 1.6 kQ to 47 IQ
Bl 1.6 kQto 22 IQ
B2 16kQt012 QD
B3 16 kQt05.610
CL < 100pF BO 1.6 kKQ to 470 IQ
B1 1.6 kKQ to 220 IO
B2 1.6 K to 120 K0
B3 1.6 kQ to 56 K2
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Figure 35. Application circuitgfe = 433.92 MHz without SAW filter
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Figure 36. Application circuitgfF = 315 MHz without SAW filter
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Figure 38. Application circuitgfr = 315 MHz with SAW filter
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Figure 37. Application circuitge = 433.92 MHz with SAW filter
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Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit
Supply voltage Vs 6 \%
Power dissipation Prot 1000 mw
Junction temperature T; 150 °C
Storage temperature Tstg -55 +125 °C
Ambient temperature Tamb -40 +105 °C
Maximum input level, input matched to S Pin_max 10 dBm

Thermal Resistance

Parameter Symbol Value Unit
Junction ambient ’ Rihaa ’ 100 KIW

Electrical Characteristics

All parameters refer to GND ghp= —40C to +105C, Vs=4.5V t0 5.5V, § = 433.92 MHz andg= 315 MHz, un-
less otherwise specified. (For typical valueg;2/5 V, Tamp= 25°C)

Parameter Test Conditions Symbol 6.76438 MHz Osc. 4.90625 MHz Osc. Variable Oscillator Unit
(MODE: 1) (MODE: 0)
Min. ‘ Typ. ‘ Max. Min. | Typ. | Max. Min. Typ. Max.
Basic clock cycle of the digital circuitry
Basic clock | MODE =0 (USA) Tcik 2.0383 2.0383 | 1/fxTo/10 1/fxT0/10 us
cycle MODE = 1 (Europe) 2.0697 2.0697 1/fxT0/14 1/ffxT0/14 us
Extended BR_Range0 Txclk 16.6 16.6 16.3 16.3 8x Tk 8x Tcik us
basic clock | BR_Rangel 8.3 8.3 8.2 8.2 4% Tok 4x Tek us
cycle BR_Range2 4.1 4.1 4.1 4.1 2xTck 2xTck Hus
BR_Range3 21 21 2.0 2.0 1xTcik 1xTcik us
Polling mode
Sleep time | Sleep and XSleep TSleep Sleepx Sleepx | Sleepx Sleepx Sleepx Sleepx ms
see figures | are defined in the Xsleep Xsleep | XsSleep Xsleep Xsleep* Xsleep*
10, 19 and | OPMODE register x 1024 x 1024 | x 1024 x 1024 1024 % 1024 x
33 x X x x Tcik Tcik
2.0697 2.0697 | 2.0383 2.0383
Start-up BR_Range0 Tstartup 1855 1855 1827 1827 896.5 896.5 us
time BR_Rangel 1061 1061 1045 1045 512.5 512.5 us
see figures | BR_Range2 1061 1061 1045 1045 512.5 512.5 us
10 and 11 BR_Range3 663 663 653 653 320.5 320.5 us
* Tcik X Tcik us
Time for bit | Average bit-check TBit-check
check time while polling,
see figure no RF applied, see
10 figures 14 and 15
BR_Range0 0.45 0.45 ms
BR_Rangel 0.24 0.24 ms
BR_Range2 0.14 0.14 ms
BR_Range3 0.08 0.08 ms
Bit-check time for a | Tpgit-check
valid input signal
fsig, see figure 11
NBit-check= 0 1xTxcik 1xTcik ms
NBit-check= 3 3/fsig 3.5/fsig 3lfsig 3.5/fsig 3/fsig 3.5/fsig ms
NBit-check= 6 6/fsig 6.5/fsig 6/fsig 6.5/fsig 6/fsig 6.5/fsig ms
NBit-check= 9 9ffsig 9.5/fsig 9fsig 9.5/fsig 9ffsig 9.5/fsig ms
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Electrical Characteristics (continued)

All parameters refer to GND ghp= —40C to +105C, Vs=4.5V t0 5.5V, § = 433.92 MHz andg= 315 MHz, un-
less otherwise specified. (For typical valueg;2/5 V, Tamp= 25°C)

Parameter Test Conditions Symbol 6.76438 MHz Osc. 4.90625 MHz Osc. Variable Oscillator Unit
(MODE: 1) (MODE: 0)
Min. | Typ. ‘ Max. Min. ‘ Typ. ’ Max. Min. Typ. Max.
Receiving mode
Intermediate fiF
frequency MODE=0 (USA) 1.0 fxTo*x 64 /314 MHz
MODE-=1 (Eu- 1.0 fxTo % 64 /1 432.92 MHz
rope)
Baud-rate BR_Range0 BR_Range| 1.0 1.8 1.0 1.8 BR_Range® 2 us / Tcik kBau
range BR_Rangel 1.8 3.2 1.8 3.2 BR_RangeX 2 us / Tk d
BR_Range2 3.2 5.6 3.2 5.6 BR_RangeX 2 us / Tcik kBau
BR_Range3 5.6 10.0 5.6 10.0 BR_RangeX 2 us / Tk d
kBau
d
kBau
d
Minimum BR_Range =
time period
between
edges at Pin | BR_Range0 toatA min | 165 165 163 163 | 10x Txcik 10 x Txcik us
DATA BR_Rangel - 83 83 81 81 10 x Txclk 10 % Txclk Hs
BR_Range2 41.4 41.4 | 40.7 40.7 | 10x Txcik 10 x Txcik us
See figures 7,| BR_Range3 20.7 20.7 20.4 20.4 10 x Txclk 10 x Txcik ps
17 and 18
(With the ex-
ception of pa-
rameter
Tpulsd
Maximum BR_Range =
Low period at
Pin DATA BR_Range0 2152 2152 | 2120 2120 130 130 Hs
BR_Rangel tpata L m | 1076 1076 1060 1060 Txclk Txclk us
See figures 7 | BR_Range2 ax 538 538 530 530 130x 130x% ps
and 18 BR_Range3 270 270 265 265 Txclk Txclk Hs
130x 130x
Txclk Txclk
130x 130x
Txclk Txclk
Delay to acti- Tonl 19.7 21.8 19.4 215 9.5x Tk 10.5x Tk ps
vate the
start-up mode
See figure 21
OFF- com- Ton2 16.6 16.4 8XTck us
mand at Pin
POLL-
ING/_ON
See figure 20
Delay to acti- Ton3 17.6 19.7 17.4 19.4 8.5XTclk 9.5X Tk us
vate the sleep
mode
See figure 20
Pulse on Pin | BR_Range =
DATA at the
end of a data | BR_Range0 Tpulse 16.6 16.6 16.3 16.3 8XTcik 8XTcik us
stream BR_Rangel 8.3 8.3 8.2 8.2 4X Tk 4X Tk us
BR_Range2 4.1 4.1 4.1 4.1 2xTcik 2xTcik ps
See figure 30 | BR_Range3 2.1 2.1 2.0 2.0 1XTck 1XTcik us
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Electrical Characteristics (continued)

All parameters refer to GND ghp= —40C to +105C, Vs=4.5V to 5.5V, § = 433.92 MHz andg= 315 MHz, un-
less otherwise specified. (For typical valueg:2/5 V, Tamp= 25°C)

Parameter Test Conditions Symbol 6.76438 MHz Osc. 4.90625 MHz Osc. Variable Oscillator Unit
(MODE: 1) (MODE: 0)
Min. | Typ. ‘ Max. Min. ‘ Typ. | Max. Min. Typ. Max. Unit
Configuration of the receiver
Freque See figure 31
oy of the re- 5 Tar 5 Ty
set marker frm 117.9 117.9 | 119.8 119.8 Clk Clk | Hz
Programming | BR_Range =
start pulse
BR_Range0 1 3367 11650 | 3311 11470 | 1624xTcik 5632 Tcik us
See figures 19 BR_Rangel 2277 11650 | 2243 11470 | 1100X Tck 5632X Tk us
and 33 BR_Range2 1735 11650 | 1709 11470 | 838xTclk 5632x Tcik us
BR_Range3 1464 11650 | 1442 11470 | 707X Tcik 5632x Tcik us
after POR 16.43 16,18 7936x Tcik us
Programming t2 795 798 783 786 384.5X T¢| 385.5xT¢| us
delay period K K
Synchroni— See figures 19 t3 265 265 261 261 128x Tk 128X Tcik Hs
zation pulse | and 33
Delay until of t4 131 131 129 129 63.5x Tk 63.5X Tcik us
the program
window starts
Programming t5 530 530 522 522 256X Tclk 256X Tck us
window
Time frame t6 1060 1060 | 1044 1044 | 512xTck 512X Tcik us
of a bit
(figure 33)
Programming t7 132 529 130 521 64X Tck 256X Tck us
pulse
(figures 19
and 33)
Equivalent t8 265 265 261 261 128x Tk 128x Tk Hs
acknowledge
pulse: E_Ack
(figure 33)
Equivalent t9 534 534 526 526 258x Tcik 258x Tk Hs
time window
(figure 33)
OFF-bit pro- t10 930 930 916 916 449.5x 449.5% us
gramming Tcik Tk
window
(figure 19)
Data clock
Minimum BR_Range =
delay time be-|
tween edge @
DATA and BR_Range0 tpelay2 0 16.6 0 16.3 0 1% Txcik Hs
DATA CLK BR_Rangel 0 8.3 0 8.2 0 1xTxcik us
- BR_Range2 0 4.15 0 4.08 0 1x Txcik us
See figures 26 BR_Range3 0 2.07 0 2.04 0 1x Txcik us
and 27
Pulswidth of | BR_Range =
negative
pulse @ Pin
DATA CLK BR_Range0 tp_DATA_ 66.2 66.2 65.2 65.2 4 x Txclk 4 x Txclk us
- BR_Rangel CLK 33.1 33.1 32.6 32.6 4 x Txclk 4 x Txcik us
See figures 26 BR_Range2 16.56 16.56 | 16.3 16.3 4 x Txclk 4 x Txclk Hs
and 27 BR_Range3 8.3 8.3 8.2 8.2 4 x Txclk 4 x Txclk us
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Electrical Characteristics (continued)

All parameters refer to GND ghp= —40C to +105C, Vs=4.5V t0 5.5V, § = 433.92 MHz andg= 315 MHz, un-
less otherwise specified. (For typical valueg;2/5 V, Tamp= 25°C)

Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
Current consumption Sleep mode 1Soft 170 276 HA
(XTO and polling logic active)
IC active
(start-up-, bit check-, receiving
mode) Pin DATA = H
FSK 1Son 7.5 9.1 mA
ASK 7.1 8.7 mA
LNA mixer (input matched according to figure 6)
Third-order intercept point | LNA/ mixer/ IF amplifier 1IP3 -28 dBm
LO spurious emission Required according to IS oRF -73 -57 dBm
@ RAp I-ETS 300220
Noise figure LNA and mixer NF 7 dB
(DSB)
LNA_IN input impedance | @ 433.92 MHz ZiLNA_IN 1.0]| 1.56 kQ || pF
@ 315 MHz 1.3]]1.0 kQ || pF
1 dB compression point Referred to Rz IP1db -40 dBm
(LNA, mixer, IF amplifier)
Maximum input level BER< 1073 Pin_max
FSK mode -22 dBm
ASK mode -20 dBm
Local oscillator
Operating frequency range fvco 299 449 MHz
VCO
Phase noise VCO / LO fosc= 432.92 MHz L (fm)
@ 1 MHz -93 -90 dBC/Hz
@ 10 MHz -113 -110 dBC/Hz
Spurious of the VCO @+ fxto -55 -47 dBC
VCO gain Kvco 190 MHz/V
Loop bandwidth of the PLL | For best LO noise Bloop 100 kHz
(design parameter)
R1 =820Q
C9=47nF
Cl0=1nF
Capacitive load at Pin LF | The capacitive load at Pin LF is  CLr tot 10 nF
limited if bit check is used. The
limitation therefore also applies
to self polling.
XTO operating frequency | XTO crystal frequency,
appropriate load capacitance
must be connected to XTAL
fxTAL = 6.764375 MHz (EU)
fxTo =30 ppm fxTaL +30 ppm| MHz
fxtaL = 4.90625 MHz (US)
Series resonance resistor of fxto = 6.764 MHz Rs 150 Q
the crystal 4,906 MHz 220 Q
Static capacitance at Pin Co 6.5 pF
XTO to GND
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Electrical Characteristics (continued)

All parameters refer to GND ghp= —40C to +105C, Vs=4.5V t0 5.5V, § = 433.92 MHz andg= 315 MHz, un-
less otherwise specified. (For typical valueg;2/5 V, Tamp= 25°C)

Parameters ‘ Test Conditions / Pins ‘ Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Analog signal processing
Input sensitivity ASK Input matched according to
figure 6
ASK (level of carrier)
BER<10-3
fin = 433.92 MHz / 315 MHz
VS =5 V, Tamb: 25°C
fir=1MHz
BR_Range0 Pref_Ask -108 -110 =112 dBm
BR_Rangel -106.5 -108.5 -110.5 dBm
BR_Range2 -106 -108 -110 dBm
BR_Range3 -104 -106 -108 dBm
Sensitivity variation ASK for| fi, = 433.92 MHz / 315 MHz
the full operating range fir=1 MHz APRef +2.5 -1.5 dB
compared to Imp= 25°C, Pask = Pref Ask + APRef
V=5V -
Sensitivity variation ASK for| fi, = 433.92 MHz / 315 MHz
full operating range includ- | fir = 0.79 MHz to 1.21 APRef +5.5 -15 dB
ing IF filter compared to MHz +7.5 -15 dB
Tamb=25C, Vs =5V, filr = 0.73 MHz to 1.27
MHz
Pask = Pref Ask + APret
Input sensitivity FSK Input matched according to
figure 6, BER<10-3
fin = 433.92 MHz / 315 MHz
VS =5 V, Tamb: 25C
fir=1 MHz
BR_Range0
df = +/— 16 kHz Pref Fsk | —101 —-104 -105.5 dBm
df = +/- 10 kHz to +/- 100 kHz -99 -105.5 dBm
BR_Rangel
df = +/- 16 kHz PRref Fsk -99 -102 -103.5 dBm
df = +/- 10 kHz to +/- 100 kHz -97 -103.5 dBm
BR_Range2
df = +/— 16 kHz Pref_Fsk -97.5 -100.5 -102 dBm
df = +/- 10 kHz to +/- 100 kHz -95.5 -102 dBm
BR_Range3
df = +/- 16 kHz Pref Fsk | —95.5 -98.5 -100 dBm
df = +/- 10 kHz to +/- 100 kHz -93.5 -100 dBm
Sensitivity variation FSK for| fi, = 433.92 MHz/ 315 MHz
the full operating range fiIr=1MHz APRet +3 -15 dB
compared tolamp= 25C, | Prsk = Pref_Fsk* APRef
Vg=5V
Sensitivity variation FSK for| fj, = 433.92 MHz/ 315 MHz
the full operating range in- | fjz = 0.85 MHz to 1.15 MHz APRet +6 -2 dB
cluding IF filter compared to| fir = 0.80 MHz to 1.20 MHz +8 -2 dB
Tamb= 25C,Vg=5V fir = 0.74 MHz to 1.26 MHz +11 -2 dB
Prsk = Pref_Fsk+ APRef
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Electrical Characteristics (continued)

All parameters refer to GND ghp= —40C to +105C, Vs=4.5V t0 5.5V, § = 433.92 MHz andg= 315 MHz, un-
less otherwise specified. (For typical valueg;2/5 V, Tamp= 25°C)

Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
S/N ratio to suppress inban¢ ASK mode SNRask 12 dB
noise signals. Noise signals
may have any modulation | FSK mode SNResk 3 daB
scheme
Dynamic range RSSI ampl. DRRss| 60 dB
Lower cut-off frequency of ‘ _ 1 feu DF 0.11 0.16 0.20 kHz
the data filter cuDF ™ 2 % X 30kQ x CDEM
CDEM =33 nF
Recommended CDEM for | BR_Range0 (default) CDEM 39 nF
best performance BR_Rangel 22 nF
BR_Range2 12 nF
BR_Range3 8.2 nF
Edge-to-edge time period of BR_Range0 (default) tee sig 270 1000 us
the input data signal for full | BR_Rangel 156 560 us
sensitivity BR_Range2 89 320 us
BR_Range3 50 180 us
Upper cut-off frequency dats Upper cut-off frequency pro-
filter grammable in 4 ranges via a s¢
rial mode word
BR_Range0 (default) fu 2.8 3.4 4.0 kHz
BR_Rangel 4.8 6.0 7.2 kHz
BR_Range2 8.0 10.0 12.0 kHz
BR_Range3 15.0 19.0 23.0 kHz
Reduced sensitivity Rsenseconnected from Pin Sen| dBm
to Vs, input matched according (peak
to figure 6 level)
RSense: 56 |€2, PRef_Red —-67 —72 77 dBm
fin = 433.92 MHz,
Rsense= 100 K2, iy = 433.92 PRref_Red -76 -81 —-86 dBm
MHz
Rsense= 56 K2, fin = 315 MHz | Pref Red —68 -73 -78 dBm
RSense: 100 K}, f|n =315 MHz PRef_Red 77 -82 -87 dBm
Reduced sensitivity variationl Rsense= 56 K2 APRed 5 0 0 dB
over full operating range Rsense= 100 K2 6 0 0 dB
Pred= Pref Red* APRred
Reduced sensitivity variatiofl Values relative to
for different values of Bense | Rsense= 56 K2
Rsense= 56 K2 APRred 0 dB
Rsense= 68 K2 APRed -3.5 dB
RSense: 82 IQ APRed -6.0 dB
Rsense= 100 K2 APRed -9.0 dB
Pred= Pref Red+ APRred
Threshold voltage for reset VTthreseT| 1.95 2.8 3.75 Y
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Electrical Characteristics (continued)

All parameters refer to GND ghp= —40C to +105C, Vs=4.5V to 5.5V, § = 433.92 MHz andg= 315 MHz, un-
less otherwise specified. (For typical valueg:2/5 V, Tamp= 25°C)

Parameters ‘ Test Conditions / Pins ’ Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Digital ports
Data output
— Saturation voltage Low loi < 12 MA Vo 035 08 v
lol=2mA Vol 0.08 0.3 \%
— max voltage @ Pin
DATA Voh 20 v
— quiescent current Vo= 20 V lqu 20 LA
— short—circuit current Vo = 0.810 20 V loL_im 13 30 45 mA
— ambient temp. in case of _ R
permanent short—circuit Voh=0V10 20V tamb_sc 85 c
Data input
— Input voltage Low \\/{II 0.65x v 0.35% Vg x
— Input voltage High ich : s
DATA_CLK output
— Saturation voltage Low | IDATA_CLK = 1mA Vol Vs-0.4V 0.1 0.4 \Y
— Saturation voltage High | IDATA_CLK =-1mA Voh Vs0.15V \%
IC_ACTIVE output
— Saturation voltage Low IIC_ACTIVE = 1mA Vol Vs0.4V 0.1 0.4 \Y
— Saturation voltage High | IIC_ACTIVE = -1mA Voh Vs-0.15V \%
POLLING/_ON input
— Low level input voltage Receiving mode Vi 0.2x Vg \Y
— High level input voltage | Polling mode Vin 0.8x Vs \%
MODE input
— Low level input voltage Division factor = 10 Vi 0.2x Vg \Y
— High level input voltage | Division factor = 14 Vin 0.8x Vs \%
TEST input Test input must always be set to V) 0.2x Vs \%
— Low level input voltage Low
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Package Information

Package SO20 9.15

. ; . 8.65
Dimensions in mm 12.95 ‘

12.70 7.5
7.3

10.50
10.20

0.25
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technical drawings
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Ozone Depleting Substances Policy Statement

It is the policy ofAtmel Germany GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating systems
with respect to their impact on the health and safety of our employees and the public, as well as their impact on
the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocoll@87)and its London Amendment$990)intend to severely restrict the use of ODSs and forbid
their use within the next ten years. Various national and international initiatives are pressing for an earlier ban on these
substances.

Atmel Germany GmbH has been able to use its policy of continuous improvements to eliminate the use of ODSs listed
in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Atmel Germany GmbH can certify that our semiconductors are not manufactured with ozone depleting substances
and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice
Parameters can vary in different applications. All operating parameters must be validated for each customer
application by the customer. Should the buyer use Atmel products for any unintended or unauthorized application,
the buyer shall indemnify Atmel against all claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated with such unintended or unauthorized use.

Data sheets can also be retrieved from the Internet: http://www.atmel-wm.com

Atmel Germany GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2594, Fax number: 49 (0)7131 67 2423
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