gulnvemanan wazsouindimanizl

szuvasIvgevammeImaluIewwmzlgouuu]ime

WIRELESS ENVIRONMENT SENSOR SYSTEM IN GREENHOUSE

Tae
HIBFUSAT IATNaS

N =]
wwanum o wiendsudn

2 v
5159 F
JO

Y9 \HHE .............................

P VY (X
Uiy T:,, HoU..... 1]ﬂ.ﬂ.255]

fuaiounl....

| ﬂ?mwmwuﬁmﬂumuﬂuwmmsﬂms1mu11anqﬂi1]'%mwnmn‘:iumamuwnﬂ
mufindianseding
amiiunalulaiinszesndudhgammsaiansziia

Ymseinm 2550




szuuarereuamwemaluIowmnzlgnuuylime

WIRELESS ENVIRONMENT SENSOR SYSTEM IN GREENHOUSE

Tae
WiE I arnay 3¥a 47010306

a1 | msendsufin . s¥ie 47010360

910715813 nM)

v ¢ A ¢
IR.A5, gIviug 1o8lnyad

»
dad o [

YIgginusdamiuliggininssumansiiadme
a_ o d o J - o
~ mmivBlanmIsiing AlLIAINTINMENT
amifumalulaginszeemndudigammamanszii

Ynrsfine 2550



= o

Usaninus msdnu 2550
a = o =Y 4
an3w Blannseund
= o LY = ¥ ¥ as
auziranssueaas aotuma luTagnszroundudigumuisaiansziia
4 - v
iS04 szURT g uanmoImA luSowmzlgnuu 1me
@ o w o @
Aiaiih TRUR ATV TR SHH 47010306

g um  @eseuilsiufin syie 47010360

Sl (R
213158n15nm

¥
(A3 i 00 Tnyad)



szuunseaevanmeImAluseumizlguuylioe

o o o
U FUHITAU AW THO 47010306
HNTI UMM l@%UNﬂi'luUﬁﬂ iﬁ’ﬁ 47010360
w & A ¢ ' P
IA.A9. QTW‘HE lﬂﬂ"lwuﬂﬂ ﬂ']‘i]']'jﬂ‘ﬂﬂiﬂlﬂ

Unsdnui 2550

or ¥
UNANED
¥
Tnssanihbiotemseeniuuwazal Wz yuasaadeuan o INAnsl G oumzlgn
o Ty & & ) g act o A A ¥
Tavdnsdsmdoyaniwisuveseima Gy dadoyalagatmsneaqadnidenaiud lngld
TRW-2.4GHZ  iflwlugaty - -~ dedfayalilfunSesiv- udispialiissinanaday
4 o = o 1 ::
luTnsneu Insamed Motiufindoya UazilaanauunouR AABTHIUNIIWDS A-DB-9 911I)
o 1 o © J P = -
vihendl I8 lilinisesnaendniwnmuFuteienis y ldsguingintsludeumazilgn
) ¥ v ¥
uaihmsdiusnmmeludeumnzdgnveilinmnzan - wu  daddsasulag

mzdgn WSugmngiifmunz anlasldiaaunyuszingona Wudu



WIRELESS ENVIRONMENT SENSOR SYETEM IN GREENHOUSE

Mr. Thanarat Dejphala ID. 47010306
Miss. Napha Triamprabsuk ID. 47010360
Assist. Prof. Dr. Surapan Airphaiboon
Advisor Educational Year 2007

Abstract

This project is designed and constructed wireless environment-sensor system in greenhouse.
This system is designed for measure ‘and transfer data that compose of humidity and temperature
in greenhouse via wireless system. The system will transfer- data by. Frequency. shift keying
modulation, using a/module TRW 2.4GHz and data processing unit using microcontroller for
processing., Then the data will be memorized and displayed on microcomputer via DB-9 port.
After that, system will compare the data/with a set up. standard thén change condition of

environment by adjusting equipments in'greenhouse such as operating the sprinkle or electric fan.
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Features

+ Compatible with MCS-51™ Products
* 8K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles
* Fully Static Operation: 0 Hz to 24 MHz
* Three-Level Program Memory.Lock
256 x 8-Bit Internal RAM
32 Programmabile I/O Lines
Three 16-Bit Timer/Counters
Eight interrupt Sources
Programmabie Serial Channel
Low Power idle and Power Down Modes

jescription

1e ATB9CS2 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
nes of Flash programmable and erasable read only memory (PEROM).. The.device
manufactured using Atmel’s high density nonvolatile memory technology-and.is
ympatible with the industry standard 80C51 and 80C52 instruction set and pinout.
1e on-chip Flash allows the program memory-to be reprogrammed in-system or by a
nventional nonvolatile memery programmer.-By.combining a versatile-8-bit CPU
ith Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
hich provides a highly fiexible and cost effective solution to many embedded control

8-Bit

Microcontroller
with 8K Bytes

Flash

plications. {continued)
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The AT83C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a fult duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The [dle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/O-port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins.can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal pul-
lups. _

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/O port with-internal-pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as’inputs. As.inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and-the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the foilowing table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2},
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger
and direction control)

ATMEL

Port 2

Port 2 is an 8-bit bidirectional 1/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, } because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port-2 also receives the high-order address bits and some
control signals.during Flash programming and verification.

Port 3

Port 3 is-an 8-bit bidirectional /O port with internal pullups.
The Part 3. output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (ly ) because of the puilups.

Port 3 alsc serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming-and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P31 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1{externaliinterrupt 1)

P3.4 TO (timer.0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
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pulse is skipped during each access to external data mem-
- ory.

if desired, ALE operation can be disabled by setting bit 0 of

SFR location 8EH. With the bit set, ALE is active only dur-

ing a MOVX or MOVC instruction. Otherwise, the pin is

weakly pulled high. Setting the ALE-disable bit has no

effect if the microcontroller is in external execution mode.

- PSEN
Program Store Enable is the read strobe to external pro-
_gram memory.
When the ATB9C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EANVpp .

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming when 12-volt pro-
gramming is selected.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal-clock operating circuit.

XTAL2
Qutput from the inverting oscillator amplifier.

OF8H OFFH
OFOH B 0F7H
00000000 '
OESH OEFH
ACC
OEGH | 90000000 OE7H
0D&H 0DFH
PSW
0DOH | oo 0D7H
ocen | T2CON T2MOD RCAP2L RCAP2H TL2 TH2 ocFH
00000000 XXXXXX00' | 00000000 ‘|, 00000000-{ 00000000 | 00000000
0COH 0CTH
0B8H P
XX000000 0BFH
P3
OBOH | 14911111 0B7H
OASH IE
0X000000 OAFH
P2
OADH | 44911411 0ATH
SCON SBUF
98H ' 10000000 XXXXXXXX 9FH
P1
80H | q11111 97H
- TCON T™MOD TLO LA THO TH1 .
00000000 00000000 00000000 | 00000000 | 00000000 | 00600000 8FH
soH PO sP DPL DPH PCON
11111111 00000111 00000000 | 000G0000 oxxxoooo | &H
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s AT89C 52

Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2, T2CON—Timer/Counter 2 Control Register

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers: Control and status bits are contained
in registers T2CON (shown in Table 2) and T2MOD (shown
in Table 4) for Timer 2. The register pair {RCAP2H,
RCAPZ2L) are the Capture/Reload registers for Timer 2 in
16-bit capture mode or 16-bit auto-reload mode.

Interrupt Registers: The individual interrupt enable bits
are in the |IE register. Two priorities can be set for each of
the six interrupt sources in the IP register.

T2CON Address = 0C8H Reset Value = 0000 0000B

Bit Addressable

Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 CIm2 CP/RL2
7 6 5 4 3 2 1 0

Symbol Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10orTCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 =
1. When Timer 2 interrupt is enabled, EXF2 ='1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2
must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK =0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock-enable. When set, causes the serial port to use Timer 2 overfiow pulses for its transmit clock in serial
port Modes 1.and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2Z Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 =0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop controlfor Timer 2. TR2'= 1 starts the timer.

C/T2 Timer or counter select for Timer 2. C/T2 =0 for timerfunction. C/T2 =.1.for external event counter (falling edge
triggered).

CPRL2 Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK =, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory For example, the following direct addressing instruction

The ATB9C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
.Special Function Registers. That means the upper 128
‘bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

accesses the SFR at location 0AOH (which is P2).
MOV QACH, #data

Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address OAGH, rather than P2 (whose
address is 0AOH).

MOV @R0O, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

AIMEL ves
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Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 osgil-
lator periods, the count rate is 1/12 of the oscillator fre-
quency.

Table 3. Timer 2 Operating Modes

RCLK+TCLK | CP/RLZ | TR2 | MODE
0 0 1 16-Bit Auto-Reload
0 1 1 16-Bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

In the Counter function, the register is incremented in
response to a 1-to-0 transition-at its corresponding external
input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the sampies

Figure 1. Timer in Capture Mode

show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator fre-
quency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

in the capture mode, two options are selected by bit
EXENZ2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2= 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2ZEX also causes the cur-
rent' value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2-in T2CON to be set. The EXF2 bit, like
TF2, can-generate an-interrupt. The capture mode is illus-
trated in Figure-1-

Auto-Reload (Up-or Down Counter)

Timer 2 can be programmed-tc count up or down when
configured.in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is'set to/0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the TZEX pin.

0sc o +12 -
—\lﬂi= 0
o7 6 M oTH T TL2 TF2
| conTrOL OVERFLOW
] T CIT2u= 1 BY —’\\/"—“\/
T2 PIN CAPTURE
RCAP2H | RCAP2L
TRANSITION
DETECTOR TIMER 2
INTERRUPT
T2EX PIN [ J——— O/O » EXF2
| conTrOL

EXENZ2
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Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The over-
flow also causes the timer registers to be relcaded with the
16-bit value in RCAP2H and RCAP2L. The values in Timer
in Capture ModeRCAP2H and RCAP2L are preset by soft-
ware. If EXEN2 = 1, a 16-bit reload can be triggered either
by an overflow or by a 1-to-0 transition at external input
T2EX. This transition also sets the EXF2 bit. Both the TF2
and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAPZL. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

0sc +12 22
CMa2 =
—O/‘/O————>| TH2 T2 W
i CONTROL QERFLow
TRZ /N > /N
T CiT2 =
] = RELOAD M
INTERRUPT
RCAP2H | RCAP2L
« » TF2
TRANSITION
DETECTCR
T2EX PIN [ |—— T o/o - EXF2
| conTROL
EXENZ2
Table 4. T2MOD—Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset.Value = XXXX XX00B
Not Bit Addressable
— — — — — — T20E DCEN

Bit 7 6 5 4 3 2 1 0
Symbol Function
— Not implemented, reserved for future
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.

AIMEL
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH | OFFH e
’ T e
0SC s +12 _ \/ OVERFLOW
o A
T L//Va—av{ TH2 | TL2 > TF2
| CoNTROL A ;; *
+ TR2 h/\__‘ v
crz2 =1 TIMER 2
[— INTERRUPT
T2 PIN
RCAP2H/| RCAPZL 4
COUNT
(UP [COUNTING ‘RELOAD . VALUE) ?IEECTION
0=DOWN
T2EX PIN

Figure 4. Timer 2 in Baud Rate Generator Mode
TIMER 1 OVERFLOW

I

—— NOTE: OSC."FREQ..IS DIVIDED BY 2, NOT 12

osc -+ +2 "
G/T20=-0
‘ Wy 4
—O//Om—>| TH2 T2 | N
g T Q) O P RCLK
: Rx
FcoNTROL § ) CLOCK
o ) \ +16 >
= chﬁ =1 !
T2 PIN
RCAPZH | RCAP2L Tx
TRANSITION | cLOcK
DETECTOR
‘ TIMER 2
T2EX PIN[F— % O//O EXF2 > |NTERRUPT
| CONTROL
EXEN2
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the baud
rates for transmit and receive can be different if Timer 2 is
used for the receiver or transmitter and Timer 1 is used for
the other function. Setting RCLK andfor TCLK puts Timer 2
into its baud rate generator mode, as shown in Figure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Timer 2 Overfiow Rate

Modes 1 and 3 Baud Rates = T

The Timer can be configured for either timer or.counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-Out Mode

0sC *2

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _ Oscillator Frequency
Baud Rate 32 x [65536 — (RCAPZH,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAPZ2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2ZCON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAPZL) fo (THZ2, TL2). Thus when Timer
2is.in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from-or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not-be written to, because a write might
overlap a reload-and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

]
|

prof” )

2 AL TL2 TH2
*-(8-BITS) | (8-BITS)
i N FN]
RCAP2L | RCAP2H
CT2.BIT

:
:

N N

TRANSITION

Y DETECTOR
P11 / \

T20E (T2MOD.1)

|, TIMER 2

(T2EX) \ /

EXEN2
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar I/Q pin, has two alternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or
to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E {T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Fequency
[65536 — (RCAP2H,RCAP2L}]

Clock-Out Frequency= =

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similarto when Timer 2'is
used as a baud-rate generator. Itis possible to-use Timer 2
-as a baud-rate generator and a clock-generator simulta-
neously. Note, however, that the baud-rate and: clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAPZ2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

Interrupts

The AT89C52 has a total of six-interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts (Tim-
ers 0, 1, and 2}, and the serial port interrupt. These inter-
fupts are all shown in Figure 6.

Each of these interrupt sources can-be individually enabled
or disabled by setting or clearing a bit.in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table 5 shows that bit position. |E.6"is unimple-
mented. In the AT89C51, bit position |E.5.is also unimple-
mented. User software should not write 1s to these bit posi-
tions, since they may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TF0 and TF1, are set at
85P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,
the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

4-70 AT89C52

Table 5. Interrupt Enable (IE) Register

(MSB)

(LSB)

!EA I— IET2‘ES |ET1|EX1|ETO|EXOJ

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE.7 Disables afl interrupts. If EA =0,
no interrupt is acknowledged. If
EA = 1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

— IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IE.1 Timer 0 interrupt enable bit.

EX0 IE.C External interrupt O enable bit.

User software should never write 1s to unimplemented bits,
because they may be used in future AT89 products.

Figure 6. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all-the spe-
cial functions registers remain-unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a-hardware
reset, the device normally resumes pragram execution
from where it left off, up to two'machine cycles before the
internal reset algorithm takes control. On-chip hardware

AT89C52

restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Figure 7. Oscillator Connections

- C2
~*)|—I— XTAL2

C1

) XTALA

GND

Note: C1, C2 =30 pF 10 pF for Crystals

= 40 pF +10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

AIMEL

inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of NeLL1El A o 1 XT1AL2
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not writeto a port pin.or to exter-
nal memory.
EXTERNAL
XTAL1
Power Down Mode OS&%@TLOR
in the power down mode, the oscillator isstopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis- GND
ters retain their values until the power down mode is termi-
nated. The only exit from power dewn is a hardware reset. =
Reset redefines the SFRs but does not change the on-chip 4
RAM. The reset should not be activated before V¢ is
Status of External Pins During Idle-and Power Down Modes
{ Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
| Power Down External 0 Float Data Data Data
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 u U u No program lock features.

MOVC instructions executed
from external program
memory are disabled fram
fetching code bytes from
internal memory, EA is
sampled andlatched on.reset,
and further programming of
the Flash memory is disabled.

2 P u u

3 P P u Same as mode 2, butverify is
also disabled.
4 P P P Same as mode 3, but external

execution is also disabled.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device.is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until resetl is activated. The
latched value of EA must agree with the current logic {evel
at that pin in order for the device to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a iow-voltage
(Vcc) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user’'s system, while the high-voltage
prcgramming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp =5V
Top-Side Mark AT89C52 AT89C52
XXXX XXXX-5
yyww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=52H (031H)=52H
(032H)=FFH (032H)=05H

The AT89C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must-be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the

AT89CS52, the address, data and control signals should be

set/up according to the Fiash programming mode table and

Figures 9 and 10. To program the AT89C52, take the fol-

lowing steps:

1. ~Input the desired memory location on the address
lines.

2.\ {nputthe appropriate data byte on the data lines.
3. | Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage programming
mode.

5./ Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89CS52 features Data Polling to indi-
cate the end of @ write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data.on PO.7. Once the write cycle
has-been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle:has beenvinitiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after-ALE-goes high during programming to indicate
BUSY."P3.4 is puiled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.
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Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 52H indicates 89C52

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion. -

All major programming vendors offer worldwide support for
the Atmel microcontrolter series. Please contact your local
pregramming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EA/Vpp P26 | P27 P36 | P37
Write Code Data H L H/2v L H H H
= o
Read Code Data H L H H L L H H
Write Lock Bit- 1 H I H/2V H H
Y,
Bit - 2 H 13 Hi12V H H L L
BN e
Bit-3 H L H/t12V H L H L
T Tetet
Chip Erase H L (1) Hi12V H L L L
A )
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG puise.
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Figure 9. Programming the Flash Memory

AIMEL

Figure 10. Verifying the Flash Memory

+5Vv +5V
AT89C52 AT89C52
ADDR, 20 ATyf Vee 4T ADDR, 2= ATyf py Vee -T
OOOOHHFFFtTI:: PGM OOQOH/FFFH PGM DATA
AS - ATS P2.0 - P24 .PO 4— paATA A8 - AT P20 - P2.4 PO ~>'(DUUSL|_[:-U1gg) ]
3 p2s —»{ P26
SEE FLASH —» P27 ALE [¢—— PROG SEE FLASH —» P27 ALE i«
PROGRAMMING PROGRAMMING
MODES TABLE | — | P38 MODES TABLE | — ¥ P36 v,
—»{ P3.7 —— P37
— & XTAL2 EA [ V Nep - p———— XTAL2 EA
3-24 MHz | 3-24 MHz..|
= =
XTALA RST ™ j— ¥y, XTAL1 RST f4—— Vi
GND PSEN GND PSEN
—X 1
Flash Programming and Verification Characteristics
Tpo=0°Cto 70°C, Ve = 5.0+ 10%
Symbol Parameter Min Max Units
Vpp(1) Programming Enable Voltage 11.5 12.5 \'4
Ippt" Programming Enable Current 1.0 mA
Mool Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48ta L
taHax Address Hold After PROG 48tc oL
toveL Data Setupito PROG Low 48t &1
tohpx Data Hold After PROG 48te oL
tensh P2.7 (ENABLE) Highio Vpp 48tc oL
tshaL Vpp Setup to PROG Low 10 us
tgusL M Vpp Hold After PROG 10 us
teLGH PROG Width 1 110 us
tavav Address to Data Valid 48tc oL
teLav ENABLE Low to Data Valid 48t oL
tenaz Data Float After ENABLE 0 48te oL
taHaL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 20 ms
Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp=12V)

PROGRAMMING VERIFICATION
P1.0 - P1.7
+— Lyav
PCRT 0 DATA IN DATA OUT
> thovor  torox (¢
taveL > ‘ * taHax
ALE/PROG
tshoL tonse
. LOGIC 1
= e e LtoGIc o _ o __.
1
P2.7 teray - ez
(ENABLE)
tong —
P34
(RDY/BSY) BUSY. READY
twe

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp=5V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
P20 - P24 ADDRESS j ADDRESS
= tavay
PORT 0 DATA IN DATA'OUT p——
tover, ~lerox
tavar ¥ N torax
ALE/PROG
st < = toien——>
_ LOGIC 1
EANge 00000 TRl al il Lo werce T
- t t
P27 EHSH tELQV — *— lenaz
(ENABLE)
toHeL —*
P3.4
(RDY/BSY) BUSY j READY
twe
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Absolute Maximum Ratings*

Operating Temperature..................cccoe.coeuneee.. -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature .........cccccevevvveeecneie s -65°C to +150°C age to the device. This is a stress rating only and

functional operation of the device at these or any

Voltage on Any Pin - other conditions beyond those indicated in the

with Respect to Ground .........ccccecoovieciininnncnne. -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

Maximum Operating Voltage..................ccooeeeeeeeien, 6.6V conditions for extended periods may affect
device reliability.

DC Output Current...........ocoevireeiiiecee e 15.0 mA

DC Characteristics
The values shown in this table are valid for Ty = -40°Ctc 85°C and Vc5=.5.0V £ 20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA) -0.5 0.2 Vee-0.1
Vi Input Low Voltage (EA) -0.5 0.2 Vee-0.3 v
Vi Input High Voltage (Except XTAL1, RST) 0.2 Ve+0.9 Viect0.5 v
ViH1 Input High Voltage (XTAL1, RST) 07 Vee Vect0.5 \'4
VoL Output Low Vollage(” (Ports 1,2,3) o, = 1.6 mA 0.45 \Y
VoL1 Output Low Voltage!") loL =3.2mA 0.45 \
(Port 0, ALE, PSEN)
Vonr Cutput High Voltag_e_m_ loy = <60 pA, Voo = 5V + 10% 2.4 \%
(Ports 1,2,3, ALE,-PSEN) a2 A 0.75 Voo v
loy. = -10 pA 0.9 Ve Vv
Vout Output High Voltage lon = -800 pA, Voo = 5V £ 10% 24 v
(Port 0 in External Bus Mode) lord = -300 WA 075 Ve v
loy = -80 LA 0.9 Vee A
I Legical O Input Current.(Ports 1,2,3) )| Vjy=0.45V -50 LA
I, Logical 1 to 0 Transition Current Vin =2V, Ve =5V £10% -650 LA
(Ports 1,2,3)
Iy Input Leakage Current (Port G, EA) 045 <V <Vpe 10 WA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. =1 MHz, Ty = 25°C 10 pF
lec Power Supply Current Active Mode, 12 MHz 25 mA
Idie Mode, 12 MHz 6.5 mA
Power Down Mode!" Ve = 6V 100 HA
Vee = 3V 40 nA
Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

2. Minimum Ve for Power Down is 2V.

4-76

Maximum lg_ per port pin: 10 mA
Maximum |l per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total Ig|_ for all output pins: 71 mA
If lo| exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units
Min Max Min Max
MeLeL Oscillator Frequency ' 0 24 MHz
L ALE Pulse Width 127 2tp oL 40 ns
tavie Address Valid to ALE Low 43 tolo-13 ns
tLLAX Address Hold After ALE Low 48 toLeL-20 ns
tv ALE Low to Valid Instruction In 233 4o oL 65 ns
tLpL ALE Low to PSEN Low 43 tele13 ns
teLPH PSEN Pulse Width 205 3teLcL-20 ns
teLiv PSEN Low to Valid Instruction-in 145 3to oL 45 ns
toxix Input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 toLo-10 ns
toxav PSEN to Address Valid 75 teLcr-8 ns
taviv Address to Valid Instruction In 312 StcLoL55 ns
tpeaz PSEN Low to Address Fioat 10 10 ns
tRLRH RD Pulse Width 400 BteicL-100 ns
twowH WR Pulse Width 400 6toLc =100 ns
trLpv RD Low to Valid Data In 252 5ty 0 -90 ns
tRHDX Data Hold After RD 0 0 ns
trHDZ Data Float After RD g7 2tcicL-28 ns
tLeov ALE Low to Valid Data'ln 517 8te c-150 ns
tavov Address to Valid Data In 585 Ot o -165 ns
tiwe ALE Low to RD or WR Low 200 300 3tercL-50 3to o +50 ns
tavwiL Address to RD or WR Low 203 4o T5 ns
taviwx Data Valid to WR Transition 23 toLc -20 ns
tovwH Data Valid to WR High 433 Tterc-120 ns
twhax Data Hold After WR 33 tercL-20 ns
triAz RD Low to Address Float 0 0 ns
twWHLH RD or WR High to ALE High 43 123 tcLcL-20 teLeL*25 ns

‘ mEl 477
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External Program Memory Read Cycle

L >
ALE

. N tepn
tAVLL b d tLLIV
— byp fe—
PSEN teuy
t
i ‘7tPLAZ tPXIZ M
tLax e
toxix—
PORT 0 >+ A0-AT7 ————K INSTRIN b > AO-A7 >
“ taviv >
PORT 2 A8 - A15 K A8-A15

External Data Memory Read Cycle

tu—»
ALE
— bwHir
PSEN
DE—TH
e— g rH —
i —
RD = ax —H 1 t
Y > xiov | [P RHDz
triaz +—» r* t
o (- lrupx
PORT 0 __ >KAQ - A7°FROM RI-OR DPLY ) | DATA INDSAC A7 FROM PCL> < INSTR IN
< Tavive
———" tavov
PORT 2 P2.0.- P2.7 OR A8 - A15 FROM DPH X _. (A8 - A15 FROM PCH
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External Data Memory Write Cycle

ALE

PSEN

PORT 0

PORT 2

External Clock Drive Waveforms

Ve - 05V ——

/
.
/

045V —

F tLHLL—"’

AT89C52

¥ bwHLH
e Yo ——sfe—twpwn —»
1t ax
e tprg L — tovwx v *+— twhox
[ tQVWH ==
> AQ - A7 FROM Rl OR DPL DATA ouT X XA0.- A7 FROM PCL>—INSTR IN

- tAVWL

P20 - P27 OR A8 - A15 FROM DPH

X

A8 - A15 FROM PCH

tCHCX

R

— 0.7 Vg

s

/

0.2 Veer 0.1V

External Clock Drive

.

pd

tCLCH

BN

%

tCLCL

tCHCL

Symbol Parameter Min Max Units
MeLeL Oscillator Frequency 0 24 MHz
fcroL Clock Period 41.6 ns
tenex High Time 15 ns
toLex Low Time 15 ns
teLeH Rise Time 20 ns
teHeL Fall Time 20 ns

AIMEL
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Serial Port Timing: Shift Register Mode Test Conditions

The values in this table are valid for V¢ = 5.0V + 20% and Load Capacitance = 80 pF.

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

b xL Serial Port Clock Cycle Time 1.0 12teLeL us

tovxH Output Data Setup to Clock Rising Edge 700 10teLcL-133 ns

txHax Output Data Hold After Clock Rising Edge 50 2t o -117 ns

txHDX Input Data Hold After Clock Rising Edge 0 o ns

txHoV Clock Rising Edge to Input Data Valid 700 10tg g -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 | 2 | 8 ] 4 | 5 | 6 | 7 | 8 |

ae 1A IR UIAAAA T TUNN L LT LT

CLoCK 4 1 Y = 1A NN L L
VXH
i |<_ txnax
WRITE TO SBUF 128 bl 25 [ B VOO e A\ X 7
3 Al t
OUTPUT DATA oy 7~ eex SET TIT
| CLEARRI |

INPUT DATA

AC Testing Input/Output Waveforms!!) < Float Waveforms(")

Veg- 0.5V

02 Vo + 09V

TEST POINTS o Timing’ Reference
02 v N, My Points
0.45V . cc - Y VLOAD_ ¢ OL+ 0.1v
Note: 1. AC Inputs during testing are driven at Ve - 0.5V Note: 1. Fortiming purposes, a port pin is no longer floating
for a logic 1 and 0.45V for a logic 0. Timing mea- when a 100 mV change from load voltage occurs. A
surements are made at V|, min. for a logic 1 and V| _ port pin begins to float when a 100 mV change from
max. for a logic 0. the loaded Von/Vgo_ level occurs.

4-80 AT89C52 messesessss—se——————————
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‘Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range

12 5V + 20% AT89C52-12AC 44A Commercial
AT89C52-12JC 44) (0°C to 70°C)
AT89C52-12PC 40P6
AT89C52-12QC 44Q
AT83C52-12A1 44A Industrial
AT8IC52-120 44) (-40°C to 85°C)
AT89C52-12PI 40P6
AT89C52-12Ql 44Q
AT89C52-12AA 44A Automotive
AT89C52-12JA 44 (-40°C to 105°C)
AT89C52-12PA 40P6
AT89C52-12QA 44Q

16 5V +20% AT89C52-16AC 44A Commercial
AT89C52-16JC 44) (0°C to 70°C)
AT89C52-16PC 40P6
AT89C52-16QC 44Q
AT89C52-16Al 44A Industrial
AT89C52-16J1 44 (-40°C to 85°C)
AT89C52-16PI 40P6
AT89C52-16Ql 44Q
AT89C52-16AA 44A Automotive
AT89C52-16JA 44J (-40°C to 105°C)
AT83C52-16PA 40P6
AT89C52-16QA 44Q

20 5V 1 20% AT89C52-20AC 44A Commercial
AT89C52-20JC 44J (0°C to 70°C)
AT89C52-20PC 40P6
AT89C52-20QC 44Q
AT89C52-20Al 44A Industrial
AT89C52-20J1 444 {(-40°C to 85°C)
AT89C52-20P| 40P6
AT89C52-20Ql 44Q

AlMEL
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 5V £ 20% AT89C52-24AC 44A Commercial
AT89C52-24)C 44 - (0°C to 70°C)
AT89C52-24PC 40P6
AT89C52-24QC 44Q
AT89C52-24Al 44A Industrial
ATB9C52-24JI 44) {-40°C to 85°C)
AT89C52-24PI 40P6
AT89C52-24Ql 44Q
‘ Pa'cka\ge Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFF)

4-82 AT 8D C 52, s —
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TRW -2.4GHz Radio Transeceiver

Condions: VDD = +3V, VSS = 0OV, Ty = - 40°C 1o + 83°C

Svmbol {Parameter (condition) Notes Min. Typ. Max. | Units
Operating conditions
VDD [Supply vohage 1.9 3.4 3.6 v
TEMP  |Operating Tempersture 40 27 -85 >
Digital input pin
Vi HIGH level mput volage VDD- 03 vip \i
'y LOW level mput voligge \as 0.3 V
Digital output pin
Vg HIGH leyel output voltawe { lay=-0. 3mA) VIDD- 103 VDD v
Vo LOW level output voltave {150 5m.A\) Vs 0.3 V
General RF conditions
o Operating frequeney 1) 2400 2524 MHz
Af Frequency devialion =156 kH=z
Rarsg  [Data rate Shock Burs™ =) 1000 kbps
Fiypaary  |Channel spacing 1 MHz
Transmitter operation
Pur- Maximum Quitput Power 4) 0 -4 4Bm
Pric RF Power Control Range {8 20 JdB
Parcr  |RF Power Control Range Resolution =3 48
Pps: 2048 l_hndwicllh for Madulated Carner iy kHz
Pgrs 2" Adjacent Channel Transmit Power 2MHz =20 dBm
Pars 13" Adjacent & hannel Tronsmit Power 3MHz -4 JdBm
Lvbn Supply current ¢ 0dBm output power 5) 2 mA
hop Supply current (@=20dBm output power 5) 3.8 mA
hnn Average Supply current e -5dBim cutput G} 0.8 mA
power. Shock Burs(™
hap Average Supply current i stand-byanode 7 12 UA
hyp  [Average Supply curren in power down ] uA
Receiver operation
Lon Supply current one channel 250kbps 18 mA
Lvon Supply current one channel 1 000kbps 19 mA
hun Supphy current iwo channels 230kbps 23 mA
Lhup Supply current two channels 1000khps 25 mA
RXgpns  [Sensitivity at 0.1%.BER {2 250kbps) -90 dBm
RXsne  fSensitivine ot 3. 1%BER (¢ 1000kbps} =80 dBm
Clea C/1 Co-channel 1 4B
Clist  §1" Adjacent Channel Selectivity €1 |MH2 -1 dB
Cilpg,  |2™ Adiacent Channel Selectivity C/T 2MHz -16 48
Clgp 3™ Adiacent Channel Selectivity C.T IMHz =26 4B
RXy Blocking Data Channel 2 -3 dB
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TRW -2.4GHz Radio Transeceiver

ShockBurst™

The ShockBurst™ technology uses en-chip FIFO o clock i data at a low data rate
and transmit at a very high rate thus enabling exwemely power reduction,

When operaung the TRw-2.46 1n ShockBurst™. you gatn access to the high data rates

{1 Mbpsy otfered by the 2.4 GHz band witheut the need of a costly, high-speed miero

controller (MCU} tor data processing.

By putting all high speed <ignal processing related to RF protocel on-chip. the
TRW-24G offers the following benetits:

o Highly reduced current consumption
o Lower system cost (tacthiates use of lessexpensive micro controller)
s Greatly reduced nsk of “on-aireotlisions due to shartrmsnission tuime

The TRW-246 can be pragrammed usmg a sunphe 3<wire intertace where the data rate
18 decided by the speedof the micro controller.
By allowmg the digital part of the apphcation fo runat low speed while'maximizing

the data rate on the RF hink. the nRF ShockBurst™ modé reduces the average current
consumption in applcations considerably.

ShockBurst™ principle

When the TRW-246 _is-contigured in ShockBurst? ', TX-or RX operation isconducted
i the following way (10 kbps for the example only).

Conlinuous 19Kkbps TRW-2.4G l ﬂ_ | |
8-bit

MCU I”””ll”” FIFO

ShockBurst™  1Mbps

Figure 4 Clocking indata withMCU and sending with Shoek Burst™ technology

Without ShockBurst™, running at speed dictated by 10Kbs MCU
« 10mA periods >
—Tr 10mA period  10Kbs MCU with ShockBurst™
0 et KTH] o) S [y 1201 'y L 6a3 {50 20 LY 240
Time mS

Frgure ¢ Current consumption with & without SheckBurst™ technology
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TRW-246 )

ShockBurst™
TX (CE=hiy?,

YES
Data content of registers:

uConirclier
Loading ADDR

and PAYLOAD ADDR PAYLOAD
data

l l-.-laximgm 255 hits

TRW-2.4G
Calculating CRC ADDR PAYLOAD CRC

MO

YES

TRW-2.4G
Adding Preambie Pra- ADDR PAYLOAD CRC

amble

TRW-2.4G
Sending
ShockBurst™
Package
{250 or 1000kbps}

Input FIFO not Empty

Figure 2 Flow ChareShoekBurst™ Transnnut ot TRW-2.4G

nRF2401 ShockBurst™ Transmit:
MCU interface pins: CE. CLK 1. DATA
I. When the application MCU has data to send. set CE high. This activates
TRW-246 on-board data processig.
The address of the receiving node (RX address) and payload data is
clocked mto the TRw-246 . The application protecol or MCU sets the speed
= I Mbps (ex: 10kbpx).
MCU sets CE low, this activates a trwzae  ShockBurst™ transmussion.
4. TRw24c ShockBurst™:
o RF frontend = powered up ,
e RF package s completed ipreamble added. CRC caleulated)
o - Datars ransiutted at hugh speed (250 Kbps or 1 Mbps configured
by user).

)

)

s TRW-24G return to stand-by when finished
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TRW24G ]
SheokBurst™
RX?

TRW-24G

Data content of registers:

Detects
™ PREAMBLE and
Incoming Data

Pre-
ambie

ADDR

FAYLOAD

CR

ADDR

PAYLCAD

CRC

TRW-2.4G

Receives Dala
and
Checking CRC

ADDR

PAYLOAD

CRC

o[PS

TRW-2.4G

Chacks:
Comect CRCY

ADDR

PAYLOAD

GRC

TRW-2.4G

Set Data Ready
i DR1:2) high

PAYLOAD

1

uController

S Clocks out
Paviond

PAYLOAD

l' “D TRW-2.4G
Redgister
Emply?

TRW-2 4G

Rels Data Readly
{DR123 low

Output Redister Emply

Figuie 5 Flow Chart ShockBur<t™ Recenve of TRW-2.4G
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TRW-2.4G ShockBurst™ Receive:
MCU mterface pis: CE. DRI CLK1 and DATA fene RX channel recene)

[PV

Casrect address and <ize of payload of incoming RF packages are <et when
TRW-2.4G Is configured o ShockBurst™ RX.

To acuvate RX. set CE high.

Atter 200 ps setthing, TrRw2.46 18 monitoring the air for mcoming
communication.

When a valid package has been receved icorrect address and CRC found).
TRW-2.4G removes the preamble. address and CRC buts.

TRW-24G then notifics (intervupts) the MCU by <etung the DR pan high.
MCOU may (or may not) serthe CE Jow tordisable the RF front end (low
current mode ).

The MCU wallelack out e the paylotd data at o fwtable rare (ex. 10
kbps).

When allpavlead data isdetrieved - TRw2.46 sets DRI lowsagain, and is
read v formew mcommng daka puckaget CE s kept lugh durig Jata
download. It the CE wassetdow. a now startup sequence can begin. see
Figur¢ 12
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DuoCeiver™ Simultaneous Two Channel Receive Mode

In both ShockBurst™ . maodes the trwaag  can facthitate simulancous
reception of two paraliel independent frequency channels at the maximum data rate.
This means:

*  TRW24G can receive data from two | Nbps transmitters {ex:  TRW-2.46 or
TRW-24G_} X MHz (X trequency channels) apart through one antenna
interface.

e The output trom the two data channels 15 fed o two separate MCU
mterfaces.

e Datachannel 1: CLK 1. DATA. and DRI

e Data channel 2: CER2, DOLT2, and-DR2

¢ DRI and DRZ.arc available onlv in ShockBugst™!.
The TRW-24G  DuoCewier™ technalogy provides 2 separate dedicated data channels
for RX and replaces the need forewa.stand wlong reeciver systems,

TRW-2.4G
Tx/Rx

TRW-2.4G |::|J>

Tx/Rx
<Ir_| TRW-2.4G
Tx/Rx

Figure- Simultaneous 2 channel recene on rtrw.o 46

There ts one absolute requirement for using the second data-channel. For the TRw-2.46
to be able to recevetar the secand data channel the freguency clinanegl must be KMHz
higher than the frequeney of data channel 12 The Trw246  must be programmed to
receive at the frequency of data channel T Notime multupleximg is used in- 1w 4
to fulfil this funcuon. Indicect made the MCUmust ‘be abletohandle two
simultancousty mcoming data packets 1Y it s not multiplexing between the two Jdata
channels. In ShockBurst™ it 1s possible for the MCU to clock out one data channel at
a time while data on the other data channe] waits for MCU availability, without any
lost data packets, and by deing so reduce the needed performance of the MCUL

Clock ADDR, ™1 DR1
Frey ™ Recovery, Hm CRC i—f CLK1 Data(F gy
DataSlicer Check DATA
Clock ADDR, = DRZ
Frro=Fret8idHZ | ——  Recovery. Hwl CRC | CLK2 DataiF o)
DataSlicer Check |l DOUTZ

<l AOVETIRN 1. VA : - :
Frgore 8 DuaCerver ™ with two simultancously independent recenve chunnels,
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DEVICE CONFIGURATION

All configurauen of the  Trwe2.4g 15 done via a 3-wire mterface 1o a single
contiguration register. The configuration word can be up to 15 byres Ionn tor
ShockBurst™

Configuration for ShockBurst™ operation

The configuration word in ShockBurst™ ¢nables the TRW246 to handle the RF
protocol. Once the protovol i completed-anddoaded inte TRW-2.46 anly one byte.
bit] F:0]. needs to be updatedadupmz acwal operation:

The contiguration blacks dedicated to ShockBorst™ s as follows:
*  avioad secuon width: Speeifies the number et payvlead bits w a RF puckage.
This enables the TRW-2.46 ta distungunsh between pavload data'and the CRC
byvtes 1 recerved package:

o Address widdy: Sets'dhic nmber ot bits used tof addres<irthe RF package.
Thisicnables the” TRW2467 o distinginshebettveen addressand payload data.

o Address (RX Channel 1 and 2): Destination address for recened data.

»  CRC: EnablesnRF2400 on-chip CRC gencration anl de-coding.

NOTE:

These configuration bloeks. with the exception of the CRC, arededicated tor the
packages that'a TrRw24G6 18 O receive,

In TX mode, the MCU mustgenerate an address and apayload scetien that fits the
configuration of'the “TRW-24G that is to recerve the data;

When using the \TRw-246 onsclnp CRC feature epsurethat CRE s anabled and uses
the same length for both the TX and RX devices:

PRE-AMBLE | ADDRESS FAYLOAD CRC

Figurc TO-Data-packet sct-up



WENSHING

" TRW-2.4GHz Radio Transeceiver

Configuration Word overview

Bit Number Name Function
position| of bits

= 143:120 24 TEST Reserved lor testing
'-9'.- Pltl2 b DATA2 W Length of dota payload section RX channel 2
=
i - - -
'.;.'l‘[ 11:164 8 DATAI_W Length of data payload section RX channel |
Lé J03:6d 40 ADDR2 Lpto 5 byte address for RX channel 2
=
; 63:24 40 ADDRI Up to 3 byte address for RX channel |
= - : o - - ,
b 2308 O ADDR_W Numberofaddress bis (both RX channels).
-
2 7 [ CRCE 8 or/16 bit CRC
%

16 ! CREEN Enable on-chip CRE-weneratinn .checking,

15 ] RX2Z EN Enable iwo channel receiveanode
S 14 ] UM Communication maode { Direct or ShockBurst*™)
|2
=
f:ﬂ 13 l REDR B RF data rate PEMbps reguives Loz cvstal )
]
[=]
a
8 12:10 3 XOLUF Crystal frequency
=
G
)
T& 9:8 it RF_PWR RE output power
S
=
R
o 7l 7 RF.CH# Freguency channel

0 1 RXEN RX er TX operation

Table 1 Table of configuranion words.

The configuration word 1< shitted m MSB first on positive CLKT cdges. New
configuration s enabled on the falling edge of €S,

NOTE.

On the falling edge of CS. the TRW-246 updates the number of bits actually shifted n

during the last configuration.

Ex:

I the 'yrw2.46 15 to be configured for 2 channe] RN o Shoek Burst ™, witatal of 120
bits must be shufted in during the first configuration atter VDD ix applicd.
Once the wanted protocel. modus and RF channel are set. only one bit (RXEN{ s

shitted 1 to switch between RX and TX.
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Configuration Word Detailed Description

The tollowmyg desenbes the function of the 144 hits (bt 143 = MSB) that 1s used ©

configure the  TrRw.2.46

General Device Contiguration: bit[15:0]
ShockBurst™ Configuration: bit[ 1 [9:0)]
Test Configuration: bitf 143:120]

MSB TEST
pl4z | Dis2 | D141 I D140 | D13 [ Dizg | 137 | DI36
Reserved for festing
1 o | oo | o T 700 [ 1 T o Db
ASB TEST
1335 Didd ] s sz oy oo T one  Toes Lauzr Loorce [ ois o | mas | mie: [T TED
Reserved for testing Close L M 1X
o lo Jo Jo i1 To TFTo Jo Jo 7 To To -T1 Li 11 o [0 Delauh
DATA2 W
DIl [DIIS [ DII7 J DUi6 | Dils | Dil4 | Dil3 | DIi2
Data width channel2 in & of bits excluding addr:cre
0 l 0 | 1 l 0 | 0 [ 0 ‘ 0 I 0 Dclimlbs |
DATA] W
Ditl | Do | p1od { Diog | p1o7 | Dlos [ Dids | DI04
Data width channel%1 in #of bits excluding addrerc
o f o | ol Fo Flo T [ o | R Defauh
ADDR2
DIo3 {DIo2 | blot [ ] B7l D70 [ D69 | Des [ D67 | D66 | D65 ] Dod
Channel#2 Address RX (up to 40bit)
OIOIDI...IIIIIIIUIOI]]]I]I):fullll]
ADDR]
D63 | Ds2 | D6l | I D31 ID3o Jp2 [pxs [pxz -Tp% LD J D2
Channel2] Address RX{up o 40bit}
o | 6 | o | o ]l Vol v v e [0 [ oS T 1 [ ook ]
ADDR_W
D23 | D22 ip2l |D20 [ DIe [ Dis
Address width in # of bits (both channels)
OFOII'IGIOEO Dehah ]
CRC .
D17 : DIlé&
CRC Mode | ~ 16bit. 0 ~ 8bit CRC | ~enable. 0 ~ disable
0 1 12:5uh —l
RF-Procramming 1513
D15 DId IbId Ip12 ol oo [pe Ips o7 [os [ps [y [ D3 [ b2 I DI Do
Two Ch. BUF oD X0 RF Power Channel selection RXEN
[ 0 0 o |1 T ] [ 0 o o Jo Jo J1 To 0 Delank |

Table 2Configuration data word

The NS bt should be daaded firstinto the configurtion regisier.
Detault configuranansword: RNEGS 1020 2000, 8000 0017 dnin onin 11721 (1w,
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ShockBurst™ configuration:

The section B[ 1E9:16] contains the segments of the configuration register dedicated to
ShockBurst'™ aperational protocel. After VDD 1s turned on Shock Burst?™
conftguration 15 done once and remains set whilst VDD is present. During operation
only the tirst byte for frequency channel and RX TX switching need to be changed.

PLL _CTRL
PLL CTRL
D121 D120 PLL
0 0 Open TN Closed RX
N | Open TN Open RN
| 0 Closed TX Closed RX
I | Closed TX/Open RX

Table 10-PLL <ctting:
Bit 121-120:
PLL_CTRL: Caontrols the setting oF the PLE for-test purposes. With closcd
PLL .y TX no deviatien will'be presént.

DATAx W

DATA2 W
TENN EAE I MR A RS BN B

DATAL W
b b o e faos e [aoe of jos | 104

Table 4 Numbcey of bits i payload.
Bit 119—112:
DATAZ_W: Length of RF package pavlaead section foryéceive-channel 2.

Bit 111 — 104
DATAI_W: Length of RF package payload section for receive-channel 1.

NOTE:
The wotal number of bits th a ShockBurst™ RF package may not exceed 236!
Maximum length of payload section is hence given by:

DATAx _Wibits 1= 256~ ADDR_W —CRC
Where:
ADDR_W: length of RX address set i configuration word B[23:1%]
CRC: check sum. X or 16 bits set m configuration word B[ 1 7]
PRE: preamble. 4 or X bits are automatically included
Shorter address and CRC leaves more room for pavioad ‘data in cach package.

10
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ADDRx

ADDR2

ox o> poror | o F T L to e ] oes [ 67 ] oee | oes ] 64

ADDR

63 | o2 P oer ] o F s ] oo o2 | o2 f 27 20 ] 25 ] 24

Table 5 Address of recenver =2 and recerver =1.
Bit 113 — t:4:
ADDR2: Recerver address channel 2eupao 4 bt

Bit 63 - 24: ADDRI
ADDRI: Recerver address channel 1L up ta 44 b

NOTE!
Bits 1 ADDRx excecdimg the address width set m-ADDRZW arcredundant
and can bao'set tologic

ADDR_W & CRC

ADDR W CRC L | CRC EN

[ ]
p)
L

Pl Cleoa Yl WL s NS 77 16

Table ¢ Numberiof bits reserved tor RX address+ CRC sctting.,

Bit 23 — IX:
ADDR_W: Number of bits resérved for RN address in ShockBurst™

packages.

NOTE:
Maxtmum number.of addrsss bits 18 30 €3 bytespValues over 40 in
ADDR_W arc not valid:

Bit 17:
CCRC_L: CRC length to be caleulated by TRW-246 1 Shock Burst™,
Logic 00: ¥ bit CRC
Logic 1: 16 bit CRC

Bit: 16:
CRC_EN: Enables on-chip CRC generation (TX) and vertfication (RX).

Logic #: On-chip CRC generavon‘checking disabled

Logie 11 On-chip CRC generation‘checking enabled

NOTE:

An K bit CRC will inerease the number of pavioad bits possible n cach

ShockBurst™ data packet. but will alwe reduce the system integrity,



WENSHING

TRW -2.4GHz Radio Transeceiver

General device configuration:

This section of the contiguration word handles RF and device related parameters.

Mades:
RX2 EN CM RFDR SB X0 F RF PWR
1S 14 13 I T T 9 | 8
Table 7 RF aperatonal settings.
Bit i5:
RX2_EN:
Logic: One channed receive
Lagic 1: Twa channels roceive
NOTE:
In pwo channels reecii e the TRW24G reectvesion two, separate
huqu-.nu chanaets simultancously. The f equency of recave channel
I is setanthe contiguraton word B{#=1]. receive chaimel 20s always 8
channels (8 MHz) abave receove channel 1.
Bit 14:

Communieation Mode;
Lomc 1 nRF2401 aperates in ShockBurse™ mode

Bit 13:
RF Data Rates
Loyic 0:2 ---T:R-W?IZ;QG

Logied: | Mbps

NOTE:
Utiizing 250 kbpsmstcad of IMbps wilkttprove the receiver
sensitivity by 100 dB. INbps reguises-F6NMHz crvstal.

Bit 12-10:

D12 D11 D10

Table 8



WENSHING

TRW -2.4GHz Radio Transeceiver

Bit 9-N:
RF_PWR: Sets trwaag RF output power iy tansmit mode:

RF OUTPUT POWER
DY D8 P |[dBm}
a 0 =20
i I -10
! 0 -5
| ] o

Table 9 . RF-outpurpowersetting.

RF channel & direetion

RE _CH# RXEN
; Doy 7/ 3l N WU &

Tabl e Frequeney channét+ RX . TX setting.

Bit 7 1:
RF_CH=: Sers thefrequeney chaniel the nRE 2401 operates on:

The channel frequency 1 transmit 15 given by:
Channel o= 2HNMHz 4 RELCH= 1O MH:
RF_CH=enbenveen 2400MHz and 2527NHz may be set.
The channel trequengyin data.channel [ is given by:
Channel,., = 2300 MHz #+RE _CH= - 1 O MHAHZ {Rocerve at PIN=X)
RF_CH =: between 2400MHz and 2524NHz may be scet.

NOTE:

The channels above 83 can only be vulized i certain terrtories (ex: Japan)
The channel frequency in data channel 2 is given by:

Channel.. = 2400 MHz + RF _CH = 1.0 MHz +8MHz (Recerve at PIN=41
RF_CH =: between 2408NHz wnd 2324NMHz may be set.
Bt

Sof active pw b



WENSHING

TRW -2.4GHz Radio Transeceiver

DATA PACKAGE DESCRIPTION

PRE-AMBLE | ADDRESS PAYLCAD CRC

Figure » Data Package Diagram

The data packet tor both ShockBurst™ mode and direct mode communication 15
divided into 4 sections, These are:

1. PREAMBLE “The preamble field is required in ShockBurst.
- The address field is required in ShockBurst. mode.

2. ADDRESS 8 to 40 bits length!
: Address automatically removed from received packet in

ShockBurst.mode

- 'The data to.be transmutted
3. PAYLOAD - In Shock-Burst- mode payload size is 256 bits minus the
following:{ Address: 8 10 40 bits. + CRC 8. or 16 bits).

-8 or 16 bits length
- The CRC 15 stripped from the received output data.

4, CRC




WENSHING

TRW -2.4GHz Radio Transeceiver

IMPORTANT TIMING DATA

The fellowing ttming applies for aperation TRW24G
TRW-2.4G Timing Information
nRF2401 timing Max. Min. Name

VDD OFF = ST_BY mode Sms Tpd2shy

VDD OFF = Achive mode (RXTN) Ams Tpd2a
ST_BY = TX Shock Burst™ 1950s Tsby2ixSB
ST_BY - TX Direct Mode 2020 Tsby2ixDM
ST_BY = RX mode 2020 Tsbv2rx
Minimum delay from CS 1o data, s Tes2data
Munimum delay from CEto_ data, S Teeldala
Minmimuoim detay from PR1:2 10 k. S0ns Tdrelk
Maximum delav Fromeelk 10 data, SOns Teik2data
Delav between edues Stns Td
Selup ime Siins Ts
Hold time S00ns Th
Delav to linishinternal GFSK data | datarare | THd
Manimum input clock high S0 Thmin
Set-up of data i Direct Mode SOns Tsdm
Minimam clock high in Direci Made A00ns Thdin
Minimum clock low 1n Direct Mode 23Dns Tldm

TP ™ dan i

able o, Switchmg tumes for
Table itchmg times toi rals e

When =" - =201 s ippowwer down it must always settle instand-by (Tpd2sby)

.. TRW-24G N , L ;
befare 1t canentercontigurationor one of the actiye modes:

vDD s,

S )

CE

CLKT LOOUUO000U

DATA

Tpdzsby

Figure g Tumng diagram for ' for VDD ott) to stand by mode

1or w246




WENSHING

TRW -2.4GHz Radio Transeceiver

VDD 4
CE i
CLK1 SO0O0000000CC
DATA
* Tpdza =
Figure 9 VDD ot toactive mode

Note that the configuration word will be lost when WYDD s turned oft and. that the
device then musybe configured before woimyg to one of the acuyve modes. If'the device
is configured one can go-directly trom power down ta-the wanted detive mode.
Note:
CE and €S may potbe high ot the same time. Setting one or the ather decides
whether contigurdpenor-active. modd sonterods



WENSHING

TRW -2.4GHz Radio Transeceiver

Configuration mode timing

When ene or more of the bits i the configuration word needs to be changed the
tollowmyg tmmyg applhy.

-1 H
: | |
VDD | |
I |
oS _____1/ i A
nE | ]
| |
CLKY W_QUVUU' - == ==AAANN
DATA M_PD(PDE o XA
Lo
T G~ I§=
~ P ~— X —
AN -
ol
Ie
CLKA
; > \ gl
CATA L K _MEE )I( ¢
& | Ts [ITh
3
&
3

Figare 10 Timing diagrant forconfigurationof TRW-2.4G

It configuration mode 1sentered/fiom power down. CS gan be'set high atter Tpd2sby
as shown m Figure 8
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TRW -2.4GHz Radio Transeceiver

ShockBurst™ Mode timing

ShockBurst™ TX:

VDD

cS

|
|
|
|
CE f
et MR PV = 4 4 <A A
paTa /U OO0 - - -

| I
ANT1/ANTZ L—Y i1 0
M0 ¥ ‘ !
Wl By J Teby2tx58  Toa
[t 0 \e
h\ A
N e

| |

GS | |

I I

CEW S, |

|

Teeddata

Figure 11 Tinting.of SHoCKBurst™ 10 TX

The package fength and the data raee give the defay Toa (tume on air). as shown in the
cquation.

T, =Vidatarate - (=darabits +1)
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WENSHING

TRW -2.4GHz Radio Transeceiver

ShockBurst™ RX:

OR1:2

|
|
{
r
I
I
|

\
/

CLK1:2

DATADOUTZ

|
|
|

E

e AN

- e

Td™ Tsbyam &

|
|

ANT1ANT2 —{CT
9]

-

S SN NN
/
4

—

-
0
/
"
[
CEJ) N
|
DR?.-'QV’

AT
cuq.:zt_d N
DATA L.

DOUT2 | 4 N

= o8

G A

Td 58

— (4]

=

3l

Figure 12 _Tmanyg of ShockBurst™ ip-RX

The CE may be kept high during downloading of data. but the cost 15 higher current
consumption (18mA ) and the benefit s no start-up tume (2004us) atter the DRI goes

o,

Qutpat Power adjustment

Power setting bits of

RF output power

DC current

configuring word consumption
il 0 dBm =3dB C 130 mA
10 -5 JdBm =3B 10.5 mA
01 -10 dBm =3B 94 mA
00 20 dBm 4B 8.8 mA

Conditons: VDD - 3XOVUVSS IV T, = 27, Load impedapes = 400703



MAX232, MAX232i
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1998

® Operates With Single 5-V Power Supply D, DW, OR N PACKAGE
® LinBiCMOS™ Process Technology (TOP VIEW)
® Two D-rivers and Two Receivers 1+ b U 16[] Ve
® 130-V Input Levels Vs+ [} 2 15[] GNO
® Low Supply Current . .. 8 mA Typical o B | K| 14 T1oUT
® Meets or Exceeds TIA/EIA-232-F and ITU C2+[] 4 13{] R1IN
Recommendation V.28 C2-[s  12fJr10UT
® Designed to be Interchangeable With vs-[j e TN
Maxim MAX232 T20UT [ 7 10 } T2IN
N R2IN[] 8 9[] R20UT
® Applications
TIA/EIA-232-F e bolt
Battery-Powered Systems ogic.symno
Terminals vVece
Modems * 16
Computers
. 1 Vee
® ESD Protection Exceeds 2000 V-Per c1+ 3—><— ci+ 2
MIL-STD-883, Method 3015 ci=—— ez~ Vec-15V S+
® Package O.ptions Include-Plastic C2+ :—x— €2+ pvoo #1.5V 6 Vs_
Smali-Outline (D, DW) Packages and c2- 2 ea
Standard Plastic (N) DIPs
L TN > Y our
description ,
10 > N
The MAX232 device is adual driver/receiver that L Tz0UT
includes & capacitive voltage generator to supply R1OUT A2 4 T _<__1§ R1IN
EIA-232 voltage levels from a single 5-V supply.
Each receiver-converts EIA-232 inputs to 5-V RZOUT —1 e _4__8 R2IN
TTL/CMOS levels. These receivershave a typical
threshold of 1.3 V.and a typical hysteresis of 0.6V, * 15
and can accept +30-V_inputs. Each. driver GND

converts TTL/CMOS input-levels into EIA-232 |1 This symbol is in accordance with ANSUIEEE Std 91-1984 and IEC
levels. The driver, receiver, and voltage-generator Publication 617-12.

functions are available as cells in the Texas

Instruments LinASIC™ library.

The MAX232 is characterized for operation from
0°C to 70°C. The MAX232l is.characterized for
operation from —40°C to 85°C.

AVAILABLE OPTIONS
PACKAGED DEVICES
™ oone | ommme | rosmeor
(D) {DW)
0°C to 70°C MAX232D% MAX232DwWt MAX232N
—-40°C to 85°C MAx2321D% MAX23210wWH MAX232IN

¥ This device is available taped and reeled by adding an R to the part number (i.e., MAX232DR).

Please be aware that an important notice concerning availabitity, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC and LinBiCMOS are trademarks of Texas instruments Incorporated.

PRODUCTIOR DATA information is current as of publication date. Copyright @ 1998, Texas Instruments Incorporated

Products conform tg specifications per the terms of Texas Instruments H
testing of all pn?n;urs. i g does not Ay inclute ¢ TE,XAS
INSTRUMENTS

POST.OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




MAX232, MAX232I

DUAL EIA-232 DRIVER/RECEIVER

SLLSD47G - FEBRUARY 1989 —~ REVISED AUGUST 1998

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Storage temperature range, Tgtg
Lead temperature 1,6 mm {1/16 inch).from case for 10 seconds

Input supply voltage range, Voo (seeNote 1) .. ... i -03VtobV
Positive output supply voltage range, Vg4 .......... ... Vo -03Vio 15V
Negative output supply voltage range, Vg_ . ... -03Vio-15V
Input voltage range, V|: Driver ... ... ... -03VtoVee+03V
Receiver .. 30V

Output voltage range, Vo: T1OUT, T20UT ... ... ..o i, Vg_-03VtoVg. +0.3V

RIOUT, R20UT ... ... . e, -03VtoVpoc+03V -

Short-circuit duration: T10UT, T20UT ... e Unlimited
Package thermal impedance, 0 (see Note 2): Dpackage ...............ccoviininnnninn... 113°C/W
DWpackage ...........ccoviiiiiiiinnin, 105°C/W

Npackage .« vaee. o iii e 78°C/W

~65°C to 150°C
260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All veltage values are with respect to network ground terminal.
2. The package thermalimpedance is calculated in accordance with JESD 51, exceptfor through-hole packages, which use atrace length

of zero.

recommended operating conditions

MIN NOM ' MAX | UNIT

Supply voltage, Voo 4.5 5 55 \

High-level input voltage, Vi (T1IN,T2IN} 2 \

Low-level input voltage, Vi (T1IN, T2IN} 08 V

Receiver input voltage, R1IN, R2IN +30 1
. ) MAX232 0 70

Operating free-air temperature, Ta °C
MAX232i -40 85

{’P TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ¢ DALLAS, TEXAS 75265




MAX232, MAX232I

DUAL EIA-232 DRIVER/RECEIVER

SLLS047G ~ FEBRUARY 1989 ~ REVISED AUGUST 1998

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt mMAX| UNIT

T1OUT, T20UT |R_ =3kQto GND 5 7
VoH  High-level output voltage \

R10UT, R20UT |lgH=~1mA 3.5

T10OUT, T20UT |RL =3 kQto GND -7 -5
VoL  Low-level output voltaget R1OUT R20UT |loL =32 mA o2
VIT+ 2‘::::1‘:3; ‘\’(‘;fgsz'gmng nput R1IN, R2IN Vee =5V, Ta=25°C 17 24| Vv
ViT— :?1‘:::;1‘;6[’; tz?;;‘;e'g°'"g input R1IN, R2IN Voo =5V, Ta = 25°C 08 12 v
Vhys Input hysteresis voltage R1IN, R2IN Vee=5V 02 0.5 \4
f Receiver input resistance R1IN, R2IN Vee =5, TA=25°C 3 5 7 kQ
To Output resistance T10UT, T20UT. | Vg4 =Vg_=0, Vo=+2V 300 £
Ios§  Shortcircuit output current TIOUT, T20UT Voo 5568V, Vo =0 +10 mA
s Short-circuit input current TN, T2IN Vi=0 200 LA
lcc  Supply current \TIES ;5?’(? X groutpuTopen, 8 0] mA

1 All typical values are at Vog =5V, Tp = 25°C.
¥ The algebraic convention, in which the least positive {most negative) value is designated minimum, is used in this data sheet for logic voltage

levels o

nly.

& Not more than one output should be shorted at a time.

switching characteristics, Vog = 5 V, Tp =25°C

PARAMETER TEST CONDITIONS MINC CTYP MAX | UNIT
tpLH(R) Receiver propagation delay time, low- to high-level utput See Figure 1 500 ns
tPHL(R} Receiver propagation delay time, high- to low-level output See Figure 1 500 ns

. Ry =3 kQto 7k,
SR Driver slew rate See Figure 2 301 Vius
SR(tr) Driver transition region slew rate See Figure 3 3 Vius

“5‘ TexAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



MAX232, MAX232(
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

R1IN R =1.3kQ
or

Puise R2IN
Generator

(see Note A)

See Note C

Cp =50 pF
I {see Note B)

TEST CIRCUIT

s10ns—-| r»— —b: [ <10ns
| |
i

vy 80% ~ 9% N || [/ = et
2 10% |50°/- 50%| 10% o

j—= 500 ns —
Gt
tPHLH I PLH
[ | VOH
Quth 15V 1.5V
—————— VoL
WAVEFORMS

NOTES. A. The pulse generator has the following characteristics: Zg = 50 €, duty cycle < 50%.
B. Cy includes probe and jig capacitance.
C. Alldiodes are TN3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpyy and tp 4y Measurements

{'F TEXAS
INSTRUMENTS

POST QFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232l
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2{N T10UT or T20UT
( sGecanez;o; ) > l EIA-232 Output
RL I CL=10pF

{see Note B)

TEST CIRCUIT
£10 ns —p| f— —»l j[¢—<10ns
|| (Y R — av
Input l 30% 90% |
g, 0,
10% | 50% S0k | 10% oV
l—"5us —»pl
| le—»—1tpLH

tPHL —H—b: |

Output

tTHL -
0.8 (Vo Vor) /| BB Vo-VYou
= t Fv T
TLH THL.
WAVEFORMS

NOTES: A. _The pulse generator has the following characteristics: Zg =50 €, duty cycle £50%.
B. Ci includes probe and jig capacitance.

Figure 2. Driver Test Gircuit and Waveforms for tpyy and tp y Measurements (5-us input)

Pulse
( g«;ng;a:;o; ) l ElA-232 Qutput
3 kQ T

CL=2.5nF

TEST CIRCUIT
<10.ns —» W— ~plle— <10 ns

90%
1.5V

90%
15V

—k 7F_ VoH
Output v | | 3v
=3V YA VoL

-8V
trae ©F tron

:q— 20;15—.:

SR

WAVEFORMS
NOTE A:  The pulse generator has the following characteristics: Zgy = 50 Q, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for try_ and ty 4 Measurements (20-us input)

“9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST 1998

APPLICATION INFORMATION

5V
18
— .
Voo T~ 1uF
1 2 =
] c1+ >
Lo X Vss B5V
I\—4 C1- 6
. cos Vs f|———¢——+ -85V
o 5 | 1uF
c2- L
11 > > 4 E1a232 Output
From CMQS or TTL 10 7
> . EIA-232 Output
12 13
PELLE AT/ |—<4—— EIA-232 Input
To CMOS or TTL 9 8
PR, N I F—e———EIA-232 Input
15
GND

Figure 4. Typical Operating Circuit

".'?‘ TEXAS
INSTRUMENTS

6 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



IMPORTANT NCTICE

Texas instruments and its subsidiaries (Tl) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements,

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (‘CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT ‘DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR.USE'IN LIFE-SUPPORT DEVICES . OR SYSTEMS OR QOTHER
CRITICAL APPLICATIONS. INCLUSION-OF-TI'PRODUCTS IN.SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK:

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedurai hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patentright, copyright, mask work right, or other
intellectual property right-of Tl covering or relating to any combination, machine,-or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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SHT1x / SHT7x

Humidity & Temperature Sensor

Evaluation Kit
Available

- Relative humidity and temperature sensors

- Dew point

- Fully calibrated, digital output

- Excellent long-term stability

- No external components required

- Ultra low power consumption

- Surface mountable or 4-pin fully interchangeable
- Small size

- Automatic power down

SHT1x / SHT7x Product Summary

The SHTxx is a single /chip_-relatives humidity—and
temperature multi sensor module comprisinig a calibrated
digital output. Application of industrial CMOS processes:with
patented micro-machining (CMOSens®-technology)-ensures
highest reliability and /excéllent (long term “stability. The
device includes a capacitive, polymer sensing-element for
relative humidity and a bandgap temperature-sensor, Both
are seamlessly coupled to a-14bit analog-to digital converter
and a serial interface circuiton:the same ehip. This restlts in
superior signal quality, a fast.response time and insensitivity
to external disturbances (EMC) at a very competitive price.

Each SHTxx is individually calibrated in a-preeision humidity
chamber. The calibration ‘coefficients are (programmedzinto

the  OTP memory. These-coefficients, are used internally
during- measurements: fo_calibrate ‘the. signals from the
SENnsars:

The\, 2-wire/serial" interface ‘and internal, voltage regulation
allows easy and fastsystem'integration. Its tiny size and low
pawer, egnsumption makes.it\the “ultimate choice for even
the most demanding-applications.

The device is supplied-in-either-a suface-mountable LCC
(Leadless Chip.Carrdgr)ar as)a.pluggable 4-pin single-in-line
type package. Custamer, specific pagkaging options may be
available onrequest,

Applications

_HVAC _ Test'& Measurement
_ Automotive _ Data*kogging

_ Consumer Goods _ Automatien

_ Weather Stations _ White Goods

_ Humidifiers _ Medical

_ Dehumidifiers

Ordering Information

Part Humidity | Temperature
Number | 26Curacy | ccuracy [K] | Package

[%RH] | @25°C
SHT10 +4.5 +0.5 SMD (LCC)
SHT11 +3.0 +0.4 SMD (LCC)
SHT15 +2.0 0.3 SMD (LCC)
SHT71 +3.0 +0.4 4-pin single-in-line
SHT75 +1.8 +0.3 4-pin single-in-line

Block Diagram
Calibration SCK
\ %RH Mémorv
Sensor l —<__P DATA
Digital 2-
5 D wire
8 p| Interf
% n e&ace
E CRC
m_r b A generator
[: ND
Temp ©
Sensor ) o
[ wr(_':-‘_:; “ris

www.sensirion.com Sensirion AG, Laubisriitistr: 50, CH-8712'Stafa ZH, Switzertand, Tel: +41'44'306 40 00, Fax: +41'1 306°40 30 v2.04



SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

SENDIRION

Wlel BEnEOE Gl PR

1 Sensor Performance Specifications

Parameter | Conditions | Min. | Typ. | Max.| Units
Humidity
Resolution @ 05(003|0.03| %RH
8 | 12 | 12 bit
{Repeatability 0.1 %RH
Accuracy ) linearized see figure 1
Uncertainty
Interchangeability Fully interchangeable
Nonlinearity raw data +3 %RH
linearized << %RH
Range 0 100..{~%RH
Response time /e (63%) 4 S
slowly moving air
Hysteresis +1 %RH
Long term stability | typical <05 %RH/yr
Temperature
Resolution @ 0.04| 0.01 +0.01| -°C
0.07) 0.02(0.02/| °F
12°] 14 [ 14 bit
Repeatability +0.1 °C
+0.2 °F
Accuracy see figure 1
Range 40 123.8|~ °C
-40 2549| 7 °F
Response Time e (83%) | 5 30 S

Table1 Sensor Performance Specifications

2 Interface Specifications

vgd
' ¢ GND
-uC < DATA I—I ? SHT1x
(master) > (slave)
SCK ,
—
Vdd 2.4 - 5.5V

Figure2 Typical application circuit

21 Power Pins

The SHTxx requires a voltage supply between 2.4 and 5.5 V.
After powerup the device needs 11ms to reach its “sleep”
state. No commands should be sent before that time.

Power supply pins (VDD, GND) may be decoupled with a
100 nF capacitor.

2.2 Serial Interface (Bidirectional 2-wire)

The serial interface of the SHTxx is optimized for sensor
readout and power consumption and is not compatible with
12C interfaces, see FAQ for details.

Relatlve Humldlty absoiute accuracy

' ' %RH
0 10 20 30 40 50 60 70 80 90 160

Temperature accuracy

NS ’sunsns

Q7 @ o°C l 40;'0 \ ] I 80'°C I ’ l12[';"C o
-40°F 32°F 104°F 176°F 248°F

\ s Dewpomt accuracy @25°C (typicf_l-)“ . 18.0°)
+4°C ; L x7.20
13°C = o 254
+2°C 2360
+1°C : - £18°%
+0°C %RF

0 10 20 30 40 50 60 70 80 90 100
Figure 1 Ref. Humidity, Temperature and Dewpoint accuracies

2.2.1- Serial clock input (SCK)

The SCK is used ta synchronize the communication between
a microcontroller, and the“SHTxx. Since the interface
consists of: fully static dogic there is no minimum SCK
frequency.

2:2.2" Serial data (DATA)

The DATA tristate pin is used to transfer data in and out of
the device. DATA changes after the falling edge and is
valid on the rising edge of the serial clock SCK. During
transmission the DATA line must remain stable while SCK is
high. To avoid signal contention the microcontroller should
only drive DATA low. An external pull-up resistor (e.g. 10 kQ )
is required to pull the signal high. (See Figure 2) Pull-up
resistors are often included in 1/O circuits of microcontrollers.
See Table 5 for detailed 0 characteristics.

{Each SHTxx is tested to be fully within RH accuracy specifications at 25°C (77 °F) and 48 °C (1184 °F)
@The default measurement resolution of 14bit {temperature) and 12bit (humidity) can be reduced to 12 and 8 bit through the status register.
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2.2.3 Sending a command

To initiate a transmission, a “Transmission Start” sequence
has to be issued. It consists of a lowering of the DATA line
while SCK is high, followed by a low pulse on SCK and
raising DATA again while SCK is still high.

DATA  \ |
sk /TN O\

Figure 3 "Transmission Start" sequence

The subsequent command consists of three address bits
{only “000" is currently supported) and five command bits.
The SHTxx indicates the proper reception of a command-by
pulling the DATA pin low (ACK bit) after the falling edge of
the 8th SCK clock. The DATA line is released (and goes
high) after the falling edge of the 9th SCK clock.

Command Code
Reserved 0000x
Measure Temperature 00011
Measure Humidity 00101

Read Status Register 00111

Write Status Register 00110
Reserved 0101x-1110x
Soft reset, resets the interface, clears the [ 11110
status register fo default values

wait minimum 11 ms before next command

Table2  SHTxx list of commands

2.2.4 Measurement sequence (RH and T)

After issuing a measurement command (00000101’ for RH,
‘00000011 for Temperature) the controller has to wait for the
measurement to complete. “This takes - approximately
11/55/210 ms for a 8/12/14bit measurement. The exact time
varies by up to +15% with the speed of the internal oscillator:
To signal the completion of a measurement, the SHTxx pulls
down the data line and enters idle mode. The controller must
wait for this “data ready” signal before restarting SCK. to
readout the data. Measurement data is stored until readout,

Transmission Start Address="000"

DATA —\_/—_\

therefore the controller can continue with other tasks and
readout as convenient.

Two bytes of measurement data and one byte of CRC
checksum will then be transmitted. The uC must
acknowledge each byte by pulling the DATA line low. All
values are MSB first, right justified. (e.g. the 5 SCK is MSB
for a 12bit value, for a 8bit result the first byte is not used).
Communication terminates after the acknowledge bit of the
CRC data. If CRC-8 checksum is not used the controller may
terminate the communication after the measurement data
LSB by keeping ack high,

The device automatically returns to sleep mode after the
measurement and communication have ended.

Warning: To keep self heating below 0.1 °C the SHTxx
should not be active for more than 10% of the time
(e/g. max-2 measurements./ second for 12bit accuracy).

2.2.5 Connection resef sequence

If communication with the device is fost the following signal
sequence wilf reset its serial-interface:

While-leaving DATA high,.toggle SCK 8 or more times. This
must- be followed by a “Transmission Start” sequence
preceding the next command. This sequence resets the
interface only. The status register preserves its content.

DATA \ /
Transmission; Start
SCK 1\ /2\3\S=2-8\Jo\/ | \

Figure 4~ Connection reset sequence

2.2.6 | CRC-8 Checksum calctiation

The. whole 'digital transmission is secured by a 8 bit
checksum. It ensures that-any wrong data can be detected
and eliminated.

Please consult-, ‘@pplication note “CRC-8 Checksum
Calculation” for information-on how to calculate the CRC.

Command="00101" ‘,/ Bold = SHTxx controls DATA line

Plain = uC controls DATA line

Measurement

~55ms for 12 bit

Measurement is finished when the

~11ms for 8 bit

Skip acknowledge to end frans
{if no CR'C}S used)

. .SHTxx pulls down the CATA line
DATA \
tow

2 1 <

- r
sok VAVAVAVAVAVAVAVAVANGE.L.C.C SN

MEB L8

CRC-8 Che?ﬂ:m
—_———— \J \_—/ v“" \\L ______ ”
7 & 5 4 3

Skip acknowledge to
end {ransmission Y N AN

Figure 5 ' Example RH measurement sequence for value “0000°1001 * 0011'0001"= 2353 = 75.79 %RH (without temperature compensation)
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wait for data ready

f_)"ﬁ
o T T T T T T T ] T T T
H9,9.0 © O 1 M8

P

| Peerstm | |

ack

Command

Figure 8 Overview of Measurement Sequence (TS = Transmission Start)

2.3 Status Register

Some of the advanced functions of the SHTxx are available
through the status register. The following section gives a
brief overview of these features. A more detailed description
is available in the application note *Status Register”

TTTT] ﬁhllsfatubllﬁ

I
000001 1/0

after switching on the heater, proper functionality of both

sensors can be verified. -

» In high (>95 %RH) RH environments heating the sensor
element will prevent condensation, improve response
time and accuracy

Waming: While heated the SHTxx will show higher

temperatures and a lower relative humidity than with no

heating.

LI D ReQ L] 24 Electrical Characteristics'"
Command VDD=5V, Temperature'=.25.°C unless otherwise noted
Figure 7  Status Register Write Parameter Conditions. . [Min. |Typ. |Max {Units
Power supply DC 24 | 5 | 55V
m0|0|o|0|0|111 1 j IStatus ™ | -‘:ft‘_,] lC'I lcl Iul Supply current measuring 550 LA
RO e | 11 (3 CISAT avege 20 (799 | [
— sleep 03[ 1 |uA
Command Low level output voltage 0 20% [Vdd
Figure8 Stalus Register Read High Tevel output voltage 75% 100%|Vdd
Low level input voltage |Negative going | 0 20% |Vad
?" Type ?e':e‘:';""“ 0“"‘"“ High level iupul voliaga_|Positve going | 80% 100% |Vdd
6 |R End of Battery {low voltage detection) X.|-No default value, out suhPAve pads 1 |uA
"0 for Vdd > 247 bit “is | only Output peak current:~lon 4 _|mA
1" for Vdd < 2.47 updated  after a Tristated (off) 10 uA
5 Tocerved 5 Teasyenent Table 4 . SHTxx DC Characterisfics
4 reserved 0 v,
3 For Testng only, do notuse 0 Parameter Conditions Min |Typ.|Max. |Unit
1| RW | noreload from OTP 0 | reload VDD <45V 1 |MHz
0 |RW |'1'= 8bit RH/ 12bit Temperature resolution | 0, | 12bit RH Trro |DATAfall time  |Outputload 5pF | 3.5] 10 | 20 |ns
'0" = 12bit RH / 14bit Temperature resolytion 14bit Temp. Output load 100 pF 130 | 40 200 [ns
Table3  Status Register Bits Teix |SCKhiflow time 100 ns
) Tv |DATA valid time 250 ns
2.3.1 Measurement resolution sy |DATASEL up time 7100 s
The default measurement resolution of 14bit (temperature) Tro |DATA hold fime 0110 ns
and 12bit (humidity) can be reduced'to 12.and 8bit; This is  (TRTe [SCKriseffll fime 00| Ins
especially useful in high speed or extreme.low power | Table§ ° SHTxxI/O Signals Characteristics

applications.

2.3.2 End of Battery

The “End of Battery” function detects VDD voltages below
247 V. Accuracy is +0.05 V

2.3.3 Heater

An on chip heating element can be switched on. It will
increase the temperature of the sensor by 5-15 °C {3-27 °F).
Power consumption will increase by ~6 mA @ 5 V.
Applications;

By comparing temperature and humidity values before and

1 Parameters are periodically sampled and not 100% tested
@  With one measurement of 8 bit accuracy without OTP reload per second
@ With one measurement of 12bit accuracy per second

SCK

DATA

Figure8 Timing Diagram
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3 Converting Output to Physical Values

31 Relative Humidity

To compensate for the non-linearity of the humidity sensor
and to obtain the full accuracy it is recommended to convert
the readout with the following formula';

RHjngar = C1 +C #SOgy +C3 » SOgy?

SOrn €1 Cz2 €

12 bit -4 0.0405 | -2.8*10¢

8 bit 4 0.648 -7.2*104
Table 6  Humidity conversion coefficients

For simplified, less computation intense conversion formulas
see application note “RH and Temperature Non-Linearity
Compensation”.

Values higher than 99% RH indicate fully saturated air and
must be processed and displayed as 100% RH:

The humidity sensor has no significant voltage dependency.

100%

) ] i : | s
[ ] i ' 1
1 [ [l § 1 §
80%} - - - - NRY ¥ SRR — g, A Ve
1 ] ] ¥ 3 i
l ] ; i : :
" D b 3217 kg \\&
50% S /AP R (G
& ] Y e W)
40%t - - - - r o T L7 ) peiininlald g gl -}
i 3 ¥ 1 ]
] i 3 i i £
20%] - LA 2o IS 2 YA
) ] 3 ] 1
1 [} 1 3 ] i
00/ ] 1 3 3 t i
°0 500 1000 1500 . 2000 2500 3000

2
SOrn sensor readout (12bit)
Figure 10 Conversion from SOrw fo relative humidity

3.1.1 Humidity Sensor RH{Temperature compensation
For temperatures significantly. different from 25-°C (~77 °F)
the temperature coefficient of the RH sensor should be
considered:

RHine = (Te - 25)e (ty +1; @ SOgy) #RHjeq

SOry t t
12 bit 0.01 0.00008
8 bit 0.01 0.00128
Table7  Temperature compensation coefficients

This equals ~0.12 %RH/°C @ 50 %RH

! Where SOrw is the sensor output for relative humidity

3.2 Temperature

The bandgap PTAT (Proportional To Absolute Temperature)
temperature sensor is very linear by design. Use the
following formula™to convert from digital readout to
temperature:

Temperature = d; +d, eSO;

VDD| di[°C].| di[°F] d2[°C] | d2[°F]
SV | -40.00 | -40.00 14bit 0.01 ] 0.018
4v | -3975 | -39.50 12bit | 0.04 | 0.072

3.5V| -39.66 | -39.35
IV | -39.60 | -39.28
2.5V] -39:55 }+-39.23

Table 8  Temperature conversion coefficients

Forimpraved aceuracies in extreme temperatures with more
computaticn . intense  conversion formulas see application
note “RHand Temperature Non-Linearity Compensation”.

3.3 Dewpoint

Since humidity and temperature are both measured on the
same monolithic-chip, the SHTxx allows superb dewpoint
measurements. See application note “Dewpoint calculation”
for mare.

www.sensirion.com
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4 Applications Information
41 Operating and Storage Conditions

+1%RH
100_.{.?. ] — o ‘
: P .1 NI gMaximum operating
8{]-J oy 4 e i R o conditions
" [ [ . RS Y
so0¥. -} 'E i N N
: Nofmal operating - o I N
404 ]| ¢ Eendifions | . i 0 \: \\ :
0 : § : T : : !["CE
] ! 1 ) 1 ] ]
40 20 0 20 40 60 80 100 120

Figure 11 Recommended operating conditions

Conditions outside the recommended range may temporarily
offset the RH signal up to +3 %RH. After return o normal
conditions it will slowly return towards calibration. state by
itself. See 4.3 “Reconditioning Procedure” to accelerate this
process. Prolonged exposure to extreme conditions- may
accelerate ageing.

4.2 Exposure to Chemicals

Chemical vapors may interfere with the polymer layers used
for capacitive humidity sensors. The diffusion of chemicals
into the polymer may cause a shift in both offsel and
sensitivity. In a clean environment the contaminants will
slowly outgas. The reconditioning procedure described
below will accelerate this process: High-levels-of pollutants
may cause permarent damage to the sensing polymer.

43 Reconditioning Procedure

The following reconditioning-procedure will bring the sensor
back to calibration state after exposure o extreme conditions
or chemical vapors.

80-90 °C (76-194°ry at < 5 %RH for 24h {baking) followed by
20-30 °C ro-90°r)  at > 74 %RH for48h (re-hydration)

44 Temperature Effects

The relative humidity of a gas strongly depends on its
temperature. it is therefore essential. to. keep humidity
sensors at the same temperature as the air_of-which the
relative humidity is to be measured.

If the SHTxx shares a PCB with electronic components that
give off heat it should be mounted far away and below the
heat source and the housing must remain well ventilated.

To reduce heat conduction copper layers between the
SHT1x and the rest of the PCB should be minimized and a
slit may be milled in between (see figure 13).

45 Membranes

A membrane may be used to prevent dirt from entering the
housing and to protect the sensor. It will also reduce peak
concentrations of chemical vapors. For optimal response
times air volume behind the membrane must be kept to a
minimum. For the SHT1x package Sensirion recommends
the SF1 filter cap for optimal [P67 protection.

46 Light

The SHTxx is not light sensitive. Prolonged direct exposure
to sunshine or strong UV radiation may age the housing.

47 Materials Used for Sealing / Mounting

Many materials absorb humidity and will act as a buffer,
increasing response times and hysteresis. Materials in the
vicinity of the sensor must therefore be carefully chosen.
Recommended materials are: All Metals, LCP, POM {Delrin),
PTFE (Teflon), PE, PEEK, PP, PB, PPS, PSU, PVDF, PVF
For sealing and gluing (use sparingly): High filled epoxy for
¢lectronic.packaging (e.g. glob top, underfill), and Silicone.
Outgassing-of these materials may also contaminate the
SHTxx (cf. 4.2). Stare well ventilated after manufacturing or
bake “at” 50°C for 24h_to outgas contaminants before
packing.

4.8~ Wiring Considerations and Signal Integrity

Carrying the SCK-and-DATA signal parallel and in close
proximity (e.g._in wires) for more than 10cm may result in
cross talk-and loss of communication. This may be resolved
by routing VDD andfor GND between the two data signals.
Please see the application note “ESD, Latchup and EMC” for
mare information.

Power supply pins (VDD, GND) should be decoupled with a
100 nF capacitor if wires are used.

4.9 Qualifications

Extensive tests were performed in various environments.
Please contact SENSIRION for detailed information.

Environment Nom Resuttst)
Temperature JESD22-A104-B Within

Cycles -40 °C | 125 °C, 1000 ¢y |Specifications
HAST JESD22-A110-B Reversible shift
Pressure Cooker (2.3 har125°C 85 %RH |by +2 %RH

High Temperature |JESD22-A101-B Reversible shift

and Humidity 85°C85%RH 125Ch [by +2 %RH
Salt Atmosphere . |DIN-50021ss Within Spec.
Condensing Air - Within Spec.
Freezingcycles  |-20/430 °C, 100 cy Reversible shift
fulty submerged  |30min dwell time by +2 %RH
Various AutomotiveDIN 72300-5 Within
Chemicals Specifications
Table$ Qualification tests (excerpt)

4,10 ESD (Electrostatic Discharge)

ESD immunity is qualified according to MIL STD 883E,
method 3015 (Human Body Model at +2 kV)).

Latch-up immunity is provided at a force current of £100 mA
with Tame = 80 °C according to JEDEC 17. See application
note “ESD, Latchup and EMC” for mare information.

" The temperature sensor passed all tests without any detectable drift. Package and elecironics aiso passed 100%
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5 Package Information
5.1 SHT1x (surface mountable)

Pin |Name | Comment
1 |GND Ground
2 | DATA | Serial data, bidirectional
3 |SCK Serial clock, input
4 |vDD Supply 24-55V
NC Remaining pins must be left unconnected

Table 10 SHT1x Pin Description

5.1.1 Package type

The SHT1x is supplied in a surface-mountable LCG
(Leadless Chip Carrier) type package. The sensors housing
consists of a Liquid Crystal Polymer (LEP).cap with epoxy
glob top on a standard 0.8 mm FR4sSubstrate. The.device'is
free of Pb, Cd and Hg. (Fully ROHS{WEEE compliant)
Device size is 7.42 x 4.88 x 2.5mm (0.29-%-0.19 x 0:1hinch)
Weight 100 mg

The production date isprinted onto the cap,inWhite numbers
in the form wwy. e.g. "351" = week-35, 2001.

5.1.2 Delivery Canditions

The SHT1x are shipped in-12mmtape-at:t00pcs. or 400pcs:
(SHT10 at 2000pcs only)-Reéls are.individually. labelled with
barcode and human readable labels. The lot numbers allow
full traceability through production, calibrationrand test,
S

<?J Tt e ke N
- 'r‘wL

OO0

2R . i
Caria Tpn Trailer Ta Compoggaty eader Tapk
? 300mm ‘r'r?ienmll'n 480mm nmnum

Caven Taps

Figure 12 Tape configliration and tnit origntation

5.1.3 Soldering Information

Standard reflow soldering‘evens may be uSed.|Fer-details
please see application note “seldering-progedure”.

For manual soldering contact time must be limited to 5
seconds at up to 350 °C.

After soldering the devices should be stored at >74 %RH for
at least 24h to allow the polymer to rehydrate.

Please consult the application note “Soldering procedure” for
more information.

5.1.4 Mounting Examples

Slit to minimize heat
transfer from the PCB

Figure'13, SHT1X PCB-Mounting example

The. SF4.membrane fitter.cap is available for optimal IP67
protéction. When'maunted through-a housing the interior can
be (protected from-the environment while still allowing high
qualify humiidity-measurements (see;example below).

/m.,

o Aty ly

Figure-14~ SF1 IP67 filter cap mounting example

Recommended PCB Footprint

ey

'

4.61 (0.2)

T ] %% B2

Top View Side View
1.15 1.9 1.49
0 oai (0.07) | (0.06)
sensor opening
.‘-‘CI\ () NC_ —
o P o
i = NC o
& 124 i ( - )i | =
N T & i
sy 2 L ANC
< N
~ Sat 3, i Clg |e
L Nc 1 T e -
[ R S ! = g - N
o k 1 e |«
- @
bt ™
e
2. =
(% 14} actual size
4.88 (0.19)

Figure 15 SHT 1x drawing and footprint dimensions in mm-(inch)

(0.05Y

0.47
0.018)
No copper inside this field

18 | 3.48(0.137)
(0.07) " 7 08 (0.278)

1.8
(0.07)
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5.2 SHT7x (4-pin single-in-line) 3.1
(0.12)
2.2

et

10.08)
- |

—

Pin {Name | Comment

1 |SCK Serial clock input

2 VDD Supply 2.4-55V

3 |GND Ground :

4 _|DATA | Serial data bidirectional

Table 11 SHT7x Pin Description

5.2.1 Package type!

The device is supplied in a single-in-line pin type package.
The sensor housing consists of a Liquid Crystal Polymer
(LCP) cap with epoxy glob top on a standard 0.6 mm FR4
substrate. The device is Cd and Hg free.

The sensor head is connected to the pins-by a-smail bridge
to minimize heat conduction and response times. The gold
plated back side of the sensor head is connected to the GND
pin.

A 100nF capacitor is mounted on the-back-side between
VDD and GND.

All pins are gold plated to avoid corrosion.-They can be
soldered or mate with most 1.27 mm(0.05") sockets - .
e.g.: Preci-dip / Mill-Max 851-93-004-20-001 or similar b ©
Total weight: 168 mg, weight of sensor head: 73 mg J@irepl) |

0.4
(0.02)

|/

13.5
(0.53}

0.6
(0.024)

(0.15)

,_.
I

(0.43)

(~0.24)

The production date is printed onto the cap in white numbers 4\
in the form wwy. e.9. "351™ = week 35, 2001. S WA

5.2.2 Delivery Conditions 0.46 1.27 0.2

The SHT7x are shipped in 32 mm tape. These recled parts (0.018) 5 08 (005} & 'y
in standard option are shipped with 500 units per 13 inch (0:2) : (0.08
diameter reel. Reels are individually-labelled with barcode  Figure 17 SHT7x dimensions.in mm (inch)

and human readable labels.

J

<L1\

Y

Cane T

Y
[t

S — . M
%mﬁm Components S i

Figure 16 Tape configuration and unit crientation

5.2.3 Soldering Information?

Standard wave SHT7x soldering ovens may be used at
maximum 235 °C for 20 seconds.

For manual soldering contact time must be limited to 5
seconds at up to 350 °C.

After wave soldering the devices should be stored at
>74 %RH for at least 24 h to allow the polymer to rehydrate.
Please consult the application note “Soldering procedure” for
more information.

1 Other packaging options may-be available on request.
2 For maximum accuracy.do.not solder SHT75!
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6 Revision history

Date Version Page(s) | Changes
February 2002 Preliminary | 1-9 First public release
June 2002 Preliminary Added SHT7x information
March 2003 Finalv20 |19 Major remake, added application information etc.
Various small modifications
V2,01 1-9 Typos, Graph labeling
July 2004 v2.02 1-9 Improved specifications, added SF1 information, improved wording
April 2005 V2.03 1-2 Added SHT10 information
May 2005 V2.04 1-9 Changed company address

The latest version of this document and all application notes can be found at;

www sensirion.com/humidity
7 Important Notices

7.1 Waming, personal injury

Do not use this product as safety or emergency stop
devices or in any other application where failure of the
product could result in personal injury. Failure to
comply with these instructions could result in death or
serious Injury.

Should buyer purchase or use SENSIRION AG-products for any
such unintended or unauthorized. application, Buyer shall
indemnify and hold SENSIRION AG and its officers, employees,
subsidiaries, affiliates and distributors harmless against all claims,
costs, damages and expenses, and reasonable attomey fees
arising out of, directly or indirectly, any claim of personal injury or
death associated with such unintended or unauthorized use, even
if such claim alleges that SENSIRION AG was negligent regarding
the design or manufacture of the part.

7.2 ESD Precautions

The inherent design of this component causes-it to be sensitive to
electrostatic discharge (ESD). To prevent ESD-induced damage
and/or degradation, take normal ESD ‘precautions when handling
this product,
See application note “ESD, Latchup. and "EMC" for more
information.

1.3 Warranty

SENSIRION AG makes no warranty, representation or guarantee
regarding the suitability of its product for any particular purpose,
nor does SENSIRION AG assume any liability arising out of the
application or use of any product or circuit and specifically
disclaims--any ~and all_ liability,including without limitation
consequential -or incidental. damages. “Typical” parameters can
and ‘do vary in different applications. All operating parameters,
including “Typical” must be validated for each customer
applications by customer’s technical experts.

SENSIRION AG-reserves-the right, without further notice, to
change \the -product - specifications and/or information in this
document and to improve reliability, functions and design.

Copyright® 2001-2005, SENSIRION AG.
Al rights reserved.

Headquarters and Sales Office

SENSIRION AG Phone: +41 (0)44 306 40 00
Laubisriitistr. 50 Fax: +41(0)44 306 40 30
CH-8712 StifaZH  e-mail; info@sensirion.com
Switzerland http://www sensirion.com/

Sensirion humidity sensors are available from:

find your local representative at;
www.sensirion.com/reps
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