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WIRELESS ENVIRONMENT SENSOR SYETEM IN GREENHOUSE
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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 then change condition of

environment by adjusting equipments in greenhouse such as operating the sprinkle or electric fan.
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Parameter | Conditions [Min. [Typ.| Max.] Units ,
Humidity ﬂ'li'lwlﬁ?ul Llﬂﬂdﬂmﬁnﬁaﬂlﬂu‘?ﬂm]}ﬂ{
Resolulion @ G5 [003{ 003 %RH 4
§ |12 12 bit
Repeatability 0.1 %RH
Accuracy ' Imearized see figure 1
Uncertainty
interchangeabiity Fully interchangsable
Noninearity raw data +3 %eRH
linearized << %RH
Range & 100 | %RH
Response time 14 (63%) 4 3
SOy 28% g &
Hysteresis + %RH
Long term stabilty | tvpical < %RHAr
Temperature
Resclution & oMeotjo0t| °C
007]602[ 002 °F
12 1141 14 Bit
Repeatability +0.4 °C
10.2 “F
Accuracy see figure 1
Range -40 1238| °C
40 2348 °F
Reszanse Time 12 (83%) | 5 30 ]
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3.3.1 manfaeu Output IWitiAIMamann

¥ )
3.3.1.1 A nudu e 1Ty linear

RH,,. =c +¢, x50, =c, xS0},
!f}’t]
SOrH Ct 2 C3
12 bit 4 0.0405 -28*10°%
8 bit -4 0.648 -1.2*10+4

e

dioguuniia1afiy 25 C maifiguugil A3 19gasi

RH,, (T, —25)x(t, +1, x SO, ) + RH

finear

Lf}'ﬂ
SOgu t4 ta
12 bit 0.01 0.00008
8 bit 0.01 0.00128

3.3.1.2 gauvigil (Weuldeun digital 1¥iilusgaingil 1214

Temperature =d, +d, x SO,

(o
VoD [ di[°C] | di[f] SOr | da[°C] | da[*f]
5V | -40.00 | -40.00 1abit | 001 | 0.018
av | 3975 | -38.50 12bit | 004 | 0072

3.5V] -38.66 | -39.35
3V | 3960 | -39.28
2.5V| -39.55 | -39.23
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28.5 28.0 28.5 28.0 27.5 28 1.75
29.0 29.0 29.0 28.5 28.5 28.75 0.86
29.5 29.5 29.5 29.0 29.0 29.25 0.85
30.0 30.0 30.5 30.0 29.5 30 0
30.5 30.5 30.5 30.5 30.0 30.375 0.41
31.0 31.0 31.0 31.0 30.5 30.875 0.4
315 31.0 315 315 31.0 31.25 0.79
32.0 31.5 31.5 32.0 31.0 31.5 1.56
325 325 32.0 325 315 32.125 1.15
33.0 330 325 325 32.0 325 1.52
33.5 330 33.0 33.0 32.5 32.875 1.87
34.0 335 335 33.5 33.0 33375 1.84
34.5 34.0 34.0 33.5 34.0 33.875 1.81
35.0 34.5 35.0 34.5 34.5 34.625 1.07
35.5 355 35.5 35.0 35.0 35.25 0.7
36.0 36.0 35.5 36.0 36.0 35.875 0.35
36.5 36.5 36.0 36.5 36.5 36.375 0.34
37.0 36.5 37.0 37.0 37.0 36.875 0.34
375 37.0 370 37.0 37.0 37 1.33
38.0 37.5 37.0 37.5 37.5 37.375 1.64
38.5 380 375 38.0 38.0 37.875 1.62
39.0 38.5 39.0 38.5 38.5 38.625 0.96
39.5 39.0 39.0 39.0 39.0 39 1.27
40.0 39.0 39.5 39.5 39.5 39.375 1.56
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Features
* Compatible with MCS-51™ Products

* 8K Bytes of In-System Reproegrammable 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 Programmable I/O Lines

Three 16-Bit Timer/Counters

Eight interrupt Sources

Programmabie Serial Channel

Low Power idle and Power Down Modes

jescription

1e ATBI9C52 is a low-power, high-performance CMQS 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 memory programmer. By combining a versatile 8-bit CPU
ith Flash on a monolithic chip, the Atmel ATB9C52 is a powerful microcomputer
hich provides a highly fiexible and cost effective solution to many embedded control

plications. {continued)
- o -
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 1/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 ATB9C52 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

Vce

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/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.

tn 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)

AIMEL

Port 2

Port 2 is an 8-bit bidirectional /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 scurce
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 I/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 (I ) because of the pullups.

Port 3 also 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)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (external interrupt 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 AT89C52 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

EA/Vpp .

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.

XTALA

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

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH B OF7H
00000000 _
0E8H OEFH
ACC
OBOH 1 10000000 OE7H
0D8H ODFH
PSW
ODOH 50000000 OD7H
ocaH T2CON T2MOD RCAP2L RCAP2H TL2 TH2 ocFH
00000000 XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH 0C7H
0B8H IP OBFH
XX000000 °
P3
OBOH 11111111 0B7H
OABH IE
0X000000 OAFH
P2
0AOH 11111111 OATH
SCON SBUF
98H ' 50000000 XXXXXXXX 9FH
P1
80H | 4111111 97H
- TCON T™MOD TLO L1 THO TH
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000 8FH
soH PO sP DPL DPH PCON
11111111 00000111 00000000 | 00000000 oxxxoo00 | &7H
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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 ail 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. T2ZCON—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 c2 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=10or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXENZ2 =
1. When Timer 2 interrupt is enabled, EXF2 = 1 wiil 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 overflow 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.

EXEN2 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 T2ZEX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

ci2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

CP/RLZ 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 = 1, 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 AT89C52 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 0AGH (which is P2).
MOV OAOH, #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 GAQOH, rather than P2 (whose
address is GAOH).

MOV @R0, #data

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.
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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 oscil-
lator periods, the count rate is 1/12 of the oscillator fre-
guency.

Table 3. Timer 2 Operating Modes

RCLK+TCLK | CP/RL2 | 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 samples

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
EXEN2 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 T2EX 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 T2EX pin.

0sC o +12 -
—\lﬂ?s 0
o7 0 M THZ | TL2 TF2
| conTRoL OVERFLOW
] T C2 = 1 TR2 —’\\/"—“\/
T2 PIN CAPTURE
RCAP2H | RCAP2L
TRANSITION
DETECTOR TIMER 2
INTERRUPT
T2EX PIN [ |——— O/O » EXF2
| conTrOL

EXEN2
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Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXENZ2 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 reloaded 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, THZ and TLZ2, 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 RCAP2L. 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 N
Cm2=0
—O/‘/O————>| TH2 TL2 }——
i CONTROL OVERFLOW
TR2 N ’ /N
T Crv2 =
D - RELOAD Y
INTERRUPT
RCAP2H | RCAP2ZL
< » TF2
TRANSITION
DETECTOR
TEX PIN [J— o/o - EXF2
| coNnTROL
EXEN2
Table 4. T2ZMOD—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 — —
’ — % > EXF2
0sC - +12 . \ OVERFLOW
e /e
T T : ]
R el cf—————ﬁ TH2 | T2 e TF2
| coNTROL A ;; *
. TR2 f___7/\\FA444____ v
€2 =1 TIMER 2
[ }— INTERRUPT
T2 PIN
RCAP2H | RCAP2ZL 4
COUNT
(UP COUNTING RELOAD VALUE) 1DIFLi”EDCTION
0=DOWN
T2EX PIN

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

!

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

osc | +2 _
C2 =0
‘ o g
—O//Om—>| ™H2 | T2 | N s
g SRl L () N — RCLK
; Rx
| coNTROL A T |LSLocK
B TR2 / ' —
- Tcrrz =1 !
T2 PIN
RCAP2H | RCAP2L Tx
TRANSITION | CLOCK
DETECTOR
TIMER 2
T2EX PIN[ —— % 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 and/or 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 Overflow Rate

Modes 1 and 3 Baud Rates = TS

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

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 — (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L 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 T2CCN. 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, RCAP2L) to (THZ2, TL2). Thus when Timer
2 is 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.

0SsC +2

]
|

pro )

o1 C TL2 TH2
" (8-BITS) | (8-BITS)
e AlpAn
RCAP2L | RCAP2H
cr2 BIT

1
:

N N

TRANSITION

¥ DETECTOR
P1.1 /\

T20E (T2MOD.1)

TIMER 2

(T2EX) k /

EXEN2

AlNEL

F
EXF2 INTERRUPT
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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 /O 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 aperating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CCN.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-
qguency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Fequency

Clock-Out Fregquency= Zx[65536 — (RCAP2H,RCAP2L)]

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is 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 RCAP2L.

UART

The UART in the ATB9C52 operates the same way as the
UART in the AT89C51.

Interrupts

The ATB9C52 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-
rupts 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 IE.8 is unimple-
mented. In the AT89C51, bit position |IE.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, TFQ and TF1, are set at
S§5P2 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.

EXO IE.O 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

Oi DC
INTO IE0 L—»

0 [::>C
INT1 ——{}’/l/ EY —»

TF1

Tl
Ri

TF2
EXF2
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Oscillator Characteristics

XTAL1 and XTALZ 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, XTAL2 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 program 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 Clack Drive Configuration

AIMNEL

inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of NG s 1 x7AL2
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 write to a port pin or to exter-
nal memory.
EXTERNAL
XTALA1
Power Down Mode Osg'éhfLOR
in the power down mode, the oscillator is stopped, 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 down is a hardware reset. =
Reset redefines the SFRs but does not change the on-chip -
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.

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

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

2 P u u

Same as mode 2, but verify is
also disabled.

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 reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The AT89CS52 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
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89CS52 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.

The AT89CS52 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 Flash 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. Input the appropriate data byte on the data lines.
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 AT89C52 features Data Polling to indi-
cate the end of a 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 PQO.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 been initiated.

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.

w
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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 microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EANVpp P2.6 P2.7 P3.6 P3.7
Write Code Data H L HH2V L H H H
—~_
Read Code Data H L H H
Write Lock Bit- 1 H L H/12Vv H H
N
Bit-2 H L H/12v H H L L
—~
Bit-3 H L H/12v H L H L
~_
Chip Erase H L (1) H/12v H L L L
N
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG puise.
ATMEL 473
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Figure 9. Programming the Flash Memory Figure 10. Verifying the Flash Memory
+5V +5V

AT89C52 T AT89C52 T
AD - A7 ADDR, A0 - A7 P1 Ve

ADDR. P1 Vee :
OOOCOHMFFFH PGM OOOOR/FFFH PO PGM DATA

P20 - P24 PO j4—— P2.0 - P24 P (USE 10K
A8 - A12 . DATA A8 - A12 I(DULLUPS) -
———»| P26 —>» P26
SEE FLASH | — P27 ALE [¢—— PROG SEE FLASH | —»{ P27 ALE |«
PROGRAMMING PROGRAMMING
MODES TABLE | —® P36 MODES TABLE | —* P36 I
——» P37 —»{ P37 "
—@—————| XTAL2 EA M—— V,Nep A, XTAL2 EA
324 MHz | 3-24 MHz |
] (]
XTAL1 RST |[¢—— V, XTAL1 RST j——— Vi,
GND PSEN -—]_ GND PSEN —_L

Flash Programming and Verification Characteristics
Ta =0°Cto 70°C, Ve = 5.0 £ 10%

Symbol Parameter Min Max Units
Vpp(1) Programming Enable Voltage 11.5 12.5 \Y%
lpp™ Programming Enable Current 1.0 mA
Mool Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48t oL

tohax Address Hold After PROG 48t o).

toveL Data Setup to PROG Low 48t o

tahpx Data Hold After PROG 48t oL

tensh P2.7 (ENABLE) High to Vpp 48tc o1

tsheL Vpp Setup to PROG Low 10 us
tens ! Vpp Hold After PROG 10 us
teLGH PROG Width 1 110 us
tavav Address to Data Valid 48tc oL

tecav ENABLE Low to Data Valid 48tc L

tenoz Data Float After ENABLE 0 48t ¢

toHeL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp=12V)

P1.0 - P1.7
P2.0 - P24

PCRT 0

tA\.’GL -

ALE/PROG

EAN,p

P2.7
(ENABLE)

P3.4

tSHGL

PROGRAMMING VERIFICATION
ADDRESS ﬁ ADDRESS
— tavay
DATA IN DATA OUT
> thyor  torox (<
> ‘ * teHax
tonst
LOGIC 1
________ teeic o o __.
teLav .- * leroz

(RDY/BSY)

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

P10 - P17 PROGRAMMING VERIFICATION
P20 - P24 ADDRESS j ADDRESS
*+— tavav
PORT 0 DATA IN DATA OUT p————
tover  toHpx [
taveL [ N toHax
ALE/PROG
toneL Mt q—
_ LOGIC 1
EAN 20000000 weico,
- 1 e t
P2.7 EHsH tei v -~ EHQZ
(ENABLE)
toneL —*
P34
(RDY/BSY)
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Absolute Maximum Ratings*
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Operating Temperature...............oooceoveevveonercnn. -55°C to +125°C *NOTICE:
Storage Temperature ..........ccooeevveeveieecninrennnn. -65°C to +150°C

Voltage on Any Pin -

with Respectto Ground ...........ccocoiiieniiinicicnns -1.0Vto +7.0V

Maximum Operating Voltage................cocoovoviioiieecieeenns 6.6V

DC Output Current.........ooooviiiiiii el 15.0 mA

DC Characteristics

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

The values shown in this table are valid for T, = -40°C to 85°C and V¢ = 5.0V £ 20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA) -0.5 0.2 Vge-0.1
" Input Low Voltage (EA) -0.5 0.2 Vpe-0.3 v
ViH Input High Voltage (Except XTAL1, RST) 0.2 Vpct0.9 Veet0.5 \'
ViK1 Input High Voltage (XTAL1, RST) 0.7 Vee Veet0.5 v
VoL Output Low Voltage!") (Ports 1,2,3) | I, = 1.6 mA 0.45 v
Vo1 Output Low Voltage!") lop =3.2mA 0.45 v
(Port 0, ALE, PSEN)
Vo Output High Voltage loy =-60 PA, Voo = 5V £ 10% 24 v
(Ports 1,2,3, ALE, PSEN) lops = -25 HA 0.75 Vee v
loy =-10 pA 0.9Vee v
VoH1 Output High Voltage lon = -800 WA, Voo =5V £ 10% 24 v
(Port 0 in External Bus Mode) los = -300 pA 0.75 Vee v
lon = -80 pA 08 Vee "
I Logical 0 Input Current (Ports 1,2,3) | V| =0.45V -60 LA
I, Logical 1 to 0 Transition Current Vin=2V, Ve =5V 10% -650 LA
(Ports 1,2,3)
Iy Input Leakage Current (Port 0, EA) 0.45 <V < Ve 10 HA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power Down Mode") Veg = 6V 100 HA
Ve =3V 40 HA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum I per port pin: 10 mA
Maximum |5 per 8-bit port:

Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total Ig|_for all output pins: 71

mA

If I exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum Ve for Power Down is 2V,
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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 2te o 40 ns
taviL Address Valid to ALE Low 43 toLe-13 ns
L Lax Address Hold After ALE Low 48 toLoL-20 ns
tiy ALE Low to Valid Instruction In 233 4o cL-65 ns
tpL ALE Low to PSEN Low 43 terol-13 ns
teLpH PSEN Pulse Width 205 3toLeL20 ns
teLiv PSEN Low to Valid Instruction In 145 3te o 45 ns
tpxx Input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 toLcL-10 ns
toxay PSEN to Address Valid 75 teLcL-8 ns
taviy Address to Valid Instruction In 312 SteL 55 ns
tpiaz PSEN Low to Address Float 10 10 ns
trLRH RD Pulse Width 400 Bto o -100 ns
twLwh WR Puise Width 400 Bte o -100 ns
trLpv RD Low to Valid Data In 252 5te oL -90 ns
tauDX Data Hold After RD 0 0 ns
trHDZ Data Float After RD 97 2tc, o128 ns
t Lov ALE Low to Valid Data In 517 BtocL-150 ns
tavov Address to Valid Data In 585 e -165 ns
twe ALE Low to RD or WR Low 200 300 3toLcL-50 3t L +50 ns
tavwi Address to RD or WR Low 203 At o 75 ns
tavwx Data Valid to WR Transition 23 toLcL-20 ns
tovwH Data Valid to WR High 433 TteLeL-120 ns
twHax Data Hold After WR 33 tercL-20 ns
triaz RD Low to Address Float 0 0 ns
twHLH RD or WR High to ALE High 43 123 tcLcL-20 toLeL*25 ns
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External Program Memory Read Cycle

L >
ALE

. N teLpH
tAVLL b d tLLIV
— typ fe—
PSEN toLv
t
" ‘7tPLAZ tP)(IZ M
tiLax e
toxix— |
PORT 0 > A0-AT7 ————K INSTRIN b > AO-AT >
< taviv g
PORT 2 A8 - A15 X AB-A15

External Data Memory Read Cycle

b —
ALE
tWHLH
PSEN
tLLDV
e— lrirH —>
e tyw —
RD
R el ax — i t
tAVLL - 71 *RLDV ~ ¥ *RHDZ
triAz -+ r* t
—» RHDX
PORT 0 __ >KA0 - A7 FROM Rl OR DPLY | DATA IN D XA0 - A7 FROM PCL> < INSTR IN
- tAVWL
— tavpy
PORT 2 P2.0 - P2.7 OR A8 - A15 FROM DPH X AB - A15 FROM PCH
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External Data Memory Write Cycle

t g —>
ALE

AT89C52

¥ twHLH
PSEN
e twe — ety —>
WR 1t ax
U JRpppu— tavwx — " twhox
— tavwH —
PORT 0 >« A0 - A7 FROM RI OR DPL DATA ouT X XA0 - A7 FROM PCL>—INSTR IN
-~ tI-\VWL
PORT 2 P2.0 - P2.7 OR A8 - A15 FROM DPH > A8 - A15 FROM PCH

External Clock Drive Waveforms

Ve - 0.5V —1—
K

s

/

/
L
/

0.45v ——~

tCHCX !

0.7 Vg

0.2 Veg- 0.1V

External Clock Drive

AN

/1

tCLCH :

AN

/

tCLCL

— toncL

Symbol Parameter Min Max Units
MereL Oscillator Frequency 0 24 MHz
toeL Clock Period 416 ns
tenex High Time 15 ns
toLex Low Time 15 ns
teLeH Rise Time 20 ns
toHeL 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.

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

b xL Serial Port Clock Cycle Time 1.0 12teLcL us

tavxH Output Data Setup to Clock Rising Edge 700 10tc oL -133 ns

tyHax Output Data Hold After Clock Rising Edge 50 2te o -117 ns

txHDX Input Data Hold After Clock Rising Edge 0 o ns

txHDV Clock Rising Edge to Input Data Valid 700 10te o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 | 2 | 3 ] 4 | 5 | 6 | 7 | 8 |

ae LT T T L e e e

CLOCK . 1 o [ L 0 LI [
VXH"—*
P |<— tXHQ)(
WRITE TO SBUF 0 X 1 IX 2 X3 X 4 X 58 X 8 X 71
3 — t
OUTPUT DATA oy [+ box SET TIT
_ CLEARRI |

INPUT DATA

AC Testing Input/Output Waveforms'?) Float Waveforms(')

V- 0.5V
cc™ O 0.2 Vo + 0.9V

TEST POINTS Vioan Timing Reference
02V v o1y Points
0.45V 2 Vg - 0. Vioan % oLt 01V
Note: 1. AC Inputs during testing are driven at Ve - 0.5V Note: 1. For timing 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 Vo/Vo level occurs.
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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
AT89C52-12A1 44A Industrial
AT89C52-12Jt 44J (-40°C to 85°C)
AT89C52-12PI 40P6
AT89C52-12Ql 44Q
AT89C52-12AA 44A Automotive
AT89C52-120A 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
AT89C52-16Ji 44 (-40°C to 85°C)
AT89C52-16PI 40P6
AT89C52-16Ql 44Q
AT89C52-16AA 44A Automotive
AT89C52-16JA 44) (-40°C to 105°C)
AT89C52-16PA 40P6
AT89C52-16QA 44Q

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

AlMEL

4-81
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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
AT89C5H2-24Al 44A Industrial
ATB9C52-24JI 44 {-40°C to 85°C)
AT89C52-24P] 40P6
ATB9C52-24Q 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 89 C 52 s ———
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Conditions: VDD = 43V, VSS = 0OV, T = - 40°C 1o + 83°C

Svymbol {Parameter (condition) Notes Min. Typ. Max. | Units
Operating conditions
VDD [Supply vohage 1.9 3.4 3.6 v
TEMP  |Operating Tempersturs -ii 27 85 °C
Digital input pin
Vi HIGH level mput volage VDD- 03 VDD \3
'y LOW level mput voligee \'ss 0.3 v
Digital output pin
Vg HIGH level output voltawe { lay=-0. 3m.A) VDD-103 VDD v
Vo LOW level output voltave {1o.=0.5m.A) Vs 0.3 v
General RF conditions
o Operating fregquency 1) 2400 2524 MHz
Af Frequency deviation =156 kH=
Rarsg  [Data rate Shock Burs™ ) 1000 kbps
Fiypanry  [Channel spacing | MHz
Transmitter operation
Py Maximum Quiput Power 4) 0 -+ 4Bm
Pric RF Power Control Range lix 20 JdB
Parcr  |RF Power Control Ranpe Resolution =3 48
Pps: 20dB l_?andwidlh for Madulated Carner J 060 kHz
Pgrs 2" Adjacent Channel Transmit Power 2MHz =20 dBm
Pirs 3" Adjacent € hannel Transmit Power 3MHz -4 dBm
Lvbn Supply current & OdBm output power 5) I3 mA
hop Supply current ' -20dBm output power 5) 3.8 mA
han Average Supply current . -5dBim output G} 0.8 mA
power. Shock Burst™
hap Average Supply current in stand-by mode 7 12 UA
hyp  [Average Supply curremt in power down ] uA
Receiver operation
Lon Supply current one channel 250kbps IS mA
lvpn Supply current one channel 1000kbps 19 mA
hun Supply current iwo channels 250kbps 23 mA
Lhup Supply current two channels 1000kbps 25 mA
RXgpns  [Sensitivity at 0.1%BER {2 250kbps) -90 dBm
R¥Nsns  fSensitivine ot 3. 1%BER (o 1000kbps} -80 dBm
Clea C/T Co~channel 1 4B
Clist  §1™ Adjacent Channel Selectivity C.1 IMH2 -1 dB
Clpg, 2™ Adiacent Channel Selectivity C/1 2 MHz -16 4B
Clgp 3™ Adiacent Channel Selectivity C.T IMHz =26 4B
RXy Blocking Data Channel 2 -1 dB
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ShockBurst™

The ShockBurst™ technelogy usex en-chip FIFO to clock i data at a low data rate
and transmit at a very high rate thus enabling extremely power reduction,

When operaung the TRw-2.4G6 1n ShockBurst™. vou gain access to the high data rates
{1 Mbpsy otfered by the 2.4 GHz band witheut the need of a costly, high-speed micro

controller (MCU} tor data processing.

By putting all high speed signal processing related o RF protocel on-chip. the
TRW-2.4G offers the fellowing benefits:

o Highly reduced current consumption
o Lower system cost (facthtates use of less expensive micro controller)
o Greatly reduced nsk of “on-air” cotlisions due to short transmissiem time

The TRwe2.46 can be programmed using a suimple 3-wire intertace where the data rate
18 decided by the speed of the micro controller.

By allowinyg the digital part of the application to run at low speed while maximizing
the data rate on the RF hink. the nRF ShockBurst™ mode reduces the average current
consumption in applications considerably.

ShockBurst™ principle

When the TRW-24G s contigured in ShockBurst™, TX or RX operation 15 conducted
i the following way (10 kbps for the example only).

. Conlinuous 10kbps TRW-2.4G
8-bit ﬂ ﬂ

MCU I”””ll”” FIFO

ShockBurst™  1Mbps

Figure 4 Clocking in data with MCU and sending with ShockBurst™ technology

Without ShockBurst™, running at speed dictated by 10Kbs MCU
« 10mA perfode >
—Tr 10mA period  10Kbs MCU with ShockBurst™
) 1 40 0O S |t 124 Y Lo {8 RS 22 24n
Time mS

Figure ¢ Current consumption with & without SheckBurst™ technology
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TRW-24G

ShockBurst™
TX (CE=hiy?,

YES
Data content of registers:

uConirdlier
Loading ADDR

and PAYLOAD ADDR PAYLOAD
data

l l-.-laximgm 255 hits

TRW-2.4G
Calaulaling CRC ADDR PAYLOAD CRC

MO

YES

TRW-2.4G
Adding Praambie Pre- ADDR PAYLOAD CRC

amble

TRW-2.4G
Sending
ShockBurst™
Package
{250 ar 1000kbps)

Input FIFO not Empty

Figure 2 Flow Chart ShockBurst™ Transmit ot TRW-2.4G
nRF2401 ShockBurst™ Transmit:
MCU interface pins: CE. CLK 1. DATA
1. When the applhication MCU has data to send. set CE high. This activates
TRW-246 o©n-board data processig.

2. The address of the receiving node {RX address) and pavload data 1s
clocked mto the TRw-2.46 . The application protocol or MCU sets the speed
= IMbps (ex: 10kbps).

3. MCU sets CE low, this activates @ trwaag ShockBurst™ rranstatssion.

4. TrRw.246 ShockBurst™:

o RF frontend = powered up

» RF ["d\,l\iL‘\ s completed (preamble add‘.d CRC caleuloted)

o Dutaas transmitted at high speed (250 kbps or 1 Mbps configured
by user,

s TRW-24G return to stand-by when finished
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Shoc kEiursl""
RX?

TRW-2.4G

Data content of registers:

Datects
PREAMBLE and
Inconting Data

Pre-
ambile

ADDR

PAYLOAD

CR

MO

ADDR

PAYLOAD

CRC

YES

TRW-24G

Receivas Dala
and
Checking CRC

ADDR

FAYLCAD

CRC

S

TRW-2.4G

Chacks;
Comect GRC?T

ADDR

PAYLOAD

CRC

TRW-2.4G

Sal Data Ready
{DR1:2) high

PAYLOAD

l

wController

I Clacks out
Paviond

PAYLOAD

RO

TRW-2.4G
Redgister
Empty?

TRW-2 4G

Sels Data Readv
{DR1/23 low

Ouput Register Emply

Figure 5 Flow Chart ShockBur<t™ Reconve of TRW-2.4G
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TRW-2.4G ShockBurst™ Receive:
MCU mterface pms: CE. DRI CLKT and DATA fone RX channel recenve)

[PV

Casrect address and <ize of payload of incoming RF packages are <ct when
TRW-2.4G 15 configured 1o ShockBurst™ RX.

To acuvate RX. set CE high.

Atter 200 s setthing, trw2.46 15 monitering the air for meeming
communication.

When a valid package has been recenved icorrect address and CRC found).
TRW-2.4G Icmoves the preamble. address and CRC bts.

TRW-2.4G then notifies (intervupts) the MCU by <etting the DR pun high.
MCOU may (or may not) set the CE low o disable the RF front end {low
current modde ).

The MCU wall elock out pust the pavload data at a sitable rawe {ex. 10
kbps).

When all pavlead data is retrieved  TRW-2.46 sets DRI low again. and 1s
ready for new meonung data package 1ot CE 18 kept hugh durning Jata
download. It the CE was set low. a now start up sequence can begin. see
Figure 12
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DuoCeiver™ Simultaneous Two Channel Receive Mode

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

*  TRW=24G c<an receive data from two | Mbps transmitters {ex:  TRW-2.4G or
TRW-24G_} X MHz (X trequency channels) apart through one antenna
intertace.

e The output trom the two data channels s fed to two separate MCU
mterfaces,

e Data channel I: CLK 1. DATA. and DRI

e Data channel 2: CLK2, DOUT2, and DR2

¢ DRI and DR2 are avaulable onlv in ShockBurst™!
The TRW-24G DuaCerver™ technology provides 2 separate dedicated data channels
tor RX and replaces the need tor two. stand alone receiver systems.

TRW-2.4G
Tx/Rx

TRW-2.4G |::|J>

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

Figure 4 Simultancous 2 channel receive on trweo.ac

There ts one absolute requirement for using the second data channel. For the  TrRw-2.46
to be able to recerve at the second data channel the frequency channel must be KMHz
higher than the frequency of data channel 1. The trwe2.46  must be programmed to
recetve at the frequency of dara channel 1. No tume multuplexing 1s used in- 1rypo 46
to tulfil this function. In direct made the MCU must be able to handle two
simultancousty mcoming data packets 1£1t 18 not multiplexing between the nwo Jata
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 doing so reduce the needed performance of the MCUL

Clock ADDR, ¥ DR1
Frey W Recovery, Hm CRC +— CLK1 Data(F oy
CataSlicer Check DATA
Clock ADDR, —# DRZ
Frra=Fppt8MHZ  ——®  Recovery. Hw CRC |9 CLKZ Cata(F i
DataSlicer Check |l DOUT?

St STATIRt 1.5 R : - :
Figure 8 DuaCerver™™ with two simultaneeusly independent recenve channels,
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DEVICE CONFIGURATION

All configurauon of the  Trwe2.4 15 done via a 3-wire miertface to a single
configuration register. The contiguration word can be up o 15 byvtes long for
ShockBurst™

Configuration for ShockBurst™ operation

The contiguration word in ShockBurst™ enables the TRW-246 to handle the RF
protocol. Once the protocol i completed and foaded inte TRW-2.46 anly one byte.
bit] 7:0]. needs to be updated duning actual operation.

The configuration blocks dedicated to ShockBurst™! s as follows:

o aviload secuon width: Specifies the number of paylead bits in a RF puckage.
This enables the TRW-246 to distingunsh between pavload data and the CRC
bvtes 1 a recerved package.

o Address width: Sets the number of bits used for address in the RF package.
This cnables the TRW246 o distingwish between address and payload data.

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

» CRC: Enables nRF2401 on-chip CRC generation and de-coding.

NOTE:

These configuration blocks. with the exception of the CRC, are dedicated for the
packages that a  TRW.24G IS to receive.

In TX mode. the MCU must generate an address and a payload <eetion that fits the
configuration of the TRW-24G that 1s to receive the data.

When using the TRW246 on-chip CRC feature chsure that CRC 1x enabled and uses
the same length for both the TX and RX devices.

PRE-AMBLE | ADDRESS FPAYLOAD CRC

Figure 10 Data packet set-up
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Configuration Word overview

Bit Number Name Function
position| of bits

= t43:120 24 TEST Reserved lor testing
'2 Hntl2 R DATAZ_W Length of data paylead section RX channel 2
=
i - - -
g& 11104 8 DATAI_W Length of data payload section RX channel |
"4_.: J03:d 40 ADDR?2 Lpto 5 byte address for RX channel 2
S
: 63:24 40 ADDRI Up to 5 byte address for RX channel |
- - : o - - ,
z 2318 6 ADDR_W Number of address bits (both RX channels).
I
2 I7 I CRC_L 8 or 16 bit CRC
%

1o | CRC_EN Enable on-chip CRC generatinn checking,

15 I RX2_EN Enable iwo channel receive mod
s 14 | UM Communication mede { Direct or ShockBurst®™)
w
s
f:ﬂ 13 ! RFDR_SB RF data rate ( EMbps requires 16Mz crystal)
=
Q
o
b 12:10 3 XOF Crystal frequency
=
G
)
E 9:8 2 RF_PWR RF output power
S
=
&
o 71 7 RF CH# Freguency channel

& 1 RXEN RX or TX operation

Table 1 Table of configuranion words.

The contiguration word 15 shitted i MSB first on positive CLK 1 edges. New
configuration 1 enabled on the falling edge of €S,

NOTE.

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

during the last configuration.

Ex:

IFthe Trw.2.46 15 to be configured for 2 channel RN in ShockBurst™, o tatal of 120
bits must be shifted in during the first configuration atter VDD s applicd.
Omee the wanted protocel. modus and RF channel are set. anby one bit (RXEN 15

shifted 1 to switch between RX and TX.




WENSHING

TRW -2.4GHz Radio Transeceiver

Configuration Word Detailed Description

The followmyg deseribes the tunction of the 144 uts (bt 143 = MSB) that 1s used o

contigure the  Trw.2.46

General Deviee Contiguration: bit[15:0]
ShockBurst™ Contiguration: bit[ 1 [9:0]
Test Configurasion: bat[ 143:120]

MSB TEST
Dlax | Dis2 | D141 I D140 | D139 | Dize | 137 | DI36
Reserved for festing
] | o L o | o [ 1 | | 1 | o Db |
MSB TEST
13)3% Didd s iz Py [ oo Jope Toes Taosr Toe ToEs [ oid | omes | mie: DI2E | biaa
Reserved for testing O 111 01X
o _fo to Jo J1v To To Jo To To TJo Ti1_ Ti T1 0__Jo D ]
DATA2 W
DIl [DIIS [ DII7 | DLi6 | Dils | D114 | D113 | DIi2
Data width chanpel2 in #of bits excluding addr/cre
0 l 0 | 1 l 0 | 0 [ 0 ‘ 0 I 0 Diclimbs |
DATAL W
Ditl | Do | p1od I Doz | pior [ Dios | Dios | D104
Data width channel#1 in # of bits excluding addriere
o | o | 1 [ o I o I 0 | o | 0 Delanh
ADDR2
DIO3 {DI02 | Dblot [ TD71 [ D0_| D69 | Des | D67 | D66 | D65 | Dod
Channel#2 Address RX (up to 40bit)
OIOIDI...IIIIIIIUIOI]]]I]I):fullll]
ADDRI1
D63 [ Ds2 | D6l | ... [D31 b o2 [bp2s [D3r [p% [D> | D2
Channel2] Address RX {up to 40bit)
o | o J o | . T v T v T v T o o Vv T v T 1 [ vk
ADDR_W
D23 | D22 D2l D20 [ ple [ Dis
Address width in # of bits (both channels)
ol—ol[[g'g!g Dokl ]
CRC .
D17 : DIlé&
CRC Mode | ~ 16bit. 0 ~ 8bit CRC | ~enable. 0 ~ disable
0 1 12:5uh —l
RF-Procramming 1.513
D15 DI3 IbId Ip12 Jpil oo [pe Ips Ipr[os [ps [os [ D3 [ b2 I DI Do
Two Ch. BUF oD X0 RF Power Channel selection RXEN
[ 0 0 o |1 T ] [ 0 Jo o Jo Jo J1i To 0 Delank |

Table 2Configuration data word

The MSB bt sheuld be haaded lirstints the confieuration register.
Detault configuranan sword: RNEGS 1O 20, 2000 Godm 007 i dnin 1721 (1.



WENSHING

TRW -2.4GHz Radio Transeceiver

ShockBurst'™ configuration:

The section B[ 1EV:16] contains the segments of the configuration register dedicated to
ShackBurst™ aperational protocol. After VDD 1s turned on Shock Burst?Y
conttguration 1< done once and remains set whilst VDD is present. During operation
anly the tirst byte tor frequency channel and RX TX switching need to be changed.

PLL CTRL
PLL CTRL
D121 D120 PLL
0 0 Open TX Closed RX
i | Open TX. Open RX
I 0 Closed TX Closed RX
I | Closed TN Open RX

Table 10 PLL sctung.
Bit 121-120:
PLL_CTRL: Controls the setting of the PLL for test purposes. With closed
PLL in TX no deviaton will be present.

DATAx_W

DATA2 W
119 s Fiz Jie s s o i

DATAL W
11 p1o 1o Jiog fior Jioe [io0s | 104

Table 4 Number of bits m payload.
Bit 119 112:
DATAZ_W: Length of RF package pavload section for receive-channel 2.

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

NOTE:
The totd number of bits th a ShockBurst™ RF package may not exceed 256!
Maximum length of payload section ix 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 8 bits are automatically included
Sharter address and CRC leaves more roam for pavioad data in cach package.

10
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ADDRx

ADDR2
o froxpror | o T L o e ] oes | 67 ] oee ] oes ] o4

ADDRI
63 | oex Joert o F 3] o el o 27l 26 o2 4

Table 5 Address of recever =2 and recerver =1.
Bit 1013 — oo
ADDR2: Receiver address channel 20 up to 4 bae,

Bit 63 - 24: ADDRI
ADDRI: Recerver address channel L, up to 40 b,

NOTE!
Bits mn ADDRX exceeding the address width <et in ADDR_W are redundant
and can be set to logic (),

ADDR_W & CRC

ADDR W CRC L | CRC EN

22 | 21 | 20 I 1o | 17 T6

[ ]
p)
—

Table 6 Number of bits reserved for RX address + CRC setting.

Bit 23 - 18:
ADDR_W: Number of bits reserved for RX address in Shock Burst™

packages.

NOTE:
Maxtmum number of address bits 1s 30 (3 bytes) Values over 40 in
ADDR_W are not valid.

Bit 17:
CRC_L: CRC length to be caleulated by TRW24G in Shock Burst™,
Logic 0: ¥ bit CRC
Logic 1: 16 bit CRC

Bit: 16:
CRC_EN: Enables on-chip CRC generation (TX) and vertfication (RX).
Logic 0 On-chip CRC generatton‘checking disabled
Logie 11 On-chip CRC generation‘checking enabled

NOTE:
An N bit CRC will inerease the number of paviead bits possible m each
ShockBurst™ daty packet. but will alse reduce the system integrity,
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General device configuration:

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

Mades:
RX2 EN CM RFDR SB X0 F REF PWR
1S 14 13 I T T 9 e
Table 7 RF operanonal settings.
Bit 5
RX2_EN:
Logic 0: One channel receive
Logic 1: Two channels recerve
NOTE:
In two channels recenve. the TRwW2.46 recetves on hwo, separate
tlLL]l]L]]L\ channels simultancously. The f equency ef receive channel
I is setan the contiguration word B[7-1]. receive channel 2 15 always 8
channels (8 MHz) above receive channel 1.
Bit 14:

Communication Mede:
Logic I: nRF2401 operates in ShockBurst™ mode

Bit 13:
RF Data Rate:
Logic 0: 2 JRW:246

Logic 1: 1 Mbps
NOTE:
Unihzing 250 kbps instead of INbps will improve the receiver

sensitivity by 100dB. INIbps requires 16MHz crvstal.

Bit 12-10:

D12 D11 D10

Table 8
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Bit 9-X:
RF_PWR: Sets Trwazag RF output power th transmit made:

RF OUTPUT POWER
D9 D8 P |[dBm}
a 0 =20
0 I -10
! 0 -5
| ] o

Table 9 RF outpur power setting.

RF channel & direction

RF_CH# RXEN
dled sl sjaJv] o

Tuable 10 Frequency channel + RX 7 TX setting.

Bit 7 — :
RF_CH=: Sets the frequency channel the nRF240] operates on.

The channel trequency in transmit 15 given by:
Channel,, =240 MHz+ RF _CH= 1.0 MH:
RF_CH =: between 2400NMHz and 2327MHz may be set.
The channel trequency in data channel s miven by:
Channel,, = 2400 MHz + RF _CH=-1.0 MHz {Recetve at PIN=X)

RF_CH =: between 2400MHz and 2524NHz may be set.

NOTE:

The channels above 83 can only be vtlized in certan terntories (ex: Japan)
The channel frequency in data channel 2 is given by:

Channel.. = 2400 MHz + RF _CH = 1.0 MHAz +8MHz (Recerve at PIN=41

RF_CH =: between 2408MHz and 2524NHz may be set.

Bt

ot oactive nwbes
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DATA PACKAGE DESCRIPTION

PRE-AMBLE | ADDRESS PAYLCAD CRC

Figure 5 Data Package Diagram

The data packet tor both ShockBurst™ mode and direct mode communication 1=
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 transmitted
3. PAYLOAD - In Shock-Burst mode payload size 1s 256 bits minus the
following:(Address: 8 to 40 bits. + CRC 8 or 16 bits).

4, CRC - 8 or 16 bits length
. - The CRC 1s stripped from the received output data.
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IMPORTANT TIMING DATA

The tollowimg tuming apphes for aperation TRW.2.4G
TRW-2.4G Timing Information
nRF2401 timing Max. Min. Name

VDDOFF 2 ST _BY mode Ams Tpd2shy

VDD OFF = Achive mode (RXTX) ims Tpd2a
ST_BY = TX Shock Burst™ 195us Tshy2ixSB
ST_BY = TX Direct Mode 202us T.‘\‘b}f;‘lxDM
ST_BY = RX mode 202us Tsbv2rx
Minimum delay from CS 1o data, s Tes2data
Munimum delay from CE to data, Sus Teeldala
Mimmum delay from DR 12 1o cdk. SOns Tdr2elk
Maximum delay from clk 1o data, SOns Telk2data
Delav between edues S0ns Td
Selup time Siins Ts
Hold time S00ns Th
Delav to finish internal GFSK data | datarate | TH
AManimum input clock high SN Thmin
Sel-up of data in Direct Mode 30nx Tsdm
Minimum clock high in Direct Mode 300ns Thdm
Minpmum clock low in Direct Mode 230ns Tidm

L 3 sl WK AN )

able ;; Switching tumes tor
Table 4, iching times tor TRW.2.4G

When =" - =P 401 15 10 power down 1t must always settle i stand-by {Tpd2sby)

. TRW-24G . , . ,
betare 1t can enter contiguration or one of the active modes.

vDD _

cS _

CE

CLKt AOOOOUCO000L

DATA

Tpd2sby

Figure 4 Ting dagram tor ' for VDD oft) to stand by mode

1 rewz.46
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VDD 4
CE i
CLK! SO0O0000000CC
DATA
* Tpdza g
Figure 9 VDD oft w active made

Note that the configuration word will be loxt when VDD s turned oft and that the
device then must be configured before roing 1 one of the acuve medes. It the device
is configured one can go directly tfrom power down to the wanted active mode.
Note:
CE and CS may pot be high at the same time. Setting one or the other decides
whether contiguration or active mode s entered,
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Configuration mode timing

When one or mare of the bits in the configuration word needs to be changed the
tollowmyg ummyg applhy.

-1
: | |
VDD | |
I |
oS _____1/ i A
nE | ]
| |
CLKY W_MUVUU' R AVAVAVAVA
DATA M_PD(PDE KRS S S5
L
LEREAN T~
~ o —
AN -
oo ld
CE
CLKA
i .
CATA | K __MEB )I( ¢
g Ts Th
3
|
3

Figure 10 Timing diagram for configuration of TRW-2.4G

If configuration mode is entered from power down. CS can be set high atter Tpd2sby
as shown m Figure s
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ShockBurst™ Mode timing

ShockBurst™ TX:
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Figure 1 Timing of ShockBurst™ i TX

The package fength and the data rate give the defay Toa (time on air). as shown in the

cquation,

1., =Vdatarare - (=darahity +1)
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TRW -2.4GHz Radio Transeceiver

ShockBurst™ RX:
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Figure 12 Timng of ShockBurst™ in RX

The CE may be kept high during downloading of data. but the cost is higher cusrent
consumption {18mA) and the benefit s no start-up time (200us) atter the DRI goes

o

QOutpuat Power adjustment

Power setting bits of | RF output power DC current
configuring word consumption
i 0 dBm =3dB C 130 mA
10 -3 dBm =3dB 10.5 mA
01 -10 dBm =348 74 mA
00 -2 dBm = MR 8.8 maA

Condinons: VDY = 30OV VSS -0V T, =

27°C. Load impedance = 400 03,



MAX232, MAX232i
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1993

@ Operates With Single 5-V Power Supply D, DW,T%F:’ h\ll ::EAV:,:KAGE
¢ LinBiCMOS™ Process Technology { )
® Two D!'ivers and Two Receivers 1+ 7 U 16[] Ve
® +30-VInput Levels Vs+[f2  15[JGND
® Low Supply Current .. . . 8 mA Typical ci-[}s3 14]] TI0UT
® Meets or Exceeds TIA/EIA-232-F and ITU C2+[] 4 13{] R1IN
Recommendation V.28 c2-[]s 12[JR10UT
® Designed to be Interchangeable With Vs [l 6 1R TIN
Maxim MAX232 T20UT ] 7 10} T2IN
N R2IN[] 8 o] R20UT
® Applications
TIA/EIA-232-F logi bolt
Battery-Powered Systems ogic symbo
Terminals Vce
Modems >[< 16
Computers
1 Vee
® ESD Protection Exceeds 2000 V Per Ci+ 3—><— cil+ 2y
MIL-STD-883, Method 3015 Ci—-—»— ¢ci- Vec-15V S+
® Package O.ptions Include Plastic c2+:—)<— C2*  _gyec+1.5V 6 Vs_
Small-Outline (D, DW) Packages and c2- —»—] ¢ca-
Standard Plastic (N) DIPs
L v M > L
description ;
10 > S
The MAX232 device is a dual driver/receiver that T2IN Tzout
includes a capacitive voltage generator to supply RiOUT 12— T 183 RN
ElIA-232 voltage levels from a single 5-V supply.
Each receiver converts EIA-232 inputs to 5-V R20UT —— oV P —
TTL/CMOS levels. These receivers have a typical
threshold of 1.3 V and a typical hysteresis of 0.5V, * 15
and can accept +30-V inputs. Each driver GND

converts TTL/CMOCS input levels into EIA-232 1 This symbal is in accordance with ANSIIEEE Std 91-1984 and 1EC
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 MAX232| is characterized for
operation from -40°C to 85°C.

AVAILABLE OPTIONS
PACKAGED DEVICES
2 ooe | omme | Pustcor
(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 availability, 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.

PRODUCTION DATA information is current as of publication date. Copyright ® 1998, Texas Instruments incorporated

Products confarm kg specifications per the terms of Texas Instruments ;
testing of all pnh;un. i g dosa not vy imlute ¢ TE,XAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




MAX232, MAX232I

DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 ~ REVISED AUGUST 1998

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

Input supply voltage range, Ve (see Note 1)
Positive output supply voltage range, Vg,

-03Vio6V
Vee-03Vito 15V

Negative output supply voltage range, Vg_ ........... i —-03Vto-15V

Input voltage range, V|: Driver
Receiver

Output voltage range, Vo: T10OUT, T20UT
R10UT, R20UT

Short-circuit duration: T1QUT, T20UT
Package thermal impedance, 0,5 (see Note 2): D package
DWopackage ..........ccoveiiiiiiinnnion,

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

...............................................

-03VtoVec+ 03V

........................................................... 30V

...................................

Npackage ...........coviiiiiiiinininnnnn..

Vg_.—~03VtoVg,+03V
-03VioVge+03V
Unlimited
113°C/W
105°C/W
78°CW
-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 voltage values are with respect to network ground terminal.
2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use atrace length

of zero.

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Ve 45 5 55 v

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

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

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

Operating free-air temperature, Ta, °C
MAX232| —40 85

{’P TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




MAX232, MAX232

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 MAX| UNIT
T1OUT, T20UT |R =3k to GND 5 7
VoH  High-level output voitage v
R10UT, R20UT |l =~1mA 35
VoL  Lowdevel output voltage? T10UT, T20UT | R =3 kQto GND -7 -5 v
R1QOUT, R20UT |loL=3.2mA 0.4
ViTs :?]fg:r']";; f’lzfg;z'g‘””g nput R1IN, R2IN Vee =5V, Ta = 25°C 17 24| v
ViT- ﬁfg:;‘ﬁ; 'lz?;;‘;e'gm"g input R1IN, R2IN Veg=5V, Ta = 25°C 08 12 v
Vhys Input hysteresis voltage R1IN, R2IN Veg=5V 0.2 0.5 \4
f Receiver input resistance R1IN, R2IN Vee =5, Ta =25°C 3 7] kQ
o Output resistance T10UT, T20UT | Vg4+=Vg_=0, Vg=t2V 300 Q2
Ios¥  Shortcircuit output current T10OUT, T20UT | Ve =55V, Vo =0 +10 mA
lis Short-circuit input current T1IN, T2IN V=0 200 LA
lcc  Supply current \T’:g ;52(? V. All outputs open, 8 10| mA

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

levels only.
§ Not more than one output should be shorted at a time.

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

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

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

. R =3kQto7 ki,
SR Driver slew rate See Figure 2 30 Vius
SRitr) Driver transition region slew rate See Figure 3 3 Vius
3 15
EXAS
INSTRUMENTS



MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

RIIN Rp =1.3kQ
or

Puise R2IN
Generator

(see Note A)

See Note C

CL=50pF
I {see Note B)

TEST CIRCUIT

<10ns ¥ r— —1 p—<10ns
| |

Input [ Z90% 9o%N | 3V
10% g 50% S0% 1N 10% ov

j— 500 ns —»
——t
tPHL-J'—b: | PLH
[ | VOH
Output 1.5V 1.5V
—————— VoL
WAVEFORMS

NOTES. A. The pulse generator has the following characteristics: Zo = 50 £, duty cycle < 50%.
B. Ci includes probe and jig capacitance.
C. Alldiodes are 1N3064 or equivalent.

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

{'F Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2{N T10UT or T20UT
( g«;n:z;o; ) > l ElA-232 Output
RL % I CL=10pF

{see Note B)

TEST CIRCUIT
<10 ns —p| l— —» j[¢—<10ns
|| (Y R — av
Input l 30% 90% |
jz 50% 50%
10% | A 10% ov
le—— s5us —»l
[ le—»—tpLH

tPHL —H—b: |

Output

tTHL - -
0.8 (VouVoL) 0.8 (Vo Vo)
= t or t
TLH THL
WAVEFORMS

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

Figure 2. Driver Test Circuit and Waveforms for tpy,_ and tp 4y Measurements (5-us input)

Pulse
( ?‘Geznﬁgz:;ox ) l EIA-232 Output
3kQ T

CL=25nF

TEST CIRCUIT
<10ns —p  @— —»l le—<10ns

90%
15V

—k 7F_ VoH
Output v | | 3v
-3V YA VoL

-8V
true ©F trum

90%
15V

:1— Zops—D:

SR

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

Figure 3. Test Circuit and Waveforms for tty_ 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
16
1.
Voo T~ 1uF
1 2 =
¢+ >
1 uF . Vs+ B85V
I\—4 C1- 6
. Cos VS“—_ﬁ’ -85V
P 5
ca- M
1 > 4 £1a232 Output
From CMOS or TTL 10 7
g ™~ FIA-232 Qutput
12 13
PELLEENS I |—<4—— EIA-232Input
To CMOS or TTL 9 8
— ov I p—e—— EIA-232 Input
15
GND

Figure 4. Typical Operating Circuit

".’? TEXAS
INSTRUMENTS

6 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) 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 piacing 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 liabitity.

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, AUTHOQORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES CR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PROBUCTS 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 or implied, 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, wamranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

SENDIRION

Tlel BEnEROE QR ERNY

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 (1) linearized see figure 1
Uncertainty
Interchangeability Fully interchangeable
Nonlinearity raw data +3 %RH
linearized <<1 %RH
Range 0 100 | %RH
Response time 1/e (63%) 4 s
slowly moving air
Hysteresis +1 %RH
Long term stability |  typical <05 %RH/yr
Temperature
Resolution @ 004001 (001] °C
007,002 (002 °F
12| 14 | 14 bit
Repeatability +0.1 °C
+0.2 °F
Accuracy see figure 1
Range -40 1238, °C
40 2549| °F
Response Time te(83%) | & 30 S

Table1 Sensor Performance Specifications

2 Interface Specifications

Vad
' ¢ GND
uC T oam ¢ SHT1x
(master) > (slave)
SCK X
—
Vdd 2.4 - 55V

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.

22 Serial Interface (Bidirectional 2-wire)

The serial interface of the SHTxx is optimized for sensor
readout and power consumption and is not compatible with
[2C interfaces, see FAQ for details.

Relatlve Humldlty absolute accuracy

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

Temperature accuracy

N ’sunsns

0°C T i 0"t
-40°F I°F 104°F 176°F 248°F
1500 Dewpomt accuracy @25°C (typic_za_l-)“ 18071
+4°C - ; L a.20
+3°C = e 254
+2°C 2360
+1°C 411,8"&
+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 to synchronize the communication between
a microcontroller and the SHTxx. Since the interface
consists of fully static logic 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
valld 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 pufl-up resistor (e.g. 10 kQ )
is required to pull the signal high. (See Figure 2) Pull-up
resistors are often included in l/O circuits of microcontroflers.
See Table 5 for detailed |0 characteristics.

{1 Each SHTxx is tested to be fully within RH accuracy specifications at 25 °C (77 °F)and 48 °C (118.4 °F)
@ The default measurement resolution of 14bit {temperature) and 12bit (humidity) can be reduced to 12 and 8 bit through the status register.

WWW.SENSirion.com
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SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

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 SCKis still high.
DATA \ )‘

SCK / ! \ / \

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 to default values

wait minimum 11 ms before next command

Table2  SHTxx list of commands

2.2.4 Measurement sequence (RHand 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'

Command="00101'

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 fransmitted. 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 resutt 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.

Wamning: To keep self heating below 0.1 °C the SHTxx
should not be active for more than 10% of the time
(e.9. max. 2 measurements / second for 12bit accuracy).

2.2.5 Connection reset sequence

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

While leaving DATA high, toggle SCK 9 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.

Transmission; Start

VALV
Figure4 Connecticn reset sequence |

2.2.6 CRC-8 Checksum calculation

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

Please consult application note ‘CRC-8 Checksum
Calculation” for information on how to calculate the CRC.

DATA

SCK [\ /2\ [3\ /48

Bold = SHTxx controis DATA line
. Plain = uC controls DATA line

oata N/ \

Measurement
~55ms for 12 bit
~11ms for 8 bit

Measurement is finished when the

. S5HTxx pulls dawn the CATA line
DATA \
tow

Skip acknowledge lc end frans
{#* no Cvs used)

Skip acknowledge to

________________________ B | W N o ——

MEB 180

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

WWW.SENSirion.com
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

SENSIRION

THE DOMNSOR COMPARY

wait for data ready

f_)"ﬁ
o T T T T T T T ] T T T
H9,9,0 © O 1 M98

P

| Peerstm | |

ack

Command

Figure6 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.

LLLLLLI S Reg | 1 | 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
“’OIOIOIOIOI1I1 1 j |S{aiuki ! JﬁF lC'I lcl Iul é Supply current measuring 550 pA
MO8 Rea 1 11 (88 PSS averge [ 70 (99| [
[ — sleep 03[ 1 |uA
Command Low level output voltage 0 20% [vdd
Figure 8 Status Register Read High level output voltage 75% 100% |vdd
Low level input voltage  |Negative going| 0 20% |Vad
?" Type ?e':e‘:';""“ 0“"‘"“ Figh level inpul voliage _|Positive going | 80% 100% Vad
6 |R End of Battery {low voltage detection) X | No default value, Input current on pads LI /T
0 for Vdd > 2.47 bit is only Output peak current on 4 [mA
1" for vdd < 2.47 updated after a Tristated (off) 10 pA
5 prvw—— 5 medsienenl Tabled SHTxx DC Characteristics
4 reserved 0 —
3 For Testng only, do not use 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 |DATAfAlltime |OutputloadSpF | 3.5] 10 | 20 ins
0" = 12bit RH / 14bit Temperature resolution 14bit Temp. Output load 100 pF [ 30 | 40 | 200 [ns
Table3  Status Register Bits Tewe  |SCK hiffow time 100 ns
. Tv  |DATA valid time 250 ns
2.3.1 Measurement resolution Tsu | DATA set up time {100 ns
The default measurement resolution of 14bit (temperature) Tro |DATA hold fime 010 ns
and 12bit (humidity) can be reduced to 12 and 8bit. This is ~ {TRITe [SCK rise/fall time 20| ns
especially useful in high speed or extreme low power  Table5 SHTxx I/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 (8-27 °F).
Power consumption will increase by ~8 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

WWW.SEnsirion.com
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

3 Converting Output to Physical Values

3.1 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’;

RHjnear = C1 +C #SOgy +C3 » SOgy°

SOrn c1 C2 2]

12 bit -4 0.0405 | -2.8*10¢

8 bit -4 0.648 -7.2*104
Table 8  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%
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2
SOru sensor readout (12bit)
Figure 10 Conversion from SOrw to 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:

RHie = (Teg - 25)# (ty +15 #SOgy) +RHjneqr

SOru 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, «SO;

VDD| di[°C].| di[°F] d2[°C] | d2[°F]
SV | -40.00 | -40.00 14bit 001 | 0.018
4v | 3975 | -39.50 12bt | 004 | 0.072

3.5V| -39.66 | -39.35
v | -39.60 | -39.28
2.5v] -39.55 | -39.23

Table8 Temperature conversion coefficients

For improved accuracies in extreme temperatures with more
computation intense conversion formulas see application
note “RH and 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 more.
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4 Applications Information
41 Operating and Storage Conditions

1 LeRH] B
100 oo . ;‘\Maximum operating
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Figure 11 Recommended operating conditions

Conditions outside the recommended range may temporarily
offset the RH signal up to +3 %RH. After retum to 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 offset 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 permanent damage to the sensing polymer.

43 Reconditioning Procedure

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

80-90 °C ¢re-194°ry at < 5 %RH for 24h {baking) followed by
20-30 °C (r0-90°r) at > 74 %RH for 48h (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
electronic packaging (e.g. glob top, underfill), and Silicone.
Outgassing of these materials may also contaminate the
SHTxx (cf. 4.2). Store 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 signail 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 and/or GND between the two data signals.
Please see the application note “ESD, Latchup and EMC” for
more information.

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

49 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 bar 125 °C 85 %RH (by +2 %RH

High Temperature |JESD22-A101-B Reversible shift

and Humidity 85°C 85 %RH 1250h |by +2 %RH
Salt Atmosphere  |DIN-50021ss Within Spec.
Condensing Air - Within Spec.
Freezing cycles  |-20/ 430 °C, 100 cy Reversible shift
fully submerged  |30min dwell fime 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 more information.

" The temperature sensor passed all tests without any detectable drift. Package and elecironics aiso passed 100%
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52 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 2.4-5.5V

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 small 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 4L ©
Total weight: 168 mg, weight of sensor head: 73 mg 1 it

0.4
(0.02)

/

13.5
(0.53}

0.6
(0.024)

(0.15)

,_.
I

(0.13)

(~0.24)

The production date is printed onto the cap in white numbers 41
in the form wwy. e.g. "351" = week 35, 2001. 4 =Y

5.2.2 Delivery Conditions 0.46 1.27 0.2

The SHT7x are shipped in 32 mm tape. These reeled parts (0.018) 5 95005} | (0.01)
in standard option are shipped with 500 units per 13 inch (02) | (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

e . Do
%ﬁﬁm Companents 500mm r:ﬁnum

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!
www.sensirion.com v2.04 May 2005 8/9
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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. Fallure 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
anising 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
andfor 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 liabifity arising out of the
application or use of any product or circuit and specifically
disclaims any and all fiability, including without [imitation
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 andfor information in this
document and to improve reliability, functions and design.

Copyright® 2001-2005, SENSIRION AG.
Al ights 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 StafaZH  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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