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Abstract
Temperatures and humidities in each area are unequal which cause the effects to the environment
for dwelling of dwellers. Temperatures and humidities measurement is investigated at different time
instance. Temperatures and humidities sensors are used in each area to transfer is show data to RS 485.

The data will be analyzed for convenient living.
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NANITNAADI A1

M5 1UAAINANINAADIVDI SHT 15 2 A HUINIITIY

Ny (°C) ATU(%) QMUHAN (°C) AT (%)
26.39 63.27% 25.59 63.23%
26.28 63.51% 25.58 62.98%
26.28 63.75% 25.61 62.74%
26.22 63.75% 25.65 62.82%
26.22 63.67% 25.68 62.42%
26.15 63.67% 25.64 62.29%
26.11 63.71% 25.65 62.29%
26.11 63.87% 25.65 62.33%
26.08 64.04% 25.66 62.17%
26.04 64.12% 25.65 62.01%
25.97 64.12% 25.69 61.93%
25.96 64.16% 2571 61.93%
25.97 63.75% 2572 61.89%
25.96 63.59% 25.68 61.81%
25.96 63.43% 25.69 61.69%




UNQN (°C) AMTU(%) NN (°C) ANNTU(%)
2575 63.47% 25.86 63.23%
25.78 63.59% 25.83 63.06%
25.78 63.75% 25.73 63.79%
25495 63.75% 25.75 63.47%
2571 63.87% 25.78 63.59%
25.72 63.63% 25.78 63.75%
2575 63.23% 25.75 63.75%
25.73 63.18% 25.71 63.87%
25.65 63.63% 25.72 63.63%
25.65 63.63% 25.75 63.23%
25.65 63.63% 25.73 63.18%
25.66 63.27% 25.65 63.63%
25.68 63.47% 25.65 63.63%
25.68 63.18% 25.65 63.63%
25.64 62.90% 25.66 63.27%
25.73 63.79% 25.41 62.50%

26 63.10% 25.62 61.85%
26.03 62.98% 2555 62.25%
26.01 62.94% 25.55 62.66%
26.05 62.82% 25.57 62.29%
26.04 62.74% 25.61 62.13%
25.98 62.58% 25153 62.33%

26 62.54% 25.54 62.17%
25.98 62.58% 25.48 62.42%
25.91 62.66% 25.48 62.42%
26.01 63.51% 25.65 61.52%

25
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aUNQH (°C) ANT(%) gaungi (°C) AIEI(%)
25.93 62.86% 25.43 62.50%
25.9 63.02% 25.43 62.58%
25.87 63.06% 25.43 62.78%
25.86 63.43% 25.4 62.82%
25.82 63.39% 25.4 62.86%
25.86 63.23% 25.4 62.66%
25.83 63.06% 25.4 62.50%
| Connect& Real Data | Data of Read ' Chart of number 1. Chart of number 2| Chart of number 3 | =N
Rllallallalla g Mg Tg T T T TG Tid g T 1 1 1 gligligligllzllielia
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M5 1WAAINANTINAADIVBI SHT 15 8 AUNUINA19HBI

A 5 A A o v Yy
3‘].'7] 19 ﬂ'ﬂw Real Time !!ﬁ'ﬂ\?Nﬂﬂ]ﬁ‘ﬂﬂﬁﬂﬂqmﬂQN!!ﬁZﬂ'JNJ‘lﬂ-ﬂuﬂ1!!?11!\3111‘!1‘}1'0\1

QN (°C) mm‘ffvu(%) QMUNAN (°C) mm#u(%)
28.65 73.71% 28.5 76.23%
28.64 73.67% 28.5 76.27%
28.62 74.40% 28.53 76.14%
28.61 74.52% 985 76.27%




U (°C) mméu(%) QKA (°C) mm"f?u(%)
28.48 75.42% 28.54 75.78%
28.54 75.42% 28.54 75.90%
28.51 75.46% 28.53 75.82%
28.51 75.33% 28.54 75.94%
28.54 75.78% 28.51 75.94%
28.54 75.90% 28.51 76.06%
28.53 75.82% yaire 75.98%
28.54 75.94% 28.51 75.98%
28.51 75.94% 28.5 75.90%
28 81 76.06% 28.48 75.94%
28.5 75.98% 28.48 76.10%
R.5¢ 75.98% 28.5 76.23%

28.5 75.90% 28.5 76.27%
28.48 75.94% 28.53 76.14%
28.48 76.10% 28.5 76.27%
28.51 74.85% 28.53 77.52%
28.54 74.97% 28.51 77.48%
28.54 74.97% 28.51 77.36%
2851 74.97% 28.5 77.52%
28.51 75.01% 28.48 77.52%
28.51 75.29% 28.54 75.42%
28.53 75.29% 28.51 75.46%
28.53 75.25% 28.51 75.33%
28.61 74.24% 28.46 76.71%
28.59 74.04% 28.51 76.75%
28.58 74% 28.48 76.71%
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QNI (°C) mm%u(%) gaungil (°C) mmﬂfvu(%)
28.58 73.96% 28.51 76.71%
28.58 73.96% 2851 76.59%
28157 74.04% 28.53 76.67%
98:57 74.12% 28.5 76.75%
28.55 74.24% 28.51 76.71%
28.57 74.57% 285 76.63%
28.55 74.69% 28.51 7%
28 55 74.77% 28.54 77%
28.54 75.29% 28.51 77.04%
28.55 77.64% 28.54 77.16%
28.55 76.83% 28.54 77.28%
28.54 76.19% 28.51 77.12%
9854 75.70% 28.5 T7%
28.55 75.25% 28.5 7%
28.53 74.97% 2851 77.08%
28.54 74.93% 28.54 77.24%
28.54 74.97% 28.51 77.36%
28.59 74.52% 28.5 76.47%

28
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d' S a ﬁv o 1 b4
3‘]]‘7] 20 ﬂiﬂ’l Real Time uamwnmsﬂﬂmmqamguuazmm‘vﬁlumammﬂmaﬂm

MINNUTAINANITINAADIVDI SHT 15 o AU IO

Qe (°C) mm“fi'vu(%) QNN (°C) mm??u(%)
27.15 50.35% 27.18 49.37%
7S 50.35% 27.18 49.37%
27.16 50.51% 27.22 49.33%
27.16 50.51% 27.18 49.41%
27.18 50.27% 27.19 49.29%
27.18 50.43% 27.18 49.37%
27.19 50.27% 27.18 49.29%
27.19 50.10% 27.15 49.37%
27.18 50.18% 27.15 49.25%
27.18 50.02% 27.18 49.37%
27.18 49.90% 97:18 49.21%
27.15 50.06% 27.16 49.21%
27.15 50.02% 27.18 49.29%
27.16 49.98% 2715 49.21%
27.18 49.70% 27.18 49.29%




UNYI (°C) AMAAI(%) g (°C) ANNTU(%)
27.18 49.21% 27.16 49.86%
27.18 49.33% 27.16 49.86%
27.19 49.25% 27.18 49.86%
27.19 49.13% 27.18 50.22%
27.18 49.33% 27.18 50.14%
27.18 49.25% 27.18 50.06%
27.18 49.21% 27.19 49.98%
27.19 49.37% 27.19 50.14%
27.15 49.17% 27.18 49.98%
27.19 49.21% 27.22 49.94%
222 49.25% 27.22 49.82%
27.18 49.21% 27.19 49.94%
27.18 49.29% 27.22 49.74%
27.19 49.41% 27.18 49.90%
27.16 49.86% 27.18 49.21%
27.16 49.86% 27.15 49.09%
27.18 49.86% 27.16 49.21%
27.18 50.22% 27.15 49.05%
27.18 50.14% 27.15 49.05%
27.18 50.06% 27.16 49.09%
27.19 49.98% 27.16 50.51%
27.19 50.14% 27.16 50.51%
27.18 49.98% 27.18 50.27%
27.22 49.94% 27.18 50.43%
27.22 49.82% 27.19 50.27%
27.19 49.94% 27.19 50.10%
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gaungi (°C) ANHU(%) Qg (°C) AT U(%)
27.22 49.74% 27.18 50.18%
27.18 49.90% 27.18 50.02%
27.21 49.66% 27.18 49.90%
27.19 49.54% 27.15 50.06%
27.15 49.37% 27.15 50.02%
27.18 49.37% 27.16 49.98%
27.18 49.74% 27.18 49.70%

- Connect & Real Data: Data of Read . Chart of number 1 Chatt of number 2 | Chart of number 3.
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g (°C) m1u“§u(%) QNN (°C) mm%‘vu(%)
29.78 91.45% 29.57 93.80%

29.76 94.05% 29.55 98.26%

29.76 96.15% 29.58 99.31%

29.76 95.18% 29.57 98.99%

29.76 96.84% 29.58 99.47%

29.76 96.48% 29.61 98.74%




gauNgi (°C) mm‘ﬁu(%) gauHNgi (°C) ﬂ31u"§u(°/o)

29.75 96.19% 29.62 95.50%
29.72 98.54% 29.61 97.69%
29.73 96.27% 29.59 98.34%
29.76 95.42% 29.61 99.23%
29.76 95.67% 29.59 99.96%
29.73 94.61% 29.59 99.72%
29.75 92.75% 29.58 99.07%
29.78 96.31% 29.58 0.28%

29.79 95.06% 29.57 0.97%

29.82 92.47% 29.57 0.44%

29.82 91.82% 29.55 0.20%

29.83 95.26% 29.55 97.73%
29.86 93.32% 29.58 98.06%
29.82 92.51% 29.58 96.96%
29.78 95.26% 29.58 97.20%
29.76 98.14% 29.58 99.63%
29.72 98.82% 29.61 99.47%
29.72 96.80% 29.58 96.80%
29.71 97.89% 29.61 94.13%
29.72 98.46% 29.58 95.71%
29.68 99.80% 29.58 96.92%
29.68 98.10% 29.58 98.82%
29.65 98.66% 29.54 99.47%
29.61 99.23% 29.55 0.04%

29.68 97.81% 29.51 0.69%

29.65 94.41% 29.53 0.93%
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100
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70
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qamgfi CO) | amutuee) | eamglieO) | i)
29.66 95.91% 29.54 99.59%
29.65 95.87% 29.57 89.87%
29.64 98.26% 29.54 93.03%
29.65 93.84% 29.54 94.33%
29.64 90.16% 29.54 94.53%
29.57 89.87% 29.54 92.51%
29.54 93.03% 29.54 94.45%
29.54 94.33% 29.55 91.78%
29.54 94.53% 29.54 90%
29.54 92.51% 29: 54 93.80%
29.54 94.45% 29.55 98.26%
29.55 91.78% 29.58 99.31%
29.54 90% 29.5% 98.99%
2045 97.33% 29:59 0.12%
29.75 97.73% 29.61 98.82%
29.76 96.60% 29.61 96.23%
' Chart of number 1 Chat of number 2 | Chart of number 3 AL
Jungi
RO SRR R RS RIS SR R #1 ot i R R R R L g L

- 100

90
80
70
60
50
40
30
20
10

317 22 519 Real Time uanswansnagevgamaitazaNuFUlud i suuRulddulivhanils



° H d A
ATHANITNATOVUD IR AU DUNUTINUAVSNUHINTD 224

QNI (°C) mm‘ﬁvu(%) gaungi (°C) mm‘ﬁu(%)
29.82 83.03% 29.82 81.98%
29.79 83.07% 29.8 81.98%
29.79 83.15% 29.8 81.94%
29.79 83.19% 29.83 81.86%
29.79 83.35% 29.83 81.61%
29.79 83.31% 29.82 81.57%
29.78 83.35% 29.8 81.69%
29.8 83.39% 29.78 81.73%
29.8 83.27% 29.79 81.81%
29.83 83.03% 29.79 81.94%
29.83 82.95% 29.83 81.98%
29.82 82.87% 29.82 82.14%

29.8 82.91% 29.82 82.30%
29.83 82.71% 29.8 82.34%
29.82 82.79% 29.8 82.42%
29.82 82.87% 29.83 82.22%

29.8 82.95% 29.83 82.14%
29.79 83.15% 29.82 82.06%
29.79 83.19% 29.8 82.02%
29.78 83.27% 29.78 81.94%

29.8 83.35% 29.79 81.77%
29.76 83.43% 29.79 81.94%
29.76 83.48% 29.8 81.86%
29.79 83.48% 29.79 81.61%




UNNH (°C) mm#u(%) gauMngi (°C) mm'?;u(%)
29.76 82.79% 29.79 82.54%
29.79 82.79% 29.78 82.46%
29.76 82.71% 29.79 82.54%
29.79 82.62% 29.78 82.22%
29.79 82.62% 29.8 82.18%
29.78 82.54% 29.82 81.98%
29.79 82.46% 29.83 81.98%
29.78 82.54% 29.79 81.94%

29.8 82.22% 29.79 81.86%
29.82 82.18% 29.79 81.61%
29.83 81.98% 29.8 81.57%
29.82 81.98% 29.78 81.69%
29.79 83.48% 29.79 81.57%
29.76 83.52% 29.79 81.69%
29.76 83.52% 29.82 81.73%
29.78 83.43% 29.82 81.81%
29.78 83.52% 29.82 81.94%
29.76 83.35% 29.8 81.98%
29.79 83.39% 29.8 82.14%
29.79 83.35% 29.72 82.30%
29.79 83.07% 29.76 82.79%
29.8 82.87% 29.79 82.71%
29.78 82.79% 29.76 82.62%
29.72 82.79% 29.79 82.62%
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QUMY (°C) AITU(%) g (°C) AMMBU(%)
29.44 93.76% 29.43 93.84%
29.44 95.38% 29.41 93.11%
29.44 96.15% 29.43 94.98%
29.46 98.01% 29.46 96.15%
29.46 99.80% 29.44 98.26%
29.46 99.27% 29.44 98.01%
29.44 99.15% 29.44 94.61%
29.43 98.18% 29.44 94.37%
29.47 97.61% 29.43 94.01%
29.47 97.45% 29.41 96.07%
29.46 95.71% 29.43 98.01%
29.47 95.18% 29.44 97.45%
29.47 95.34% 29.43 99.23%
29.47 95.79% 29.43 0.32%




UK (°C) mm‘ﬁvu(%) gaungi (°C) mméu(%)
29.41 96.35% 29.4 95.10%
29.43 95.99% 29.41 97.29%
29.44 95.71% 29.43 96.84%
29.43 97.12% 29.41 96.31%
29.43 97.89% 29.43 94.69%
29.41 97.25% 29.46 93.84%

29.4 95.10% 29.44 93.11%
29.4 97.29% 29.44 94.98%
29.41 96.84% 29.43 96.15%
29.4 96.31% 29.41 98.26%
29.41 94.69% 29.4 98.01%
29.47 96.56% 29.44 0.85%
29.44 99.39% 29.41 98.82%
29.44 98.42% 29.43 96.44%
29.44 98.62% 29.43 97%

29.44 99.07% 29.41 96.35%
29.44 97.37% 29.43 95.99%
29.44 96.96% 29.44 95.71%
29.47 99.23% 29.43 98.18%
29.46 99.55% 29.47 97.61%
29.43 98.38% 29.47 97.45%
29.46 95.91% 29.46 95.71%
29.44 94.61% 29.47 95.18%
29.44 94.37% 29.47 95.34%
29.43 94.01% 29.47 95.79%
29.41 96.07% 29.47 96.56%
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aUNQN (°C) mm‘f?u(%) QaUHgH (°C) mm*ﬁ(%)
29.43 98.01% 29.44 99.39%
29.44 97.45% 29.44 98.42%
29.43 99.23% 29.44 98.62%
29.43 0.32% 29.44 99.07%
29.44 0.85% 29.44 97.37%
29.41 98.82% 29.44 96.96%
29.43 96.44% 29.4 97.89%
29.43 97% 29.41 97.25%
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Datasheet SHT1x (SHT10, SHT11, SHT15)

Humidity and Temperature Sensor
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e SMD type package - reflow solderable
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Product Summary

SHT1x (including SHT10, SHT11 and SHT15) is
Sensirion’s family of surface mountable relative humidity
and temperature sensors. The sensors integrate sensor
elements plus signal processing on a tiny foot print and
provide a fully calibrated digital output. A unique
capacitive sensor element is used for measuring relative
humidity while temperature is measured by a band-gap
sensor. The applied CMOSens® technology guarantees
excellent reliability and long term stability. Both sensors
are seamlessly coupled to a 14bit analog to digital
converter and a serial interface circuit. This results in
superior signal quality, a fast response time and
insensitivity to external disturbances (EMC).

Dimensions

15102 2.0 101 1.5:01  sensoropening , 2.5:0.1
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Figure 1: Drawing of SHT1x sensor packaging, dimensions in
mm (1mm = 0.03%inch). Sensor label gives “11” for SHT11 as
an example. Contacts are assigned as follows: 1:GND, 2:DATA,
3:SCK, 4:VDD.

Each SHT1x is individually calibrated in a precision
humidity chamber. The calibration coefficients are
programmed into an OTP memory on the chip. These
coefficients are used to internally calibrate the signals
from the sensors. The 2-wire serial interface and internal
voltage regulation allows for easy and fast system
integration. The tiny size and low power consumption
makes SHT1x the ultimate choice for even the most
demanding applications.

SHT1x is supplied in a surface-mountable LCC (Leadless
Chip Carrier) which is approved for standard reflow
soldering processes. The same sensor is also available
with pins (SHT7x) or on flex print (SHTA1).

Sensor Chip

SHT1x V4 — for which this datasheet applies — features a
version 4 Silicon sensor chip. Besides a humidity and a
temperature sensor the chip contains an amplifier, A/D
converter, OTP memory and a digital interface. V4 sensors
can be identified by the alpha-numeric traceability code on
the sensor cap — see example “A5Z" code on Figure 1.

Material Contents

While the sensor is made of a CMOS chip the sensor
housing consists of an LCP cap with epoxy glob top on an
FR4 substrate. The device is fully RoHS and WEEE
compliant, thus it is free of Pb, Cd, Hg, Cr(6+), PBB and
PBDE.

Evaluation Kits

For sensor trial measurements, for qualification of the
sensor or even experimental application of the sensor
there is an evaluation kit EK-H2 available including sensor,
hard and software to interface with a computer.

For more sophisticated and demanding measurements a
multi port evaluation kit EK-H3 is available which allows for
parallel application of up to 20 sensors.

Version 4.0 - July 2008



Datasheet SHT1x

Sensor Performance
Relative Humidity
Parameter Condition min | typ | max | Units
0,
Besalution 0.4 | 0.05| 0.05 ARH
8 12 |12 bit
Accuracy ? typical 4.5 %RH
SHT10 maximal see Figure 2
Accuracy 2 typical | 3.0 ‘ %RH
SHT11 maximal see Figure 2
Accuracy 2 typical ’ 2.0 ‘ %RH
SHT15 maximal see Figure 2
Repeatability EX) %RH
Replacement fully interchangeable
Hysteresis =+ %RH
S raw data +3 %RH
Nonlinearity —
linearized <<1 %RH
Response time 3 |1 (63%) 8 S
Operating Range 0 100 | %RH
Long term drift4 |normal <0.5 %RH/yr
+10
+ 8 5| R A Y 4 S 5 . A ! il
E L6 \ /
= \_SHTH0 ¥
i +4 1
] \\ SHT11 /
oy SHT15
i 0 T T T T T T T T

0 10 20 30 40 760 60370, 80~ 90y100
Relative Humidity (%RH)

Figure 2: Maximal RH-accuracy at 25°C per sensor type.

Electrical and General Items

Parameter Condition | min | typ | max | Units

Source Voltage 240123355 Vv
sleep 2 5 W

Power .

Consumption s | Measuring 3 mW
average 150 W

Communication |digital 2-wire interface, see Communication

Storage 10-50°C (0 - 125°C peak), 20 — 60%RH

! The default measurement resolution of is 14bit for temperature and 12bit for
humidity. It can be reduced to 12/8bit by command to status register.

2 Accuracies are tested at Outgoing Quality Control at 25°C (77°F) and 3.3V.
Values exclude hysteresis and non-linearity.

3 Time for reaching 63% of a step function, valid at 25°C and 1 m/s airflow.

Temperature
Parameter Condition min | typ | max | Units
Resolition 0.04 | 0.01 | 0.01 °9
12 14 14 | bit
Accuracy 2 typical +0.5 2C
SHT10 maximal see Figure 3
Accuracy ? typical | +0.4 | He
SHT11 maximal see Figure 3
Accuracy ? typical [ +0.3 | °C
SHT15 maximal see Figure 3
Repeatability | +0.1 | €
Replacement fully interchangeable
Operating Range ol S S
-40 2549 | °F
Response Time 6 |1 (63%) 5 30 s
Long term drift <0.04 °Clyr

-40 -20 0 20 40 60 80 100
Temperature (°C)

Figure 3: Maximal T-accuracy per sensor type.

Packaging Information

Sensor Type Packaging Quantity | Order Number
SHT10 Tape & Reel 2000 1-100218-04
Tape & Reel 100 1-100051-04
SHT11 | Tape & Reel 400 1-100098-04
Tape & Reel 2000 1-100524-04
SHTH5 Tape & Reel 100 1-100085-04
Tape & Reel 400 1-100093-04

4 Value may be higher in environments with high contents of volatile organic
compounds. See Section 1.3 of Users Guide.

5 Values for VDD=5.5V at 25°C, average value at one 12bit measurement
per second.

6 Response time depends on heat capacity of and thermal resistance to
sensor substrate.

WWW.sensirion.com
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Users Guide SHT1x

1 Application Information

1.1 Operating Conditions

Sensor works stable within recommended normal range —
see Figure 4. Long term exposures to conditions outside
normal range may temporarily offset the RH signal (+3
%RH after 60h). After return to normal range it will slowly
return towards calibration state by itself. See Section 1.4.
“Reconditioning Procedure” to accelerate eliminating the
offset. Prolonged exposure to extreme conditions may
accelerate ageing.

N
o

—~ 100

g

2 80 =

= b2

g 60 - Normal
= [2'4

T 40 |- Range
o &

= =

ALl

()

o

o

40 20 O 20 40 60 80 100 120
Temperature (°C)

Figure 4: Operating Conditions

1.2 Soldering instructions

For soldering SHT1x standard reflow soldering ovens may
be used. The sensor is qualified to withstand soldering
profile according to IPC/JEDEC J-STD-020C with peak
temperatures at 260°C during up to 40sec including Pb-
free assembly in IR/Convection reflow ovens.

A
Tp te

To t

Ts(max) ,/ </

Temperature

<«——preheating—> <—critical zone—>' _.
Time

Figure 5: Soldering profile according to JEDEC standard. Te <=
260°C and tr < 40sec for Pb-free assembly. TL < 220°C and i <
150sec. Ramp-up/down speeds shall be < 5°C/sec.

For soldering in Vapor Phase Reflow (VPR) ovens the
peak conditions are limited to Tp < 233°C during tp <
60sec and ramp-up/down speeds shall be limited to
10°C/sec. For manual soldering contact time must be
limited to 5 seconds at up to 350°C7.

7 233°C =451°F, 260°C = 500°F, 350°C = 662°F

IMPORTANT: After soldering the devices should be stored
at >75%RH for at least 12h to allow the polymer to re-
hydrate. Otherwise the sensor may read an offset that
slowly disappears if exposed to ambient conditions.

In no case, neither after manual nor reflow soldering, a
board wash shall be applied. Therefore it is strongly
recommended to use “no-clean” solder paste. In case of
application with exposure of the sensor to corrosive gases
the soldering pads shall be sealed to prevent loose
contacts or short cuts.

For the design of the SHT1x footprint it is recommended to
use dimensions according to Figure 7. Sensor pads are
coated with 35um Cu, 5ym Ni and 0.1um Au.

247

‘ 141—2> E —{1.07 |«
= ]
3 s

7.47
0.80
=

1.27 1.
£l el

Y

=
\

Figure 7: Recommended footprint for SHT1x. Values in mm.

1.3  Storage Conditions and Handling Instructions

It is of great importance to understand that a humidity
sensor is not a normal electronic component and needs to
be handled with care. Chemical vapors at high
concentration in combination with long exposure times
may offset the sensor reading.

For these reasons it is recommended to store the sensors
in original packaging including the sealed ESD bag at
following conditions: Temperature shall be in the range of
10°C - 50°C (0 — 125°C for limited time) and humidity at
20 - 60%RH (sensors that are not stored in ESD bags).
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For sensors that have been removed from the original
packaging we recommend to stored them in ESD bags
made of PE-HDS.

In manufacturing and transport the sensors shall be
prevented of high concentration of chemical solvents and
long exposure times. Out-gassing of glues, adhesive tapes
and stickers or out-gassing packaging material such as
bubble foils, foams, etc. shall be avoided. Manufacturing
area shall be well ventilated.

For more detailed information please consult the
document “Handling Instructions” or contact Sensirion.

1.4 Reconditioning Procedure

As stated above extreme conditions or exposure to solvent
vapors may offset the sensor. The following reconditioning
procedure may bring the sensor back to calibration state:

Baking: 100 - 105°C at < 5%RH for 10h
Re-Hydration: 20 -30°C at~ 75%RH for 12h ®.

1.5 Temperature Effects

Relative humidity reading strongly depends on
temperature. Therefore, it is essential to keep humidity
sensors at the same temperature as the air of which the
relative humidity is to be measured. In case of testing or
qualification the reference sensor and test sensor must
show equal temperature to allow for comparing humidity
readings.

If the SHT1x shares a PCB with electronic components
that produce heat it should be mounted in a way that
prevents heat transfer or keeps it as low as possible.
Measures to reduce heat transfer can be ventilation,
reduction of copper layers between the SHT1x and the
rest of the PCB or milling a slit into the PCB around the
sensor (see Figure 8).

Figure 8: Top view of example of mounted SHT1x with slits
milled into PCB to minimize heat transfer.

Furthermore, there are self-heating effects in case the
measurement frequency is too high. Please refer to
Section 3.3 for detailed information.

8 For example, please check www.sirel.ch

9 75%RH can conveniently be generated with saturated NaCl solution.
100 — 105°C correspond to 212 — 221°F, 20 - 30°C correspond to 68 - 86°F

1.6 Light

The SHT1x is not light sensitive. Prolonged direct
exposure to sunshine or strong UV radiation may age the
housing.

1.7 Membranes

SHT1x does not contain a membrane at the sensor
opening. However, a membrane may be added to prevent
dirt and droplets from entering the housing and to protect
the sensor. It will also reduce peak concentrations of
chemical vapors. For optimal response times the air
volume behind the membrane must be kept minimal.
Sensirion recommends and supplies the SF1 filter cap for
optimal IP54 protection (for higher protection — i.e. IP67 -
SF1 must be sealed to the PCB with epoxy). Please
compare Figure 9.

% membrane — 0-ring

2 | NG housing S

__________

Melted plastic pin

Figure 9:Side view of SF1 filter cap mounted between PCB and
housing wall. Volume below membrane is kept minimal.

1.8  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: Any 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.
Out-gassing of these materials may also contaminate the
SHT1x (see Section 1.3). Therefore try to add the sensor
as a last manufacturing step to the assembly, store the
assembly well ventilated after manufacturing or bake at
>50°C for 24h to outgas contaminants before packing.

1.9  Wiring Considerations and Signal Integrity

Carrying the SCK and DATA signal parallel and in close
proximity (e.g. in wires) for more than 10cm may result in
cross talk and loss of communication. This may be
resolved by routing VDD and/or GND between the two
data signals and/or using shielded cables. Furthermore,
slowing down SCK frequency will possibly improve signal
integrity. Power supply pins (VDD, GND) must be
decoupled with a 100nF capacitor if wires are used.
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Capacitor should be placed as close to the sensor as
possible. Please see the Application Note “ESD, Latchup
and EMC” for more information.

1.10 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
+100mA with Tam, = 80°C according to JEDEC78A. See
Application Note “ESD, Latchup and EMC” for more
information.

2 Interface Specifications

Pin | Name Comment NG
1 | GND |Ground 1
DATA |Serial Data, bidirectional 2
3 | SCK |Serial Clock, input only .
VDD |Source Voltage :
NC| NC |Must be left unconnected

Table 1: SHT1x pin assignment, NC remain floating.

21  Power Pins (VDD, GND)

The supply voltage of SHT1x must be in the range of 2.4 —
5.5V, recommended supply voltage is 3.3V. Power supply
pins Supply Voltage (VDD) and Ground (GND) must be
decoupled with a 100 nF capacitor — see Figure 10.

The serial interface of the SHT1x is optimized for sensor
readout and effective power consumption. The sensor
cannot be addressed by I12C protocol, however, the sensor
can be connected to an 12C bus without interference with
other devices connected to the bus. The controller must
switch between the protocols.

VDD

~ Micro-
Controller
(Master)

: (‘Slavbe)‘

24-55V GND

Figure 10: Typical application circuit, including pull up resistor
Rp and decoupling of VDD and GND by a capacitor.

2.2 Serial clock input (SCK)

SCK is used to synchronize the communication between
microcontroller and SHT1x. Since the interface consists of
fully static logic there is no minimum SCK frequency.

2.3  Serial data (DATA)

The DATA tri-state pin is used to transfer data in and out
of the sensor. For sending a command to the sensor,
DATA is valid on the rising edge of the serial clock (SCK)
and must remain stable while SCK is high. After the falling
edge of SCK DATA may be changed. For safe
communication DATA valid shall be extended Tsy and Txo
before the rising and after the falling edge of SCK,
respectively — see Figure 11. For reading data from the
sensor, DATA is valid Ty after SCK has gone low and
remains valid until the next falling edge of SCK.

To avoid signal contention the microcontroller must only
drive DATA low. An external pull-up resistor (e.g. 10kQ) is
required to pull the signal high — it should be noted that
pull-up resistors may be included in 1/O circuits of
microcontrollers. See Table 2 for detailed 1/O characteristic
of the sensor.

2.4  Electrical Characteristics

The electrical characteristics such as power consumption,
low and high level, input and output voltages depend on
the supply voltage. Table 2 gives electrical characteristics
of SHT1x with the assumption of 5V supply voltage if not
stated otherwise. For proper communication with the
sensor it is essential to make sure that signal design is
strictly within the limits given in Table 3 and Figure 11.

Parameter Conditions min | typ | max |Units
Power supply DC10 248 33 | 55 | V
measuring 055| 1 |mA
Supply current average! 2 28 HA
sleep 03 | 1.5 | pA
SUEESPY o <asfir f)f 0 250 | mv
U;ﬁggi"e' ouput pocoskq | 90% 100% | VDD
l\;glt\'\; I;(;/el IRt Negative going | 0% 20% (VDD
High level input Positi . 80 100%
voltage ositive going o o | VDD
Input current on
pads ! LA
Output current on. ch A
Tri-stated (off) 10 | 20 | A

Table 2: SHT1x DC characteristics. Re stands for pull up
resistor, while loL is low level output current.

10 Recommended voltage supply for highest accuracy is 3.3V, due to sensor
calibration.

" Minimum value with one measurement of 8 bit accuracy without OTP reload
per second, typical value with one measurement of 12bit accuracy per
second.

WWW.sensirion.com

Version 4.0 — July 2008 511



Datasheet SHT1x

Figure 11: Timing Diagram, abbreviations are explained in
Table 3. Bold DATA line is controlled by the sensor, plain DATA
line is controlled by the micro-controller. Both valid times refer to
the left SCK toggle.

Parameter Conditions | min | typ | max | Units
VDD>4.5V| 0 | 01| 5 |MHz
VDD<4.5V| 0 | 01| 1 |MHz
Tsckx |SCK hillow time 100 ns
Tr/Tr|SCK rise/fall time 1 | 200L}«* ¥ n5
OL=5F |35]| 10| 20 | ns

OL=100pF | 30 | 40 | 200 | ns

Fsck |SCK Frequency

Tro |DATA fall time

Tro |DATA rise time e Ao et \ =S
Tv  |DATA valid time 200 | 250 | ** | ns
Tsu |DATA setup time 100 | 150 | *™* | ns
Tho |DATA hold time 105 | @ 5y *™ S

Trmax + Tr_max= (Fsck)! — Tsckn — TsckL
% Tro is determined by the Re*Chus time-constant at DATA line

i Tv_max and Tsu_mex depend on external pull-up resistor (Rp) and total bus
line capacitance (Cbus) at DATA line

Khkk

To_max < Tv—max (Tro, Tro)

Table 3: SHT1x /O signal characteristics, OL stands for Output
Load, entities are displayed in Figure 11.

3 Communication with Sensor

3.1  Start up Sensor

As a first step the sensor is powered up to chosen supply
voltage VDD. The slew rate during power up shall not fall
below 1V/ms. After power-up the sensor needs 11ms to
get to Sleep State. No commands must be sent before
that time.

3.2 Sending a Command

To initiate a transmission, a Transmission Start sequence
has to be issued. It consists of a lowering of the DATA line
while SCK is high, followed by a low pulse on SCK and
raising DATA again while SCK is still high — see Figure 12.
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Figure 12: "Transmission Start" sequence

The subsequent command consists of three address bits
(only ‘000" is supported) and five command bits. The
SHT1x 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 Relative 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

Table 4: SHT1x list of commands

3.3 Measurementof RHand T

After issuing a measurement command (‘00000101 for
relative humidity, '00000011" for temperature) the
controller has to wait for the measurement to complete.
This takes a maximum of 20/80/320 ms for a 8/12/14bit
measurement. The time varies with the speed of the
internal oscillator and can be lower by up to 30%. To
signal the completion of a measurement, the SHT1x pulls
data line low 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, therefore the controller can continue with other
tasks and readout at its convenience.

Two bytes of measurement data and one byte of CRC
checksum (optional) will then be transmitted. The micro
controller must acknowledge each byte by pulling the
DATA line low. All values are MSB first, right justified (e.g.
the 5 SCK is MSB for a 12bit value, for a 8bit result the
first byte is not used).

Communication terminates after the acknowledge bit of
the CRC data. If CRC-8 checksum is not used the
controller may terminate the communication after the
measurement data LSB by keeping ACK high. The device
automatically retumns to Sleep Mode after measurement
and communication are completed.

WWW.sensirion.com
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Important: To keep self heating below 0.1°C, SHT1x
should not be active for more than 10% of the time - e.qg.
maximum one measurement per second at 12bit accuracy
shall be made.

3.4 Connection reset sequence

If communication with the device is lost the following signal
sequence Wwill reset the serial interface: While leaving
DATA high, toggle SCK nine or more times — see Figure
13. This must be followed by a Transmission Start
sequence preceding the next command. This sequence
resets the interface only. The status register preserves its
content.

DATA

Figure 13: Connection Reset Sequence

3.5 CRC-8 Checksum calculation

The whole digital transmission is secured by an 8bit
checksum. It ensures that any wrong data can be detected
and eliminated. As described above this is an additional
feature of which may be used or abandoned.

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

Status Register

Some of the advanced functions of the SHT1x such as
selecting measurement resolution, end of battery notice or
using the heater may be activated by sending a command
to 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’.

After the command Status Register Read or Status
Register Write — see Table 4 — the content of 8 bits of the
status register may be read out or written. For the
communication compare Figures 16 and 17 - the
assignation of the bits is displayed in Table 5.

R

Status Register é

ACK
Bit7

£10]0|0f0|0{1]1(0

Figure 14: Status Register Write
SEERR EREER
2loojofoo|1]1[1|3|Z é%!(ihelck,sum 2

Status Register
b NEE

Figure 15: Status Register Read

Examples of full communication cycle are displayed in
Figures 15 and 16.

0 T
|0/0{0| Command DA\\/'\Il'iltrf:;dy olo| wMmsB |5
1T LITL
T T TTTTTT]
TR S T

Figure 16: Overview of Measurement Sequence. TS = Trans-
mission Start, MSB = Most Significant Byte, LSB = Last
Significant Byte, LSb = Last Significant Bit.

Address = ‘000’
A2 A1 AD

Transmission Start ‘

o)
<3
>N

DATA \ / \

Command = ‘00101’
c3 €2 €1 «o

Measurement (80ms for 12bit)

ACK

Sensor pulls DATR li—ne- low after
completion of measurement —-f>

14 13 12 11

‘ Idle Bits ” MSb

12bit Humidity Data LSh
0

Skip ACK to end trans-
mission (if no CRCis used)

7 6

Sleep (wait for next Transmission Start
ACK measurement)
i JSkm ACK to end transmission \ /

Figure 17: Example RH measurement sequence for value “0000'1001°0011°0001" = 2353 = 75.79 %RH (without temperature
compensation). DATA valid times are given and referenced in boxes on DATA line. Bold DATA lines are controlled by sensor while plain

lines are controlled by the micro-controller.
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Bit |Type |Description Default SOrH C1 C2 C3
7 reserved 0 12 bit -2.0468 0.0367 -1.5955E-6
End of Battery (low voltage No default value, 8 bit -2.0468 0.5872 -4.0845E-4
detecti bitis only updated : .
6 |R .O?fi(; I\?B%) > 947 X a:ct; ;Jn it Table 6: Optimized V4 humidity conversion coefficients
e Vol e measHigent The values given in Table 6 are newly introduced and
o reserved 0 provide optimized accuracy for V4 sensors along the full
4 reserved 0 measurement range. The parameter set ¢, which has
3 For Testing only, do notuse | 0 been proposed in earlier datasheets, which was optimized
2 [RIW |Heater 0 |off for V3 sensors, still applies to V4 sensors and is given in
1 |R/W |no reload from OTP 0 |reload Table 7 for reference.
"1"= 8bit RH / 12bit Temp. = * -
0 |Rw [resolution 0 |120it RH SOR{* ol &2 &
'0’ = 12bit RH / 14bit Temp. 14bit Temp. 12 bit -4.0000 0.0405 -2.8000E-6
resolution 8 bit -4.0000 0.6480 -7.2000E-4

Table 5: Status Register Bits

Measurement resolution: The default measurement
resolution of 14bit (temperature) and 12bit (humidity) can
be reduced to 12 and 8bit. This is especially useful in high
speed or extreme low power applications.

End of Battery function detects and notifies VDD voltages
below 2.47 V. Accuracy is 0.05 V.

Heater: An on chip heating element can be addressed by
writing a command into status register. The heater may
increase the temperature of the sensor by 5 — 10°C"2
beyond ambient temperature. The heater draws roughly
8mA @ 5V supply voltage.

For example the heater can be helpful for functionality
analysis: Humidity and temperature readings before and
after applying the heater are compared. Temperature shall
increase while relative humidity decreases at the same
time. Dew point shall remain the same.

Please note: The temperature reading will display the
temperature of the heated sensor element and not
ambient temperature. Furthermore, the sensor is not
qualified for continuous application of the heater.

4 Conversion of Signal Output

4.1  Relative Humidity

For compensating non-linearity of the humidity sensor —
see Figure 18 — and for obtaining the full accuracy of the
sensor it is recommended to convert the humidity readout
(SOry) with the following formula with coefficients given in
Table 6:

RHjpeer =C1 +C; -SO0py +C4 -SO0g,” (%RH)

linear

12 Corresponds to 9 - 18°F

Relative Humidity

Table 7: V3 humidity conversion coefficients, which also apply
to V4.

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®. Please note that the humidity
sensor has no significant voltage dependency.

100%
80% - : N
60% - -
/,/"'
40% %
20% 4o
e —

0 500 1000 1500 2000 2500 3000 3500
SOgy sensor readout (12bit)

T T T

Figure 18: Conversion from SOrw to relative humidity

4,2 Temperature compensation of Humidity Signal

For temperatures significantly different from 25°C (~77°F)
the humidity signal requires a temperature compensation.
The temperature correction corresponds roughly to
0.12%RH/°C @ 50%RH. Coefficients for the temperature
compensation are given in Table 8.

RHtrue = (T°c _25)‘ (t1 +1, 'SORH )+RHIinear
SORrH t1 b
12 bit 0.01 0.00008

8 bit 0.01 0.00128

Table 8: Temperature compensation coefficients 4

13 If wetted excessively (strong condensation of water on sensor surface),
sensor output signal can drop below 100%RH (even below 0%RH in some
cases), but the sensor will recover completely when water droplets
evaporate. The sensor is not damaged by water immersion or condensation.

14 Coefficients apply both to V3 as well as to V4 sensors.
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4.3 Temperature

The band-gap PTAT (Proportional To Absolute
Temperature) temperature sensor is very linear by design.
Use the following formula to convert digital readout (SOr)
to temperature value, with coefficients given in Table 9:

T=d, +d,-SO,

voD | di¢c) [ dicF) | [sor | da°0) [ di(°F)
5V | -401 | -402 | [14bit | 0.01 | 0018
4v | -398 | -306 | |12t | 004 | 0072
35V, | 397 | 3955
Ve | 95| a0n
25V | -394 | -38.9

Table 9: Temperature conversion coefficients?s.

4.4 Dew Point

SHT1x is not measuring dew point directly, however dew
point can be derived from humidity and temperature
readings. Since humidity and temperature are both
measured on the same monolithic chip, the SHT1x allows
superb dew point measurements.

For dew point (Tq) calculations there are various formulas
to be applied, most of them quite complicated. For the
temperature range of -40 - 50°C the following
approximation provides good accuracy with parameters
given in Table 10:

( RH ) m-T
In +

100%) T +T
T,RH,T)=T, - X S
RH m-T
m—In —
100% ) T,+T

Temperature Range Tn (°C) m
Above water, 0-50°C 24312 17.62
Aboveice, -40-0°C 272.62 22.46

Table 10: Parameters for dew point (Tq) calculation.

Please note that “In(...)" denotes the natural logarithm. For
RH and T the linearized and compensated values for
relative humidity and temperature shall be applied.

For more information on dew point calculation see
Application Note “Dew point calculation”.

15 Temperature coefficients have slightly been adjusted compared to datasheet
SHTxx version 3.01. Coefficients apply to V3 as well as V4 sensors.

5 Environmental Stability

If sensors are qualified for assemblies or devices, please
make sure that they experience same conditions as the
reference sensor. It should be taken into account that
response times in assemblies may be longer, hence
enough dwell time for the measurement shall be granted.
For detailed information please consult Application Note
“Qualification Guide”".

The SHT1x sensor series were tested according to AEC-
Q100 Rev. F qualification test method. Sensor
specifications are tested to prevail under the AEC-Q100
temperature grade 2 test conditions listed in Table 11,
Sensor performance under other test conditions cannot be
guaranteed and is not part of the sensor specifications.
Especially, no guarantee can be given for sensor
performance in the field or for customer's specific
application.

Please contact Sensirion for detailed information.

Environment |Standard Results!?
HTSL 125°C, 1000 hours Within
specifications
TC -50°C - 125°C, 1000 cycles | Within
Acc. JESD22-A104-C specifications
UHST 130°C / 85%RH, 96h Within
specifications
THU 85°C / 85%RH, 1000h Within
specifications
ESD immunity|MIL STD 883E, method 3015 |Qualified
(Human Body Model at £2kV)
Latch-up force current of £100mA with  |Qualified
Tamp = 80°C, acc. JEDEC 17

Table 11: Qualification tests: HTSL = High Temperature Storage
Lifetime, TC = Temperature Cycles, UHST = Unbiased Highly
accelerated temperature and humidity Test, THU = Temperature
humidity unbiased

6 Packaging

6.1 Packaging type

SHT1x are supplied in a surface mountable LCC
(Leadless Chip Carrier) type package. The sensor housing
consists of a Liquid Crystal Polymer (LCP) cap with epoxy
glob top on a standard 0.8mm FR4 substrate. The device
is fully RoHS and WEEE compliant - it is free of of Pb, Cd,
Hg, Cr(6+), PBB and PBDE.

16 Sensor operation temperature range is -40 to 105°C according to AEC-Q100
temperature grade 2.

17_According to accuracy and long term drift specification givenon Page 2.
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Device size is 7.47 x 4.93 x 2.5 mm (0.29 x 0.19 x 0.1
inch), see Figure 1, weight is 100 mg.

6.2 Traceability Information

All SHT1x are marked with an alphanumeric, three digit
code on the chip cap (for reference: V3 sensors were
labeled with numeric codes) — see “A5Z" on Figure 1. The
lot numbers allow full traceability through production,
calibration and testing. No information can be derived from
the code directly, respective data is stored at Sensirion
and is provided upon request.

Labels on the reels are displayed in Figures 19 and 20,
they both give traceability information.

e e
Lot No.: XX0-04-YRRRRTTTT
Quantity: RRRR
ROHS: Compliant

6.3 Shipping Package

SHT1x are shipped in 12mm tape at 100pcs, 400pcs and
2000pcs — for details see Figure 21 and Table 12. Reels
are individually labeled with barcode and human readable
labels.

Sensor Type Packaging | Quantity | Order Number
SHT10 Tape & Reel 2000 1-100218-04
Tape & Reel 100 1-100051-04
SHT11 Tape & Reel 400 1-100098-04
Tape & Reel 2000 1-100524-04
SHT15 Tape & Reel 100 1-100085-04
Tape & Reel 400 1-100093-04

Lot No.

O O

Figure 19: First label on reel: XX = Sensor Type (11 for SHT11),
04 = Chip Version (V4), Y = last digit of year, RRRR = number of
sensors on reel, TTTT = Traceability Code.

( SENSIRION

THE SENSOR COMPANY

Device Type: 1-100PPP-04
Description: Humidity & Temperature Sensor
SHTxx

Part Order No. 1-100PPP-04 or Customer Number
Date of Delivery: DD.MM.YYYY
Order Code: 45CCCC/0

. PR

Figure 20: Second label on reel: For Device Type and Part
Order Number please refer to Table 12, Delivery Date (also
Date Code) is date of packaging of sensors (DD = day, MM =
month, YYYY = year), CCCC = Sensirion order number.

Table 12: Packaging types per sensor type.

Dimensions of packaging tape is given in Figure 21. Al
tapes have a minimum of 480mm empty leader tape (first
pockets of the tape) and a minimum of 300mm empty
trailer tape (last pockets of the tape).

2.00 £0.05 —» e— Z150MN  ~
> 100 s
0.30 + 0.05—><— e PLEOMN S S E
R0'3MA)\(‘-.- (¢--9ro-0-0-1¢-0 d/o o’¢%-‘x
o !\f H
-E! gg; © (o4 ) ? '

2.80 ‘J |<t— <> R0.5 TYP

Figure 21: Tape configuration and unit orientation within tape,
dimensions in mm (1mm = 0.039inch). The leader tape is at the
right side of the figure while the trailer tape is to the left
(direction of unreeling).
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Revision History

Date Version Page(s) |Changes

March 2007 3.0 1-10 Data sheet valid for SHTxx-V4 and SHTxx-V3

August 2007 3.01 1-10 Electrical characteristics added, measurement time corrected
July 2008 4.0 1-10 New release, rework of datasheet

Important Notices

Warning, 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. Do not use this product for applications other
than its intended and authorized use. Before installing, handling,
using or servicing this product, please consult the data sheet and
application notes. Failure to comply with these instructions could
result in death or serious injury.

If the Buyer shall purchase or use SENSIRION products for any
unintended or unauthorized application, Buyer shall defend, indemnify
and hold harmless SENSIRION and its officers, employees,
subsidiaries, affiliates and distributors against all claims, costs,
damages and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated
with such unintended or unauthorized use, even if SENSIRION shall be
allegedly negligent with respect to the design or the manufacture of the
product.

ESD Precautions

The inherent design of this component causes it to be sensitive to
electrostatic discharge (ESD). To prevent ESD-induced damage and/or
degradation, take customary and statutory ESD precautions when
handling this product.

See application note “ESD, Latchup and EMC” for more information.

Warranty

SENSIRION warrants solely to the original purchaser of this product for
a period of 12 months (one year) from the date of delivery that this
product shall be of the quality, material and workmanship defined in
SENSIRION's published specifications of the product. Within such
period, if proven to be defective, SENSIRION shall repair and/or
replace this product, in SENSIRION's discretion, free of charge to the
Buyer, provided that:

e notice in writing describing the defects shall be given to

SENSIRION within fourteen (14) days after their appearance;

e such defects shall be found, to SENSIRION's reasonable
satisfaction, to have arisen from SENSIRION's faulty design,
material, or workmanship;

e the defective product shall be returned to SENSIRION's factory at
the Buyer's expense; and

e the warranty period for any repaired or replaced product shall be
limited to the unexpired portion of the original period.

This warranty does not apply to any equipment which has not been
installed and used within the specifications recommended by
SENSIRION for the intended and proper use of the equipment.
EXCEPT FOR THE WARRANTIES EXPRESSLY SET FORTH
HEREIN, SENSIRION MAKES NO WARRANTIES, EITHER EXPRESS
OR IMPLIED, WITH RESPECT TO THE PRODUCT. ANY AND ALL
WARRANTIES, INCLUDING WITHOUT LIMITATION, WARRANTIES
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, ARE EXPRESSLY EXCLUDED AND DECLINED.
SENSIRION is only liable for defects of this product arising under the
conditions of operation provided for in the data sheet and proper use of
the goods. SENSIRION explicitly disclaims all warranties, express or
implied, for any period during which the goods are operated or stored
not in accordance with the technical specifications.
SENSIRION does not assume any liability arising out of any application
or use of any product or circuit and specifically disclaims any and all
liability, including without limitation consequential or incidental
damages. All operating parameters, including without limitation
recommended parameters, must be validated for each customers
applications by customers technical experts. Recommended
parameters can and do vary in different applications.

SENSIRION reserves the right, without further notice, (i) to change the

product specifications and/or the information in this document and (ii) to

improve reliability, functions and design of this product.

Copyright® 2007, SENSIRION.
CMOSens® s a trademark of Sensirion

All rights reserved

Headquarter and Sales Offices

Headquarter

SENSIRION AG Phone: +41 (0)44 306 4000
Laubisruetistr. 50 Fax: +41 (0)44 306 40 30
CH-8712 Staefa ZH info@sensirion.com

Switzerland http://www.sensirion.com/

Sales Office Korea:

SENSIRION KOREA Co. Ltd. Phone: 031 440 9925~27
#1414, Anyang Construction Tower B/D, Fax: 031 440 9927
1112-1, Bisan-dong, Anyang-city info@sensirion.co.kr
Gyeonggi-Province http://www.sensirion.co.kr
South Korea

Find your local representative at: htp://www.sensirion.com/reps

Sales Office USA:

SENSIRION Inc. Phone: 805 409 4900

2801 Townsgate Rd., Suite 240 Fax: 805 435 0467
Westlake Village, CA 91361 michael.karst@sensirion.com
USA http://www.sensirion.com/
Sales Office Japan:

SENSIRION JAPAN Co. Ltd. Phone: 03 3444 4940
Postal Code: 108-0074 Fax: 03 3444 4939

Shinagawa Station Bldg. 7F,
4-23-5, Takanawa, Minato-ku
Tokyo, Japan

info@sensirion.co.jp

http://www.sensirion.co.jp

WWW.sensirion.com
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002

Meet or Exceed TIA/EIA-232-F and ITU
Recommendation V.28

Operate With Single 5-V Power Supply
Operate Up to 120 kbit/s

Two Drivers and Two Receivers

+30-V Input Levels

Low Supply Current. .. 8 mA Typical
Designed to be Interchangeable With
Maxim MAX232

ESD Protection Exceeds JESD 22

— 2000-V Human-Body Model (A114-A)
® Applications

TIA/EIA-232-F

Battery-Powered Systems
Terminals

Modems
Computers

description/ordering information

MAX232...D, DW, N, OR NS PACKAGE
MAX232l ... D, DW, OR N PACKAGE

(TOP VIEW)

C1+ [] 1 - 16[] Vcc

Vs+ ] 2 15|] GND
c1-[] 3 14[] TIOUT

c2+[] 4 13[] R1IN
c2-[ls 12[] R1OUT

Vg_[] 6 11[] T1IN

T20UT [} 7 10[] T2IN
R2IN[| 8 9|] R20UT

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232 voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5-V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept £30-V inputs. Each
driver converts TTL/CMOS input levels into EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LInASIC™ library.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
TA PACKAGET PARTNUMBER | MARKING
PDIP (N) Tube MAX232N MAX232N
Tube MAX232D
SOIC (D) MAX232
Tape and reel MAX232DR
0°C to 70°C
Tube MAX232DW
SQOIC (DW) MAX232
Tape and reel MAX232DWR
SOP (NS) Tape and reel MAX232NSR MAX232
PDIP (N) Tube MAX232IN MAX232IN
Tube MAX232ID
SOIC (D) MAX232|
—40°C to 85°C Tape and reel MAX232IDR
Tube MAX232IDW
SOIC (DW) MAX232|
Tape and reel MAX232IDWR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

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 is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
t: d warranty. Producti ing does not ily include
testing of all parameters.

ﬁ” TEXAS

Copyright © 2002, Texas Instruments Incorporated

INSTRUMENTS
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MAX232, MAX232l
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471- FEBRUARY 1989 — REVISED OCTOBER 2002

Function Tables

EACH DRIVER
INPUT | OUTPUT
TIN TOUT
L H
H L

H = high level, L = low

level

EACH RECEIVER

INPUT | OUTPUT
RIN ROUT
L H
H L

H = high level, L = low

level

logic diagram (positive logic)

TN — >o % riour
TN — >o " 120Ut
RIOUT —2 o< B rin
R2OUT — Oé ° Ran
@‘TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471— FEBRUARY 1989 — REVISED OCTOBER 2002

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

Input supply voltage range, V¢ (see Note 1)
Positive output supply voltage range, Vg4

Negative output supply voltage range, Vg_

Input voltage range, V|: Driver

Receiver
Output voltage range, Vgo: T10UT, T20UT

R10UT, R20UT

Short-circuit duration: T10UT, T20UT

Package thermal impedance, 6 (see Note 2): D package

DW package

N package

NS package

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

Storage temperature range, Tstg

........................................................... +30 V
Vg_—0.3VtoVgy + 03V

—-03Vto6V
Veec—-03Vio 15V
—-0.3Vto-15V
-0.3VtoVec+03V

—0.3VtoVee +03V

................................................... Unlimited

T Stresses beyond those listed under “absolute maximumratings” 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 51-7.

recommended operating conditions

MIN NOM MAX | UNIT

Vce Supply voltage 4.5 5 5.5 \%

VIH High-level input voltage (T1IN,T2IN) 2 \%

VIL Low-level input voltage (T1IN, T2IN) 0.8 \%

R1IN, R2IN Receiver input voltage +30 \%
: MAX232 0 70

TA Operating free-air temperature °C
MAX232I —40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 3 and Figure 4)

PARAMETER

TEST CONDITIONS

MIN TYPE

MAX

UNIT

Icc  Supply current

Vcc =55V, Alloutputs open,

T = 25°C

8

10

mA

¥ Al typical values are at Voc = 5 V and Ta = 25°C.
NOTE 3: Test conditions are C1-C4 =1 pFatVcc=5V+0.5V.

*? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047] - FEBRUARY 1989 — REVISED OCTOBER 2002

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VoH High-level output voltage T10UT, T20UT | Rl =3 kQto GND 5 7 \%
VoL  Low-level output voltaget T10UT, T20UT | RL =3 kQ to GND -7 -5 \Y;
o Output resistance T10UT, T20UT | Vs+=Vs_=0, Vo=+2V 300 Q
IosS  Short-circuit output current T10UT, T20UT |Vcc =55V, Vpo=0 +10 mA
lis Short-circuit input current T1IN, T2IN V=0 200 pA

T All typical values are at Voc =5V, Ta = 25°C.

¥ The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

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

NOTE 3: Test conditions are C1-C4 =1 uFatVcc=5V£0.5V.

switching characteristics, Vgc =5V, Tp =25°C (see Note 3)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
: Rl =3 kQto 7 kQ,
SR Driver slew rate See Figure 2 30| Vips
SR(t) Driver transition region slew rate See Figure 3 3 V/us
Data rate One TOUT switching 120 kbit/s
NOTE 3: Test conditions are C1-C4 =1 uFatVgc=5V+0.5V.
RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VoH High-level output voltage R10UT, R20UT |IlgH=-1mA 3.5 \Y
VoL  Low-level output voltaget R10UT, R20UT |IpoL =3.2mA 0.4 \VJ
Receiver positive-going input - d 29
VIT+ threshold voltage R1IN, R2IN Vcc =5V, Ta = 25°C 1.7 2.4 \%
Receiver negative-going input = g
ViT= threshold voltage R1IN, R2IN Vcec =5V, Ta =25°C 0.8 1.2
Vhys Input hysteresis voltage R1IN, R2IN Vcc=5V 0.2 0.5 i \%
i Receiver input resistance R1IN, R2IN Vce =5, Ta =25°C 3 5 7 kQ

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

levels only.
NOTE 3: Test conditions are C1-C4 =1 uFatVcc=5V+0.5V.

switching characteristics, Vgc =5V, Tp =25°C (see Note 3 and Figure 1)

PARAMETER TYP | UNIT
tPLH(R) Receiver propagation delay time, low- to high-level output 500 ns
tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns

NOTE 3: Test conditions are C1-C4 =1 uFatVgc=5V+0.5 V.

{'i’ TeEXAS
INSTRUMENTS
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002

PARAMETER MEASUREMENT INFORMATION

Vce
.

RL =1.3 kQ
R1IN

Pulse See Note C

Generator
(see Note A)

CL =50 pF

:]: (see Note B)
TEST CIRCUIT

<10ns —» |e— —»| le—<10ns
[

|
| e — —= 3V
v o |7 90%  90% N, |
P 10% | 50% 50% | 10% 2,

<+— 500 ns —»

le—>r—t
tPHL‘L_’: | PLH
| l VoH
Sdthot 15V LY Cay T @ ")
WAVEFORMS

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

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

"9 TeExAS
INSTRUMENTS
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047|- FEBRUARY 1989 — REVISED OCTOBER 2002

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN T10UT or T20UT

Generator ElA-232 Qutput
(see Note A) l
RL I CL=10pF

(see Note B)

TEST CIRCUIT
<10 ns —ﬂl l— —p I|<—s10ns

3 s e e 3V
iy } 90% 90% )’S'S—[
: 50% 50% ;
10% ¥ N 10% o

llq— 5us —p|
tPHL —H—»{ | Ry

1 |
90% | A 90% VoH
output '\ 10% 10% A |

k14 TP = VoL
tTHL ke > et

0.8 -V
= OH

)
QL™

tLH
WAVEFORMS

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

Figure 2. Driver Test Circuit and Waveforms for tpy, and tp; 4 Measurements (5-us Input)

Pulse
Generator
(see Note A)

EIA-232 Output

1\ CL=25nF

3 kQ

TEST CIRCUIT
<10ns —» |le— —» le— <10ns
Input | |
|7 9%  90%
| 15V 1.5V | 10%
[ 20ps —>y
tTHL o - r_ g
| ' VOH
Output SV | l 3V
-3V
e e VoL
o 6V

trHL O trey

WAVEFORMS
NOTE A: The pulse generator has the following characteristics: Z0 =50 Q, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tty; and ty y Measurements (20-us Input)

{9 TEXAS
INSTRUMENTS
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS
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APPLICATION INFORMATION

5V
+
CBYPAss = 11F
16
= c3t 1uF
vee b s
! c1+ 2 =
e | >
c1 1uF 3 Vs+ > 85V
C—= Jci- b
4 b
coiies 0| el
uF 5 c4 1pF
C2- + H
11 > ~ 14 piaan Output
From CMOS or TTL 10 7
> ™~  E|A-232 Output
12 13
R II' —<—— EIA-232 Input
To CMOS or TTL g .
«— 4 I |—<—— EIA-232 Input
15
GND

T C3 can be connected to Vo or GND.

Figure 4. Typical Operating Circuit

‘4” TeEXAS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI’s standard warranty. Testing and other quality control techniques are used to the extent TI
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tlintellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third—party products or services
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Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.
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alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
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Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
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A X1/

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

General Description

The MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 are low-power transceivers for RS-485 and RS-
422 communication. Each part contains one driver and one
receiver. The MAX483, MAX487, MAX488, and MAX489
feature reduced slew-rate drivers that minimize EMI and
reduce reflections caused by improperly terminated cables,
thus allowing error-free data transmission up to 250kbps.
The driver slew rates of the MAX481, MAX485, MAX490,
MAX491, and MAX1487 are not limited, allowing them to
transmit up to 2.5Mbps.

These transceivers draw between 120pA and 500pA of
supply current when unloaded or fully loaded with disabled
drivers. Additionally, the MAX481, MAX483, and MAX487
have a low-current shutdown mode in which they consume
only 0.1pA. All parts operate from a single 5V supply.

Drivers are short-circuit current limited and are protected
against excessive power dissipation by thermal shutdown
circuitry that places the driver outputs into a high-imped-
ance state. The receiver input has a fail-safe feature that
guarantees a logic-high output if the input is open circuit.

The MAX487 and MAX1487 feature quarter-unit-load
receiver input impedance, allowing up to 128 MAX487/
MAX1487 transceivers on the bus. Full-duplex communi-
cations are obtained using the MAX488-MAX491, while
the MAX481, MAX483, MAX485, MAX487, and MAX1487
are designed for half-duplex applications.

Applications

Low-Power RS-485 Transceivers
Low-Power RS-422 Transceivers

Level Translators
Transceivers for EMI-Sensitive Applications
Industrial-Control Local Area Networks

Features

¢ In uMAX Package: Smallest 8-Pin SO
¢ Slew-Rate Limited for Error-Free Data

Transmission (MAX483/487/488/489)

4 0.1pALow-Current Shatdown Mode

(MAX481/483/487)

¢ Low Quiescent Current:

120pA (MAXA483/487/488/489)
230pA (MAX1487)
300pA (MAX481/485/490/491)

4 -7V to +12V Common-Mode Inpat Voltage Range
4 Three-State Oatputs
¢ 30ns Propagation Delays, 5ns Skew

(MAX481/485/490/491/1487)

4 Fali-Duplex and Half-Duplex Versions Available
¢ Operate from a Single 5V Supply
4 Allows up to 128 Transceivers on the Bus

(MAX487/MAX1487)

¢ Current-Limiting and Thermal Shatdown for

Driver Overload Protection

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX481CPA 0°C to +70°C 8 Plastic DIP
MAX481CSA 0°C to +70°C 8 SO
MAX481CUA 0°C to +70°C 8 UMAX
MAX481C/D 0°C to +70°C Dice*

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

PART | HALF/FULL | DATA RATE | SLEW-RATE | LOW-POWER RED%',E\',\,’EE‘R/ diii%ﬂf TF? :,3"55,\,',5,?1%';5 PIN
NUMBER DUPLEX (Mbps) LIMITED SHUTDOWN ENABLE (LA) ON BUS COUNT
MAX481 Half 2.5 No Yes Yes 300 32 8
MAX483 Half 0.25 Yes Yes Yes 120 32 8
MAX485 Half 25 No No Yes 300 32 8
MAX487 Half 0.25 Yes Yes Yes 120 128 8
MAX488 Full 0.25 Yes No No 120 32 8
MAX489 Full 0.25 Yes No Yes 120 32 14
MAX490 Full 2:5 No No No 300 32 8
MAX491 Full 25 No No Yes 300 32 14
MAX1487 Half 25 No No Yes 230 128 8

MAXIM Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.

L8V IXVIN/L6VXVIN-L8VPXVIN/S8PXVIN/ESTXVIN/ L8P XVIN



MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited

RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

SupplyVoltagei(Vee) i b . i i o e s 12v
-0.5V to (Vce + 0.5V)
-0.5V to (Vce + 0.5V)

Control Input Voltage (RE, DE).......
Driver Input Voltage (DI).................

Driver Output Voltage (A, B).......
Receiver Input Voltage (A, B)

Receiver Output Voltage (RO)........

Continuous Power Dissipation (Ta = +70°C)

8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) ....727mW
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C) ..800mW
............... 471mW

8-Pin SO (derate 5.88mW/°C above +70°C)

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 in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vcc = 5V £5%, Ta = TMIN to Tmax, unless otherwise noted.) (Notes 1, 2)

-0.5V to (Vcc +0.5V)

-8V to +12.5V
-8V to +12.5V

14-Pin SO (derate 8.33mW/°C above +70°C)
8-Pin uMAX (derate 4.1mW/°C above +70°C)..............830mW
8-Pin CERDIP (derate 8.00mW/°C above +70°C).........640mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C)
Operating Temperature Ranges
MAX4_ _C_ _/MAX1487C_A
MAX4_ _E_ _/MAX1487E_A
MAX4_ _MJ_/MAX1487MJA
Storage Temperature Range
Lead Temperature (soldering, 10sec)

667mwW

72TmW

0°Cto +70°C
-40°C to +85°C
.-55°C to +125°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Driver Output (no load) VoD1 5 v
Differential Driver Output R =50Q (RS-422) 2

; Vob2 3 3
(with load) R = 27Q (RS-485), Figure 4 1.5 5
Change in Magnitude of Driver
Differential Output Voltage for AVoD R =27Q or 50Q, Figure 4 0.2 \%
Complementary Output States
Driver Common-Mode Output Moc R = 27 or 50Q, Figure 4 3 v
Voltage
Change in Magnitude of Driver
Common-Mode Output Voltage AVoD R =27Q or 50Q, Figure 4 0.2 v
for Complementary Output States
Input High Voltage ViH DE, DI, RE 2.0 Vv
Input Low Voltage ViL DE, DI, RE 0.8 v
Input Current lIN1 DE, DI, RE +2 pA
DE =0V;
g =12V :
Vce = 0V or 5.25V, L . o
Input Current all devices except e _
(A B) N2 | MAX487/MAX1487 VINS 7Y o
MAX487/MAX1487, VIN = 12V 0.25 o
DE=0V,Vcc =0V or5.25V | vy =-7V Hobe
Receiver Differential Threshold
Voltage VTH -7V<Vem <12V -0.2 0.2 v
Receiver Input Hysteresis AVTH Vcum = 0V 70 mV
Receiver Output High Voltage VoH lo =-4mA, Vip = 200mV 3.5 \Y
Receiver Output Low Voltage VoL lo =4mA, Vip = -200mV 0.4 \
Three-State (high impedance)
Output Current at Receiver lozr 0.4V<Vo <24V +1 HA
-7V <Vem £ 12V, all devices except 12 KQ
MAX487/MAX1487
Receiver Input Resistance RIN
-7V £Vem £ 12V, MAX487/MAX1487 48 kQ
2 MAXIM




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continaed)

(Vcc =5V +5%, Ta = TMIN to TmAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX488/MAX489,
DE, DI, RE = OV or Vcc e =)
MAX490/MAX491,
DE, DI, RE = 0OV or Vce N 200
No-Load Supply Current Mids) Do L= Vee o A8
(Note 3) lcc RE =0V orVcc DE = 0V 300 500 PA
MAX 1487, DE = Vce 300 500
RE =0V or Vec DE = 0V 230 400
MAX483/MAX487 DE =5V MAX483 350 o
BE=OV R Vos : MAX487 250 400
DE =0V 120 250
Supply Current in Shutdown ISHDN MAX481/483/487, DE = 0V, RE = Vcc 0.7 10 UA
\?gvfrHSigﬁ"'C"C“'t Cuireny lospi | -7V < Vo <12V (Note 4) 35 250 | mA
\[/)gvfrl_iuort‘c" PR 1 losp2 | -7V < Vo <12V (Note 4) 35 250 | mA
Receiver Short-Circuit Current losr 0V<Vo<Vece 7 95 mA
SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487
(Vcc =5V £5%, Ta = TMIN to TmAX, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
; tPLH Figures 6 and 8, R =54Q, 10 30 60
Driver Input to Output 7 Cl(i ' ol oy 1OOpFDIFF 0 30 50 ns
Driver Output Skew to Output tskew | Figures 6 and 8, RpiFr = 54Q, CL1 = CL2 = 100pF 5 10 ns
Figures 6 and 8, | MAX481, MAX485, MAX1487 8 15 40
Driver Rise or Fall Time tR, tF RDIFF = 54Q, MAX490C/E, MAX491C/E 5 15 25 ns
CL1=Ci2 = 100pF| MAX490M, MAX491M 3 15 40
Driver Enable to Output High tzH Figures 7 and 9, CL = 100pF, S2 closed 40 70 ns
Driver Enable to Output Low tzL Figures 7 and 9, CL = 100pF, S1 closed 40 70 ns
Driver Disable Time from Low tLz Figures 7 and 9, CL = 15pF, S1 closed 40 70 ns
Driver Disable Time from High tHz Figures 7 and 9, C| = 15pF, S2 closed 40 70 ns
Figures 6 and 10, | MAX481, MAX485, MAX1487 20 90 200
Receiver Input to Output tPLH, tPHL | RDIFF = 54Q, MAX490C/E, MAX491C/E 20 90 150 ns
CL1=Cr2 = 100pF| MAX490M, MAX491M 20 90 200
| tPLH‘ - tpyL | Differential e Figures 6 and 10, RpIFr = 54Q, 5 =
Receiver Skew CL1=CL2 = 100pF
Receiver Enable to Output Low tzL Figures 5 and 11, CRrL = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tzH Figures 5 and 11, CRrL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low tLz Figures 5 and 11, CRrL = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHz Figures 5 and 11, CRL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fMAX 25 Mbps
Time to Shutdown tsHDN | MAX481 (Note 5) 50 200 600 ns

MAXIM
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487 (continaed)

(Vcc =5V £5%, Ta = TMIN to Tmax, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Driver Enable from Shutdown to :
Output High (MAX481) tzH(sHDN) | Figures 7 and 9, CL = 100pF, S2 closed 40 100 ns
Driver Enable from Shutdown to :
Output Low (MAX481) tzL(SHDN) | Figures 7 and 9, CL = 100pF, S1 closed 40 100 ns
Receiver Enable from Shutdown Figures 5 and 11, CL = 15pF, S2 closed,
to Output High (MAX481) IZH(SHDN) | o g =y 200 D0 e
Receiver Enable from Shutdown Figures 5 and 11, C = 15pF, S1 closed,
to Output Low (MAX481) 126 PN) | g - Aoy P 00
SWITCHING CHARACTERISTICS—MAX483, MAX487/MAX488/MAX489
(Vee = 5V 5%, Ta = TMIN to Tmax, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
. tPLH Figures 6 and 8, RpIFF = 54Q 250 800 2000
Driver Input to Output ! d ns
P B .| CL1=CL2 = 100pF 250 800 2000
; Figures 6 and 8, RpIFr = 54Q,
Driver Output Skew to Output tSKEW Ci1=Clo = 100pF 100 800 ns
; : : Figures 6 and 8, RDIFF = 54Q,
Driver Rise or Fall Time tR, tF CL1=CLo = 100pF 250 2000 ns
Driver Enable to Output High tzH Figures 7 and 9, CL = 100pF, S2 closed 250 2000 ns
Driver Enable to Output Low tzL Figures 7 and 9, CL = 100pF, S1 closed 250 2000 ns
Driver Disable Time from Low tLz Figures 7 and 9, CL = 15pF, S1 closed 300 3000 ns
Driver Disable Time from High tHz Figures 7 and 9, CL = 15pF, S2 closed 300 3000 ns
t i = 250 2000
Receiver Input to Output o PIg)RSeland) \@Haer = 598 ns
tPHL Cu1 = Cr2 = 100pF 250 2000
| tpLH - tpHL | Differential Figures 6 and 10, RDIFF = 54Q
t ; ! 100 ns
Receiver Skew SHR CrL1 = Cr2 = 100pF
Receiver Enable to Output Low Wi Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tzH Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low tLz Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHz Figures 5 and 11, CRL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fmax tPLH, tPHL < 50% of data period 250 kbps
Time to Shutdown tSHDN MAX483/MAX487 (Note 5) 50 200 600 ns
Driver Enable from Shutdown to t MAX483/MAX487, Figures 7 and 9, 2000 e
Output High AnEls Lol CL = 100pF, S2 closed
Driver Enable from Shutdown to t MAX483/MAX487, Figures 7 and 9, 2000 e
Output Low ARl CL = 100pF, S1 closed
Receiver Enable from Shutdown i MAX483/MAX487, Figures 5 and 11, 2500 i
to Output High ZH(SHDN) | ¢, = 15pF, S2 closed
Receiver Enable from Shutdown i MAX483/MAX487, Figures 5 and 11, 2500 e
to Output Low ZL(SHDN) CL = 15pF, S1 closed
4 MAXIMN




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device
ground unless otherwise specified.

Note 2: All typical specifications are given for Vcc = 5V and Ta = +25°C.

Note 3: Supply current specification is valid for loaded transmitters when DE = OV.

Note 4: Applies to peak current. See Typical Operating Characteristics.

Note 5: The MAX481/MAX483/MAX487 are put into shutdown by bringing RE high and DE low. If the inputs are in this state for less
than 50ns, the parts are guaranteed not to enter shutdown. If the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section.

Typical Operating Characteristics

(Vcc =5V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. OUTPUT CURRENT vs. RECEIVER OUTPUT HIGH VOLTAGE vs.
RECEIVER OUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE TEMPERATURE
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10 7 4 \ 3 34
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OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (°C)
RECEIVER OUTPUT LOW VOLTAGE vs. DRIVER OUTPUT CURRENT vs. DRIVER DIFFERENTIAL OUTPUT VOLTAGE
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

(Vce =8V, Ta = +25°C, unless otherwise noted.)
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Typical Operating Characteristics (continued)

MAX481/MAX485/MAX490/MAX491
SUPPLY CURRENT vs. TEMPERATURE
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Pin Description

PIN
MAX481/MAX483/
MAX485/MAX487/ A annn | NAME FUNCTION
MAX1487
DIP/SO | pMAX | DIP/SO | pMAX DIP/SO
Receiver Output: If A > B by 200mV, RO will be high;
1 = . 4 : RO 1 1t A < B by 200mV, RO will be low.
5 a e o 3 RE Receiver Output Enable. RO is enabled when RE is low; RO is
high impedance when RE is high.
Driver Output Enable. The driver outputs, Y and Z, are enabled
by bringing DE high. They are high impedance when DE is low. If
3 5 — — 4 DE the driver outputs are enabled, the parts function as line drivers.
While they are high impedance, they function as line receivers if
RE is low.
it 6 3 5 5 DI Driver Input. A low on DI forces output Y low and output Z high.
Similarly, a high on DI forces output Y high and output Z low.
5 7. 4 6 6,7 GND Ground
— — 5 7 9 \¢ Noninverting Driver Output
— — 6 8 10 Z Inverting Driver Output
6 8 — — — A Noninverting Receiver Input and Noninverting Driver Output
e — 8 2 12 A Noninverting Receiver Input
7 1l — — — B Inverting Receiver Input and Inverting Driver Output
— — il 1 1 B Inverting Receiver Input
8 2 1 3 14 Vce Positive Supply: 4.75V < Vcc < 5.25V
— — — — 2,8, 13 N.C. No Connect—not internally connected
TOP VIEW . MAM
RO EﬁIL—T 8] vec sy
= IAX483
R [2] 7] 8 MAX485 O
3 MAX487
o¢ [3] —{el o MAX1487 -
ol [4] 5] 6no RO Eﬁ};‘ EBVcc 5 JATIE
i 7 B
R [2] T Al
TR oG EEooan e
° RO
DI [4 5] GND =
o [ msam 212 o 5
i Oy "
3] yaxags  [s]0
R[4 MAX487 DE
i [ MAX1487 E‘
NOTE: PIN LABELS Y AND Z ON TIMING, TEST, AND WAVEFORM DIAGRAMS REFER TO PINS A AND B WHEN DE IS HIGH.
uMAX TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 1. MAX481/MAX483/MAX485/MAX487/MAX1487 Pin Configuration and Typical Operating Circuit
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MAX481/MAX483/MAX485/MAX487-MAX491/MA4X1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

TOP VIEW ‘-
° Vee NAXIMN Vee
Voo [1] J@%E A I WAX488 |
RO IZ zl B MAX490
oi[3] 6] 7 5 Y
GND E—]{fi_ﬁﬂ Y o1 D 6 2 /\[fl [_:Et B
DIP/SO
> =
° 2 Rt
8 RO—— EEA / \/f D H—u
[ s [27 - S
Al2] mawss  [21Y
vee [3] MAX490 6] GNo 41
RO [4] 5] o1 GND GND
UMAX NOTE: TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.
Figure 2. MAX488/MAX490 Pin Configuration and Typical Operating Circuit
TOP VIEW DE Vge MAXIM Vee RE
la |14 MAX489 Y
Y B = MAX491
N.C. [I [14] vec
9 v
RO [2] ETHB S 65 1y @V Y /\jj\c I Rl B
e [5] [12] A Z I
DE [4] [11]8 |12, s
i 5] 10]2 pO L2 it MR‘A lm D H—o
GND [6 | 9 ]v T 778
GND [ 7] foelwe.  nc@y
3] [67 | |
DIP/SO RE GND GND DE
Figure 3. MAX489/MAX491 Pin Configuration and Typical Operating Circuit
Applications Information MAX487/MAX1487:

The MAX481/MAX483/MAX485/MAX487-MAX491 and
MAX1487 are low-power transceivers for RS-485 and RS-
422 communications. The MAX481, MAX485, MAX490,
MAX491, and MAX1487 can transmit and receive at data
rates up to 2.5Mbps, while the MAX483, MAX487,
MAX488, and MAX489 are specified for data rates up to
250kbps. The MAX488-MAX491 are full-duplex trans-
ceivers while the MAX481, MAX483, MAX485, MAX487,
and MAX1487 are half-duplex. In addition, Driver Enable
(DE) and Receiver Enable (RE) pins are included on the
MAX481, MAX483, MAX485, MAX487, MAX489,
MAX491, and MAX1487. When disabled, the driver and
receiver outputs are high impedance.

128 Transceivers on the Bus
The 48kQ, Y/,-unit-load receiver input impedance of the
MAX487 and MAX1487 allows up to 128 transceivers
on a bus, compared to the 1-unit load (12kQ input
impedance) of standard RS-485 drivers (32 trans-
ceivers maximum). Any combination of MAX487/
MAX1487 and other RS-485 transceivers with a total of
32 unit loads or less can be put on the bus. The
MAX481/MAX483/MAX485 and MAX488-MAX491 have
standard 12kQ Receiver Input impedance.

MAXIMN




Low-Power, Slew-Rate-Limited

RS-485/RS-422 Transceivers

Test Circuits

1kQ
RECEIVE ol FONTE S = Vi
outPuT Ty s1 il
CRL
Wl *Q

N

S2

L

Figure 4. Driver DC Test Load

Figure 5. Receiver Timing Test Load

—(/O—— Ve
5000 St
QUTPUT !
UNDER TEST oY
\j
52

CL

Ul

Figure 6. Driver/Receiver Timing Test Circuit

MAX483/MAX487/MAX488/MAX489:
Reduced EMI and Reflections

The MAX483 and MAX487-MAX489 are slew-rate limit-
ed, minimizing EMI and reducing reflections caused by
improperly terminated cables. Figure 12 shows the dri-
ver output waveform and its Fourier analysis of a
150kHz signal transmitted by a MAX481, MAX485,
MAX490, MAX491, or MAX1487. High-frequency har-

M AXIM

Figure 7. Driver Timing Test Load

monics with large amplitudes are evident. Figure 13
shows the same information displayed for a MAX483,
MAX487, MAX488, or MAX489 transmitting under the
same conditions. Figure 13’s high-frequency harmonics
have much lower amplitudes, and the potential for EMI
is significantly reduced.
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Switching Waveforms

3V
DI 1.5V 1.5V
ov YT
= tPLH tPHL <+ 12V
sty ‘ v
Vo I ) ) y

Y * T T
e Vore=V (- @)

Vo
VDIFF gy o 7“ 90% 90% ™
Vo 9 o
tR — tr —>|

tSKEw =1 tpLH - tPHL |

ki
DE 1.5V \< 1.5V
ov i A
. —| <tz sHDN), tzL tiz—| (e
N 23V VoL +0.5V
e <23V OUTPUT NORMALLY LOW oL+
OUTPUT NORMALLY HIGH
/7 5 VoH-05V
2.3V oH-0.
Gl = L/
—>| |~ tzH(SHON) tzH thiz = [<—

Figure 8. Driver Propagation Delays

Figure 9. Driver Enable and Disable Times (except MAX488 and
MAX490)

ro '
VoL 5':1'5\/ OUTPUT 1-5V7“
¢ t —> t—
AB VlD PHL PLH
vp W INPUT ov

23y =i o) 4 Vs
REOV L N A
v —>| | lz(SHON). fzL Iz — |
O \\1~5V OUTPUT NORMALLY LOW VoL +0.5V
OUTPUT NORMALLY HIGH
RO i //1 5V VoH- 0.5V
> [~ IzH(SHON). ZH [z =P

Figure 10. Receiver Propagation Delays

Table 1. Transmitting

INPUTS OUTPUTS
RE DE DI z Y;
X 1 1 0 1
X 1 0 1 0
0 0 X High-Z High-Z
1 0 X High-Z* High-Z*

MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

X = Don't care
High-Z = High impedance
* Shutdown mode for MAX481/MAX483/MAX487

10

Figure 11. Receiver Enable and Disable Times (except MAX488
and MAX490)

Function Tables (MAX481/MAX483/MAX485/MAX487/MAX1487)

Table 2. Receiving

INPUTS OUTPUT
RE DE A-B RO
0 0 > +0.2V 1
0 0 <-0.2v 0
0 0 Inputs open 1
1 0 X High-Z*

X = Don't care
High-Z = High impedance
* Shutdown mode for MAX481/MAX483/MAX487
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Low-Power, Slew-Rate-Limited

RS-485/RS-422 Transceivers

10dB/div

OHz 5MHz
500kHz/div

10dB/div i

OHz 5MHz

500kHz/div

Figure 12. Driver Output Waveform and FFT Plot of MAX481/
MAX485/MAX490/MAX491/MAX1487 Transmitting a 150kHz
Signal

Low-Power Shutdown Mode

(MAX481/MAX483/MAX487)
A low-power shutdown mode is initiated by bringing
both RE high and DE low. The devices will not shut
down unless both the driver and receiver are disabled.
In shutdown, the devices typically draw only 0.1pA of
supply current.

RE and DE may be driven simultaneously; the parts are
guaranteed not to enter shutdown if RE is high and DE
is low for less than 50ns. If the inputs are in this state
for at least 600ns, the parts are guaranteed to enter
shutdown.

For the MAX481, MAX483, and MAX487, the tzH and
tzL enable times assume the part was not in the low-
power shutdown state (the MAX485/MAX488-MAX491
and MAX1487 can not be shut down). The tZH(SHDN)
and tzL(SHDN) enable times assume the parts were shut
down (see Electrical Characteristics).

It takes the drivers and receivers longer to become
enabled from the low-power shutdown state
(tZH(SHDN), tzL(SHDN)) than from the operating mode
(tzH, tzL). (The parts are in operating mode if the RE,
DE inputs equal a logical 0,1 or 1,1 or 0, 0.)

MAXIM

Figure 13. Driver Output Waveform and FFT Plot of MAX483/
MAX487-MAX489 Transmitting a 150kHz Signal

Driver Output Protection
Excessive output current and power dissipation caused
by faults or by bus contention are prevented by two
mechanisms. A foldback current limit on the output
stage provides immediate protection against short cir-
cuits over the whole common-mode voltage range (see
Typical Operating Characteristics). In addition, a ther-
mal shutdown circuit forces the driver outputs into a
high-impedance state if the die temperature rises
excessively.

Propagation Delay
Many digital encoding schemes depend on the differ-
ence between the driver and receiver propagation
delay times. Typical propagation delays are shown in
Figures 15-18 using Figure 14’s test circuit.

The difference in receiver delay times, | tPLH - tPHL |, is
typically under 13ns for the MAX481, MAX485,
MAX490, MAX491, and MAX1487 and is typically less
than 100ns for the MAX483 and MAX487-MAX489.

The driver skew times are typically 5ns (10ns max) for
the MAX481, MAX485, MAX490, MAX491, and
MAX1487, and are typically 100ns (800ns max) for the
MAX483 and MAX487-MAX489.

11
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

TTLIN
tR, tF < 6ns

RECEIVER
ouT

Figure 14. Receiver Propagation Delay Test Circuit

A

500mV/div |-

B
RO F

2V/div

20ns/div

B

500mV/div |-

A

2V/div

RO

20ns/div

Figure 15. MAX481/MAX485/MAX490/MAX491/MAX 1487
Receiver tpHL

Figure 16. MAX481/MAX485/MAX490/MAX491/MAX 1487
Receiver tpiH

A

500MV/div o teeeieeiienit

B «
RO |

2V/div

400ns/div

500mV/div // Voge S
Ta=+25°C
=

2V/div § : § : .

400ns/div

MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Figure 17. MAX483, MAX487-MAX489 Receiver tpHL

12

Figure 18. MAX483, MAX487-MAX489 Receiver tpLH
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Line Length vs. Data Rate
The RS-485/RS-422 standard covers line lengths up to
4000 feet. For line lengths greater than 4000 feet, see
Figure 23.

Figures 19 and 20 show the system differential voltage
for the parts driving 4000 feet of 26AWG twisted-pair
wire at 110kHz into 120Q loads.

Typical Applications
The MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 transceivers are designed for bidirectional data
communications on multipoint bus transmission lines.

Figures 21 and 22 show typical network applications
circuits. These parts can also be used as line
repeaters, with cable lengths longer than 4000 feet, as
shown in Figure 23.

To minimize reflections, the line should be terminated at
both ends in its characteristic impedance, and stub
lengths off the main line should be kept as short as possi-
ble. The slew-rate-limited MAX483 and MAX487-MAX489
are more tolerant of imperfect termination.

DI

W-Vz

RO

2us/div

DI

Vy-Vz

RO

2ps/div

Figure 19. MAX481/MAX485/MAX490/MAX491/MAX1487 System
Differential Voltage at 110kHz Driving 4000ft of Cable

Figure 20. MAX483, MAX487-MAX489 System Differential
Voltage at 110kHz Driving 4000ft of Cable

120Q

((

120Q

DE

DI ©

((

DI

DE{=—]

RO-— R
RE

MAXIMN R
MAX481 D
MAX483

Tl

MAX485 —
MAX487 ol DE RO RE
MAX1487

| |
DI DE RO RE

Figure 21. MAX481/MAX483/MAX485/MAX487/MAX 1487 Typical Half-Duplex RS-485 Network

MAXIMN
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

DE.=1

DI —

8%

'Y|_ Z 4k T—|A
| 11
DI DE RERO

NOTE: RE AND DE ON MAX489/MAX491 ONLY.

Aq (( z Y
1200 )) 1200 B
f;_(é— R T_/\A/\/l (( T_/\/\/\,_$ D DI
B 0] Z
—DE
Lo ()() 20 : i
1200 Q B
D L/\/W_l (C T_/\/Wl R RO
Y ) T_I ) A

AKX
MAX489
MAX491

Figure 22. MAX488-MAX491 Full-Duplex RS-485 Network

INAXI
MAX486-MAX491

RE]
DE

DI

<

DATAIN
AN%200
z

1200 f] DATA OUT
Y A

b

NOTE: RE AND DE ON MAX489/MAX491 ONLY.

Figure 23. Line Repeater for MAX488-MAX491
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Isolated RS-485
For isolated RS-485 applications, see the MAX253 and
MAX1480 data sheets.
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

__Ordering Information (continued) __Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE PART TEMP. RANGE PIN-PACKAGE
MAX481EPA -40°C to +85°C 8 Plastic DIP MAX490CPA 0°C to +70°C 8 Plastic DIP
MAX481ESA -40°C to +85°C 8 SO MAX490CSA 0°C to +70°C 8 SO
MAX481MJA -55°C to +125°C 8 CERDIP MAX490CUA 0°C to +70°C 8 uMAX
MAX483CPA 0°C to +70°C 8 Plastic DIP MAX490C/D 0°C to +70°C Dice*
MAX483CSA 0°C to +70°C 8 SO MAX490EPA -40°C to +85°C 8 Plastic DIP
MAX483CUA 0°C to +70°C 8 PMAX MAX490ESA -40°C to +85°C 8 SO
MAX483C/D 0°C to +70°C Dice* MAX490MJA -55°C to +125°C 8 CERDIP
MAX483EPA -40°C to +85°C 8 Plastic DIP MAX491CPD 0°C to +70°C 14 Plastic DIP
MAX483ESA -40°C to +85°C 830 MAX491CSD 0°C to +70°C 14 SO
MAX483MJA -55°C to +125°C 8 CERDIP MAX491C/D 0°Cto +70°C  Dice”
MAX485CPA 0°C to +70°C 8 Plastic DIP MAX491EPD -40°C to +85°C 14 Plastic DIP
MAX485CSA 0°C to +70°C 8 S0 MAX491ESD -40°C to +85°C 14 SO
MAX485CUA 0°C to +70°C 8 LMAX MAX491MJD -55°C to +125°C 14 CERDIP
MAX485C/D 0°C to +70°C Dice* MAX1487CPA 0°C to +70°C 8 Plastic DIP
MAX485EPA -40°Cto +85°C 8 Plastic DIP MAX1487CSA 0°Cto +70°C 880
MAX485ESA -40°C to +85°C 8 SO MAX1487CUA 0°C to +70°C 8 UMAX
MAX485MJA -55°C to +125°C 8 CERDIP MAX1487C/D 0°Cto +70°C  Dice”
MAX487CPA 0°C to +70°C 8 Plastic DIP MAX1487EPA -40°C to +85°C 8 Plastic DIP
MAX487CSA 0°C to +70°C 8 SO MAX1487ESA -40°C to +85°C 8 SO
MAX487CUA 0°C to +70°C 8 PMAX MAX1487MJA -55°C to +125°C 8 CERDIP
MAX487C/D 0°C to +70°C Dice” * Contact factory for dice specifications.

MAX487EPA -40°C to +85°C 8 Plastic DIP
MAX487ESA -40°C to +85°C 8 SO
MAX487MJA -55°C to +125°C 8 CERDIP
MAX488CPA 0°C to +70°C 8 Plastic DIP Chip Topographies
MAX488CSA 0°C to +70°C 8 SO
MAX488CUA 0°C to +70°C 8 LMAX MAX481/MAX483/MAX485/MAX487/MAX1487
MAX488C/D 0°C to +70°C Dice*
MAX488EPA -40°C to +85°C 8 Plastic DIP
MAX488ESA -40°C to +85°C 8 SO = N.C. T
MAX488MJA -55°C to +125°C 8 CERDIP
MAX489CPD 0°C to +70°C 14 Plastic DIP N.C. e
MAX489CSD GiCHo+705CT 1450 (1.372mm)
MAX489C/D 0°C to +70°C Dice*
MAX489EPD -40°C to +85°C 14 Plastic DIP A
MAX489ESD -40°C to +85°C 14 SO
MAX489MJD -55°C to +125°C 14 CERDIP GND
¢ 0.080"
(2.032mm)
M AXIM ik
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MAX481/MAX483/MAX485//AX487-MAX491//1AX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Chip Topographies (continued)
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RO

N.C.

N.C.

MAX488/MAX490

0.080"

(2.032mm)

MAX489/MAX491

0.054"
(1.372mm)

SETae
=] .‘;;._-‘ g —
talia s DY e e
GND
0.080"
< (2.032mm) l

TRANSISTOR COUNT: 248
SUBSTRATE CONNECTED TO GND
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Package Information
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information

go to www.maxim-ic.com/packages.)

INCHES MILLIMETERS

DIM| MIN | MAX | MIN MAX

A | 0053 | 0.069 | 1.35 | 1.75

N A1 | 0.004 | 0.010 | 0.10 | 0.25

B g E B Q Q i B | 0014 | 0019 | 035 | 0.49
C | 0.007 | 0010 | 019 | 0.25

e 0.050 BSC 1.27 BSC

E | 0150 | 0.157 | 3.80 | 4.00

H

L

SOICN .EPS

| ""'—"I

H 0.228 | 0.244 5.80 6.20

0.016 0.050 0.40 1.27
©)

N
B B ﬁ E B H—_ VARIATIONS:

1

INCHES MILLIMETERS

TOP VIEW DIM| MIN MAX MIN MAX | N |MS012

0.189 | 0.197 4.80 5.00 8| AA
0.337 | 0.344 8.55 8.75 |14| AB
0.386 | 0.394 9.80 10.00 [16] AC

O|o|o

— e |— — |—8 A1—ff ——LI— 08

FRONT VIEW SIDE VIEW
NOTES:
1. D&E DO NOT INCLUDE MOLD FLASH.
9,
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.006"). @s?lﬂ%&!ﬁl!‘ﬁé% /VI/JK|/VI
3. LEADS TO BE COPLANAR WITHIN 0.10mm (.004”). PROPRIETARY INFORMATION
4. CONTROLLING DIMENSION: MILLIMETERS. TALE:
S. MEETS JEDEC MSO12. PACKAGE OUTLINE, .150" SOIC
6. N = NUMBER OF PINS. APPROVAL DOCUMENT CONTROL NO. REV [
21-0041 B |/

MAXIM 17
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Package Information (continued)
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information

MAX481/MAX483/MAX485/i1AX487-MAX491/iAAX1487

go to www.maxim-ic.com/packages.)

- SHARRC
?

r —_—

J AN BE A

FRONT VIEW

NOTES:

3. CONTROLLING DIMENSION:
4. MEETS JEDEC MO-187C-AA.

JLI’

=

[

SIDE VIEW

1. D&E DO NOT INCLUDE MOLD FLASH.
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15MM (.006").
MILLIMETERS.

o
4

(%]
i
[a]
- 4X'S —] I~— : %
S il INCHES MILLIMETERS 2
p )
DIM| MIN MAX MIN MAX @
il A - 0.043 - 1.10
| A1 | 0.002 | 0.006 0.05 0.15
A2 | 0.030 | 0.037 0.75 0.95
L b 0.010 | 0.014 0.25 0.36
¥ 0.5020.1 c 0.005 | 0.007 0.13 0.18
| {{ D | 0116 | 0.120 2.95 3.05
0.6£0.1 e 0.0256 BSC 0.65 BSC
. f— — E=ll*o*6 | 0.120 2.95 3.05
f E H El H H | 0.188 | 0.198 4.78 5.03
L | 0016 | 0.026 0.41 0.66
0.6£0.1 —=] ; e X o 0= Skl 0 B
b BOTTOM VIEW S 0.0207 BSC 0.5250 BSC
TOP VIEW
AV 00IA)

IDRALLAS /MIAXI VI

PROPRIETARY INFORMATIGN

TITLE:

PACKAGE OUTLINE, 8L uMAX/uSOP

APPROVAL

DOCUMENT CONTRGL NO. REV. 1
21-0036 i

18
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MAX48&1/fMAX483/MAX485/iIA\X487-MAX49 1/i4X1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Package Information (continued)
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information

go to www.maxim-ic.com/packages.)

¢ @
z
N
E
D | —E1—]
b T |
a A2 WL _f
o =W
Lot i O3] !
5 e )idel ~ 015" [}
—le l— B c=l
— =B —eA —i
eB
INCHES  [MILLIMETERS INCHES [MILLIMETERS
MIN | MAX [ MIN [ MAX MIN | MAX | MIN [ MAX [ N [Hso0
Al--- 10180 | --=- 4572 0.348[0.390| 8.84| 9.91 |8 |AB
A1]0.01S [--- (038 [——— 0.735]0.765]18.67 [19.43 [14 |AC

0.745]0.765]18.92 |19.43 |16 |AA
0.885]0.915 |22.48|23.24[18 |AD
1.015 |1.045 |25.78|26.54|20 |AE
114 11265 |28.96|32.13 [24|AF
1.360 ]1.380 [34.54]35.05 |28]*5

A2]10.125 |0.175 [3.18 [4.45
A3]0.055 [0.080 [1.40 |2.03
B [0.01S [0.022 |0.381 [0.56
B1]0.045 [0.065 |1.14 [1.65
C 10,008 |0.014 |0.2 0.355
D1/0.005 |0.080 |0.13 |2.03
E 10.300 |0.325|7.62 |8.26 NOTES:
E1[0.2400.310 [610 |7.87 2. MOLD FLASH DR PRATROSIONG Ny
e | 0100 BSC. | 254 BSC, , 10 EXCEED 15mn (006"
eA] 0.300 BSC.| 7.62 BSC. 4. MEETS JEDEC MSO01-XX AS SHOWN
5
6

(el lew) ww) e} (ww ) {ww] [ws)]

CONTROLLING DIMENSION: MILLIMETER
eB| 0.400 BSC.| 10.16 BSC. IN ABOVE TABLE
L [0.115 [o0.150 [2.921]3.81

. SIMILIAR TO JEDEC MO-05S8AB
. N = NUMBER OF PINS

i{%&,{ﬂ};@“ﬂ,ﬁg [PACKAGE FaMILY QUTLING: PoiP 300" 1 | 21-0043 “13)

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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