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ZEBIRH/(UCT)

Data Sheet

UCT208x Series

Fail-Safe, High-Speed (10Mbps), Slew-Rate-Limited RS-485/RS-422 Transceivers
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General Description

The UCT2080-UCT2089 high-speed transceivers for RS-485/RS-422 communication contain one driver
and one receiver. These devices feature fail-safe circuitry, which guarantees a logic-high receiver output

when the receiver inputs are open or shorted. This means that the receiver output will be a logic high if all
transmitters on a terminated bus are disabled (high impedance). The UCT2080/UCT2081/UCT2082
feature reduced slew-rate drivers that minimize EMI and reduce reflections caused by improperly
terminated cables, allowing  error-free  data  transmission up to 115kbps.  The
UCT2083/UCT2084/UCT2085 offer higher driver output slew-rate limits, allowing transmit speeds up to
500kbps. The UCT2086/UCT2087/UCT2088’s driver slew rates are not limited, making transmit speeds
up to 10Mbps possible. The UCT2089’s slew rate is selectable between 115kbps, 500kbps, and 10Mbps
by driving a selector pin with a single three-state driver. These transceivers typically draw 375uA of
supply current when unloaded, or when fully loaded with the drivers disabled. All devices have a 1/8-unit-
load receiver input impedance that allows up to 256 transceivers on the bus. The
UCT2082/UCT2085/UCT2088 are intended for halfduplex communications, while the UCT2080
UCT2081 UCT2083/UCT2084/UCT2086/UCT2087 are intended for full-duplex communications. The
UCT2089 is selectable between half-duplex and full-duplex operation. It also features independently
programmable receiver and transmitter output phase via separate pins.

Applications

RS-422/RS-485 Communications

Level Translators

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

Ordering Information

PART TEMP RANGE PIN-PACKAGE
UCT208xCSD 0°C to +70°C 14 SO
UCT208xCPD 0°C to +70°C 14 Plastic DIP
UCT208xESD -40°C to +85°C 14 SO
UCT208xEPD -40°C to +85°C 14 Plastic DIP

Pin-Package Information continued at end of data sheet.
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Selection Table:
Part HalffFull  Pata Rate Slew Rate | ow-Power Receiver/Driver |Quiescent |Transceivers | Pin  |ndustry Standard

Duplex (Mbps) | Limited |Shutdown Enable Current(A) | On Bus Count Pinout
UCT2080 Full 0.115 | Yes Yes Yes 375 256 14 75180
UCT2081 Full 0.115 | Yes No No 375 256 75179
UCT2082 Half 0.115 | Yes Yes Yes 375 256 75176
UCT2083 Full 0.5 Yes Yes Yes 375 256 14 75180
UCT2084 Full 0.5 Yes No No 375 256 75179
UCT2085 Half 0.5 Yes Yes Yes 375 256 75176
UCT2086 Full 1.0 No Yes Yes 375 256 14 75180
UCT2087 Full 1.0 No No No 375 256 75179
UCT2088 Half 1.0 No Yes Yes 375 256 75176
UCT2089 Select |Select | Select | Yes Yes 375 256 14 75180

table table | table

*Pin-compatible with 75180, with additional features implemented using pins 1, 6, 8, and 13.

ABSOLUTE ATIMUM RATINGS

Supply Voltage (Vcc)

+7V

Control Input Voltage

(DE)

-0.3V to (Ve + 0.3V)

Special Input Voltage

(H/F, SRL, TXP, RXP)

-0.3V to (Ve + 0.3V)

Driver Input Voltage (DI)

-0.3V to (Vec + 0.3V)

Driver Output Voltage (A, B, Y, Z2) 13V
Receiver Input Voltage (A, B) 13V
Receiver Input Voltage, Full Duplex (A, B) 125V
Receiver Output Voltage (RO) -0.3V to (Vcc + 0.3V)
8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) 727TmW
Continuous 8-Pin SO (derate 5.88mW/°C above +70°C) 471mW
P 14-Pin Plastic DIP (derate 10.0mW/°C above +70°C) 800mW
ower
o 14-Pin SO (derate 8.33mW/°C above +70°C) 667mwW
Dissipation
Operating UCT208x C_ 0°C to +70°C
Temperature I —(jeTo08x E ~20°C to +85°C
Ranges
Storage Temperature Range -65°C to +150°C
Lead Temperature (soldering, 10s) +300°C
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Stresses beyond those listed under “Absolute ATimum 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
ATimum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vcc = +5V £5%, TA = Tun to Twuax, unless otherwise noted. Typical values are at Vcc = +5V and Ta = +25°C.

PARAMETER SYMBOL CONDITIONS MIN TYP |AT UNITS
DRIVER
Differential Driver Output (no Vob1 Figure 5 5 Vv
load)
Differential Driver Output Vob2 Figure 5, R =50 (RS-2'O Vv
422)
Figure 5, R =27 (RS{1®
485)
Change in Magnitude of AVop Figure 5,R=50 orR =27 0.2 \Y
Differential Output Voltage
(Note 2)
Driver Common-Mode Voc Figure 5,R=50 orR= 27 3 \Y
Output Voltage
Change In Magnitude of AVoc Figure 5, R=50 orR =27 0.2 \
Common-Mode Voltage
(Note 2)
Input High Voltage Vin1 DE, DI, ﬁ’ HAF TXP, 20 \%
RXP
Input Low Voltage VL1 DE, DI. RE ’ HAF TXP, 0.8 Vv
RXP
DI Input Hysteresis Vhys UCT2080-UCT2085, and 00 mV
UCT2089 with SRL = Vcc or
unconnected
SRL Input Current Iint DE, DI, 12
Iz ,TXP, RXP, internal | 1° 40 WA
pulldown
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Input High Voltage Vinz SRL Ve V
-0.8
Input Middle Voltage Vimz SRL (Note 3) 0.4v 0.6V V
Input Low Voltage Vi SRL 0.8 Vv
SRL Input Current Ina SRL = Vcc 75 MA
SRL = GND (Note 3) -75
Input Current (A and B) IN4 DE = GND. | Yn=12V 125 MA
Full Duplex '
Vee = GND [ vy =-7v -75
or 5.25V
Output Leakage (Y and Z) lo DE = GND. | VYn=12V 125 MA
Full Duplex =
Vee = GND P4 =7y 1 100
or 5.25V
Driver Short-Circuit Output Vop1 -7V < Vours Vecc -250 mA
Current (Note 4) OV<s Vours 12V 250
0V< Vours Vcc 125
RECEIVER
Receiver Differential VH -7TV< Vems +12V -200 [-125 |-50 mV
Threshold Voltage
Receiver Input Hysteresis AVTH 25 mV
Receiver Output High Vo lo=-4mA, Vio = -50mV Vee Vv
Voltage -1.5
Receiver Output Low VoL lo=4mA, Vo = -200mV 0.4 \Y
Voltage
Three-State Output lozr 04V<s Vo< 24V +1 MA
Current at Receiver
Receiver Input Resistance Rin -7V Vems +12V 96 KQ
Receiver Output losr OV< Vros< Ve 7 195 mA
Short-Circuit Current
SUPPLY CURRENT
No load, = DI = | DE = 430|900
GND or Vcc | Vce
MA
SRL = Vce DE =
GND 375 | 600
Noload, =DlI=| DE = 475 | 1000
Supply Current cc GND or Voo, | veo
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SRL = GND DE =
GND 420 | 800
Supply  Current  in| ™ | DE=GND,V =Voo 0.001 | 10 WA
Shutdown Mode

Note 1: All currents into the device are positive; all currents out of the device are negative. All voltages are
referred to device ground unless otherwise noted.

Note 2: Voo and Voc are the changes in Voo and Voc, respectively, when the DI input changes state.

Note 3: The SRL pin is internally biased to Vcc / 2 by a 100k Q/100k @ resistor divider. It is guaranteed to
be Vcc / 2 if left unconnected.

Note 4: ATimum current level applies to peak current just prior to foldback-current limiting; minimum current
level applies during current limiting

SWITCHING CHARACTERISTICS—UCT2080-UCT2082, and UCT2089
with SRL = Unconnected

(Voc = +5V £5%, Ta = Tuin to Twax, unless otherwise noted. Typical values are at Vcc = +5V and Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS Mi TY A UNIT
N P T S
Driver Input to Output torLH 500 |2030 |2600 ns

Figures 7 and 9,
topL Rorr = 54 Q, Cu1 =

500 [2030 |2600

Ci2 = 100pF
Driver Output Skew | torn - toskew Figures 7 and 9 -3 +200 ns
topHL | ’
Rorr = 54 Q, Cu1 =
Cr2 = 100pF
Driver Rise or Fall Time tor, tor i 667 1320 |2500 ns
Figures 7 and 9,
Rorr = 54 Q, Cu1 =
Ci2 = 100pF
ATimum Data Rate fmat 115 Kbp
s
Driver Enable to Output High tozn Figures 8 and 10, C 3500 ns

= 100pF, S2 closed
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Driver Enable to Output Low tozL Figures 8 and 10, C. 3500 ns
= 100pF, S1 closed
Driver Disable Time from Low toz Figures 8 and 10, C. 100 ns
= 15pF, S1 closed
Driver Disable Time from High tomz Figures 8 and 10, C. 100 ns
15pF, S2 closed
Receiver Input to Output treLH, Figures 11 and 13; | 127 200 ns
Vo | =2 2.0V; rise
et and fall
time of Vo< 15ns
| treLn - trene | Differential trsko Figures 11 and 13; | 3 30 ns
Receiver Skew Vio | 2 2.0V; rise
and fall
time of Vo< 15ns
Receiver Enable to Output Low trzL Figures 6 and 12, C. 20 50 ns
= 100pF, S1 closed
Receiver Enable to Output trzH Figures 6 and 12, C 20 50 ns
High ’
9 = 100pF, S2 closed
Receiver Disable Time from triz Figures 6 and 12, C. 20 50 ns
Low = 100pF, S1 closed
Receiver Disable Time from trHZ Figures 6 and 12, C. 20 50 ns
High = 100pF, S2 closed
Time to Shutdown tsHpN (Note 5) 50 200 |600 ns
Driver Enable from Shutdown tozH(sHON) Figures 8 and 10, C. 6000 ns
to Output High ’
= 15pF, S2 closed
Driver Enable from Shutdown | tozuston Figures 8 and 10, C. 6000 ns
to Output Low ’
= 15pF, S1 closed
Receiver Enable from | trzhsHon) Fi 6 and 12. C 3500 ns
Shutdown to Output High gures © an P
= 100pF, S2 closed
Receiver Enable from |  trzi(sHon) Fi 6 and 12. C 3500 ns
Shutdown to Output Low 'gures © an P
= 100pF, S1 closed
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SWITCHING CHARACTERISTICS—UCT2083-UCT2085, and UCT2089
with SRL = VCC

(Vcec = +5V £5%, Ta = Twin to Tuax, unless otherwise noted. Typical values are at Vcc = +5V and Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN | TYP AT | UNITS
Driver Input to Output topLH Figures 7 and 9 250 |720 {1000 ns
topHL Rorr = 540 , Cui = 250 (720 (1000
Cr2 = 100pF
Driver Output Skew toskew Figures 7 and 9, -3 +100 ns
| topek - toprl. | Rorr = 54Q |, Cu1 =
Ci2 = 100pF
Driver Rise or Fall Time tor, tor Figures 7 and 9, 200 [530 750 ns
Rorr=54Q |, Cu1 =
Ci2 = 100pF
ATimum Data Rate fmax 500 kbp
s
Driver Enable to Output High tozn Figures 8 and 10, C. 2500 ns
= 100pF, S2 closed
Driver Enable to Output Low tozL Figures 8 and 10, C. 2500 ns
= 100pF, S1 closed
Driver Disable Time from Low toLz Figures 8 and 10, C. 100 ns
= 15pF, S1 closed
Driver Disable Time from tonz Figures 8 and 10, C. 100 ns
High ’
g = 15pF, S2 closed
Receiver Input to Output treLH, Figures 11 and 13; | 127 1200 ns
trPHL ’
Vo | 2 2.0V; rise
and fall time of Vip <
15ns
| treLn - trere | Differential trskp Figures 11 and 13; | 3 130 ns
Receiver Skew Vi | = 2.0V; rise
and fall time of Vb <
15ns
Receiver Enable to Output trzL Figures 6 and 12, C. 20 50 ns
Low '
= 100pF, S1 closed
Receiver Enable to Output trzH Figures 6 and 12, Ct 20 50 ns
High = 100pF, S2 closed
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Receiver Disable Time from triz Figures 6 and 12, Ct 20 50 ns
Low = 100pF, S1 closed

Receiver Disable Time from trHz Figures 6 and 12, Ct 20 50 ns
High = 100pF, S2 closed

Time to Shutdown tsHoN (Note 5) 50 200 |[600 ns
Driver Enable from Shutdown tozH(sHON) Figures 8 and 10, C. 4500 ns
to Output High = 15pF, S2 closed

Driver Enable from Shutdown tozL(sHoN) Figures 8 and 10, Ct 4500 ns
to Output Low = 15pF, S1 closed

Receiver Enable from trRzH(SHDN) Figures 6 and 12, Ct 3500 ns
Shutdown to Output High = 100pF, S2 closed

Receiver Enable from trzL(sHON) Figures 6 and 12, Ct 3500 ns
Shutdown to Output Low = 100p|: S1 closed

SWITCHING CHARACTERISTICS—UCT2086—UCT2088, and UCT2089
with SRL = GND

(Vce = +5V £5%, TA = Tun to Tuax, unless otherwise noted. Typical values are at Vcc = +5V and Ta =
+25°C.)

PARAMETER SYMBOL CONDITIONS MIN | TYP AT | UNITS
Driver Input to Output topLH Figures 7 and 9 34 60 ns
topHL Rorr = 54 Q, Cu1 = 34 60
Ci2 = 100pF
Driver Output Skew | toein - | toskew Figures 7 and 9 25 | £10 ns
topHL | ’
Rorr = 54 Q, Cu1 =
Ci2 = 100pF
Driver Rise or Fall Time tor, tor Figures 7 and 9 14 25 ns
Rorr = 54 Q, Cu1 =
Ci2 = 100pF
ATimum Data Rate far 10 Mbps
Driver Enable to Output High tozn Figures 8 and 10 150 ns
C. = 100pF, S2
closed
Driver Enable to Output Low tozL 150 ns

Figures 8 and 10,
C. = 100pF, $1
closed
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Driver Disable Time from Low toLz Figures 8 and 10 100 ns
C. = 15pF, $1
closed
Driver Disable Time from High | tonz Figures 8 and 10 100 ns
C. = 15pF, 82
closed
Receiver Input to Output trPLH, Figures 11 and 13; | 106 150 ns
treL Vo | =2 2.0V; rise
and fall
time of Vo< 15ns
| tRPLH.- treL | Differential trskp Figures 11 and 13; | 0 10 ns
Receiver Skew Vo | > 20V: rise
and fall time of Vb <
15ns
Receiver Enable to Output| trz Figures 6 and 12 20 50 ns
Low ’
C. = 100pF, $1
closed
Receiver Enable to Output | treo Figures 6 and 12 20 50 ns
High ’
g C. = 100pF, S2
closed
Receiver Disable Time from | trz Figures 6 and 12 20 50 Ns
Low ’
C. = 100pF, $1
closed
Receiver Disable Time from trHz Figures 6 and 12 20 50 Ns
High C. = 100pF, S2
closed
Time to Shutdown tsHon (Note 5) 50 200 | 600 ns
Driver Enable from Shutdown | tozr(ston) Figures 8 and 10 250 ns
to :
) C. = 15pF, 82
Output High
closed
Driver Enable from Shutdown | tozisHon) Figures 8 and 10 250 ns
to ’
C. = 15pF, $1
Output Low
closed
Receiver Enable from | trzr(sHon) Figures 6 and 12 3500 ns
Shutdown ’
) C. = 100pF, S2
to Output High
closed
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Receiver Enable from | trzu(sHon) 3500 ns

Shutdown
to Output Low

Figures 6 and 12,
C. = 100pF, $1
closed

Note 5: The device is put into shutdown by bringing RE high and DE low. If the enable inputs are in this state

for less than 50ns, the device is guaranteed not to enter shutdown. If the enable inputs are in this state for at
least 600ns, the device is guaranteed to have entered shutdown.

Typical Operating Characteristics

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

NO-LOAD SUPPLY CURRENT OUTPUT CURRENT
vs. TEMPERATURE vs. REGEIVER OUTPUT LOW VOLTAGE
525 —— — 60
A UCTZ0B6-UCTZ0EE
= 500 | UCTZ0E9WITH 50
= L SRL=CGND
= 478 — . *—DE = Vg — =
B I o =
= 450 ,'-""’:—T’# - = 40
S g5 |2 . et S T & /
= T L ™ pE=GhD = g
& o0 |—B ,,.z-"f po—— e = /
o ars A" ,-""’"’!’d E /
= =
3 350 ff || S /
= BF BiucTzoso-ucTzoES 10
= ass ! UCTZ0B9WITH
SRL=0FEN OR VCC
300 : — 0
-60 -40 =20 0 20 40 &0 80 100 v} 1 2 3 4 ]
TEMPERATURE (*G) OUTPUT LOW VOLTAGE (V)
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DUTPUT CURRENT SHUTDOWN CURRENT
vs. RECEIVER DUTPUT HIGH VOLTAGE vs. TEMPERATURE
20 o0
" 18
_ 16
g |~ 3
=20 e — = 14
E \ 12
=Bl ™ 10
=] -\'l
,g 10 1 \ g ¢
2 2 °
5 4
0 0
0 1 2 5 4 5 60 <40 <20 0 20 40 GO 80 100
OUTRUT HIGH YOLTAGE (V) TEMPERATURE (°C)
RECEIVER ODUTPUT LOW VOLTAGE RECEIVER DUTPUT HIGH VOLTAGE
vs. TEMPERATURE vs. TEMPERATURE
0.50 — 4.5 —
Iqg = 8mA Igo = Bmd
0.45 4.4
=
o 0.40 = 44 \
= o h
5 0.as =] = \
= = 4.2
..nl'""" =
5 0¥ — = N
= 41
= 0.25 e = N
= 5 N
= = 4.0
= 0.20 ]
(=] \
0.15 3.a o
. N
0.10 a8
60 40 -20 0 P 40 B0 80 100 B0 -40 -20 0 20 40 &0 80 100
TEMPERATURE (°C) TEMPERATURE (°C)
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RECEIVER PROPAGATION DELAY RECEIVER PROPAGATION DELAY
(500kbps MODE) vs. TEMPERATURE {(10Mbps MODE) vs. TEMPERATURE
140 — 12
Croap = 100pF 110 CLoap = 100pF
= 135 /] = 108 |
= —_—
= // = r’##
= 4 = 108
= 130 =
= A S 104
= =
= __,..-r""" = 102
= 125 — =2
- a 100
< = /
= 120 =
96
118 84
-60 -40 -20 0 20 40 &0 80 100 B0 -40 -20 0 20 40 60 80 100
TEMPERATURE {*() TEMPERATURE (*C)
DRIVER PROPAGATION DELAY DRIVER PROPAGATION DELAY
(115kbps MODE) vs. TEMPERATURE (500kbps MODE) vs. TEMPERATURE
2.20 S 920 —
Ry = Bg2 880 Py = 5442
1 7 840
= 210 = 800
= Z 750
= . .
RN ¥
B 200 ~ =
5 ~ & 640
‘xﬂ S y
1.85 e G600
560
1.00 520
60 -40 -20 0O 20 40 G0 B0 100 60 -40 -20 0 20 40 60 &0 100
TEMPERATURE (°G) TEMPERATURE (°C)
DRIVER PROPAGATION DELAY DRIVER DIFFERENTIAL OUTPUT VOLTAGE
(10Mbps MODE) vs. TEMPERATURE vs. TEMPERATURE
B0 — 1,90 —
Ry =540 Ry = 5402
o 1,80
£ 50
=
= = 1.88
= L
= a5 Z; \\
= L =187
S 0 1 2 N
= — 5 1.86 A
& = = 1.
= 3 f‘_,.-" £ \
2 1 |~ S 185 \\
— N
25 1.84 ‘\,\
20 1.83
80 40 -20 0 20 40 60 80 100 60 -40 -20 0 20 40 B0 80 100
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DRIVER DUTPUT CURRENT OUTPUT GURRENT vs.
vs. DIFFERENTIAL DUTPUT VOLTAGE DRIVER OUTPUT LOW VOLTAGE
100 140
= 1
~ 120
£ 10 N ‘“‘E 100
= \ = /
= "‘-.\ 2 80 P
.I [
= i = (
E 5 60 b
S 04 A 2 40 /
1 20
0.0 0 -/
0 1 2 3 4 5 0 2 4 [ 8 10 12
DIFFERENTIAL OUTPUT VOLTAGE (V) DUTPUT LOW VOLTAGE (V)
OUTPUT CURRENT vs. RECEIVER PROPAGATION DELAY
DRIVER DUTPUT HIGH VOLTAGE UCT2?086-UCT2088, AND TUCT2089
=100 WITH SRL=GND
-a0
—. 80
=
Ean V——t+——— b I S
E ‘ i I | i
= B0 Va- Vi i | : : 2Vidiv
% \ p— | M A P
= -af 1‘1
()
E 40
= \ h
g _3{] . | PP, .-..n--\.m_..nm.-u-l :
20 \ i SR !.MM 5V idiv
10 iL 15
i
4 5 4 2 0 2 4 &
OUTPUT HIGH VOLTAGE (V) S/
RECEIVER PROPAGATION DELAY DRIVER PROPAGATION DELAY
UCT2080-UCT2085, ARD TUCT2089 YCTZ080/VUCTZ0681/UCT2062, ARD UCTZ089
WITH SEL=0PEN OR Vce WITH SREL=0PEM
il r‘ B 5 v
g} - U
Wy -V f H 2idiv
.-Kr-' hm_‘ﬂ\xﬁ‘.
A WY 25Vidiv
RO ) |I e 4 M|
Zisdiv

a0nsidiv
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DRIVER PROPAGATION DELAY
WCT2083/UCT2054/UCTZ085 » AND UCTIZ0D39

DRIVER PROPAGATION DELAY
UCTZ2086/UCT208T /UCT2088 » AND VUCTZ2089

WITH SRL=Vcc WITH SRL=GND
ol I' .w..,..n....w“.._]l " susi ol g"""“ TR lL"" iy
b I PP | et P
b
Vr- ¥z # N V-V I. 1] 2 5vidiv
5005 /iy Snseliy
Pin Description
PIN
UCT2080 UCT2081 | UCT2082
UCT2083 UCT2084 | UCT2085 UCT2089
UCT2086 UCT2087 | UCT2088 NAME FUNCTION
FULL-DUPLEX | HALF FULL HALF
DUPLEX DUPLX | DUPLEX
DEVICES DEVICES MODE | MODE
Half/Full-Duplex Selector Pin. Connect
) ) ) L 1 to Vcc for half-duplex mode; connect to
GND or leave unconnected for full-
duplex mode.
Receiver Output. When is low and if
2 2 L 2 2 RO | A B>-50mV, RO will be high; if A - B
<-200mV, RO will be low.
Receiver Output Enable. Drive low to
3 ) 2 3 3 enable RO; RO is high impedance
when is high. Drive  high and DE
low to enter low-power shutdown
mode.
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Driver Output Enable. Drive DE high to
O I A I e s i
Drive high and DE low to enter low-
power shutdown
Driver Input. With DE high, a low on
5 3 4 5 5 DI DI forces noninverting output low and
inverting output high. Similarly, a high
on DI forces noninverting output high
and inverting output low.
Slew-Rate-Limit Selector Pin.
) ) ) 6 6 SRL Connect SRL to GND for 10Mbps
communication rate; connect to Vcc
for 500kbps communication rate.
Leave unconnected for 115kbps
communication rate.
6, 7 4 5 7 7 GND Ground
Transmitter Phase. Connect TXP to
B - B 8 8 TXP GND, or leave floating for normal
transmitter phase/polarity. Connect to
Vee to invert the transmitter
phase/polarity.
9 5 - 9 - Y Noninverting Driver Output
) ) ) ; 9 Y Noninverting Receiver Input and
Noninverting Driver Output®
10 6 - 10 - 4 Inverting Driver Output
) ) ; ; 10 z Inverting Receiver Input and Inverting
Driver Output*
11 7 - 11 - B Inverting Receiver Input
- - - - 11 B Receiver Input Resistors*
) ; ¥ ) ) B Inverting Receiver Input and Inverting
Driver Output
12 8 - 12 - A Noninverting Receiver Input
- - - - 12 A Receiver Input Resistors*
) ; 6 ) ) A Noninverting Receiver Input and
Noninverting Driver Output
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Receiver Phase. Connect RXP to
GND, or leave unconnected for

B B B 13 13 RX normal transmitter phase/polarity.
Connect to Vce to invert the receiver
b phase/polarity.
14 1 8 14 14 Vce | Positive Supply; 4.75V < Vce < 5.25V
1,8,13 - - - - NC Not Connected. Not internally
connected.

*(UCT2089 only.) In half-duplex mode, the driver outputs serve as receiver inputs. The full-duplex receiver
inputs (A and B) will still have a 1/8-unit load, but are not connected to the receiver.

Function Tables

TRANSMITTING
INPUTS OUTPUTS UCT2081/UCT2084/UCT2087
DE DI Z Y TRANSMITTING
INPUT OUTPUTS
X 1 1 0 1 DI 7 Y
X 1 0 1 0 1 0 1
0 0 X | High-Z | High-Z 0 1 0
1 0 X Shutdown
RECEIVING
INPUTS OUTPUT RECEIVING
DE | AB RO INPUTS OUTPUT
A-B RO
0 X | =2-0.05V 1
= -0.05V 1
0 X | £-0.2V 0
<-0.2V 0
0 X | Open/shorted 1
i Open/shorted 1
1 1 X High-Z
1 0| X Shutdown

X =Don’t care
Shutdown mode, driver and receiver outputs high impedance

UCT2082/UCT2085/UCT2088 UCT2089
TRANSMITTING

INPUTS  OUTPUTS TRANSMITTING

DE DI B/iZ AlY INPUTS OUTPUTS
X 1 1 0 1 TYP DE DI Z Y
X 1 0 1 0 0 X 1 1 0 1
0 0 X High-Z High-Z X 1 0 1

1 0 X  Shutdown 1 X 1 1
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1 1 0 0 1
X 0 X High- High-Z
Z
X 0 X Shutdown
RECEIVING RECEIVING
INPUTS OUTPUT
DE  AB RO INPUTS OUTPUT
RXP DE | A-B Y-Z RO
0 X =z -0.05V 1
0 X = -02v 0 0 0 0 X [0.05V X 1
0 X Open/shorted 1 0 0 0 X 0.2V X 0
1 1 X High-Z 0 1 0| X]o0.05v X 0
1 0 X  Shutdown 0 1 0 X |£-0.2V X 1
1 0 0 0 X > 1
0.05V
1 0 0 0 |X < - 0
0.2V
1 1 0 0 |X 2 0
0.05V
1 1 0 0 |X < - 1
0.2V
0 0 0 X |Open/ X 1
shorted
0 0 0|X Open/ 1
shorted
0 1 0 X |Open/ X 0
shorted
1 1 0 0 X Open/ 0
shorted
X X 1 11X X High-Z
X X 1 0 X X Shutdown
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TOP VIEW
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Figure 1. UCT2080/UCT2083/UCT2086 Pin Configuration and Typical Full-Duplex Operating Circuit
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Figure 2. UCT2081/UCT2084/UCT2087 Pin Configuration and Typical Full-Duplex Operating Circuit
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Figure 3. UCT2082/UCT2085/UCT2088 Pin Configuration and Typical Half-Duplex Operating Circui
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Detailed Description

The UCT2080-UCT2089 high-speed transceivers for RS-485/RS-422 communication contain one driver and
one receiver. These devices feature fail-safe circuitry, which guarantees a logic-high receiver output when
the receiver inputs are open or shorted, or when they are connected to a terminated transmission line with
all drivers disabled (see Fail-Safe section). The UCT2080/ UCT2081/UCT2082 feature reduced slew-rate
drivers that minimize EMI and reduce reflections caused by improperly terminated cables, allowing error-free
data transmission up to 115kbps (see Reduced EMI and Reflections section). The
UCT2083/UCT2084/UCT2085 offer higher driver output slew-rate limits, allowing transmit speeds up to
500kbps. The UCT2086/ UCT2087/UCT2088’s driver slew rates are not limited, making transmit speeds up
to 10Mbps possible. The UCT2089’s slew rate is selectable between 115kbps, 500kbps, and 10Mbps by
driving a selector pin with a three-state driver. The UCT2082/UCT2085/UCT2088 are half-duplex
transceivers, while the UCT2080/UCT2081/UCT2083/ UCT2084/UCT2086/UCT2087 are full-duplex
transceivers. The UCT2089 is selectable between half- and full-duplex communication by driving a selector
pin high or low, respectively. All of these parts operate from a single +5V supply. Drivers are output short-circuit
current limited. Thermal shutdown circuitry protects drivers against excessive power dissipation. When activated, the

thermal shutdown circuitry places the driver outputs into a highimpedance state.

Receiver Input Filtering

The receivers of the UCT2080-UCT2085, and the UCT2089 when operating in 115kbps or 500kbps mode,
incorporate input filtering in addition to input hysteresis. This filtering enhances noise immunity with
differential signals that have very slow rise and fall times. Receiver propagation delay increases by 20% due
to this filtering.
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Figure 5. Driver DC Test Load Figure 6. Receiver Enable/Disable Timing Test Load
Fail-Safe

The UCT208x family guarantees a logic-high receiver output when the receiver inputs are shorted or open,
or when they are connected to a terminated transmission line with all drivers disabled. This is done by
setting the receiver threshold between -50mV and -200mV. If the differential receiver input voltage (A-B) is
greater than or equal to -50mV, RO is logic high. If A-B is less than or equal to -200mV, RO is logic low. In
the case of a terminated bus with all transmitters disabled, the receiver’s differential input voltage is pulled to
0V by the termination. With the receiver thresholds of the UCT208x family, this results in a logic high with a
50Mv minimum noise margin. Unlike previous fail-safe devices, the -50mV to -200mV threshold complies

with the +200mV EIA/TIA-485 standard
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UCT2089 Programming

The UCT2089 has several programmable operating modes. Transmitter rise and fall times are
programmable between 2500ns, 750ns, and 25ns, resulting in ATimum data rates of 115kbps, 500kbps, and
10Mbps, respectively. To select the desired data rate, drive SRL to one of three possible states by using a
three-state driver, by connecting it to Vcc or GND, or by leaving it unconnected. For 115kbps operation, set
the three-state device in high-impedance mode or leave SRL unconnected. For 500kbps operation, drive
SRL high or connect it to Vcc. For 10Mbps operation, drive SRL low or connect it to GND. SRL can be
changed during operation without interrupting data communications.

Occasionally, twisted-pair lines are connected backward from normal orientation. The UCT2089 has two
pins that invert the phase of the driver and the receiver to correct for this problem. For normal operation,
drive TXP and RXP low, connect them to ground, or leave them unconnected (internal pulldown). To invert
the driver phase, drive TXP high or connect it to Vcc. To invert the receiver phase, drive RXP high or connect
it to Vcc. Note that the receiver threshold is positive when RXP is high.

The UCT2089 can operate in full- or half-duplex mode. Drive the H-"Epin low, leave it unconnected (internal
pulldown), or connect it to GND for full-duplex operation, and drive it high for half-duplex operation. In
fullduplex mode, the pin configuration of the driver and receiver is the same as that of a UCT2080 (Figure 4).
In half-duplex mode, the receiver inputs are switched to the driver outputs, connecting outputs Y and Z to
inputs A and B, respectively. In half-duplex mode, the internal full-duplex receiver input resistors are still

connected to pins 11 and 12.

Applications Information

256 Transceivers on the Bus

The standard RS-485 receiver input impedance is 12kQ (one-unit load), and the standard driver can drive up
to 32 unit loads. The UCT208x family of transceivers have a 1/8-unit-load receiver input impedance (96kQ),
allowing up to 256 transceivers to be connected in parallel on one communication line. Any combination of
these devices and/or other RS-485 transceivers with a total of 32 unit loads or less can be connected to the
line.

Reduced EMI and Reflections

The UCT2080-UCT2085, and UCT2089 with SRL = Vcc or unconnected, are slew-rate limited, minimizing
EMI and reducing reflections caused by improperly terminated cables. Figure 14 shows the driver output
waveform and its Fourier analysis of a 20kHz signal transmitted by a UCT2086/UCT2087/UCT2088, and
UCT2089 with SRL = GND. High-frequency harmonic

AR www.hkuct.com



UCc

Rev. 1.1

UCT208x

Figure 7. Driver Timing Test Circuit
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Figure 9. Driver Propagation Delays
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Figurell. Receiver Propagation Delays
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Figure 10.Driver Enable and Disable Times (except
UCT2081/ UCT2084/ UCT2087)
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Figure 13. Receiver Propagation Delay Test Circuit Figure 14. Driver Output Waveform and FFT Plot of
UCT2086/ UCT2087/ UCT2088, and UCT2089 with
SRL-GND, Transmitting a 20kHz Signal)
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Figure 15. Driver Output Waveform and FFT Plot of Figure 14. Driver Output Waveform and FFT Plot of
UCT2083/ UCT2084/ UCT2085, and UCT2089 with UCT2080/ UCT2081/ UCT2082, and UCT2089 with
SRL-VCC, Transmitting a 20kHz Signal) SRL-Unconnected, Transmitting a 20kHz Signal)

Components with large amplitudes are evident. Figure 15 shows the same signal displayed for a
UCT2083/UCT2084/UCT2085, and UCT2089 with SRL = Vcc), transmitting under the same conditions.
Figure 15’s high-frequency harmonic components are much lower in amplitude, compared with Figure 14’s,
and the potential for EMI is significantly reduced. Figure 16 shows the same signal displayed for a
UCT2080/UCT2081/UCT2082, and UCT2089 with SRL = unconnected, transmitting under the same
conditions. Figure16’s high-frequency harmonic components are even lower. In general, a transmitter’s rise
time relates directly to the length of an unterminated stub, which can be driven with only minor waveform
reflections. The following equation expresses this relationship conservatively:

Length = trise / (10 x 1.5ns/ft)

where trise is the transmitter’s rise time.
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For example, the UCT2080’s rise time is typically 1320ns, which results in excellent waveforms with a stub
length up to 90 feet. A system can work well with longer unterminated stubs, even with severe reflections, if

the waveform settles out before the UART samples them.
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Figure 17. Line Repeater for UCT2080/UCT2081/UCT2083/ Figure 18. UCT2080/UCT2081/UCT2082, and UCT2089
UCT2084/UCT2086/UCT2087, and UCT2089 with SRL = Unconnected, System Differential
In Full-Duplex Mode Voltage at 50kHz in Driving 4000 feet of Cable

Low-Power Shutdown Mode (Except UCT2082/UCT2085/UCT2088)

Low-power shutdown mode is initiated by bringing both RE high and DE low. In shutdown, the devices
typically draw only 1nA 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.

Enable times tz4 and tz. in the Switching Characteristics tables assume the part was not in a lowpower
shutdown state.Enable times tzusHon) and tziuskon) assume the parts were shut down. It takes drivers and
receivers longer to become enabled from low-power shutdown mode (tzwston), tzwshon)) than from

driver/receiver-disable mode (tzn, tz0).

Driver Output Protection

Two mechanisms prevent excessive output current and power dissipation caused by faults or by bus
contention. The first, a foldback current limit on the output stage, provides immediate protection against
short circuits over the whole common-mode voltage range (see Typical Operating Characteristics). The
second, a thermal shutdown circuit, forces the driver outputs into a high-impedance state if the die

temperature becomes excessive.
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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,
use the repeater application shown in Figure 17. Figures 18, 19, and 20 show the system differential voltage
for the parts driving 4000 feet of 26AWG twisted pair wire at 110kHz into 120 loads.

Typical Applications

The UCT2082/UCT2085/UCT2088/UCT2089 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 17. 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 possible. The slew-rate-limited
UCT2082/UCT2085, and the two modes of the UCT2089, are more tolerant of imperfect termination.
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Figure 19. UCT2083/UCT2084/UCT2085, and UCT2089 Figure 20. UCT2086/UCT2087/UCT2088, and UCT2089
with SRL = VCC, System Differential Voltage at with SRL = GND, System Differential Voltage at
50kHz Driving 4000 feet of Cable 200kHz Driving 4000 feet of Cable
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Figure 21. Typical Half-Duplex RS-485 Network
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Figure 22. Typical Full-Duplex RS-485 Network

AR www.hkuct.com



UCL

UCT208x

Rev. 1.1
S08
D - [ = {a]
’ ——h_
1 |
i — £ ‘-o_—"lf: N 1
1K1 L—Hh =] E[A]
E .1
H H'H H
T
] i
@ |
SN | | AL “‘\LJI. tRal A
a1 e L | o= ! ]
-5 [ ] H
. I [
FHHH i
el [a] |- —-hq--z-.-.-u k]
-]
ol ] S mm
L 1
A
A
Unit A A, | A | bp c DO |E®@ | e He L Lp Q v | w y z 0
max
025 | 1.45 0.49 0.25 50 | 4.0 6.2 1.0 0.7 0.7
mm 1.75 0.25 127 1.05 025 (025 | 0.1
010 | 1.25 0.36 0.19 48 |38 5.8 0.4 0.6 0.3 go
0.010 |0.057 0.019 | 0.0100 |0.20 [0.16 0.244 0.039 |0.028 0.028 | o
inch | 0.069 0.01 0.050 0.041 0.01 [0.01 |0.004
0.004 | 0.049 0.014 | 0.0075 [0.19 |0.15 0.228 0.016 | 0.024 0.012

ZIRAI R

www.hkuct.com




