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4 Pin Configuration and Functions
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4-1. THVD4421
32-Pin VQFN Package (RHB)
Top View
& 4-1. Pin Functions
NAME NO. TYPE DESCRIPTION
Vee 1 P 3V to 5.5V supply voltage
L1 2 (0] Logic output
L2 3 (0] Logic output (RS-232/RS-485)
L3 4 | Logic input (RS-232/RS-485)
L4 5 | Logic input
NC 6 Not connected internally. Can be left open or Grounded on PCB.
Vee 7 P 3V to 5.5V supply voltage
GND(™ 8 G Ground
SLR 9 | Slew rate control, internal pull-down. SLR=H enables slow speed (250kbps for RS-232,
500kbps for RS-485)
DIR 10 | RS-485 TX/RX enable/disable. Internal pull-down
MODEO 1 |
MODE control pins
MODE1 12 |
Vio 13 P 1.65V to 5.5V logic supply voltage
TERM_TX 14 | 120Q Termination enable/disable across R1/R2 terminals. Internal Pull down
TERM_RX 15 | 120Q Termination enable/disable across R3/R4 terminals. Internal Pull down
SHDN 16 | Device enable/disable. Internal pull-down

Copyright © 2024 Texas Instruments Incorporated
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£ 4-1. Pin Functions (#i%)

NAME NO. TYPE DESCRIPTION

Vee 17 P 3V to 5.5V supply voltage

R4 18 /0 RS-232 driver output or RS-485 inverting receiver input (B)

R3 19 1/0 RS-232 driver output or RS-485 non-inverting receiver input (A)
GND() 20, 21 G Ground

NC 22 Not connected internally. Can be left open or Grounded on PCB.
R2 23 110 RS-232 receiver input or RS-485 bus pin (Y or A)

R1 24 1/0 RS-232 receiver input or RS-485 bus pin (Z or B)

Vee 25 P 3V to 5.5V supply voltage

V- 26 Negative charge pump rail

C2- 27 Negative terminal of charge pump capacitor

C1- 28 Negative terminal of charge pump capacitor

C1+ 29 Positive terminal of charge pump capacitor

Vee 30 P 3V to 5.5V supply voltage

C2+ 31 Positive terminal of charge pump capacitor

V+ 32 Positive charge pump rail

(1)

GND pins 8, 20, 21 all must be grounded on PCB.

4
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5 Specifications

5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Bus supply voltage Ve to GND -0.5 6 \%
Logic supply voltage V|0 to GND -0.5 Vee +0.2 \
Charge pump positive-output supply voltage V+ to GND -0.3 14 \%
Charge pump negative-output supply voltage V-to GND 0.3 -14 \Y
Charge pump capacitor terminals C1+to GND Vee-0.3 V+ \%
Charge pump capacitor terminals C2+to GND -0.3 V+ \%
Charge pump capacitor terminals C1-to GND -0.3 Vee \Y
Charge pump capacitor terminals C2-to GND V- -0.3 \Y
Bus voltage :goga,\?g at any bus pin (R1, R2, R3, R4) with respect _16 16 vV
Difeential bus votage (R1-R2) o (R2-R1), (R3-R4) o (RA-R3) wth 2 2 v
Differential bus voltage RS485 mode Ezgii)tig;(;i;;g (R3-R4) or (R4-R3) with 6 6 v
w5 voroz| v
Receiver output current lo (L1, L2) -8 8 mA
Storage temperature Tstg -65 150 °C
Junction temperature T, -40 170 °C

(1)

Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply

functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If

used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

5.2 ESD Ratings

VALUE UNIT
Bus terminals (R1, R2, R3, £16,000 v
Human-body model (HBM), per ANSI/ESDA/ R4) and GND
V(Esp) Electrostatic discharge JEDEC J$-001(" All pins except bus terminals
+4,000 \%
and GND
Charged-device model (CDM), per JEDEC specification JESD22-C101() +1,500 \%
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
5.3 ESD Ratings [IEC]
VALUE UNIT
Electrostatic discharge, Device in | Contact discharge, per IEC 61000-4-2 +8,000
powered or unpowered state, In
v powered condition- either Bus terminals (R1, R2, R3, v
ESD
(ESD) shutdown or RS232 or RS485 | Ajr-gap discharge, per IEC 61000-4-2 R4) and GND +15,000
mode, on chip termination ON or
OFF, loopback ON or OFF
Electrical fast transient in RS485 Bus terminals (R1, R2, R3,
VigrT) HD or FD mode Per IEC 61000-4-4 Rd) +4,000 Y
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5.4 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vee Supply voltage 3 5.5
Vio 1/0 supply voltage 1.65 Vee \Y
V| (Rs-485) Input voltage at any bus terminal (R1, R2, R3, R4) in RS-485 mode(!) -7 12 \%
v Differential input voltage in RS-485 mode [ (R1-R2) or (R2-R1), (R3-R4) or (R4- 12 12 v
D R3)] -
V| (Rs-232) Receiver input voltage in RS-232 mode -15 15 \Y
v High-level input voltage (L3, L4, SLR, SHDN, TERM_TX, TERM_RX, MODEQO, 07"V, v Vv
H MODE1, DIR inputs) Yo 10
v Low-level input voltage (L3, L4, SLR, SHDN, TERM_TX, TERM_RX, MODEQO, 0 0.3%, v
I MODEH1, DIR inputs) 2 Yio
lo Output current, driver in RS-485 mode -60 60 mA
lor Output current, receiver Viop=18Vor25V -2 2 mA
lor Output current, receiver Vioc=33Vor5V —4 4 mA
R Differential load resistance in RS-485 mode 54 60 Q
SLR =V 500 kbps
Signaling rate in RS-485 mode
" SLR = GND or floating 20 Mbps
o SLR = Vo 250|  Kbps
Signaling rate in RS-232 mode
SLR = GND or floating 1 Mbps
11UI (oopback) | Signaling rate in RS-232 loopback mode 1 Mbps
Ta @ Operating ambient temperature -40 125 °C

(1) The algebraic convention, in which the least positive (most negative) limit is designated as minimum is used in this data sheet.

(2) Operation is specified for internal (junction) temperatures up to 150°C. Self-heating due to internal power dissipation should be
considered for each application. Maximum junction temperature is internally limited by the thermal shut-down (TSD) circuit which
disables the driver and receiver when the junction temperature reaches 170°C.

5.5 Thermal Information

THVD4421
THERMAL METRIC(") RHB (QFN) UNIT
32 PINS
Rgya Junction-to-ambient thermal resistance 31.0 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 221 °C/IW
Ress Junction-to-board thermal resistance 11.8 °C/W
Wyt Junction-to-top characterization parameter 0.3 °C/W
Wi Junction-to-board characterization parameter 1.7 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 2.5 °C/W
(1)  For more information about traditional and new thermal metrics, see the yes application report.
5.6 Power Dissipation
PARAMETER TEST CONDITIONS Typical Max UNIT
Driver outputs externally shorted to ?Et:;ﬂmg;tidl’_TERM—Tx =L SLR=H 500 kbps 160 200 mw
receiver inputs, MODE1, MODEO = 11, - SLR=L 20Mbps 390 450
Pb (Rs-485) |DIR =V,
Vio=Vcc=5.5V, Ta=125°C, TERM RX = TERM TX = V. SLR=H 500 kbps 430 500 W
= 0, = = m
L3 = square wave 50% duty — — 10 SLR=L 20Mbps 500 575
6 N5 71— RN 2 (DR B G P) 55 Copyright © 2024 Texas Instruments Incorporated
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5.6 Power Dissipation (ftX)

PARAMETER TEST CONDITIONS Typical Max UNIT
Vee = Vo = 5.5V, R3, R4 bus lines
loaded with 3 kQ, R3 load cap = 1000 |SLR =L 1 Mbps 310 490 mwW
Po (s, RS-232 mode with MODE1, MODEQO = | PF, L3 toggling
01 Vee = Vio = 5.5V, R3, R4 bus lines
loaded with 3 kQ, R3 load cap = 2500 |SLR=H |250 kbps |180 200 mw
pF, L3 toggling

5.7 Electrical Characteristics

over operating free-air temperature range (unless otherwise noted). All typical values are at 25°C and supply voltage of V¢
=5V, Vo = 3.3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Driver_RS-485
RL=60Q, -7V <V <12V (See ¥ 6-1) 1.5 2 \
RL=60Q,-7V<Viet<12V,45V V<55V (See 4 6-1) 21 3 \
Driver differential output _ .
Vool voltage magnitude R =100 Q (See [ 6-2) 2 25 \%
R.=54Q,45V <Vcc <55V (See [¥6-2) 21 3.3 \Y
RL =54 Q (See [X16-2) 1.5 3.3 \Y
AVop| | Changeinmagnitude of o _ 54 ) 100  (See 4 6-2) 50 50| mv
ob differential output voltage L
Voc Common-mode output RL=54 Q or 100 Q (See [ 6-2) Vee/2 3|V
voltage
Change in steady-state
AVoc(ss) | common-mode output R.=54 Qor 100 Q (See [4 6-2) -50 50 mV
voltage
Short-circuit output current _
los (bus terminals) DIR = Vg, -7 V < (Vrz or VR1) £ 12V, or R1 shorted to R2 —250 250 mA
Driver High impedance MODE1, MODEO = 11, TERM_TX = GND, DIR = GND, V¢ = GND or 5.5V, 125 125 uA
| output leakage current on Vo = -7V, +12V
020 R1and R2in Full duplex [ \MODE1, MODEO = 11, TERM_TX = Vo, DIR = GND, V¢ = 5.5V, Vo = -7V,
mode +12V - 325 350 MA
Receiver_RS-485
| Bus input current Half and full duplex modes, DIR=0V, V¢ and Vg = Vi=12Vv 75 125 HA
! (termination disabled) 0Vor55V Vi=-7V 125 70 A
Receiver bus input leakage _ _
IRy current with termination \F/“" duplex mode, Ve and Vio = 5.5V, TERM RX = |y, _ 7, 15y -325 325| A
enabled 10
vV Positive-going input =70 .40 mv
TH+ threshold voltage(")
Negative-going input Over common-mode range of - 7 Vto 12V N _
VrH threshold voltage(") 200 150 mv
Vhys Input hysteresis 25 80 mV
Cag Input cﬁfferenhal Measured between R3 and R4, f =1 MHz 45 pF
’ capacitance
Von Output high voltage, L2 pin |loy=—4 mA,V|o=3t03.6Vor45Vto55V Vio—04 V,p-02 \
VoL Output low voltage, L2 pin  |lo. =4 mA, Vo =3t03.6Vor45Vto55V 0.2 0.4 \%
Vou Output high voltage, L2 pin |loy=-2mA, V|o =1.65t01.95V or2.25V to 2.75 V Vio—-04 V,p-02 \%
VoL Output low voltage, L2 pin |l =2 mA, Vo =1.65t0 1.95V 0or2.25Vt0 2.75V 0.2 0.4 \%
Output high-impedance _ _ _
loz current, L2 pin Vo =0V or Vg, DIR = VIO, MODE1, MODEO= 10 (half duplex mode) -2 2 MA
Driver_RS-232
Von High-level output voltage QI;[?/OUT (R3, R4) at R_ = 3 kQ to GND, DIN (L3, L4) = GND; Vcc =3 V to 5 55 7 Y
VoL Low-level output voltage g\lél:\)/OUT (R3, R4) at R_ = 3 kQ to GND, DIN (L3, L4) =V|o; Vcc =3V to _7 55 5 Y
Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 7
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5.7 Electrical Characteristics (f7X)

over operating free-air temperature range (unless otherwise noted). All typical values are at 25°C and supply voltage of V¢
=5V, Vo = 3.3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Von High-level output voltage tAc\)IISDSO\le (R3, R4) at R_ = 3 kQ to GND, DIN (L3, L4) = GND; Vcc = 4.5V 78 9 1 v
VoL Low-level output voltage QIISI?/OUT (R3, R4) at R, = 3 kQ to GND, DIN (L3, L4) =V|o; Vcc =4.5V to 11 9 77 v
_circui Vec =36V Vo=0V
los Szhon circuit output current cc (¢} +35 +60 mA
VCC=5-5V VO=OV
r g:tput resistance on R3, ?)/?/c =0V,V,=0V,and V_= Vo=12V 300 10M 0
Vo =412V Vec=3t03.6V +125 A
log Output leakage current on SHDN = GND o cc [
R3, R4 Vo =+10V Vec=45t055V +125|  pA
Receiver_RS-232
. IOH =—4 mA, V|o =3to3.6Vor45Vto55V V|Q—0.5 V|o—0.2 \
Vo High-level output voltage v
L1/L2 lon = -2 MA, Vio = 1.65 10 1.95 V or 2.25 V t0 2.75 V O'ng Vio—0.2 v
v Low-level output loo=4mA,Vp=3t036Vor45Vto55V 0.4 \
o voltage L1/L2 loL =2 mA, Vio = 1.65 t0 1.95 V or 2.25 V to 2.75 V 04| Vv
Positive-going input Vee =33V 1.6 2.4 \%
Y threshold voltage on
T+ RS-232 receiver inputs (R1, |y s =5V 19 24| v
R2)
Negative-going input Vee =33V 0.6 11 \%
Y threshold voltage on
- RS-232 receiver inputs (R1, |y . =5V 0.8 1.4 \Y
R2)
Input hysteresis on receiver
Vhys inputs (Virs — Vir_) 0.4 0.5 \
Output leakage currenton | w7 _
lof receiver output pins L1/L2 SHON =0V 0.05 10 WA
r !nput rgswtance on receiver A5V<V, <15V 3 5 7 KQ
input pins
Thermal Protection
TsHON ;ﬁgg:sl' dSh“td"W“ Temperature rising 150 170 °C
Thermal shutdown o
Thvs hysteresis 15 ¢
Supply
UVvyce Rising under-voltage
(rising) threshold on V¢ 25 27 v
UVyce Falling under-voltage
(falling) threshold on V¢ 19 21 v
UVycchys gfy\s}terems on under-voltage 100 400 mv
) cc
UVvio Rising under-voltage
(rising) threshold on V|o 15 16 v
UVvio Falling under-voltage
(falling) threshold on V|o 12 14 v
Hysteresis on under-voltage
UVVIO(hys) of Vio 85 100 mV
8 BHEHZBTT 57— RN 2 (ZE SRR GPH) &35 Copyright © 2024 Texas Instruments Incorporated
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5.7 Electrical Characteristics (f7X)

over operating free-air temperature range (unless otherwise noted). All typical values are at 25°C and supply voltage of V¢

=5V, Vo = 3.3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vec =4.5V to 5.5V, SHDN = GND, all other logic input pins floating, no 5 20 A
load on bus, Tp <125°C M
Vec =3V to 3.6 V, SHDN = GND, all other logic input pins floating, no load 3 15 VA
| Supply current in shutdown |On bus, TA<125°C
CCSHON | mode Ve =45V 0 5.5 V, SHDN = GND, all other logic input pins floating, no s sl A
load on bus, Tp <105 °C H
Vee =3V to 3.6 V, SHDN = GND, all other logic input pins floating, no load 3 10 A
on bus, Ta < 105 °C H
Logic supply current in _ TSR _ L . )
lio_sHDN shutdown mode Vo =1.65V to 5.5V, SHDN = GND, all other logic input pins floating 2 pA
Driver and receiver enabled, DIR = V,g, MODE1,
Supply current (quiescent), |MODEO = 11 (Full duplex) No load 17 3.4 mA
Vec=45Vt055V - —
_ Driver enabled, receiver disabled, DIR = Vg,
lcc ass | TERM_RX, TERM_Tx= MODE1, MODEO = 10 (Half duplex) No load 13 28| mA
Floating or low, SLR = X
Driver disabled, receiver enabled, DIR = GND,
MODE1, MODEO = 10 (Half duplex) No load 08 15 mA
Driver and receiver enabled, DIR = Vo, MODE1,
A MODEO = 11 (Full duplex) No load 15 28| mA
Supply current (quiescent),
Vec=3Vto36V Driver enabled, receiver disabled, DIR = Vg,
loc4ss | TERM_RX, TERM_TX= | MODE1, MODEO = 10 (Half duplex) No load 1 23| mA
Floating or fow, SLR = X Driver disabled, receiver enabled, DIR = GND, No load 07 13 mA
MODE1, MODEO = 10 (Half duplex) ’ ’
Logic supply current Driver disabled, Receiver enabled, SLR = GND, DIR No load 7 17 uA
o ass | (QUiBSCENY. Vi =3 1036V |= GND; MODE1, MODEQO = 10 (half duplex)
- TERM_RX, TERM_TX= Driver disabled, Receiver enabled, SLR = V|o; DIR =
; No load 8 21 MA
Floating GND; MODE1, MODEO = 10 (half duplex)
I Supply current in RS-485 Driver enabled with termination ON; MODE1, DIR= Vo, TERM_TX 38 50 mA
CCDT_485 | griver termination mode MODEO = 11 (full duplex) =Vio
| Supply current in RS-485 Receiver enabled with termination ON; MODE1, DIR = GND, 1 15 mA
CCRT_485 | receiver termination mode | MODEQO = 11 (full duplex) TERM_RX = Vo :
Supply current in RS-232 MODE1, MODEO = 01, SHDN = V,q; other logic
loc_Rs232 | mode inputs floating No load 3.2 4 mA
’ _ PO . . No extra load on
lcc_rs232 | Supply current in RS-232 MODE1 = 0, MODEO = 0; L3 = L4 = static logic RS-232 drivers or on 12 14 mA
B loopback mode high, -40°C<Tp<85°C .
_ logic output
On-Chip termination resistor_RS-485
5 E)erg Lirt’“fj’:agf/"‘écr"ss MODE1, MODEO = 11 (Full duplex) or 10 (half duplex); DIR = GND, 102 U
TERM_TX >r outp TERM_TX = Vio, Vror1 =2V, Vs =7V, 0V, 10V, See [% 6-9
terminals
120 Q termination across | \15neq MODEO = 11 (Full duplex); TERM_RX = Vio, Viara = 2 V, Vig = -7
Rrerm_Rx | receiver output R3/R4 V.oV 1‘0 V See ¥ 6-9 ’ - ’ ’ 102 120 138 Q
terminals e ) o88 :
Logic
Input current (L3, L4, DIR,
SHDN, SLR, TERM_TX,
In TERM RX. MODE1, 165V<Vig<55V,0V<Vy<Vo -20 5| A
MODEQO)
Rising threshold: logic " .
ViT+(ny inputg 9 06"V 07| V
Falling threshold: logic 165V<sVips55V " .
Vi) inputf 9 10 0.3Vio  0.4*Vg v
Vinnys) | Input threshold: logic inputs 0.1*V)o 0.2*V|p \%
(1)  Under any specific conditions, V1. is assured to be at least Vyg higher than Vyy_.

@

output should be shorted at a time.

Short-circuit durations should be controlled to prevent exceeding the device absolute power dissipation ratings, and not more than one
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5.8 Switching Characteristics_RS-485_500kbps

500-kbps (with SLR = V,g) over recommended operating conditions. All typical values are at 25°C and supply voltage of V¢
=5V, Vo = 3.3V, unless otherwise noted. ()

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT

Driver

Ve =310 3.6 V, Typical

at 3.3V 210 300 600 ns
t, t Differential output rise/fall time v 15055V

cc=451t05. s

Typical at 5V 250 300 600 ns

Vc3c ;\/3 to 3.6 V, Typical 250 450 ns
t tpy | Propagation delay R, =540, C, =50pF as.
PHL» y

See [X] 6-3 =

ch 45055V, 250 450 ns

Typical at 5V

Vce =310 3.6V, Typical
t uise skew, | | at 3.3V 2 5] ns
SK(P) ulse skew, [tpHL — tpLH -

ch =45t055V, 2 15 ns

Typical at 5V

. ) MODE1, MODEO = 10 (half
tpHz, tPLz Disable time duplex) or 11 (full duplex) See B 64 and [ 6-5 80 150 ns
. MODE1, MODEO = 11 (full
tpzr, ez | Enable time duplex): receiver enabled 200 650 ns
Receiver
tr, t Output rise/fall time 13 20 ns
teHL, tpLn | Propagation delay C_=15pF See [X] 6-6 700 1200 ns
tsk(p) Pulse skew, |tppi — tppnl 10 45 ns
tpHz, tPLz Disable time in half duplex mode 30 80 ns
tozren o i/ISDEL MODEO = 10, TERM_TX See [ 6.7 60 155 ns
Enable time in half duplex mode 10

tpz|_(1) 450 1250 ns
tpzH(2), Enable time from shutdown with _ . _ -
tozL(2) TX disabled in full duplex mode | 'R = 0 V> MODE1, MODEO =11 | See X/ 6-8 7 18] bs

(1) A, Bare RXinput, Y/Z are driver output terminals in Full duplex mode

5.9 Switching Characteristics_RS-485_20Mbps
20-Mbps (SLR = GND) over recommended operating conditions. All typical values are at 25°C and supply voltage of Ve =5

V,Vio=33V.™"
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Driver
Vce =310 3.6 V, Typical
at33V 5 10 15 ns
tr, t Differential output rise/fall time
VCQ_4'5 to 5.5 V, 5 10 15 ns
Typical at 5V
. R, =54 Q, C,_ =50 pF Vio =165V to 1.95V 14 25 58 ns
tpHL, tPLH Propagation delay See [ 6-3 Vo 3Vio36V p 2 PP .
0= .
Vce =310 3.6V, Typical
t o ) N o at33V 1 3.5 ns
SK(P) ulse skew, |tpy — tpLH -
ch =45t055YV, 1 35 ns
Typical at 5V
. . MODE1, MODEO = 10 (half
tpnz, tpLz | Disable time duplex) or 11 (full duplex) See X 64 and [E 6-5 11 65 ns
. MODE1, MODEO = 11 (full
tpz1 tpz1 | Enable time duplex): receiver enabled 8 80 ns
Receiver
tr, t Output rise/fall time 5 10 ns
teHL, tPLH Propagation delay C_=15pF See [X| 6-6 40 70 ns
tSK(F’) Pulse skew, |tF’HL - tF’LHl 10 ns
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5.9 Switching Characteristics_RS-485_20Mbps (#tX)
20-Mbps (SLR = GND) over recommended operating conditions. All typical values are at 25°C and supply voltage of Voc =5

V,Vio=33V.™"
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpHz, tpLz | Disable time in half duplex mode 20 80 ns
MODE1, MODEO = 10, TERM_TX _
tPZH(1)’ . . =V, See 6-7
Enable time in half duplex mode 10 50 160 ns
tpzL(1)
tpzH(2)s Enable time from shutdown with _ . _ .
T TX disabled in full duplex mode | 'R = 0 V; MODE1, MODEQ =11 | See x| 6-8 4 15| us
(1) A, Bare RXinput, Y/Z are driver output terminals in Full duplex mode.
5.10 Switching Characteristics, Driver_RS232
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(")
PARAMETER TEST CONDITIONS MIN TYP@ MAX| UNIT
250 kbps
. R, =3kQ Cy = 2500 pF
Maximum data rate One DOUT switching See [ 6-15 250 500 kbps
terL, . .
Transmitter propagation delay = 0.8 2 us
teuL RL=3kQto7 kO CL ?50 pF to 2500 pF
- See ¥ 6-15
tsk(p) Transmitter Pulse skew(®) 220 600 ns
o ) Vo =33V +10%, 5V +10%, |CL= 150 pF to 1000 pF 6 30
SR(tr Slew rate, transition region : Vlius
(tr) 9 RL=3kQto7kQ, See [X6-16 |C| =150 pF to 2500 pF 4 30 H
1 Mbps
R =3kQ CL =250 pF, Vcc=31t03.6V 1000 kbps
Maximum data rate One DOUT switching, See [X|
6-15 C_ =1000 pF, Ve =4.5t05.5V 1000 kbps
tpLH, " -
Transmitter propagation delay = 300 800 ns
toL R. = 3k to 7 kQ, See X 6-15 Cv =150 pF to 1000 pF
tsk(p) Pulse skew(®) 25 150 ns
§|_5=\/3k to 7 kQ,VCC =45V to ‘ 18 150 Vis
SR(tr) |Slew rate, transition region i Cy = 150 pF to 1000 pF, See [X
R =3kto7kQ,VCC=3Vto |6-16 15 150 Vs
36V a
(1)  Test conditions are C1-C4 = 0.1 pF at Ve =3.3V+0.3V; Vgc=5V 205V
(2) Alltypical values are at Ve =3.3Vor Ve =5V, and Tp = 25°C.
(3) Pulse skew is defined as |tp 4 — tpHL| Of each channel of the same device.
5.11 Switching Characteristics, Receiver_RS232
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(")
PARAMETER TEST CONDITIONS MIN TYP@ MAX | UNIT
250 kbps
tpLH Propagation delay time, low- to high-level output 150 550 ns
, . g Cy = 150 pF, See [¥ 6-17
tpHL Propagation delay time, high- to low-level output 150 550 ns
tpLH Propagation delay time, low- to high-level output 130 520 ns
: - - C_ =15 pF, See [X] 6-17
tpHL Propagation delay time, high- to low-level output 130 520 ns
C_ =150 pF, See ¥ 6-17 20 50| ns
Rise/fall time (receiver buffer output), Vo =3 to 5.5V
tR 232, C_ =15 pF, See X 6-17 5 10| ns
tF 232 Rise/fall time (receiver buffer output), Vio = 1.65 to Cy = 150 pF, See [4 6-17 40 90| ns
2.75V C. = 15 pF, See [¥ 6-17 10 20| ns
ten Output enable time 6 14 us
C.L =150 pF, R, = 3 kQ, See X 6-18
tdis Output disable time 100 200| ns
C_ = 150 pF, See [¥ 6-17 50 135| ns
tsk(p) Pulse skew(®)
C_ = 15 pF, See [4 6-17 50 135| ns
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5.11 Switching Characteristics, Receiver_RS232 (%:X)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(")

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP® MAX| UNIT
1 Mbps

tpLH Propagation delay time, low- to high-level output 150 550| ns
tpHL Propagation delay time, high- to low-level output Cu = 180 pF, See [ 6-17 150 550 ns
tpLH Propagation delay time, low- to high-level output 130 520 ns
tpHL Propagation delay time, high- to low-level output Cu=15pF, See K1 6-17 130 520 ns
C_ =150 pF, See X 6-17 20 50| ns

Risef/fall time (receiver buffer output), Vo =3 to 5.5V
tr 232, C_ = 15 pF, See [X] 6-17 5 10| ns
tF 232 Rise/fall time (receiver buffer output), Vg = 1.65 to Cy = 150 pF, See [4] 6-17 40 90| ns
2.75V C_ = 15 pF, See [X 6-17 10 20| ns
ten Output enable time 6 14 us
tais Output disable time CL =150 pF, Ry = 3 KA, See k4 6-18 100 200 ns
to Pulse skew® C_ =150 pF, See ¥ 6-17 50 125| ns
P) C. = 15 pF, See [4] 6-17 50 125| ns

(1)  Test conditions are C1-C4 = 0.1 yF atVec =3.3V £ 0.3 V; C1=0.047 pF, C2-C4 =0.33 yF at Vcc =5V 0.5 V.
(2) Alltypical values are at Voc = 3.3 VorVgc =5V, and Tp = 25°C.
(3) Pulse skew is defined as |tp H -tpHL| Of €ach channel of the same device.

5.12 Switching Characteristics_MODE switching

Parameters over recommended operating conditions. All typical values are at 25°C and supply voltage of Vo =5V, V| =
3.3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
MODE1, MODEO = 00 or floating; SHDN = GND to
Vo; rest of logic input pins floating, Vcc = 4.5V to 5.5 005 011
V Time from 50% of rising SHDN to charge pump V- ’ ’ ms
Time from Shutdown to supply reaching -8 V; See X 6-11
tRoY RS-232 ready . — -
MODE1, MODEO = 00 or floating; SHDN = GND to
Vo; rest of logic input pins floating, Vcc =3V 1t0 3.6 V 0.1 04
Time from 50% of rising SHDN to charge pump V- ’ ' ms
supply reaching -5 V; See [%] 6-11
) . L3 = Vio, MODE1 from GND to Vio, MODEO = Vio;
t T S O 202 | SHDN = DIR = Viq; SLR, TERM_TX, TERM_RX= 0.04 o
R2_R4 du Iexmrr?ogeo ; u floating; Time from 50% of MODE1 rising edge to R2 : : Hs
P reaching 2V; See [% 6-12
) . L3 = Vio, MODE1 from Vio to GND, MODEO = Vio;
t fime o Switch from RS 48> | SHDN = DIR = Vio; SLR, TERM_TX, TERM_RX= ) 21
R4_R2 3“T5;‘r’n2’ég“° eloRe floating; Time from 50% of MODE1 falling edge to R2 . Hs
reaching 300 mV; See ¥ 6-12
) . MODE1 = GND, MODEO from GND to V|o; SHDN =
t Eg’eb;‘llf"xfggeﬁtz”r‘]gij?’z Vio, L3 = GND; Time from 50% of MODEQO rising edge ) oal  us
LP_Rs2s2 | O0P to L2 50% rising edge, -40 °C < T, < 85 °C; See ' H
RS-232 mode 6-13
Time t itch f | MODE1 = GND, MODEO from V,o to GND; SHDN =
. R'g“;;; i‘:‘gé’e t;"Fr{”Snzc’é’zna V|0, L3 = GND; Time from 50% of MODEDO falling edge ) 15 us
RS232_LP - - : A0 o 3
loopback mode 230_1L32 50% falling edge, -40 °C < T4 < 85 °C; See [
DIR= V|, MODE1 = V|o; MODEO from Vg to
Time to switch from RS-485 |GND; SHDN = Vo, SLR, TERM_TX, TERM_RX=
trHD_Rs4ss | full duplex to half duplex floating; L3= GND, 10k pull down resistor on L2, Time 0.5 1 us
mode from 50% of MODEUO falling edge to 50% falling edge
on L2; See [ 6-14
12 BFHB TS 70— N2 (ZE RO EPE) #55 Copyright © 2024 Texas Instruments Incorporated
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5.12 Switching Characteristics_ MODE switching (#tX)

Parameters over recommended operating conditions. All typical values are at 25°C and supply voltage of Vcc =5V, Vg =
3.3V, unless otherwise noted.

mode

from 50% of MODEQO rising edge to 50% rising edge
on L2; See [¥ 6-14

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
DIR= V|, MODE1 = V|o; MODEO from GND to
Time to switch from RS-485 |V|o; SHDN =V|o, SLR, TERM_TX, TERM_RX=
tHFD_Rs4ss | half duplex to full duplex floating; L3= GND, 10k pull down resistor on L2, Time 0.5 1 us

5.13 Switching Characteristics_RS-485_Termination resistor

Parameters over recommended operating conditions. All typical values are at 25°C and supply voltage of Vo =5V, V(g =
3.3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Driver terminal Termination |MODE1, MODEO = 11; V|o =3 t0 3.6 V, DIR = GND,
toTen resistor turn-on time VRor1 =2V, VR1 =0V, See % 6-10 1000 2200)  ns
Driver terminal Termination |MODE1, MODEO = 11; V,o =310 3.6 V, DIR = GND,
torz resistor turn-off time VRor1 = 2V, Vg = 0 V; See [X 6-10 2000 7200 ns
Receiver terminal
L . MODE1, MODEO =11; Vi =3t03.6 V,VR3ra =2V,
tRTEN ;Ii'trar:re:mnatlon resistor turn-on Vs = 0 V: See [ 6-10 1000 2200 ns
Receiver terminal
L . MODE1, MODEO =11;V|g=3t03.6 V,VR3ra =2V,
trTZ ;Ii'cru:r;matlon resistor turn-off Vs = 0 V: See [ 6-10 2000 7200 ns

5.14 Switching Characteristics_Loopback mode

Parameters over recommended operating conditions. All typical values are at 25°C and supply voltage of Vcc =5V, Vg =
3.3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
MODE1, MODEO = GND; SLR = GND, Delay from
50% of L3/L4 rising edge to 50% L2/L1 rising edge,
SHDN = Vio, TERM_TX and TERM_RX float, Load 410 920 ns
Delay from Logic input rising | ¢apacitance on output buffers = 15 pF, R, on all 2
tip Rs232_|edge to logic output rising driver outputs = 3kQ, -40 °C < Tp <85 °C
rising edge in RS-232 Loopback | MODE1, MODEO = GND; SLR = Vio, Delay from 50%
mode of L3/L4 rising edge to 50% L2/L1 rising edge, SHDN
= Vio, TERM_TX and TERM_RX float, Load 640 1100 ns
capacitance on output buffers = 15 pF, R_ on all 2
driver outputs = 3kQ, -40 °C < Tpo<85°C
MODE1, MODEOQ = GND; SLR = GND, Delay from
50% of L3/L4 falling edge to 50% L2/L1 falling edge,
SHDN = Vio, TERM_TX and TERM_RX float, Load 570 760 ns
Delay from Logic input falling capacitance on output buffers = 15 pF, R_ on all 2
tip Rrs232 1| €dge to logic output falling driver outputs = 3kQ, -40 °C < Tp <85 °C
alling edge in RS-232 Loopback | MODE1, MODEO = GND; SLR = Vio, Delay from 50%
mode of L3/L4 falling edge to 50% L2/L1 falling edge, SHDN
= Vio, TERM_TX and TERM_RX float, Load 600 1460 ns
capacitance on output buffers = 15 pF, R on all 2
driver outputs = 3kQ, -40°C < T, <85°C
1! ising - inal, SLR = Vio, -40 °C <
t Pulse skew from logic input lr:BgR88§3°26rlslng LB_RS232_fallingl 100 860! ns
SKEW_RSZ | {6 |ogic output in RS$232 -
32_1B loopback mode [t _Rs232_rising - tLB_Rs232_fallingl: SLR = GND, -40 °C < 70 250 ns
Ta<85°C
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5.15 Typical Characteristics

120.5 119
120 — Ve =33V 118.5 A\ — Vec =33V
119.5 — Vec =5V 118 / — Vee=5V
— 119 —~ 1175
g 1185 g 47 \
5 18 S 1165 / \
(72} 17 .
@ 1175 e 116 / =
A B Z 1155 / /
S 1165 s : / /
S 2 115
s 116 = / i
£ 11 r £ 1145
g 1155 £ ]
|q_‘-_, 115 '*1—) 114 / N
114.5 113.5 A
114 113 S AV
113.5 112.5 | ——=——
113 12
60 -40 20 0 20 40 60 80 100 120 140 8 -6 4 2 0 2 4 6 8 10
Temperature (°C) Bus Common Mode Voltage (V)
RS-485 Full Duplex mode V(R3-R4) = 2V RS-485 Full Duplex mode V(R3-R4) = 2V
5-1. RS-485 Termination Resistor vs Temperature ] 5-2. Termination Resistor vs Bus Common Mode Voltage
40 60
_Vcc:3.3V _Vcc:3.3V
30 — Vcc =5V 40 — Vcc =5V
20 ~ /
20 7
=z 10 ~ 73
3 £
g 0 ‘OE) 0
3 -10 -~ 3 20 A
20 / /
-40
-30
-40 -60
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
Voltage Across Bus Terminals (V) Voltage Across Bus Terminals (V)
TERM_TX = GND DIR = GND Ta=25°C TERM_TX =V|o DIR = GND Ta=25°C
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5.15 Typical Characteristics (continued)
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5.15 Typical Characteristics (continued)
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5-17. RS-232 Receiver Thresholds vs Temperature
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6 Parameter Measurement Information

Vio 3750

375Q =

B4 6-1. Measurement of RS-485 Driver Differential Output Voltage With Common-Mode Load

vV
© v ]4 —————— 50%—————- [ oy
L= | tPLH tPHL

Input
Generator

Input
Generator

tPHZ—>! =

Eq 6-4. Measurement of RS-485 Driver Enable and Disable Times With Active High Output and Pull-Down
Load

Ri=110 Q ——= 0% ===

Vo

Input
Generator

6-5. Measurement of RS-485 Driver Enable and Disable Times With Active Low Output and Pull-up
Load
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Input f
Generator \{| 50Q q5v
- ov
Above diagram in Half duplex
mode
Input terminals become R3, R4 for Full
duplex mode

B 6-6. Measurement of RS-485 Receiver Output Rise and Fall Times and Propagation Delays

V\O

L3 (driver input at Vo)
S1to GND

R2 at GND, R1 at V¢c
S1toVio

Input f
Generator ] 50 Q =

OV or 1.5V tozme) )
— ——=Vou R3at1.5V
1.5Vor oV v R4 at 0V
o A ~0V S1to GND
Input Vo R3atov
Generator R4 at 1.5V
S1to Vio
- = Va

B 6-8. Measurement of RS-485 Receiver Enable Time from Shutdown with TX Disabled: Full duplex
Mode

RTERM,TX = Vrori/ Iy

RTERM,RX = Vrara/ Ia
DIR = GND

6-9. Termination Resistor Measurement
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RTERM,Rx = Vrara / Ia

Rrerm_tx = Vrari/ Iy TERM TX Ao——————- 50% — — — — —

Vio
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6-11. Time from Shutdown to RS-232 Ready
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B9 6-12. Time to Switch from RS-232 2T2R Mode to RS-485 Full Duplex Mode and Back
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6-13. Time to Switch from RS-232 Loopback to Normal RS-232 2T2R Mode and Back
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A. C_ includes probe and jig capacitance.

C

B. The pulse generator has the following characteristics: PRR = 250kbps and

1 Mbit/s, Zo = 50Q , 50% duty cycle, tr < 10ns, tf < 10ns.
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6-15. RS-232 Driver Prop Delay, Pulse Skew
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6-16. RS-232 Driver Slew Rate
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B 6-17. RS-232 Receiver Propagation Delay, Pulse Skew
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] 6-18. RS-232 Receiver Enable and Disable Time
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7 Detailed Description
7.1 Overview

THVDA4421 is a highly integrated and robust multiprotocol transceiver supporting RS-232, RS-422 and RS-485
physical layers. The device has two transmitters and two receivers to enable 2T2R RS-232 port. Device also
integrates one transmitter and one receiver to enable half and full duplex RS-485 port. The MODE selection pins
enable shared bus and logic pins for the protocols to share a common single connector.

The device has SLR pin which allows it to be used for two different maximum speed settings for RS-232 and for
RS-485. This is beneficial as customers can qualify one device and use it in two separate end-applications. The
devices also have flexible I/O supply pin V|g which enables digital interface voltage range, from 1.65V to 5.5V,
different from bus voltage supply 3V to 5.5V.

7.2 Functional Block Diagrams

1
1
1
| Power
' Vee Supply
! GND
: Charge
| Pump
1
L1:L4
: Vio
H| _
! SHDN v
: MODEO
1 MODE1
Control
1 >
| TERM_RX > Logic
| TERM_TX
| SLR
' DIR
e
7-1. THVD4421 Block Diagram
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7.3 Feature Description
7.3.1 Integrated IEC ESD and EFT Protection

Internal ESD protection circuits protect all the transceiver bus pins (driver and receiver) against electrostatic
discharges (ESD) according to IEC 61000-4-2 up to +8kV for contact discharge and +15kV (air-discharge) for all
operating modes. Bus lines in RS-485 mode can also withstand electrical fast transients (EFT) according to IEC
61000-4-4 for up to +4kV.

7.3.2 Protection Features

The THVD4421 bus pins are protected against any DC supply shorts in the range of -16V to +16V. In the RS-485
mode, the short circuit current is limited to +250mA in order to comply with the TIA/EIA-485A standard. In
RS-232 mode, current limiting of #60mA is applicable for scenarios where bus pins can short to ground.

The device also features thermal shutdown protection that disables the driver and the receiver if the junction
temperature exceeds the Tgypn threshold due to excessive power dissipation on-chip.

Supply undervoltage protection is present on both V¢ and Vo supplies. This maintains the bus output and
receiver logic output in known driven state when both the supplies are above their rising undervoltage
thresholds. % 7-1 describes the device behavior in various scenarios of supply levels.

# 7-1. Supply Function Table

Vce Vio Driver Output Receiver Output

> UVyccgising) > UVyio(rising) For RS-485 mode, determined by | For RS-485 mode, determined by
DIR and L3 inputs; For RS-232 DIR and (R1-R2) or (R3-R4)
mode, determined by L3, L4 inputs. For RS-232 mode,

inputs; For shutdown mode, Hi-Z |determined by R1, R2 inputs. For
shutdown mode, Hi-Z

< UVvccfaliing) > UVviorising) High impedance Undetermined
> UVvccyising) < UVvio(falling) High impedance High impedance
< UVVCC(faIIing) < UVVIO(faIIing) ngh impedance ngh impedance
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7.3.3 Receiver Fail-Safe Operation

The RS-485 differential receiver of the THVD4421 is failsafe to invalid bus states caused by the following:
» Open bus conditions, such as a disconnected connector

» Shorted bus conditions, such as cable damage shorting the twisted-pair together

» Idle bus conditions that occur when no driver on the bus is actively driving

In any of these cases, the differential receiver outputs a failsafe logic high state so that the output of the receiver
is not indeterminate.

Receiver failsafe is accomplished by offsetting the receiver thresholds such that the input indeterminate range
does not include zero volts differential. To comply with the RS-422 and RS-485 standards, the receiver output
must output a high when the differential input V|p is more positive than 200mV, and must output a low when V|p
is more negative than —200mV. The receiver parameters which determine the failsafe performance are Vty+,
V1H-, and Vxys (the separation between V. and Vty_). As shown in the Receiver Function table, differential
signals more negative than —200mV always causes a low receiver output, and differential signals more positive
than 200mV always causes a high receiver output.

When the differential input signal is close to zero, it is still above the Vty+ threshold, and the receiver output is
high. Only when the differential input is more than Vpyg below V1y+ does the receiver output transition to a low
state. Therefore, the noise immunity of the receiver inputs during a bus fault conditions includes the receiver
hysteresis value, Vyys, as well as the value of V1ys.

7.3.4 Low-Power Shutdown Mode

Driving the SHDN pin low puts the device into the shutdown mode. This is the lowest power mode of the device
and current consumption is 10uA typical. All the blocks are disabled in this mode.

7.3.5 On-chip Switchable Termination Resistor

THVDA4421 has 2 termination resistors of nominal 120Q, one across R1/R2 and another across R3/R4 in RS-485
mode. Both termination resistors are enabled or disabled using pins as described in & 7-2. Both the termination
resistors can be enabled or disabled independent of the state of driver or receiver. Termination is OFF in RS-232
loopback, RS-232 2T2R, RS-485 loopback, unpowered and thermal shutdown modes.

& 7-2. On-chip Termination Function Table

Signal state Device mode Function Comments
TERM_TX = Vi Full duplex mode 120Q enabled between R1 and o .
R2 Termination between R1/R2 is
i disabled by default
TERM_TX = GND or floating Full duplex mode ;2209 disabled between R1 and y
TERM_RX = Vo Full duplex mode 120Q enabled between R3 and o .
R4 Termination between R3/R4 is
i disabled by default
TERM_RX = GND or floating Full duplex mode ;iOQ disabled between R3 and y
TERM_RX = X, TERM_TX = Vio_|Half duplex mode 1200 enapled between R1and | 1 aif duplex mode, TERM_RX
— — - is don't care and TERM_TX has
'gIE\IRE)M_RX =X, TERM_TX = Half duplex mode ;{2200 disabled between R1and | higher priority

On-chip 120Q termination resistor is designed to have minimum variation with temperature and across common
mode voltage on bus pins. Also, the termination block offers a resistive load to the bus, and does not alter the
magnitude or phase of the bus signals from DC to 20Mbps signaling.
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7.3.6 Operational Data Rate

THVD4421 can be used in slow speed or fast speed RS-485 and RS-232 applications by configuring slew rate
control (SLR) pin. 2 7-3 describes slew rate control function.

3R 7-3. Slew Rate Control Function Table

Signal state

Driver

Receiver

Comment

SLR = VIO

Maximum speed of operation for
RS-485 = 500kbps. Maximum
speed of operation in RS-232
mode is 250kbps

Maximum speed of operation for
RS-485 = 500kbps. Maximum
speed of operation in RS-232
mode is 250kbps

Active high slew rate limiting
applied on driver output. In this
configuration, glitch filter in
receiver path for RS-485 is
enabled

SLR = GND or floating

Maximum speed of operation for
RS-485= 20Mbps. Maximum
speed of operation in RS-232

Maximum speed of operation for
RS-485 = 20Mbps. Maximum
speed of operation in RS-232

Slew rate limiting on driver output
disabled.

mode is 1Mbps mode is 1Mbps

For RS-485 half and full duplex modes, receiver path in the slow speed mode (500kbps) provides additional
noise filtering. To attenuate high frequency noise pulses from the bus which can be wrongly interpreted as valid
data, SLR = V|g enables a low pass filter to filter out pulses with frequency higher than typical 800kHz.

7.3.7 Diagnostic Loopback

THVD4421 provides complete diagnostic loopback mode for RS-232. This mode internally shorts bus outputs to
bus inputs. So, if data is toggled from logic input, data reaches bus and is reflected back on logic buffer output.
This enables MCU to detect bus side short (due to connector and cable) by comparing logic input and logic
output.

In RS-232 loopback mode, L3 reflects on L2/R2/R3; L4 reflects on L1/R4/R1; enabling to detect short to ground
on all bus pins from R1 through R4. RS-232 loopback mode is optimized for -40°C to 85°C ambient temperature.
RS-232 diagnostic loopback can be performed on a node even with another node connected via cable, but
listening node is not allowed to transmit anything on the RS232 lines while loopback is ongoing.

7.3.8 Integrated Charge Pump for RS-232

THVD4421 has integrated high-efficiency and low-noise charge pump to generate large output voltages for
RS-232 signals. Charge pump consists of a voltage doubler and an inverter to regulate the voltage to nominal
5.5 V or 9.5 V for 3.3 V or 5 V V¢ operation respectively. Charge pump needs four external ceramic
capacitors (2 flying capacitors and 2 storage capacitors) and allows for single supply operation for RS-232. For a
generic description of RS-232 charge pump operation, please refer to the blog: How the RS-232 transceiver’s
regulated charge-pump circuitry works.
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7.4 Device Functional Modes
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B 7-2. RS-232 Loopback mode
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7.4.1 RS-485 Functionality

When the driver enable pin, DIR, is logic high, the differential outputs R2 and R1 follow the logic states at data
input L3. A logic high at L3 causes R2 to turn high and R1 to turn low. If the differential output voltage defined as
Vop = Vro — VR4 is positive. When L3 is low, the output states reverse: R1 turns high, R2 becomes low, and Vgop
is negative.

When DIR is low, both outputs turn high-impedance. In this condition, the logic state at L3 is irrelevant. The DIR
pin has an internal pull-down resistor to ground, thus when left open the driver is disabled (high-impedance) by
default. The L3 pin has an internal pull-up resistor to Vo; thus, when left open while the driver is enabled, output
R2 turns high and R1 turns low.

R 7-4. Driver Function Table

INPUT ENABLE OUTPUTS
FUNCTION
L3 DIR R2 R1
H H H L Actively drive bus high
L H L H Actively drive bus low
X L __High __High Driver disabled
impedance impedance
X OPEN _High _ High Driver disabled by default
impedance impedance
OPEN H H L Actively drive bus high by default

7 7-4 is valid for both half duplex and full duplex modes, and is independent of state of TERM_TX, TERM_RX
and SLR pins.

In full duplex mode, if SHDN is high, receiver is always enabled. In half duplex mode, receiver is enabled is DIR
= Low/floating and disabled if DIR = V,g. When the differential input voltage defined as V|p = Vgo — VR1 Or VR3 —
VR4 is higher than the positive input threshold, Vty+, the receiver output, L2, turns high. When V|p is lower than
the negative input threshold, V1., the receiver output, L2, turns low. If V| is between V1y+ and V1. the output
is indeterminate.

In half duplex mode, when DIR is high, the receiver output is high-impedance and the magnitude and polarity of
V|p are irrelevant. Internal biasing of the receiver inputs causes the output to go failsafe-high when the
transceiver is disconnected from the bus (open-circuit), the bus lines are shorted to one another (short-circuit), or
the bus is not actively driven (idle bus).

% 7-5 is valid irrespective of state of TERM_TX, TERM_RX and SLR pins. Other logic output L1 remains high in
RS-485 mode.

# 7-5. Receiver Function Table

DIFFERENTIAL INPUT OUTPUT
V\p = VRr2 — Vr4(Half duplex mode) or L2 FUNCTION
Vg3 — VR4(Full duplex mode)
V1h+ < ViD H Receive valid bus high
V1u. < Vip < Vu+ ? Indeterminate bus state
Vip < V1u. L Receive valid bus low
High impedance for | o i er disabled in half duplex mode
X DIR = Vg in Half _
for DIR = VIO
duplex mode
Open-circuit bus H Fail-safe high output
Short-circuit bus H Fail-safe high output
Idle (terminated) bus H Fail-safe high output
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7.4.2 RS-232 Functionality

In RS-232 mode, only way to disable driver is to go in shutdown mode by pulling SHDN pin low. A logic high at
inputs for driver L3, L4 causes driver outputs R3, R4 to be driven low towards negative charge pump output V-. A
logic low at inputs for driver L3, L4 causes driver outputs R3, R4 to be driven high towards positive charge pump
output V+. If logic inputs are left floating, due to the pull-up resistors on driver logic inputs, the driver outputs are
driven low towards V-.

R 7-6. Driver Function Table

INPUT ENABLE OUTPUTS
—— FUNCTION
L3, L4 SHDN R3, R4
Low (driven . - . .
H H towards V-) Normal operation with inverting logic
H (Driven . - . .
L H towards V+) Normal operation with inverting logic
X L High impedance TX and RX are disabled in shutdown mode
Open H Low (driven Since pull-up on logic input pin, output driven low
P towards V-) by default

3% 7-6 is valid irrespective of the state of SLR pin.

For the RS-232 receiver, if the receiver bus inputs are above rising threshold V1., corresponding received logic
output goes low. Also, if receiver bus inputs are below falling threshold V1., corresponding received logic output

goes high.

& 7-7. Receiver Function Table

RS-232 BUS INPUT

LOGIC OUTPUT

Virx (voltage on R1, R2) L1,L2 FUNCTION
ViT+ < Virx L Normal operation with inverting logic
V1. < Virx < ViT+ ? Indeterminate bus state
Virx < VIT- H Normal operation with inverting logic
X Higggrgﬁegegﬁelgfor Receiver disabled in shutdown mode
Open-circuit bus H Fail-safe high output

7% 7-7 is valid irrespective of the state of SLR pin.
7.4.3 Mode Control

X 7-8. MODE Control Function Table

MODE1 MODEO Operating mode Function
L L RS-232 loopback, charge pump | L3 reflects on L2/R2/R3; L4
is ON, V+/V- are regulated reflects on L1/R4/R1
L H RS-232 2T2R mode, charge 2T2R mode; L3, L4 are Logic
pump is ON, V+/V- are regulated |inputs for RS232 driver; L1, L2
are Logic outputs
H L RS-485 half duplex mode (charge |L2 is RX Logic output; L3 is
pump is off) Driver Logic input; R1 R2 are Bus
inverting and non-inverting
terminals respectively
H H RS-485 full duplex mode (charge |R1R2 are inverting and non-
pump is off) inverting driver terminals; R3R4
are non-inverting and inverting
receiver terminals.
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8 Application and Implementation

E
Information in the following applications sections is not part of the Tl component specification, and Tl
does not warrant its accuracy or completeness. TI’s customers are responsible for determining

suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

8.1 Application Information

THVD4421 is a highly integrated multiprotocol transceiver supporting RS-232, RS-422 and RS-485 physical
layer and is used for asynchronous data transmissions. MODE pins allow for the configuration of different
operating modes. Device allows point-to-point RS-232 communication port and multipoint RS-485
communication port over common connector. The device also features integrated 120Q switchable termination
resistor on RS-485 bus lines which enables same device to be used for middle nodes or end nodes in an
RS-485 network. When the device is configured in RS-232 mode, RS-485 circuits and 120Q termination are
disabled and do not interfere in RS-232 communication. For RS-232 communication, charge pump and 5kQ
resistor to ground on receiver bus pins is integrated in the device. This 5kQ resistor and charge pump is
automatically disabled in RS-485 mode. Slew rate limiting pin is provided so that same device can be used in
slow speed or fast speed RS-485 and RS-232 applications. When ultra-low power consumption is needed,
device can be put in shutdown mode using SHDN pin. All these features make the device completely flexible and
suitable for various application needs. Integration of termination resistor saves significant PCB area compared to
discrete implementation.

8.2 Typical Application

An RS-485 bus consists of multiple transceivers connecting in parallel to a bus cable. To eliminate line
reflections, each cable end is terminated with a termination resistor, Ry, whose value matches the characteristic
impedance, Z,, of the cable. This method, known as parallel termination, generally allows for higher data rates
over longer cable length.

{ {
DIR L3 DIR L3

L2 MODE0— L2

8-1. Typical RS-485 Network With Half-Duplex Transceivers
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Commander

Responder

] 8-2. Typical RS-485 Network With Full-Duplex Transceivers

THVD4421 can be used in both networks (half and full duplex) and at all nodes (end node or middle nodes)
since device has the configurability based on MODE1, MODEO pins and TERM_TX, TERM_RX pins.

THVDA4421 also consists of two line drivers, two line receivers and dual charge pump circuit to enable RS-232
serial communication port. This device provides the electrical interface between an asynchronous
communication controller and the serial-port connector.

8.2.1 Design Requirements

RS-485 is a robust electrical standard suitable for long-distance networking that may be used in a wide range of
applications with varying requirements, such as distance, data rate, and number of nodes. RS-232 is more
suitable for debug or configuration point to point applications.

8.2.1.1 Data Rate and Bus Length

There is an inverse relationship between data rate and cable length, which means the higher the data rate, the
short the cable length; and conversely, the lower the data rate, the longer the cable length. While most RS-485
systems use data rates between 10kbps and 100kbps, some applications require data rates up to 250kbps at
distances of 4000 feet and longer. Longer distances are possible by allowing for small signal jitter of up to 5 or
10%.

Even higher data rates are achievable (that is, 50Mbps for the THVD24xxV) when the interconnect is short
enough (or has suitably low attenuation at signal frequencies) to not degrade the data.

10000 T 1
5%, 10\"\/, and 20% Jitter
c \ N\
£ 1000
g Conservative \x
= -
® Characteristics \ %
o
O
10
100 1k 10k 100 k ™ 10M 100 M
Data Rate (bps)
8-3. Cable Length vs Data Rate Characteristic
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8.2.1.2 Stub Length

When connecting a node to the bus, the distance between the transceiver inputs and the cable trunk, known as
the stub, should be as short as possible. Stubs present a non-terminated piece of bus line which can introduce
reflections of varying phase as the length of the stub increases. As a general guideline, the electrical length, or
round-trip delay, of a stub should be less than one-tenth of the rise time of the driver, thus giving a maximum
physical stub length as shown in = 1.

L(STUB)SO-1 xt.xvxc (1)

where

* t.is the 10/90 rise time of the driver
+ cis the speed of light (3 x 108 m/s)
» vis the signal velocity of the cable or trace as a factor of ¢

8.2.1.3 Bus Loading

The RS-485 standard specifies that a compliant driver must be able to drive 32 unit loads (UL), where 1 unit load
represents a load impedance of approximately 12kQ. Because the THVD4421 device in RS-485 half and full
duplex mode consists of 1/8 UL transceivers, connecting up to 256 receivers to the bus is possible for a limited
common mode range of - 7V to 12V.
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8.2.2 Detailed Design Procedure

8-4 suggests an application schematic for THVD4421. Device has all logic pins on one side and bus side pins
on other side to enable a flow-through layout in end application.

All V¢ power pins should have 1uF decoupling capacitor close to the respective device pins. RS-232 charge
pump is designed such that 100nF charge pump capacitors work for both 3.3V and 5V operating V¢ supply.

100 nF|
I =
= 100 nF
3Vto 5.5V 100 nF 1 uF
100 nF
—|— 3V to 5.5V
+ & 3 r £ & | 3
> O > O O O > >
1320 131 130, |20} 128 27, 26] |25
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4—— Ve 1 24 'Rl +——»
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- 1 2 23 R — b
L2 3 22 INC
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P O 21 | GND 2
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= o
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B4 8-4. Typical application diagram for THVD4421
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8.2.3 Application Curves

L

o= o B [ 5 2 |
Vge =5V Bus Load = 5kQ||2.5nF
250kbps SLR =V

8-5. RS-232 Driver Waveform at 250kbps and V¢ = 5V

E‘].‘.E’mv - W::mmv :,:.‘:.s.h m.o;
Bus Load = 5kQ||1nF
SLR = GND

- 20ven 106
AT 3.0Vidiv 8106

VCC =5V
1Mbps

8-6. RS-232 Driver Waveform at 1Mbps and Vgc =5V

A T

8-7. RS-232 Driver Waveform at 250kbps and V¢c = 3.3V

= ] B o ™ = o] [T e
Voc =33V Bus Load = 5kQ||2.5nF Voo = 3.3V R. = 5kQ||1nF
250kbps SLR = Vo 1kbps SLR = GND

8-8. RS-232 Driver Waveform at 1Mbps and Vg =3.3V

v

it tmia
y

v

8-9. RS-485 Driver Waveform at 500 kbps and Vgc =5V

S mus | B  JTL A BB [
Vee =5V Bus Load = 54Q||50pF Vee =5V Bus Load = 54Q||50pF
SLR =V|g Square wave at 500kbps SLR=GND  Square wave at 20kbps

8-10. RS-485 Driver Waveform at 20 Mbps and V¢c = 5V
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8.2.3 Application Curves (continued)
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8-11. RS-232 to RS-485 Mode Switching Waveform
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8-12. Mode Switching Waveform From Shutdown to RS-232
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8.3 Power Supply Recommendations

For reliable operation at all data rates and supply voltages, each supply should be decoupled with a ceramic
capacitor located as close to the supply pins as possible. Recommended bypass capacitor for V¢ is 1uF, for V|
is 100nF, for V+, V- charge pump voltage supplies is 100nF. Besides this, two charge pump flying capacitors of
100 nF each are needed between C1+, C1- terminals and between C2+, C2- terminals. For V¢ = 3.3V £10%,
V+ and V- voltages are regulated to +5.5V and -5.5 V typically. If an application needs larger RS-232 output
voltages, Ve = 5V + 10% is recommended because V+ and V- are regulated to £9.5V.
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8.4 Layout

8.4.1 Layout Guidelines

Robust and reliable bus node design often requires the use of external transient protection devices in order to

protect against surge transients that may occur in industrial environments. THVD4421 has integrated IEC ESD

and EFT protection. So, if the application does not need IEC Surge protection, external transient protection may

not needed. Since these transients have a wide frequency bandwidth (from approximately 3MHz to 300MHz),

high-frequency layout techniques should be applied during PCB design.

1. Place the external protection circuitry close to the bus connector to prevent noise transients from
propagating across the board.

2. Use V¢ and ground planes to provide low inductance. Note that high-frequency currents tend to follow the
path of least impedance and not the path of least resistance.

3. Design the protection components into the direction of the signal path. Do not force the transient currents to
divert from the signal path to reach the protection device.

4. Apply decoupling capacitors as close as possible to the V¢, Vo, V+, V- pins of transceiver.

5. Use at least two vias for V¢ and ground connections of decoupling capacitors and protection devices to
minimize effective via inductance.

6. Optionally, use 1kQ to 10kQ pull-up and pull-down resistors for control lines to limit noise currents in these
lines during transient events.
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8.4.2 Layout Example

8-13. Layout Example
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9 Device and Documentation Support
9.1 Device Support
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10 Revision History
& 10-1.

DATE REVISON NOTES
April 2024 * Initial release

11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
THVD4421RHBR ACTIVE VQFN RHB 32 5000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 THVD
4421

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RHBO0O32E VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:

75% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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