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General Description

The MAX13171E along with the MAX13173E/
MAX13175E, form a complete pin-selectable data termi-
nal equipment (DTE) or data communication equipment
(DCE) interface port that support the V.28 (RS-232),
V.10/V.11 (RS-449/V.36, RS-530, RS-530A, X.21), and
V.35 protocols. The MAX13171E transceivers carry the
high-speed clock and data signals, while the MAX13173E
transceivers carry the control signals. The MAX13171E
can be terminated by the MAX13175E pin-selectable
resistor termination network. The MAX13175E contains six
pin-selectable, multiprotocol cable termination networks.

The MAX13171E/MAX13173E have an internal charge
pump and low-dropout transmitter output stages that
allow V.10-, V.11-, V.28-, and V.35-compliant operation
from a single supply. The MAX13171E/MAX13173E fea-
ture a no-cable mode that reduces supply current and
disables all transmitter and receiver outputs (high imped-
ance). Short-circuit current limiting and thermal shutdown
circuitry protects the receiver and transmitter outputs
against excessive power dissipation. The MAX13171E/
MAX13173E have extended ESD protection for all the
transmitter outputs and receivers inputs.

The MAX13171E/MAX13173E/MAX13175E operate over

N AXI/

Multiprotocol, Pin-Selectable

Data Interface Chipset

Features

4 Supports V.28 (RS-232), V.10 (RS-423), V.11
(RS-449/V.36, RS-530, RS-530A, X.21) and V.35
Protocols

4 Pin-Selectable Cable Termination Using the
MAX13175E

4 Pin-Selectable DCE/DTE Configurations

4 20/40Mbps (max) Data Rate in RS-449, RS-530,
RS-530A, X.21, and V.35

4 True Fail-Safe Receivers while Maintaining V.11
and V.35 Compatibility

4 Operates Over a Wide +3.135V to +5.5V Vcc
Supply Range

4 Flexible VL Logic Reference Input Allows
Interfacing Down to 1.62V

¢ Extended ESD Protection for All the Transmitter
Outputs and Receivers Inputs to GND

4 Small, 5mm x 7mm, 38-Pin TQFN Package

Ordering Information

the +3.135V to +5.5V supply range and are available in PART TEMP RANGE PIN-
5mm x 7mm, 38-pin TQFN packages. These devices oper- PACKAGE
ate over the -40°C to +85°C extended temperz%ture ra.nge. MAX13171EETU+ 20°C 0 +85°C 38 TQFN-EP*
Applications MAX13173EETU+ 40°C10+85°C 38 TQFN-EP*
Data Networking Telecommunication MAX13175EETU+ -40°C to +85°C 38 TQFN-EP*
PCI Cards Equipment +Denotes a lead(Pb)-free/RoHS-compliant package.
CSU and DSU Data Routers "EP = Exposed pad.
Data Switches
Typical Operating Circuit
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For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable

Data Interface Chipset

ABSOLUTE MAXIMUM RATINGS

(All voltages to GND, unless otherwise noted.)

Supply Voltages
........................................................................ -0.3V to +6V
........ -0.3V to +6V
+0.3Vto-7.1V
-0.3Vto +7.1V
VDD 10 VOGO i -0.3V to +6V

Logic-Input Voltages

MO, M1, M2, DCE/DTE, LATCH, INVERT, T_IN..... -0.3V to +6V
Termination Network Inputs

RARB, R Coiiiii -15V to +15V

R_A to R_B (only for high-Z state) ...........cccoccoviiiiiiiiinonn, +14V
R_ATO R B +6V
R_A to R_C (only for high-Z state) ............ccoecoviiiiiiiiiinn, +14V
RATOR_Cooiii +3V
R_B to R_C (only for high-Z state) ............ccooeiiviiiiiii +3V

Logic-Output Voltages

R_OUT e -0.3V to (VL + 0.3V)
Transmitter Outputs

T_OUT_, T_OUT_/R_IN_

(no-cable, V.28, V.10 modes) .........ccocveeeeeeeeinn... -15V to +15V

Short-Circuit Duration to GND..........ooooooviiiiiis Continuous
Receiver Inputs

R_IN_, T_OUT_/R_IN .o -15V to +15V

R_INA to R_INB, TBOUTA/R3INA

to TBOUTB/R3INB ..o -15V to +15V

Continuous Power Dissipation (Ta = +70°C)
38-Pin TQFN (derate 35.7mW/°C above +70°C) ........ 2857mW
Operating Temperature Range ...........ccccccoevven. -40°C to +85°C

Junction Temperature ..........cooocveeeiiiiiiiiicce +150°C
Storage Temperature Range ............. -65°C to +150°C
Lead Temperature (soldering, 10S) ......coovivviiieiiiieenn. +300°C
Soldering Temperature (reflow) .......ccccovviiiiiiiiinnn, +260°C

PACKAGE THERMAL CHARACTERISTICS (Note 1)

TQFN
Junction-to-Ambient Thermal Resistance (6ya) ............. 28°C/W
Junction-to-Case Thermal Resistance (0JC)...........c.cc... 1°C/W

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to http://www.maxim-ic.com/thermal-tutorial.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

MAX13171E ELECTRICAL CHARACTERISTICS

(Vce = +3.135V to +5.5V, V| = +1.62V to +5.5V, C1 = C2 = 1uF, C3 = C4 = C5 = 4.7uF (Figure 15), Ta = -40°C to +85°C, unless oth-
erwise noted. Typical values are at Vcc = +3.3V, VL = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vcc Operating Range Vce 3.135 55 Vv
VL Operating Range VL 1.62 Vce \
All inputs connected to GND, all receiver
V | | ' A
L Supply Current L outputs low, Vi = +5.5V 550 800 9]
RS-530, RS-530A, X.21, V.36/RS-449 15 o8 mA

mode (V.11), no load

Vce Supply Current (DCE Mode)

RS-530, RS-530A, X.21, V.36/RS-449
mode (V.11), full load

150 200 mA

(Digital Inputs = GND or Vce) lcc V.35 mode, no load 21 38 mA
(Transmitter Outputs Static) V.35 mode, full load 150 210 mA
V.28 mode, no load 15 30 mA
V.28 mode, full load 28 42 mA
No-cable mode 0.01 10 pA
RS-530, RS-530A, X.21, V.36/RS-449
100
Internal Power Di§sipation PO mode (V.11), full load W
(DCE Mode)(Static) V.35 mode, full load 500
V.28 mode, full load 70
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Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13171E ELECTRICAL CHARACTERISTICS (continued)

(Vcec = +3.135Vto +5.5V, VI = +1.62V to +5.5V, C1 = C2 = 1pF, C3 = C4 = C5 = 4.7uF (Figure 15), Ta = -40°C to +85°C, unless oth-

erwise noted. Typical values are at Vcc = +3.3V, V| = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

V.28, V.35 modes, no load (Note 3) 5.93 7.1

V.28 mode, full load (Note 3) 5.6 5.86
Positive Charge-Pump Output VoD V.35 mode, full load (Note 3) 4.6 5.1 y
Voltage RS-530, RS-530A, X.21, V.36/RS-449 mode 49 526 57

(V.11) (Note 3)

No-cable mode Vce

V.28, V.35 modes, no load (Note 3) -5.89

V.28 mode, full load (Note 3) -5.74 -5.4
\[\/]el?ative Charge-Pump Output VEE V.35 mode, full load, Note 3 -4.46 -3.8 N

oltage RS-530, RS-530A, X.21, V.36/RS-449 mode

(V.11) (Note 3) : 484 -44r -416

No-cable mode 0
Charge-Pump Enable Time rTrireneet until all Vpp and VEE specifications <1 ms
Thermal Shutdown Protection THSD +145 °C
LOGIC INPUTS (MO0, M1, M2, DCE/DTE, T1IN, T2IN, T3IN)
Input High Voltage VIH 0.66 x VI V
Input Low Voltage ViL 0.33 x VL \
Logic-Input Current lIN T1IN, T2IN, T3IN -1 +1 bA
Pullup Resistor RPUIN MO0, M1, M2, DCE/DTE to V| 50 100 170 kQ
LOGIC OUTPUTS (R10UT, R20UT, R30UT)
Output High Voltage VOH ISOURCE = 4mA 0.66 x VL Vv
Output Low Voltage VoL ISINK = 4mA 0.33 x VL V
Output Pullup Resistor Rpuy No-cable mode (to V) 71.4 kQ
V.11 TRANSMITTER
\?Sfar;g'rcu't Differential Output Vobo Open circuit, R = 1.95kQ, Figure 1 -Vce +Vce \
Loaded Differential Output R = 50Q, Figure 1 0-5x
Voltage vooL vooo v

R = 50Q, Figure 1 121
change n wsﬁ’;ggde OOUPUt | avopl | R =500, Figure 1 02 | v
Common-Mode Output Voltage Voc R = 50Q, Figure 1 3.0 \
ggran”rggr:?M“gzzngf;uffvonage IAVocl | R =500, Figure 1 (Note 3) 0.2 v
Short-Circuit Current Isc Vout = GND 150 mA
Rise Time tr Figures 2, 6 4.5 ns
Fall Time tf Figures 2, 6 6.5 ns
NAXIW 3
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13171E ELECTRICAL CHARACTERISTICS (continued)

(Vcec = +3.135Vto +5.5V, VI = +1.62V to +5.5V, C1 = C2 = 1pF, C3 = C4 = C5 = 4.7uF (Figure 15), Ta = -40°C to +85°C, unless oth-
erwise noted. Typical values are at Vcc = +3.3V, V| = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Transmitter Input to Output Figures 2, 6 22 28
Propagation Delay (Figures 2, 6) 1PHL, tPLH VL > +3V, Figures 2, 6 20 25 ns
Data Skew ltPHL-tPLHI | Figures 2, 6 (Note 3) 2 ns
Channel-to-Channel Skew tSKEW Figures 2, 6 (Notes 3, 4) ns
V.11 RECEIVER
Differential Threshold Voltage VTH -7V <Vem £ +7V -200 -50 mV
Input Hysteresis AVTH -7V <Vem £ +7V 15 mV
Receiver Input Current IIN -10V<VaB < +10V -0.66 +0.66 mA
Receiver Input Resistance RIN -10V<VaB < +10V 15 30 kQ
Rise or Fall Time tr, tf Figures 2, 7 3 ns
Receiver Input to Output Delay tPHL, tPLH | Figures 2, 7 2.5 ns
Data Skew ItpHL-tPLHI | Figures 2, 7 (Note 3) ns
Channel-to-Channel Skew tSKEWR Figures 2, 7 (Notes 3, 4) 3 ns
V.35 TRANSMITTER
Differential Output Voltage Vob Full load, -4V < Vcm < +4V, Figure 3 +0.44 +0.55 +0.66 V
Output High Current loH Vapg =0V -13 -11 -9 mA
Output Low Current loL VaB =0V 9 11 13 mA
Output Leakage Current Iz “0.25V < Vour < +0.25V, power off or +0.05 +5 pA

no-cable mode
Rise or Fall Time tr, tf Figures 3, 6 5 ns
Transmitter Input to Output Delay tPLH, tPHL | Figures 3, 6 19 35 ns
Data Skew ItpLH - tpHLI | Figures 3, 6 (Note 3) 3 ns
Channel-to-Channel Skew tSKEWR Figures 3, 6 (Notes 3, 4) 3 ns
V.35 RECEIVER
Differential Threshold Voltage VTH -2V <Vem £ +2V -200 -50 mV
Input Hysteresis AVTH -2V <Vem £ +2V 15 mV
Receiver Input Current IIN -10V<VaB < +10V -0.66 +0.66 mA
Receiver Input Resistance RIN -10V <VaB < +10V 15 30 kQ
Rise or Fall Time tr, tf Figures 3, 7 3 ns
Receiver Input to Output Delay tPHL, tPLH | Figures 3, 7 25 ns
Data Skew ItPHL- tPLH! | Figures 3, 7 (Note 3) 3 ns
Channel-to-Channel Skew tSKEWR Figures 3, 7 (Notes 3, 4) 3 ns
V.28 TRANSMITTER
Output-Voltage Swing Vopl Open circult 7] v
RL = 3kQ 5 6
Short-Circuit Current IoH 85 mA
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Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13171E ELECTRICAL CHARACTERISTICS (continued)

(Vcec = +3.135Vto +5.5V, VI = +1.62V to +5.5V, C1 = C2 = 1pF, C3 = C4 = C5 = 4.7uF (Figure 15), Ta = -40°C to +85°C, unless oth-

erwise noted. Typical values are at Vcc = +3.3V, V| = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Output Leakage Current Iz “0.25V < Vour < +0.25V, power off or +0.05 +5 pA
no-cable mode
Output Slew Rate SRRF EE;:S: 1COL = 2500pF (swing in £3V), 4 30 | Vs
Transmitter Input to Output Delay tPHL, tPLH | RL = 3kQ, C| = 2500pF, Figures 4, 10 1 2 us
V.28 RECEIVER
Input Threshold Low ViL 0.8 1.2 \
Input Threshold High VIH 1.2 2 V
Input Hysteresis VHYST 0.25 V
Input Resistance RIN -15V < VIN L +15V 3 5 7 kQ
Rise or Fall Time tr, tf Figures 5, 11 3 ns
Receiver Input to Output Delay tPHL, tPLH | Figures 5, 11 150 ns
ESD PROTECTION
Human Body Model +15
g—,\?DUT‘ T3OUT/RTIN_, R_INto Air Gap Discharge IEC 61000-4-2 +12 kV
Contact Discharge IEC 61000-4-2 +8

MAX13173E ELECTRICAL CHARACTERISTICS

(Vce = +3.135V to +5.5V, VI = +1.62V to +5.5V, C1 = C2 = 1yF, C3 = C4 = C5 = 4.7uF (Figure 15), Ta = -40°C to +85°C, unless

otherwise noted. Typical values are at Vcc = +3.3V, VL = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vcc Operating Range Vce 3.135 55 \
VL Operating Range Vi 1.62 Vce \
VL Supply Current I ﬁﬂtguﬂ:ti);’v‘?r\ﬂeztfg?\/GND’ all receiver 680 1100 | pA
RS-530A, no load 11 21 mA
RS-530, X.21, V.36/RS-449, DCE mode,
INVERT = low, full load, transmitter outputs 41 210 mA
Ve Supply Current lcc static, digital inputs = GND or V|
V.28 mode, no load 21 38 mA
V.28 mode, full load 42 65 mA
No-cable mode 0.01 10 pA
Internal Power Dissipation PD E\ISVE:;{C')I' f'i&’/’\;jfgasd‘mg’ DCE mode, 120 mwW
V.28 mode, no load (Note 3) 59 7.1
- V.28 mode with full load (Note 3) 5.6 5.79
\P/gﬁggg Charge-Pump Output Vop | RS-530 mode, full load (Note 3) 484 515 55 v
RS-530A mode, full load 5.15
No-cable mode Vce
NAXIW 5
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13173E ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +3.135V to +5.5V, VI = +1.62V to +5.5V, C1 = C2 = 1yF, C3 = C4 = C5 = 4.7uF (Figure 15), Ta = -40°C to +85°C, unless
otherwise noted. Typical values are at Vcc = +3.3V, VL = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
V.28 mode, no load (Note 3) -5.83
. V.28 mode with full load (Note 3) -5.55 -5.3
\"/'sl?:;';e Charge-Pump Output VEE | RS-530 mode, full load (Note 3) 471 444 417 |V
RS-530A mode, full load -4.44
No-cable mode 0
Thermal Shutdown Protection THSD +145 °C
Charge-Pump Enable Time :rireneet until all Vpp and VEE specifications <1 ms
LOGIC INPUTS (M0, M1, M2, DCE/DTE, INVERT, T1IN, T2IN, T3IN, T4IN, T5IN/R50UT)
Input High Voltage VIH 0.66 x VL \
Input Low Voltage ViL 0.33 x VL V
Logic-Input Current IIN T1IN, T2IN, T3IN, T4IN -1 +1 pA
Pullup Resistor RpPUIN MO, M1, M2, DCE/DTE, INVERT to V[ 50 100 170 kQ
LOGIC OUTPUTS (R10UT, R20UT, R30UT, R4OUT, T5IN/R50UT)
Output High Voltage VOoH ISOURCE = 4mA 0.66 x VL Vv
Output Low Voltage VoL ISINK = 4mA 0.33 x VL \
Output Pullup Resistor Rpuy No-cable mode (to VL) 71.4 kQ
V.11 TRANSMITTER (T1, T2, T3)
\(?cg))lteang;gwcun Differential Output Vobo Open circuit, R = 1.95kQ, Figure 1 -Vee +Vceo %
Loaded Differential Output R =50Q, Figure 1 \(/)55[;;
Voltage Voou v
R = 50Q, Figure 1 121
gﬂ;ﬁgsﬁ'gxsﬁgggde of Qutput IAVopl | R = 500, Figure 1 0.2 v
Common-Mode Output Voltage Voc R = 50Q, Figure 1 3.0 \
ggfﬂ”ﬁ?gn'f‘%ii”gfsu?‘;/oltage IAVocl | R =50, Figure 1 (Note 3) 02 v
Short-Circuit Current Isc Vout = GND 150 mA
Output Leakage Current Iz -0.25V'< Vour < +0.25V, power-off or no- +0.05 +5 A
cable mode
Rise Time tr Figures 2, 6 10 ns
Fall Time t Figures 2, 6 6 10 ns
Transmitter Input to Output Prop Figures 2, 6 20 28 ns
Delay PHL. TPLH Figures 2, 6, V| = +3V 25 ns
Data Skew ItPHL- tPLHl | Figures 2, 6 (Note 3) 2 ns
Channel-to-Channel Skew tSKEW Figures 2, 6 (Notes 3, 4) ns
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Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13173E ELECTRICAL CHARACTERISTICS (continued)
(Vcc = +3.135V to +5.5V, VI = +1.62V to +5.5V, C1 = C2 = 1yF, C3 = C4 = C5 = 4.7uF (Figure 15), Ta = -40°C to +85°C, unless

otherwise noted. Typical values are at Vcc = +3.3V, VL = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
V.11 RECEIVER (R1, R2, R3)
Differential Threshold Voltage VTH -7V VoM £ +7V -200 -50 mV
Input Hysteresis AVTH -7V <Vom £ +7V 15 mV
Receiver Input Current IIN -10V<VaB < +10V -0.66 +0.66 mA
Receiver Input Resistance RIN -10V <VaB < +10V 15 30 kQ
Rise or Fall Time tr, tf Figures 2, 7 3 ns
Receiver Input to Output Delay tPHL, tPLH | Figures 2,7 27 ns
Data Skew ItpHL- tpLH! | Figures 2, 7 (Note 3) 3 ns
Channel-to-Channel Skew tSKEWR Figures 2, 7 (Notes 3, 4) 3 ns
V.10 TRANSMITTER (T2, T4, T5)
Open-Circuit Output Voltage Vo RL = 3.9kQ (out high) 4 6 y
Swing RL = 3.9kQ (out low) -6 -4
RL = 450Q (out high) 3.6
Output-Voltage Swing VT RL = 450 (out low) 3.6 Vv
RL = 4500 ?V%T
Short-Circuit Current Isc Vo = GND -55 +55 mA
Output Leakage Current 7 -0.25V < Vour < +0.25V, power-off or +0.05 +5 A
no-cable mode
Rise or Fall Time tr, tf RL = 450Q, CL = 100pF, Figure 8 2 us
Transmitter Input to Output Delay tpLH, tPHL | RL = 450Q, CL = 100pF, Figure 8 1 us
V.10 RECEIVER (R2, R4, R5)
Input Threshold Voltage VTH 50 250 mV
Input Hysteresis AVTH 25 mV
Receiver Input Current IIN -10V < VA < +10V -0.66 +0.66 mA
Receiver Input Resistance RIN -10V < VA < +10V 15 30 kQ
Rise or Fall Time tr, tf Figures 5, 9 3 ns
Receiver Input to Output Delay tPLH ngure 9 %5 ns
tPHL Figure 9 109
Data Skew ItPHL - tPLHl | Figures 5, 9 (Note 3) 60 ns
V.28 TRANSMITTER (All CHANNELS)
Output-Voltage Swing Vopl Open cirout 7 v
RL = 3kQ 5 6
Short-Circuit Current loH 90 mA
Output Leakage Current Iz -0.25V < Vour < +0.25V, power-off or +0.05 +5 PA
no-cable mode
NAXIW 7
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13173E ELECTRICAL CHARACTERISTICS (continued)

(Vce = +3.135V to +5.5V, VL = +1.62V to +5.5V, C1 = C2 = 1pF, C3 = C4 = C5 = 4.7uF, Figure 15, Ta = -40°C to +85°C, unless
otherwise noted. Typical values are at Vcc = +3.3V, VL = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Output Slew Rate SRR/F R,L = 3kQ, CL = 2500pF (swing in £3V) 4 30 V/us
Figures 4, 10
Transmitter Input to Output Delay tPHL, tPLH | RL = 3kQ, CL = 2500pF, Figures 4, 10 1 2 us
V.28 RECEIVER (All CHANNELS)
Input Threshold Low ViL 0.8 1.2 \Y
Input Threshold High VIH 1.2 2 Vv
Input Hysteresis VHYST 0.25 V
Input Resistance RIN -15V < VN S +15V 3 5 7 kQ
Rise or Fall Time tr, t Figures 5, 11 3 ns
Receiver Input to Output Delay tpHL, tPLH | Figures 5, 11 150 ns
ESD PROTECTION
Human Body Model +15
T_OUT, T_OUT/R_IN_, R_IN Air Gap Discharge IEC 61000-4-2 +15 kV
Contact Discharge +5

MAX13175E ELECTRICAL CHARACTERISTICS (continued)

(Vce = +3.135V to +5.5V, VI = +1.62V to +5.5V, C1 = C2 = 1uF, C3 = C4 = C5 = 4.7uF, Figure 15, Ta = -40°C to +85°C, unless
otherwise noted. Typical values are at Vcc = +3.3V, VL = +1.8V, Ta = +25°C.) (Note 2)

Mode

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vcc Operating Range Vce 3.135 55 V
VL Operating Range Vi 1.62 Vce \
Vpp Operating Range VDD 4.5 71 Vv
VEE Operating Range VEE -7.1 -4 Vv
VL POR Rising Threshold 0.7 1.06 1.46 Vv
Vcc POR Rising Threshold 1 1.88 2.75 Vv
All inputs connected to GND or V|, except
VD Supply Current IDD no-cable mode 0.05 0.25 mA
lcc All inputs connected to GND or V|, except 215 59 mA
Vce Supply Current no-cable mode
lcc_NocaB | VEE = 0V, M[x] = 1111 (Note 5) 1.29 2.6 mA
VL Supply Current IL All inputs connected to GND or V| -1 +1 pA
VEE Supply Current IEE All inputs connected to GND or V| -3.5 -1 mA
TERMINATOR INPUTS
Differential-Mode Impedance :
2V < <
V.35 Mode 2V < Ve £ +2V, all channels, Figure 12 90 104 110 Q
Common-Mode Impedance V.35 -2V < VeM € +2V, all channels, Figure 13 135 153 165 Q
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Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13175E ELECTRICAL CHARACTERISTICS (continued)
(Vce = +3.135V to +5.5V, VL = +1.62V to +5.5V, C1 = C2 = 1pF, C3 = C4 = C5 = 4.7uF, Figure 15, Ta = -40°C to +85°C, unless

otherwise noted. Typical values are at Vcc = +3.3V, VL = +1.8V, Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
-7V <Vem £ +7V, all channels, except no- 100 104 110
Differential-Mode Impedance cable mode, Figure 12 o
V.11 Mode 7V < VoM < +7V, no cable, VEE = 0V, 115
VAB < 2V, Figure 12
Differential Path Enable Time 50 ys
Differential Path Disable Time 300 us
Common-Mode Path Enable Time 12 us
Common-Mode Path Disable
Time 2 us
panmpedance Leakage iz |-15V<VRA<+15V 50 +50 | pA
LOGIC INPUTS (M0, M1, M2, LATCH, DCE/DTE)
Input High Voltage VIH 0.66 x VI V
Input Low Voltage ViL 0.33 x VL \
Logic Input Current lIN VIN = GND or VL -1 +1 uA
ESD PROTECTION
Human Body Model 15
R_A, R_B to GND Air Gap Discharge IEC 61000-4-2 +10 kV
Contact Discharge IEC 61000-4-2 +6
All Other Pins Human Body Model +2 kV

Note 2: All devices are 100% production tested at Ta = +85°C for the MAX13171E/MAX13173E and Ta = +25°C for the
MAX13175E. Specifications over temperature are guaranteed by design.
Note 3: Guaranteed by design, not production tested.

Note 4: Output-to-output skews are evaluated as difference of propagation delays between different channels in the same condition

and for the same polarity (LH or HL).
Note 5: M[x] is the input bus DTE/DCE, M2, M1, MO.
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable

Data Interface Chipset

(Vce = +3.3V, VL = +1.8V, Ta = +25°C, unless otherwise noted.)
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MAX13171E Typical Operating Characteristics
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Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13171E Typical Operating Characteristics (continued)

(Vce = +3.3V, VL = +1.8V, Ta = +25°C, unless otherwise noted.)

V.11 LOOPBACK OPERATION (40Mbps) V.28 LOOPBACK OPERATION (250kbps)
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable
Data Interface Chipset

(Vce = +3.3V, VL = +1.8V, Ta = +25°C, unless otherwise noted.)

SUPPLY CURRENT (mA)

12

N
133]
f=}

no
o
S

—
o
S

—
o
S

w
S

R-530 SUPPLY CURRENT
vs. DATA RATE
=TT TTTTT T = 90
DCE MODE, INVERT =1 \ \ HH =
3 TRANSMITTERS OPERATING 5 80
L AT THE SPECIFIED DATA RATE z 70
IN'V.11 MODE =
E 60
=
&£ 50
)
S W
FULL LOAD, R =500 = E %
/ 3
/ 20
4
NoL0AD.R=1 9562 | |[]}] 1 10
LTI .
10 1000 100,000
DATA RATE (kbps)
V.10 OUTPUT VOLTAGE
vs. TEMPERATURE
’ 1
6 —oA1 RL=3.9kQ £
4 Vours —]

DC OUTPUT

" DCEMODE —— RL=14502

QUTPUT VOLTAGE (V)
o

2
Vour-
-4

RL=3.9k2
N i |
-8
4 45 10 3% 60 8
TEMPERATURE (°C)
V.11 RECEIVER INPUT CURRENT
vs. INPUT VOLTAGE
500 ——— 5
DC OUTPUT :
400" I”pce mope Y
300 7
S 200 27
Z 4
= 100 | paNA-{R2INA
= |
£ 0
(&)
= _
S 100 |y
= .
20 B
a0 LA RIINA
-400
-500
408 64 20 2 4 6 8 10

INPUT VOLTAGE (V)

V.28 SUPPLY CURRENT

vs. DATA RATE

MAX13173E Typical Operating Characteristics
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Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13173E Typical Operating Characteristics (continued)

(Vcc = +3.3V, VL = +1.8V, Ta = +25°C, unless otherwise noted.)
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LOAD CAPACITANCE TIME vs. LOAD CAPACITANCE V.11 LOOPBACK OPERATION (40Mhps)
35 . < 20 “ . - . . . . .MAXBWF‘D.CZG
RL=3kQ 2 FULL LOAD :
\ £ 18 g -
30 E " e N s
2 : E V/div
25 = 14 FALL E—
M\ H= —
oo = RISE T_OUT_/R_IN
= — N
§ 15 \\ SRr 2 10 V/div
e [%2)
“ SF;\\ = 06
e 04 R_OUT
5 N/div
02
0 0 SRR ¥
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 10ns/div
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)

V.28 LOOPBACK OPERATION (250khps) V.10 LOOPBACK OPERATION (100khps)

MAX13171E toc27 MAX13171E toc28
T

T
T_IN T_IN . :
2V/div 2V/div H. S PRSI
R E i}”m
TOUT RN, bt N b T_OUT_RN_ ., W /F , /\ F
5V/div : 5V/div A f 7 T
R_OUT R_OUT
2V/div 2V/div
Tus/div 4ps/div
V.11 REGEIVER PROPAGATION V.11 TRANSMITTER PROPAGATION
DELAY vs. TEMPERATURE DELAY vs. TEMPERATURE
% g 25 s
— 20 tPHL /;é 2 tpHL /z
£ —] £ ///
z teLt = "
= 15 = 15 tpLH
a [}
= =
S S
= =
g 10 S 1
o o
o o
o oc
o (2
5 5
0 0
-40 -15 10 35 60 85 -40 -15 10 35 60 85
TEMPERATURE (°C) TEMPERATURE (°C)

MAXIW 13

FGLLELXVIN/IELIELXVIN/TLLIELIXVYIN



MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13175E Typical Operating Characteristics

(Vcc = +3.3V, VL = +1.8V, Ta = +25°C, unless otherwise noted.)
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IMPEDANCE vs. TEMPERATURE vs. COMMON-MODE VOLTAGE (Vcm) vs. SUPPLY VOLTAGE (Vcc)
10 5 10 5 10 2
109 ¢ 109 g 109 g
108 3 108 2 108 z
s 107 — 107 = 107
S 06 |- Vow=7v - Yom=0 S 106 = 106
& | N 8
= 105 i ¥ = 105 = 105
U < 104 = 104
1
03 YoV 103 103
102 102 102
101 101 101
100 100 100
40 15 10 35 60 85 7 5 3 4 1 3 5 7 30 35 40 45 50 55
TEMPERATURE (°C) Vem (V) Vg (V)
V.11 OR V.35 DIFFERENTIAL IMPEDANGE V.35 COMMON-MODE IMPEDANCE V.35 COMMON-MODE IMPEDANCE vs.
vs. SUPPLY VOLTAGE (VEg) vs. TEMPERATURE COMMON-MODE VOLTAGE (Vgm)
10 3 165 1 185 g
109 g g 180 g
108 z 160 £ 175 z
Vom = +2V
107 M 170
©] g 1 y’ a
5 106 o _—= & 165
Z 105 Z 150 =7 | = 160
S = L —] Ve = 9V S ™
103 145 o= 150
1
02 10 145
101 140
100 135 135
-7 -6 -5 -4 -40 -15 10 35 60 85 2 -1 0 1 2
Ve (V) TEMPERATURE (°C) Vewm (V)

14 MAXIN




Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13175E Typical Operating Characteristics (continued)

(Vce = +3.3V, VL = +1.8V, Ta = +25°C, unless otherwise noted.)

V.35 COMMON-MODE IMPEDANCE V.35 COMMON-MODE IMPEDANCE HI-Z MODE SUPPLY CURRENT
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13171E Pin Description

PIN NAME FUNCTION
1, 2,6, 30, 31 N.C. No Connection. Not internally connected.
3 16 v Device Supply Voltage. Bypass Vcc with a 4.7uF capacitor to ground as close as possible to
’ ce pin 3.
4 T1IN Transmitter 1 Logic Input
5 T2IN Transmitter 2 Logic Input
7 T3IN Transmitter 3 Logic Input
8 R10OUT Receiver 1 Logic Output with Internal Pullup to V|
9 R20UT Receiver 2 Logic Output with Internal Pullup to VL
10 R30OUT Receiver 3 Logic Output with Internal Pullup to V|
11 MO Mode-Select 0 Input with Internal Pullup to Vi
12 v Logic-Supply Reference Input. VI determines the voltage level of the logic interface. Bypass V|
L with a 0.1uF capacitor to ground as close as possible to the device.
13 M1 Mode-Select 1 Input with Internal Pullup to Vi
14 M2 Mode-Select 2 Input with Internal Pullup to VL
15 DCE/DTE DCE/DTE Mode-Select Input with Internal Pullup to VL
17 R3INB Receiver 3 Noninverting Input
18 R3INA Receiver 3 Inverting Input
19, 24, 29, 35 GND Ground
20 R2INB Receiver 2 Noninverting Input
21 R2INA Receiver 2 Inverting Input
22 T3OUTB/R1INB | Transmitter 3 Noninverting Output/Receiver 1 Noninverting Input
23 T30OUTA/R1INA | Transmitter 3 Inverting Output/Receiver 1 Inverting Input
25 T20UTB Transmitter 2 Noninverting Output
26 T20UTA Transmitter 2 Inverting Output
27 T10UTB Transmitter 1 Noninverting Output
28 T10OUTA Transmitter 1 Inverting Output
30 v Charge-Pump Negative Supply Output. Connect a 4.7uF ceramic capacitor from VEEg to ground
EE as close as possible to the device.
VEg Charge-Pump Flying-Capacitor Negative Terminal. Connect a 1uF ceramic capacitor
33 C2-
between C2+ and C2-.
VEE Charge-Pump Flying-Capacitor Positive Terminal. Connect a 1uF ceramic capacitor
34 C2+
between C2+ and C2-.
Vpp Charge-Pump Flying-Capacitor Negative Terminal. Connect a 1pF ceramic capacitor
36 C1-
between C1+ and C1-.
Vpp Charge-Pump Flying-Capacitor Positive Terminal. Connect a 1uF ceramic capacitor
37 C1+
between C1+ and C1-.
38 v Charge-Pump Positive-Supply Output. Connect a 4.7uF ceramic capacitor from Vpp to ground
Db as close as possible to the device.
Exposed Pad. Internally connected to VEg. Connect to a large VEE plane to maximize thermal
— EP performance. Not intended as an electrical connection point. Do not share the same plane as

the MAX13173E.
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Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13173E Pin Description

PIN NAME FUNCTION
1 T1IN Transmitter 1 Logic Input
> Vee Device Supply Voltage. Bypass Vcc with a 4.7uF capacitor to ground as close as possible to
the device.
3 T2IN Transmitter 2 Logic Input
4 T3IN Transmitter 3 Logic Input
5 Vi ngio—Supply Refergnce Input. VL determines the \{oltage level Of. the logic interface. Bypass VL
with a 0.1pF capacitor to ground, as close as possible to the device.
6 R10UT Receiver 1 Logic Output with Internal Pullup to VL
7 R20UT Receiver 2 Logic Output with Internal Pullup to Vi
8 R3OUT Receiver 3 Logic Output with Internal Pullup to Vi
9 R50UT/T5IN | Receiver 5 Logic Output/Transmitter 5 Logic Input
10 T4IN Transmitter 4 Logic Input
11 R40OUT Receiver 4 Logic Output
12 MO Mode-Select 0 Input with Internal Pullup to Vi
13 M1 Mode-Select 1 Input with Internal Pullup to Vi
14 M2 Mode-Select 2 Input with Internal Pullup to Vi
15 DCE/DTE DCE/DTE Mode-Select Input with Internal Pullup to Vi
16 INVERT T4/R4 and T5/R5 Select Input with Internal Pullup to V. INVERT reverses the action of DCE/DTE
for channels 4 and 5.
17 T4OUTA/R4INA | Transmitter 4 Inverting Output/Receiver 4 Inverting Input
18, 25, 31, 35 GND Ground
19 R3INB Receiver 3 Noninverting Input
20 R3INA Receiver 3 Inverting Input
21 R2INB Receiver 2 Noninverting Input
22 R2INA Receiver 2 Inverting Input
23 T3OUTB/R1INB | Transmitter 3 Noninverting Output/Receiver 1 Noninverting Input
24 T3OUTA/R1INA | Transmitter 3 Inverting Output/Receiver 1 Inverting Input
26 T20UTB Transmitter 2 Noninverting Output
27 T20UTA Transmitter 2 Inverting Output
28 T10UTB Transmitter 1 Noninverting Output
29 T10OUTA Transmitter 1 Inverting Output
30 T50UTA/RS5INA | Transmitter 5 Inverting Output/Receiver 5 Inverting Input
30 VeE Charge-Pump Nggative—SuppIy Output. Connect a 4.7uF ceramic capacitor from VEE to ground
as close as possible to the device.
33 Co- VEg Charge-Pump Flying-Capacitor Negative Terminal. Connect a 1uF ceramic capacitor
between C2+ and C2-.
34 Cos VEg Charge-Pump Flying-Capacitor Positive Terminal. Connect a 1uF ceramic capacitor
between C2+ and C2-.
36 C1- Vb Charge-Pump Flying-Capacitor Negative Terminal. Connect a 1uF ceramic capacitor

between C1+ and C1-.

MAXIM
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable
Data Interface Chipset

MAX13173E Pin Description (continued)

PIN NAME FUNCTION
37 C1t Vbbb Charge-Pump Flying-Capacitor Positive Terminal. Connect a 1uF ceramic capacitor
between C1+ and C1-.
38 VoD Charge-Pump quitive—SuppIy Qutput. Connect a 4.7uF ceramic capacitor from Vpp to ground
as close as possible to the device.
Exposed Pad. Internally connected to VEg. Connect to a large VEE plane to maximize thermal
— EP performance, not intended as an electrical connection point. Does not share the same plane as
the MAX13171E.
MAX13175E Pin Description
PIN NAME FUNCTION
1,38 R1B Load 1, Node B
2,3 R1A Load 1, Node A
4,5 R2A Load 2, Node A
6,7 R2B Load 2, Node B
8 R2C Load 2, Center Tap. Leave unconnected.
9,10 R3A Load 3, Node A
11,12 R3B Load 3, Node B
13,18 GND Ground
14 R3C Load 3, Center Tap. Leave unconnected.
15 Vi Logic-Supply Reference Input. V| determines the voltage level of the logic interface.
16 VEE Negative Supply Voltage. Bypass VEE to GND with a 0.1uF capacitor. Connect to VEg from the
MAX13173E.
17 VoD Positive Supply Voltage. Bypass Vpp to GND with a 0.1uF capacitor. Connect to Vpp from the
MAX13173E.
19 Vce Supply Voltage. Bypass Vcc to GND with a 0.1uF capacitor as close as possible to the device.
20, 21 R4B Load 4, Node B
22,23 R4A Load 4, Node A
24,25 R5B Load 5, Node B
26, 27 R5A Load 5, Node A
28, 29 R6A Load 6, Node A
30, 31 R6B Load 6, Node B
32 DCE/DTE DCE/DTE Mode-Select Input
33 TATCH Latch Signal Input. When LATCH is low, the input latches are transparent. When LATCH is high,
the data at the mode-select inputs are latched.
34 M2 Mode-Select Input 2
35 M1 Mode-Select Input 1
36 MO Mode-Select Input 0
37 R1C Load 1, Center Tap. Leave unconnected.
Exposed Pad. Internally connected to VEg. Connect to a large VEE plane to maximize thermal
— EP performance, not intended as an electrical connection point. If VEg is powered from the

MAX13173E’s VEE, planes can be shared.
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Multiprotocol, Pin-Selectable
Data Interface Chipset

Test Circuits

R INC T TN
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Voo A

l 100pF
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O

Figure 1. V.11 DC Test Circuit Figure 2. V.11 AC Test Circuit

50Q

BNR
A I:
50Q

Figure 3. V.35 Transmitter/Receiver Test Circuit

R @ —— 150F

I

Figure 4. V.10/V.28 Transmitter Test Circuit Figure 5. V.10/V.28 Receiver Test Circuit
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable
Data Interface Chipset

Timing Diagrams
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Figure 9. V.10 Receiver Propagation Delay
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Multiprotocol, Pin-Selectable

Data Interface Chipset

Timing Diagrams (continued)
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Figure 10. V.28 Transmitter Propagation Delay
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Figure 11. V.28 Receiver Propagation Delay
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Figure 12. V.11 or V.35 Differential Impedance Measurement

MAXIM

Figure 13. V.35 Common-Mode Impedance Measurement
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MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable

Data Interface Chipset
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_L RIA RIB RA R2B R3A R3B R4A R4B RSA RSB RGA RGB

Figure 14. MAX13175E Block Diagram

Detailed Description

The MAX13171E/MAX13173E/MAX13175E form a com-
plete pin-selectable DTE or DCE interface port that
supports the V.28 (RS-232), V.10/V.11 (RS-449/V.36,
RS-530, RS-530A, X.21), and V.35 protocols. The
MAX13171E transceivers carry the high-speed clock
and data signals, while the MAX13173E transceivers
carry serial-interface control signaling. The MAX13171E
can be terminated by the MAX13175E pin-selectable
resistor termination network, or by a discrete termina-
tion network. The MAX13171E/MAX13173E feature a
low supply current, no-cable mode, true fail-safe opera-
tion, and thermal-shutdown circuitry. Thermal shutdown
protects the drivers against excessive power dissipa-
tion. When activated, the thermal-shutdown circuitry
places the driver and receiver outputs into a high-
impedance state.

The MAX13171E is a three-driver/three-receiver, multi-
protocol transceiver that operates from a single
+3.135V to +5.5V supply. The MAX13173E is a five-dri-
ver/five-receiver multiprotocol transceiver that operates
from a single +3.135V to +5.5V supply. The
MAX13175E contains six pin-selectable multiprotocol
cable termination networks (Figure 14). Each network is
capable of terminating V.11 (RS-422, RS-530, RS-530A,
RS-449, V.36 and X.21) with a 100Q differential load,
V.35 with a T-network load, or V.28 (RS-232) and V.10
(RS-423) with an open-circuit load for use with trans-
ceivers having on-chip termination. The terminations
and protocols are pin selectable. The MAX13175E
replaces discrete resistor termination networks and

22

expensive relays required for multiprotocol termination,
saving space and cost.

Dual Charge-Pump Voltage Converter
The MAX13171E/MAX13173E have internal-regulated
dual charge pumps that provide positive and negative
output voltages from a single supply. The charge pump
operates in discontinuous mode. If the output voltage is
less than the regulated voltage, the charge pump is
enabled. If the output voltage exceeds the regulated
voltage, the charge pump is disabled. Each charge
pump requires flying capacitors (C1, C2), and reservoir
capacitors (C3, C5), to generate the Vpp and VEE sup-
plies. Figure 15 shows the charge-pump connections.

MNAXIMV
MAX13171E
MAX13173E
2 Voo C2+ 1_
G2
C3 —T_ _—I— 1uF
4'7HFI C1J__ C1+ C2-
oM
C1- VEg
PR
13135V 47uF
T0 455V _T_ Vee GND ﬂ

C4
4.7uF I -

Figure 15. Charge Pump
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Multiprotocol, Pin-Selectable

Fail-Safe
The MAX13171E/MAX13173E guarantee a logic-high
receiver output when the receiver inputs are open or short-
ed, or when they are connected to a terminated transmis-
sion line with all drivers disabled by setting the receiver
threshold between -50mV and -200mV in the V.11 and
V.35 modes. If the differential receiver input voltage (B - A)
is = -50mV, R_OUT is logic-high. If (B - A) is < -200mV,
R_OUT is logic-low. In the case of a terminated bus with
all transmitters disabled, the receiver’s differential input
voltage is pulled to zero by the termination. This results in
a logic-high with a 50mV minimum noise margin.

The V.10 receiver threshold is set between 50mV and
250mV. If the V.10 receiver input voltage is less than or
equal to 50mV, R_OUT is logic-high. The V.28 receiver
threshold is set between 0.8V and 2.0V. If the receiver
input voltage is less than or equal to 0.8V, R_OUT is
logic-high. In the case of a terminated bus with trans-
mitters disabled, the receiver’s input voltage is pulled to
GND by the termination.

Table 1. MAX13171E Mode Selection

Data Interface Chipset

Mode Selection
The mode-select inputs MO, M1, and M2 determine
which interface protocol is selected (Table 1 for the
MAX13171E, Table 2 for the MAX13173E). The state of
the DCE/DTE input determines whether the transceivers
are configured as a DTE serial port or a DCE serial port.
The INVERT input on the MAX13173E changes the
DCE/DTE functionality regarding T4/T5 and R4/R5 only.
MO, M1, M2, INVERT, and DCE/DTE are internally
pulled up to VL to ensure logic-high if left unconnected.
If the MO, M1, and M2 mode inputs are all unconnect-
ed, the MAX13171E/MAX13173E enter no-cable mode.

The MAX13175E mode select inputs and DCE/DTE
input do not have an internal pullup to VL. They are
pulled logic-high if their mode-select inputs are tied to
the MAX13171E/MAX13173E’s mode select inputs.

Termination Modes
The termination networks in the MAX13175E can be set
to one of three modes, V.11, V.35, or high impedance.

NODE NAME M2 M1 Mo %’ T T2 3 R1 R2 R3
Not Used (Default V.11) 0 0 0 0 VA1 | v Z VA1 VA1 | v
RS-530A 0 0 1 0 VAl Vi Z VA1 VAl VAl
RS-530 0 1 0 0 Vil | V. Z VA1 Vil | V.
X21 0 1 1 0 Vil | v Z VA1 VAl | v
V.35 1 0 0 0 V35 | V35 Z V35 | V35 | Va5
RS-449/V 36 1 0 1 0 VAl | V. Z Vi Vil | V.
V.28/RS-232 1 1 0 0 Vo | vos Z Vo8 | v2s | Vo8
No Cable 1 1 1 0 4 4 Z Z Z Z
Not Used (Defadlt V.11) 0 0 0 1 VAl | V.1 | v Z Va1 | V.
RS-530A 0 0 1 1 VAl | VT | Vi Z Vil | V.
RS-530 0 1 0 1 VAl | V1 | v Z Vil | v
X21 0 1 1 1 VAl | V1 | v Z VAl | v
V.35 1 0 0 1 V35 | V35 | V35 Z V35 | V35
RS-449/V 36 1 0 1 1 VA1 | VA1 | v Z Vi1 | v
V.28/RS-232 1 1 0 1 Vo | V28 | Vo8 Z Vo | vos
No Cable 1 1 1 1 Z Z Z Z Z Z
WX/ 23

FGLLELXVIN/IELIELXVIN/TLLIELIXVIN



Multiprotocol, Pin-Selectable
Data Interface Chipset

Table 2. MAX13173E Mode Selection

MAX13171E/MAX13173E/MAX13175E

PROTOCOL M2 | M1 | MO [%/ INVERT T1 T2 T3 R1 R2 R3 T4 R4 T5 R5
Not Used
(Default V.11) 0 0 0 0 0 V.11 V.11 Z V.11 V.11 V.11 Z V.10 Z V.10
RS-530A 0 0 1 0 0 V.11 V.10 Z V.11 V.10 | V.11 Z V.10 4 V.10
RS-530 0 1 0 0 0 V.11 V.11 Z V.11 V.1 | V.1 Z V.10 V4 V.10
X.21 0 1 1 0 0 V.11 V.11 Z V.11 V.1 | V.11 Z V.10 4 V.10
V.35 1 0 0 0 0 V.28 | V.28 Z V.28 | V.28 | V.28 Z V.28 V4 V.28
RS-449/V.36 1 0 1 0 0 V.11 V.11 Z V.11 VAt | V.11 Z V.10 V4 V.10
V.28/RS-232 1 1 0 0 0 V.28 | V.28 Z V.28 | V.28 | V.28 z V.28 4 V.28
No Cable 1 1 1 0 0 z z Z z Z Z V4 Z 4 z
Not Used
(Default V.11) 0 0 0 0 1 V.11 V.11 Z V.11 Va1 | V.11 | V.10 Z V.10 Z
RS-530A 0 0 1 0 1 V.11 V.10 Z V.11 V.10 V.11 V.10 Z V.10 Z
RS-530 0 1 0 0 1 V.11 V.11 Z V.11 V.11 V.11 V.10 Z V.10 VA
X.21 0 1 1 0 1 V.11 V.11 Z V.11 VA1 | V.11 | V.10 z V.10 z
V.35 1 0 0 0 1 V.28 | V.28 Z V.28 | V.28 | V.28 | V.28 z V.28 Z
RS-449/V.36 1 0 1 0 1 V.11 V.11 Z V.11 V.11 V.11 V.10 Z V.10 Z
V.28/RS-232 1 1 0 0 1 V.28 | V.28 Z V.28 | V.28 | V.28 | V.28 z V.28 z
No Cable 1 1 1 0 1 Z Zz Z z Z Z Z Z Zz Z
Not Used
(Default V.11) 0 0 0 1 0 V.11 V.11 V.11 Z V.11 V.11 V.10 Z V.10 Z
RS-530A 0 0 1 1 0 V.11 V.10 V.11 Z V.10 V.11 V.10 Z V.10 7
RS-530 0 1 0 1 0 V.11 V.11 V.11 Z V.11 V.11 V.10 Z V.10 Z
X.21 0 1 1 1 0 V.11 V.11 V.11 Z V.11 V.11 V.10 Z V.10 7
V.35 1 0 0 1 0 V.28 | V.28 | V.28 Z V.28 | v.28 | V.28 Z V.28 Z
RS-449/V.36 1 0 1 1 0 V.11 V.11 V.11 7 V.11 V.11 V.10 Z V.10 7
V.28/RS-232 1 1 0 1 0 V.28 | V.28 | v.28 Z V.28 | V.28 | V.28 Z V.28 Z
No Cable 1 1 1 1 0 Z Z Z Z Z Z Z Z Z V.10
Not Used
(Default V.11) 0 0 0 1 1 V.11 V.11 V.11 Z V.11 V.11 Z V.10 Z V.10
RS-530A 0 0 1 1 1 V.11 V.10 | V.11 Z V.10 | V.11 z V.10 Z V.10
RS-530 0 1 0 1 1 V.11 V.11 V.11 Z VA1 | V.11 z V.10 Z V.10
X.21 0 1 1 1 1 V.11 V.11 V.11 Z VA1 | V.11 z V.10 z V.10
V.35 1 0 0 1 1 V.28 | V28 | V.28 Zz V.28 | V.28 z V.28 z V.28
RS-449/V.36 1 0 1 1 1 V.11 V.11 V.11 Z VA1 | V.11 z V.10 Z V.10
V.28/RS-232 1 1 0 1 1 V.28 | V.28 | V.28 Z V.28 | V.28 z V.28 Z V.28
No Cable 1 1 1 1 1 z Z Z Z Z Z Z Z Z Z
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As shown in Figure 16, in V.11 mode, switch S1 is
closed and switch S2 is open, presenting 104Q across
terminals A and B. In V.35 mode, switches S1 and S2
are both closed, presenting a T-network with 104Q dif-
ferential impedance and 153Q common-mode imped-
ance. In high-impedance mode, switches S1 and S2
are both open, presenting a high impedance across
terminals A and B suitable for V.28 and V.10 modes.

Data Interface Chipset

The state of the MAX13175E’s mode-select inputs, MO,
M1, M2, and DCE/DTE determines the mode of each of
the six termination networks. Table 3 shows a cross-ref-
erence of termination mode and select input state for
each of the six termination networks within the
MAX13175E.

AOo— A O— A O—
MNAXI MAXIN MAXIV
R MAX13175E Rl MAX13175E R MAX13175E
520 520 52Q
St S S1
CLOSED CLOSED OPEN

------------- 0C -------------1-0C -------------1-0C
S2 Ry —= S2 R3 — S2 R3
OPEN 127Q CLOSED 19270 OPEN 127Q
R2 R2 R2
52Q 52Q 52Q
B O0— B O— B O—
(a) V.11 (b) V.35 (c)Z
Figure 16. Termination Modes
Table 3. MAX13175E Termination Mode Selection
PROTOCOL DCE/DTE M2 M1 Mo R1 R2 R3 R4 R5 R6
V.10/RS-423 0 0 0 0 Z Z Z Z Z Z
RS-530A 0 0 0 1 Z Z Z V.11 V.11 V.11
RS-530 0 0 1 0 Z Z Z V.11 V.11 V.11
X.21 0 0 1 1 Z Z Z V.11 V.11 V.11
V.35 0 1 0 0 V.35 V.35 Z V.35 V.35 V.35
RS-449/V.36 0 1 0 1 Z Z Z V.11 V.11 V.11
V.28/RS-232 0 1 1 0 Z Z Z Z Z Z
No Cable 0 1 1 1 V.11 V.11 V.11 V.11 V.11 V.11
V.10/RS-423 1 0 0 0 Z Z Z Z Z Z
RS-530A 1 0 0 1 Z Z Z Z V.11 V.11
RS-530 1 0 1 0 Z Z Z Z V.11 V.11
X.21 1 0 1 1 Z Z Z Z V.11 V.11
V.35 1 1 0 0 V.35 V.35 V.35 Z V.35 V.35
RS-449/V.36 1 1 0 1 Z Z Z Z V.11 V.11
V.28/RS-232 1 1 1 0 Z Z Z Z Z Z
No Cable 1 1 1 1 V.11 V.11 V.11 V.11 V.11 V.11

MAXIM
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No-Cable Mode
The MAX13171E/MAX13173E enter no-cable mode
when the mode-select inputs are left unconnected or
connected high (MO = M1 = M2 = 1). The receiver out-
puts enter a high-impedance state in no-cable mode,
allowing these output lines to be shared with other
receiver outputs (the receiver outputs have an internal
pullup resistor to pull the outputs high if not driven).
Also, in no-cable mode, the transmitter outputs enter a
high-impedance state, so these output lines can be
shared with other devices.

The MAX13175E enters no-cable mode when the mode
select inputs, MO, M1, and M2 are connected high. In
no-cable mode, all six termination networks are placed
in V.11 mode, with S1 closed and S2 open.

VL Logic Supply
The MAX13171E/MAX13173E/MAX13175E include a VL
logic supply that allows user-defined interface logic-
voltage levels referenced to VL. VL can go down to
+1.62V and up to Vcc. All logic inputs and outputs are
referred to VL.

Data Rate
The MAX13171E/MAX13173E/MAX13175E support a
maximum data rate of 40Mbps in RS-449/V.36, RS-530,
RS-530A, X.21, V.35 if only one of the MAX13171E
high-speed transceivers is operated at the maximum
data rate. If two high-speed transceivers operate simul-
taneously, the maximum data rate is 20Mbps.

Applications Information

Capacitor Selection
The capacitors used for the charge pumps, as well as
for supply bypassing, must have a low equivalent
series resistance (ESR), low inductance (ESL), and low
temperature coefficient. Multilayer ceramic capacitors
with an X7R dielectric offer the best combination of per-
formance, size, and cost. The flying capacitors (C1, C2)
should have a value of 1uF, while the bypass capacitor
(C4) and reservoir capacitors (C3, C5) should have a
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minimum value of 4.7uF (Figure 15). To reduce the rip-
ple present on the transmitter outputs, capacitors C3,
C4, and C5 can be increased. The values of C1 and C2
should not be increased.

Cable Mode-Select Application
A cable-selectable multiprotocol interface is shown in
Figure 17. The mode control lines MO, M1, and DCE/DTE
are wired to the DB-25 connector. To select the serial
interface mode, the appropriate combination of MO, M1,
and DCE/DTE are grounded within the cable wiring. The
control lines that are not grounded are pulled high by the
internal pullups on the MAX13171E/MAX13173E. The
serial interface protocol of the MAX13171E/
MAX13173E/MAX13175E is selected based on the cable
that is connected to the DB-25 interface.

V.10 (RS-423) Interface
(MAX13173E Only)
The V.10 interface (Figure 18) is an unbalanced single-
ended interface capable of driving a 450Q load. The
V.10 driver generates a minimum Vo voltage of +4V
across A’ and C’ when unloaded, and a minimum volt-
age of 0.9 x Vo when loaded with 450Q. The V.10
receiver has a single-ended input and does not reject
common-mode differences between C and C’. The V.10
receiver-input trip threshold is defined between +50mV
and +250mV with input impedance characteristic
shown in Figure 19.

The MAX13173E V.10 mode receiver has a threshold
between +50mV and +250mV. To ensure that the
receiver has proper fail-safe operation, see the Fail-
Safe section. To aid in rejecting system noise, the
MAX13173E V.10 receiver has a typical hysteresis of
25mV. Switch S3 in Figures 20a and 20b is open in
V.10 mode to disable the V.28 5kQ termination at the
receiver input. Switch S4 is closed and switch S5 is
open to internally ground the receiver B input.

MAXIMN
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Figure 17. Cable-Selectable Multiprotocol DCE/DTE Port with DB-25 Connector
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UNBALANCED |
|[«¢————— GENERATOR ————|~¢— INTERCONNECTING —#»>-¢———————0AD >
CABLE
OB |« RECENVER—»
TERMINATION
A N
C (o4
o
Figure 18. Typical V.10/V.28 Interface
Iz
+3.25mA
-10V 3V =
i f f rVz
- +3V +10V
-3.25mA

Figure 19. Receiver Input Impedance Curve

AKXV
MAX13171E
MAX13173E

RECEIVER

j>_

AXIV
MAX13173E

RECEIVER

GND

Figure 20a. V.10 Internal Resistance Network for Receivers 1,

2, and 3
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Figure 20b. V.10 Internal Resistance Network for Receivers 4
and 5
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V.11 (RS-422) Interface
As shown in Figure 21, the V.11 protocol is a fully bal-
anced differential interface. The V.11 driver generates a
minimum of +2V between nodes A and B when a 100Q
(min) resistance is present at the load. The V.11 receiver
is sensitive to differential signals of +200mV at receiver
inputs A’ and B’. The V.11 receiver input must comply
with the impedance curve of Figure 22 and reject com-
mon-mode signals developed across the cable (refer-
enced from C to C’ in Figure 21) of up to £7V.

The MAX13171E/MAX13173E V.11 mode receivers
have a differential threshold between -50mV and
-200mV to ensure that the receiver has fail-safe opera-
tion (see the Fail-Safe section.) To aid in rejecting sys-

Data Interface Chipset

tem noise, the MAX13171E/MAX13173E V.11 receivers
have a typical hysteresis of 15mV. Switch S3 in Figure
23 is open in V.11 mode to disable the V.28 5kQ termi-
nation at the inverting receiver input. Because the con-
trol signals are slow (60kbps), 100Q termination
resistance is generally not required for the MAX13173E.

For high-speed data transmission, the V.11 specifica-
tion recommends terminating the cable at the receiver
with a 100Q resistor. This resistor, although not
required, prevents reflections from corrupting transmit-
ted data. In Figure 23, the MAX13175E is used to termi-
nate the V.11 receiver. Internal to the MAX13175E, S1 is
closed and S2 is open to present a 100Q minimum dif-
ferential resistance. The MAX13171E’s internal V.28 ter-
mination is disabled by opening S3.

BALANCED
INTERCONNECTING Iz
GENERATOR —b><t— CABLE —B>1————LOAD > 13.25mA
CABLE €
TERMINATION |  RECEIVER 1
A w b o 10V -3V —+
O Py 1 I : T Vz
100Q =+ +3V +10V
MIN ::
B ¥ e -3.25mA
Cc! 1 0
Figure 21. Typical V.11 Interface Figure 22. Receiver Input Impedance
o A A A A NAXI/MN
RS MAX13171E
NAXIN 55kQ
R8
MAX13175E 5O "
ke RECEIVER
S3 -
R3
127Q
b—(: :)———0
o B’ B
o o
Figure 23. V.11 Termination and Internal Resistance Networks
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V.28 (RS-232) Interface
The V.28 interface is an unbalanced single-ended inter-
face (Figure 18). The V.28 driver generates a minimum
of £5V across the 3kQ load impedance between A’ and
C’. The V.28 receiver has a single-ended input.

The MAX13171E/MAX13173E V.28 mode receivers have
a threshold between +0.8V and +2.0V. To aid in reject-
ing system noise, the MAX13171E/MAX13173E V.28
receivers have a typical hysteresis of 250mV. Switch S3
in Figures 24a and 24b is closed in V.28 mode to enable
the 5kQ V.28 termination at the receiver inputs.

V.35 Interface
Figure 25 shows a fully-balanced, differential standard
V.35 interface. The generator and the load must both
present a 100Q +10Q differential impedance and a
150Q £15Q common-mode impedance as shown by
the resistive T-networks in Figure 26. The V.35 driver
generates a current output (x11mA, typ) that develops
an output voltage of £550mV across the generator and

load termination networks. The V.35 receiver is sensi-
tive to £200mV differential signals at receiver inputs A’
and B’. The V.35 receiver rejects common-mode sig-
nals developed across the cable (referenced from C to
C’) of up to +4V, allowing for error-free reception in
noisy environments.

In Figure 26, the MAX13175E is used to implement the
resistive T-network that is needed to properly terminate
the V.35 driver and receiver. Internal to the
MAX13175E, S1 and S2 are closed to connect the T-
network resistors to the circuit. The V.28 termination
resistor (internal to the MAX13171E) is disabled by
opening S3 to avoid interference with the T-network
impedance.

The V.35 specification allows for +4V of ground differ-
ence between the V.35 generator and V.35 load. The
MAX13174E maintains correct termination impedance
over this condition.

NAXI/W

MAX13171E
MAX13173E

RECEIVER

j>_

/NAXIM
MAX13173E

RECEIVER

—d~ |

GND

Figure 24a. V.28 Termination and Internal Resistance Network
for Receiver 1, 2, and 3
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Figure 24b. V.28 Internal Resistance Network for Receiver 4
and 5
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GENERATOR —————»[<a— INTERCONNECTING — LOAD -
CABLE
e« OMBLE e RECENER—
A % TERMINATION
125Q 125Q
50Q 0Q
B B’
I lo
c o)
GND GND
Figure 25. Typical V.35 Interface
o AKX
MAX13171E
MAXI
R1 MAX13175E
52Q
RECEIVER
o B’ >
, S2
ol o

GND

Figure 26. V.35 Termination and Internal Resistance Networks

DTE/DCE Mode Applications
The MAX13171E/MAX13173E can be hardwired for
either DTE or DCE mode in one of two ways: a dedicat-
ed DTE or DCE port with an appropriate gender con-
nector, or a port with a connector that can be configured
for DTE or DCE operation by rerouting the signals to the
MAX13171E and MAX13173E, using a dedicated DTE
cable or dedicated DCE cable. The interface mode is
selected by logic outputs from the controller or from
jumpers to either Vi or GND on the mode select inputs.

MAXIM

A dedicated DCE port using a DB-25 female connector
is shown in Figure 28. Figure 29 illustrates a dedicated
DTE port using a DB-25 male connector.

Figure 27 shows an application circuit with one com-
mon DB-25 connector that can be configured for either
DTE or DCE mode. The configuration requires separate
cables for proper signal routing in DTE or DCE opera-
tion. Figure 27 illustrates a DCE or DTE controller-selec-
table interface. The DCE/DTE and INVERT inputs switch
the port’'s mode of operation (Tables 1, 2).
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Figure 27. Controller-Selectable Multiprotocol DCE/DTE Port with DB-25 Connector
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Figure 28. Controller-Selectable DCE Port with DB-25 Connector
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MAX13171E/MAX13173E/MAX13175E
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Figure 29. Controller-Selectable Multiprotocol DTE Port with DB-25 Connector
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Complete Multiprotocol X.21 Interface
A complete DTE-to-DCE interface operating in X.21
mode is shown in Figure 30. The MAX13171E is used to
generate the clock and data signals, and the
MAX13173E generates the control signals and local
loopback (LL). The MAX13175E is used to terminate the
clock and data signals to support the V.11 protocol for
cable termination. The control signals do not need
external termination.

ESD Protection
ESD-protection structures are incorporated on all pins to
protect against electrostatic discharges encountered
during handling and assembly. The driver outputs and
receiver inputs of the MAX13171E/MAX13173E have

Data Interface Chipset

extra protection against static electricity. Maxim’s engi-
neers have developed state-of-the-art structures to pro-
tect these pins against ESD of +15kV without damage.
The ESD structures withstand high ESD in all states: nor-
mal operation, shutdown, and powered down. After an
ESD event, the MAX13171E/MAX13173E/MAX13175E
keep working without latchup or damage. ESD protec-
tion can be tested in various ways. The Electrical
Characteristics table shows the various limits for each
device and they are characterized for protection to the
following methods:

e Human Body Model
e Contact Method specified in IEC 61000-4-2
¢ Air-Gap Discharge Method specified in IEC 61000-4-2
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Figure 30. DCE-to-DTE X.21 Interface
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ESD Test Conditions
ESD performance depends on a variety of conditions.
Contact Maxim for a reliability report that documents
test setup, test methodology, and test results.

Human Body Model
Figure 31a shows the Human Body Model, and Figure
31b shows the current waveform it generates when dis-
charged into a low impedance. This model consists of a
100pF capacitor charged to the ESD voltage of interest,
which is then discharged into the test device through a
1.5kQ resistor.

IEC 61000-4-2
The IEC 61000-4-2 standard covers ESD testing and
performance of finished equipment. However, it does
not specifically refer to integrated circuits. The
MAX13171E/MAX13173E/MAX13175E help equipment
designs to meet IEC 61000-4-2, without the need for
additional ESD-protection components.

The major difference between tests done using the
Human Body Model and IEC 61000-4-2 is higher peak
current in IEC 61000-4-2 because series resistance is
lower in the IEC 61000-4-2 model. Figure 31c shows
the IEC 61000-4-2 model, and Figure 31d shows the
current waveform for the IEC 61000-4-2 ESD Contact
Discharge test.
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Figure 31a. Human Body ESD Test Model

Figure 31c. ICE 61000-4-2 ESD Test Model
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Figure 31b. Human Body Current Waveform

36

Figure 31d. IEC 61000-4-2 ESD Generator Current Waveform
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MAX13171E/MAX13173E/MAX13175E

Pin Configurations

=9
=
Ll M Ll
< = 5 o = = B
2 = = g =5 4 < = 2 3 £ 3 4 .
[&] &2 2 B = = & S = = a = =
EEEEEEEEIE) BESISEEIEEES
aniy | < = wNigH | K| = ow
wied [=7 C T o oo anew |~ 0T o v iE ] o
- w e - w o e
anly/aLnoeL [ - 2] Lnoey = B 2]
NItV INoEL | Lol o anILyaInost |2 . o] NisLLnosy
. = = B
o |3 - L ielow 2 WNILgALNOSL | - L ieo| 1n0gY
QW b = o Q v
== N = . -- o- --- N » . -
CINVAN Ecf VIS P NeEL Z3 aN9 |8 VIS b inocd =2
XS o g2 : X = R T
Q= . . g9 = - o
vinoel | £ S < Loelon FE ainoel | K e = L o] o F
R = A 5 o 2 Lo
alnotL | Lo e = vinoeL | e
S g - Lo
- - - ' == o <= i .-
YINOLL | &1 b NIL ) alnokL | &} b NEL
o |R: AR R vinoLL | & L o] iz
onlgl ‘] on waggvinost 8¢ L (] 99
N5 + =N o | = + = i
EIEHE IR TR Y EIRCIRE IR IR
¥y 8 235 5 £ ¥Fa8g 8235 35 £
=
[}
=
[a
o
[

37

“CONNECT EXPOSED PAD TO Vge.

MAXIM




MAX13171E/MAX13173E/MAX13175E

Multiprotocol, Pin-Selectable

Data Interface Chipset

Pin Configurations (continued)
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Chip Information

PROCESS: BICMOS
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Package Information

For the latest package outline information and land patterns
(footprints), go to www.maxim-ic.com/packages. Note that a
“+7,“#”, or “-" in the package code indicates RoHS status only.
Package drawings may show a different suffix character, but
the drawing pertains to the package regardless of RoHS status.

PACKAGE PACKAGE OUTLINE LAND
TYPE CODE NO. PATTERN NO.
38 TQFN-EP T3857+1 21-0172 90-0076
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Revision History
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2 4/10 Removed three external capacitors from Figure 17 and Figures 27-29 27,32-34
3 8/11 Updated Fail-Safe and Package Information sections 23,38
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