N AKX/

+5V Multiprotocol, Software-Selectable
Clock Transceiver

General Description Features
The MAX13172E is a four-driver/four-receiver multiproto- ¢ The MAX13170E/MAX13172E/MAX13174E Chipset
col transceiver that operates from a single +5V supply in is a Pin-for-Pin Upgrade to the MXL1544/MAX3175/
conjunction with the MAX13170E and MAX13174E. The MXL1543/MXL1543B Chipset

MAX13172E, along with the MAX13170E and the

MAX13174E, form a complete software-selectable data ¢ Chipset Operates from a Single +5V Supply

terminal equipment (DTE) or data communication equip- 4 Software-Selectable DCE/DTE Configurations
ment (DCE) interface port that supports the V.28 (RS-232),  Supports V.28 (RS-232), V.10/V.11 (RS-449/V.36,
V.10/V.11 (RS-449/V.36, EIA-530, EIA-530A, X.21, RS- EIA-530, EIA-530A, X.21, RS-423) Protocols
423), and V.35 protocols. The MAX13172E transceiver ’ e

carries serial-interface control signaling, while the ¢ Flowthrough Pin Configuration
MAI\X1':|§1?OEllcartrrlqul\Blr,fX?I:%h%SEe'edt clock ?”c? data Stlhg ¢ Fail-Safe Receivers While Maintaining V.11 and
nals. Typically, the is terminated using the i

MAX13174E. V.35 Compatibility

. . . ¢ Extremely Low Maximum Shutdown Current
The MAX13172E is available in a 5.3mm x 10.2mm, 28- (l)\(lo-CabI‘:a Mc‘;\::ie) ximu utdown tu

pin SSOP package and operates over the 0°C to +70°C .
commercial temperature range. 4 TUV-Certified NET1/NET2 and TBR1/TBR2
Compliant (Pending)

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

Data Networking +10kV Using the Human Body Model
CSU/DSU Devices +3kV Using the Contact Method Specified in
IEC 61000-4-2
Datla Routers +3kV Using the Air Gap Discharge Method
Switches Specified in IEC 61000-4-2
PCI Cards
Telecommunication Equipment orde”-ng Information
PART TEMP RANGE PIN-PACKAGE
MAX13172ECAI+ 0°C to +70°C 28 SSOP
Pin Configuration appears at end of data sheet. +Denotes a lead-free package.
Typical Operating Circuit
LL CTS DSR DCD DTR RTS RXD  RXC TXC SCTE TXD
— | | % | | [ | — | |
mMAaXimM MAXIVI
AA MAX7317ZE€U€W€7 AA MAX13770E€37€7€7
g o T09 o o T3% 5 A
> Y MAX13174E
saka iy
sada Ty
ket
sadoty
ke T
£ sada Ty
18 [13[5 110(8 2216 2320 [19]4 /;11 7 11613 [9 117 [12115 [11]24 [14]2
o - DB—ZS\%ONNECTO; - ST
M AXI/V Maxim Integrated Products 1

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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MAX13172E

+5V Multiprotocol, Software-Selectable

Clock Transceiver

ABSOLUTE MAXIMUM RATINGS

(All voltages referenced to GND, unless otherwise noted.)
Supply Voltages

....................................................................... -0.3V to +6V

...... ..-0.3Vto +7.1V

...+0.3Vto-7.1V

VDD tO VGG v +0.3to +6V
Logic Input Voltages

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

Logic Output Voltages
R_OUT Lo -0.3Vto (Vce + 0.3V)

Transmitter Outputs
T_OUT_, T_OUT_/R_IN_ (No-Cable Mode,
V.28 0NIY) oo -15Vto +15V
Short-Circuit Duration to GND..............ooooviiinenn. Continuous

Receiver Inputs

RIN_, T_OUT_/R_IN_ oo -15Vto +15V

R_INA to R_INB, T3OUTA/R1INA to

T3OUT/RTINB ..o -15V to +15V
Continuous Power Dissipation (Ta = +70°C)

28-Pin SSOP (derate 9.5mW/°C above +70°C) ........... 762mwW
Junction-to-Case Thermal Resistance (6,¢) (Note 1)

28-Pin SSOP ..o 25°C/W

Junction-to-Ambient Thermal Resistance (6,4) (Note 1)
28-PiN SSOP ..ot

Operating Temperature Range ...

Junction Temperature ..................

Storage Temperature Range .............. .

Lead Temperature (soldering, 10S) ......ccccovvviiiiiieinrnn. +300°C

Note 1: Package thermal resistances were obtained using the method described in JESD51-7, using a four-layer board. For detailed
information on package thermal considerations, refer to 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.

ELECTRICAL CHARACTERISTICS

(Vcec = 4.5V 10 5.5V, Ta = TmiN to Tmax. Typical values are at Voc = 5V, and Ta = +25°C, V.28 mode only: Vpp = +5.6V to +7.1V and
VEE = -7.1V to -5.4V. Typical values are at Vpp = +6.9V and VEg = -6.7V, no-cable mode: Vpp = Vcc and VEg = 0, other modes: Vpp
= +5.15V to +5.7V and VEg = -4.84V to -4.16V. Typical value are at Vpp = +5.3V and VEg = -4.5V.) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vcc Operating Range Vce 4.5 55 Vv
) V.28 mode 5.6 71
Vpp Operating Range VpD V.10 or V.11 mode 515 57 v
) V.28 mode -7.1 -5.4
VEE Operating Range VEE [V 00r V.11 mode 484 416 v
CH1, CH3 = V.11, CH2 = V.10, CH4 = V.10, 55
no load '
CH1, CH3 = V.11, CH2 = V.10, CH4 = V.10, 95 135 mA
Vce Supply Current (DCE Mode) full load
(Digital Inputs = GND or Vcc) lcc CH1, CH2, CH3 = V.11, CH4 = V.10, full load 138 180
(Transmitter Outputs Static) V.28 mode 35 9
No cable mode; MO, M1, M2, DCE/DTE,
INVERT, open or at Vcc (Vbbb = Vec and 0 10 pA
VEg = GND)
Internal Power Dissipation Po CH1, CH3 = V.11, CH2, CH4 = V.10, no load 300 W
(DCE Mode) V.28 mode, full load 54
2 AXIW




+5V Multiprotocol, Software-Selectable
Clock Transceiver

ELECTRICAL CHARACTERISTICS (continued)

(Vcc =4.5V105.5V, Ta = TmiN to Tmax. Typical values are at Ve = 5V, and Ta = +25°C, V.28 mode only: Vpp = +5.6V to +7.1V and
VEE = -7.1V t0 -5.4V. Typical values are at Vpp = +6.9V and Vgg = -6.7V, no-cable mode: Vpp = Vcc and VEg = 0, other modes: Vpp
= +5.15V to +5.7V and VEg = -4.84V to -4.16V. Typical value are at Vpp = +5.3V and VEg = -4.5V.) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

CH1,CH3 =V.11,CH2 = V.10 or V.11, 1

CH4 = V.10, no load

CH1, CH2, CH3 = V.11, CH4 = V.10,

full load (output low) 13 30 A
VEE Supply Current IEE gjmo;di_‘(i;pvu; |10,WC)H2, CH4 = V.10, 22 30

V.28 mode, no load 1

V.28 mode, full load (output low) 12 18

No cable mode

(VoD = Vee and Veg = GND) 0 10 WA

CH1,CH3 = V.11,CH2 = V.10 or V.11, 06

CH4 = V.10, no load

CH1, CH2, CH3 = V.11, CH4 = V.10, 11 30

full load (output high) A
Vpp Supply Current IDD g';; ’(g:::su:t r\1/|g1r:) CH2, CH4 = V.10, ful 22 30

V.28 mode, no load 2.5

V.28 mode, full load (output high) 12 10

No cable mode

(VoD = Vee and Vee = GND) 0 10 WA
Thermal-Shutdown Protection THSD +145 °C
LOGIC INPUTS (M0, M1, M2, DCE/DTE, INVERT, T1IN, T2IN, T3IN, T4IN)
Input High Voltage VIH 0.66 xVce V
Input Low Voltage ViL 0.33xVce V
Logic-Input Current IIN T1IN, T2IN, T3IN, T4IN -1 +1 uA
Pullup Resistor RpPUIN MO, M1, M2, DCE/DTE, INVERT to Voo 50 100 166 kQ
LOGIC OUTPUTS (R10UT, R20UT, R30UT, R40UT)
Output High Voltage VoH ISOURCE = 4mA 0.66 xVce \
Output Low Voltage VoL ISINK = 4mA 0.33xVce \
Output Pullup Resistor Rpuy No cable mode (to Vce) 71.4 kQ
(T:rjrrszrr:litter Output Leakage - ;;%i?evr:o\égm < +0.25V, Vcc =0or no 1 5 UA
V.11 TRANSMITTER
szan;e:wcun Differential Output Vobo | Open circuit, R = 1.95kQ, Figure 1 -Vee +Vee v
Loaded Differential Output Vool R = 504, Figure 1 0.5xVopo v
Voltage (Note 4) R = 50Q, Figure 1 2
g?ggr‘fn’; vgﬁgggde of Output AVop | R =500, Figure 1 0.2 v
AXIM 3
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MAX13172E

+5V Multiprotocol, Software-Selectable
Clock Transceiver

ELECTRICAL CHARACTERISTICS (continued)

(Vcc =4.5V10 5.5V, Ta = TmiN to Tmax. Typical values are at Ve = 5V, and Ta = +25°C, V.28 mode only: Vpp = +5.6V to +7.1V and
VEE = -7.1V t0 -5.4V. Typical values are at Vpp = +6.9V and Vgg = -6.7V, no-cable mode: Vpp = Vcc and VEg = 0, other modes: Vpp
= +5.15V to +5.7V and VEg = -4.84V to -4.16V. Typical value are at Vpp = +5.3V and VEg = -4.5V.) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Common-Mode Output Voltage Voc R = 50Q, Figure 1 3.0 \
ggfnnrgsrfl\/l’\gzgengfpeu?i/oItage AvVoc R =500, Figure 1 0.2 v
Short-Circuit Current Isc Vout = GND 150 mA
Rise Time tR Figures 2, 5 4 10 ns
Fall Time tF Figures 2, 5 6 10 ns
;r;r;?mltter Input-to-Output Prop tPHL, tPLH | Figures 2, 5 25 ns
Data Skew ItpHL-tpLHI | Figures 2, 5 (Note 5) 3 ns
Output-to-Output Skew tskewT | Figures 2, 5 (Notes 5, 6) 3 ns
V.11 RECEIVER
Differential Threshold Voltage VTH -7V <Vem £ +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, 6 3 ns
Receiver Input-to-Output Delay tPHL, tPLH | Figures 2, 6 16 26 ns
Data Skew [tPHL-tPLH! | Figures 2, 6 (Note 5) 3.5 ns
Output-to-Output Skew tskewr | (Notes 5, 6) 3.5 ns
V.10 TRANSMITTER
Open-Cireuit Output Voltage Vo RL = 3.9kQ (out high) 4 6 y
Swing (Figure 3) RL = 3.9kQ (out low) -6 -4

RL = 450Q (out high) 3.6
Output Voltage Swing (Figure 3) VT RL = 450Q (out low) -3.6 \
RL = 450Q 0.9 x IVol
Short-Circuit Current Isc Vo = GND -55 +55 mA
Rise or Fall Time iR, tF RL = 450Q, CL =100pF (Figure 7) 2 ys
Transmitter Input-to-Output Delay | tpLH, tPHL | RL = 450Q, C|. =100pF (Figure 7) 1 us
V.10 RECEIVER
Input Threshold Voltage VTH Measured on inverting input (A) 50 250 mV
Input Hysteresis AVTH 25 mV
Receiver Input Current IIN -10V VA £ +10V -0.66 +0.66 mA
Receiver Input Impedance RIN -10V < VA < +10V 15 30 kQ
Rise or Fall Time tR, tF Figures 4, 8 3 ns
Ece);ell_v;:/ Itrg)pﬁit;r?—Output Delay tPLH Figures 4, 8 55 ns
ﬁsrf]ezghlr;stg;_ompm Delay tPHL Figures 4, 8 109 ns
Data Skew ItpHL-tPLH! | Figures 4, 8 60 ns
4 MAXI




+5V Multiprotocol, Software-Selectable
Clock Transceiver

ELECTRICAL CHARACTERISTICS (continued)

(Vcc =4.5V105.5V, Ta = TmiN to Tmax. Typical values are at Ve = 5V, and Ta = +25°C, V.28 mode only: Vpp = +5.6V to +7.1V and
VEE = -7.1V t0 -5.4V. Typical values are at Vpp = +6.9V and Vgg = -6.7V, no-cable mode: Vpp = Vcc and VEg = 0, other modes: Vpp
= +5.15V to +5.7V and VEg = -4.84V to -4.16V. Typical value are at Vpp = +5.3V and VEg = -4.5V.) (Notes 2, 3)

PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX | UNITS

V.28 TRANSMITTER

Open circuit (output high) VbD
Output-Voltage Swing Voo Open circuit (output low) ' VEE v

RL = 3kQ Output high +5 +6.8

Output low -6.8 -5

Short-Circuit Current llscl 85 mA
Output Slew Rate SRR/F RL = 3kQ, C|_ = 2500pF, Figures 3, 9 4 30 V/us
gigg;gﬂ'%peﬁgio'omp“t tPHL tPLH | RL = 3kQ, CL = 2500pF, Figures 3, 9 1 2 us
V.28 RECEIVER
Input Threshold Low ViL 0.8 \
Input Threshold High VIH 2 V
Input Hysteresis VHYST 0.25 Vv
Input Resistance RIN -15V<VIN S +15V 3 5 7 kQ
Rise or Fall Time tR, tF Figures 4, 10 3 ns
Receiver Input-to-Output Delay tPHL, tPLH | Figures 4, 10 150 ns
ESD PROTECTION (T_OUT_, T_OUT_/R_OUT_, R_IN_ to GND)

Contact Discharge IEC61000-4-2 +3
ESD Protection Air Gap Discharge IEC61000-4-2 +3 kV

Human Body Model +10

Note 2: The MAX13172E is designed to operate with Vpp and VEg supplied by the MAX13170E charge pump.
Note 3: All devices are 100% production tested at Ta = +25°C, and are guaranteed by design for Ta = 0°C to +70°C as specified.
Note 4: IVopL! is guaranteed at both 0.5 x Vopo and 2V.
Note 5: Guaranteed by design, not production tested.
Note 6: Ouput-to-output skews are evaluated as a difference of propagation delays between different channels in the same condtion
and for the same polarity (LH or HL).

MAXIMN
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MAX13172E

+5V Multiprotocol, Software-Selectable
Clock Transceiver

(TAa = +25°C, unless otherwise noted.)
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(TAa = +25°C, unless otherwise noted.)

+5V Multiprotocol, Software-Selectable

Clock Transceiver

Typical Operating Characteristics (continued)

V.28 LOADED OUTPUT VOLTAGE V.11 RECEIVER INPUT CURRENT V.28 RECEIVER INPUT CURRENT
vs. TEMPERATURE vs. INPUT VOLTAGE vs. INPUT VOLTAGE
500 - 5
10 2 = ~
5 DTE MODE g 5
8 & 400 < 4 .
3 300 : 3 A
6 Vour : : :
s 4 i = 20 ~ <, )
s : RHN_// =
< 2 | DCEMODE, = =
S o -3 2 — £,
S 0 [ypy-s60v, = R2IN_, R3IN_ s
5 o |Vg=-67V 2 100 p—7 "
= 2 = P
R = 200 ) L
5 Vout- 2300 / 3 //
8 400 | 4
-10 -500 5
0 10 20 30 40 5 60 70 -10 5 0 5 10 45 10 5 0 5 10 15
TEMPERATURE (°C) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
V.28 SLEW RATE V.10 TEANSMITTER RISE/FALL TIME LOOPBACK SCOPE SHOT PHOTO V.11
vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE MODE (UNLOADED)
35 " 20 - MAX13172E toc1
RL= 3@ g Vpp=+5.3V, g
30 £ Veg=-4.5V S PR ol
g £ T \ / \ 5V/di
K 16 H IN . \ | iv
25 . FALL [ R Nomeasd
< N 5 12 —T | — =
=X s L \ \
><_( \ SRF ': TOUT/R\N --".‘- r' .=.II. = 5V/div
= 15 S % 08 | i/ |
> 10 SRR \\ g =g
N~ ] —
T — Y '
. —— 0.4 Rout |\ | 5V/div
0 0
0 500 1K 15K 2K 25K 3K 35K 4K 45K 5K 0 100 200 300 400 500 600 700 800 9001,000 10ns/div
LOAD CAPACITANCE (pF) LOAD CAPACITANGE (pF)
LOOPBACK SCOPE SHOT PHOTO V.28 LOOPBACK SCOPE SHOT PHOTO V.10
MODE (LOADED) MODE (LOADED)
MAX13172E toc16 MAX13172E toc17
RL=3kQ, | = 2500pF |
v | ] 5V/div | : 5V/div
RL=3.9Q
PRES Gl sty
[ A \
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J |
L/ — —
) f 1 I
Rout || svidiv Rout ] 5V/div
Tus/div 4us/div
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MAX13172E

+5V Multiprotocol, Software-Selectable
Clock Transceiver

Pin Description

PIN NAME FUNCTION
’ Vee Dev.ice Supply Voltage. Bypass Vcc with a 1uF capacitor-to-ground as close as possible to the
device.
° VoD Positiye Supply Voltage Input. Vpp is generated by the MAX13170E. Bypass Vpp with a 1uF
capacitor to ground.
3 T1IN Transmitter 1 Logic Input
4 T2IN Transmitter 2 Logic Input
5 T3IN Transmitter 3 Logic Input
6 R10OUT Receiver 1 Logic Output
7 R20UT Receiver 2 Logic Output
8 R30OUT Receiver 3 Logic Output
9 T4IN Transmitter 4 Logic Output
10 R40OUT Receiver 4 Logic Output
11 MO Mode Select 0 Input. Internally pullup to Vcc.
12 M1 Mode Select 1 Input. Internally pullup to Vcc.
13 M2 Mode Select 2 Input. Internally pullup to Vcc.
14 DCE/DTE | DCE/DTE Input. Internally pullup to Vce. Logic level high selects DCE interface.
15 INVERT T4/R4 Select Input. Internally pullup to Voc. INVERT reverses the action of DCE/DTE for Channel 4.
16 T?{%L,ilTAA/ Transmitter 4 Output/Inverting Receiver Input
17 R3INB Receiver 3 Noninverting Input
18 R3INA Receiver 3 Inverting Input
19 R2INB Receiver 2 Noninverting Input
20 R2INA Receiver 2 Inverting Input
21 Tg?lL,ilTBB/ Transmitter 3 Noninverting Output/Receiver 1 Noninverting Input
22 TSR?lL,i;A/ Transmitter 3 Inverting Output/Receiver 1 Inverting Input
23 T20UTB Transmitter 2 Noninverting Output
24 T20UTA | Transmitter 2 Inverting Output
25 T10UTB Transmitter 1 Noninverting Output
26 T1OUTA | Transmitter 1 Inverting Output
27 GND Ground
o8 VeE Negative Supply Input. VEE is generated by the MAX13170E. Bypass VEE with a 1uF capacitor to

ground.
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+5V Multiprotocol, Software-Selectable

Clock Transceiver

Test Circuits

Vop

O

Tbcf-

Figure 1. V.11 DC Test Circuit

Figure 3. V.10/V.28 Transmitter Test Circuit

@ —

-

Figure 2. V.11 AC Test Circuit

Detailed Description

The MAX13172E is a four-driver/four-receiver, multipro-
tocol transceiver that operates from a single +5V sup-
ply. The charge pump operates from the MAX13170E.
The MAX13172E along with the MAX13170E and
MAX13174E, form a complete software-selectable
DTE or DCE interface port that supports the V.28
(RS-232), V.10/V.11 (RS-449/V.36, EIA-530, EIA-530A,
X.21, RS-423), and V.35 protocols. The MAX13172E
usually carries the control signals. The MAX13170E
carries the high-speed clock and data signals, and the
MAX13174E provides termination for the clock and
data signals.

The MAX13172E features an ultra-low supply current
no-cable mode, fail-safe operation, and thermal-shut-

MAXIN

Figure 4. V.10/V.28 Receiver Test Circuit

down circuitry. Thermal shutdown protects the transmit-
ter and receiver outputs against excessive power dissi-
pation. When activated, the thermal-shutdown circuitry
places the driver outputs into a high-impedance state.

The state of the mode-select inputs MO, M1, and M2
determines which serial-interface protocol is selected
(Table 1). The state of the DCE/DTE input determines
whether the transceivers are configured as a DTE serial
port or a DCE serial port. When the DCE/DTE input is
logic-high, driver T3 is activated and receiver R1 is dis-
abled. When the DCE/DTE input is logic-low, driver T3
disabled and receiver R1 is_activated. The INVERT
input state changes the DCE/DTE functionality regard-
ing T4 and R4 only. MO, M1, M2, INVERT, and
DCE/DTE are internally pulled up to Vcc to ensure
logic-high if left unconnected.
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+5V Multiprotocol, Software-Selectable
Clock Transceiver

Switching Time Waveforms

Vee :
TIN_ 74: Vee/2 f=1MHz t, tr< 1ns \:ivcc/z
0 | !

- lpy —] o —-!
) L T ! L
i 7—90% i 90% i
! 0 f ! B 0
A-B 1 90% Z T 100 w R 1%
Vo I P
— i — i —

MAX13172E

Figure 5. V.11 Transmitter Propogation Delays

+1V
AB o = MHz: 1 < Tns INPUT \io
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—tpL —> —tpy —>

Vou = — !

R Veol2 E’i 90% QUTPUT 90% E: ‘VCC/Z
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Figure 6. V.11 Receiver Propagation Delays

Vee
TIN_ 7«4: Vee/2 R, tr < 10ns \{ivoc/z
0 | ; !

A /0 tr, tF < 10ns ko
ViL ‘ | ;

Figure 8. V.10 Receiver Propogation Delays
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+5V Multiprotocol, Software-Selectable
Clock Transceiver

Switching Time Waveforms (continued)

TIN_ 7»4: Vee/2 tr, tF = 10ns ¥V00/2
0 ! ‘ | ‘
r— tpy —> i tp y—
v i o i
g N | A3
A N 0A
i : 3V -3V |
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Figure 9. V.28 Transmitter Propagation Delays
(2.0V) Vi
A / 13V tr, tr < 10ns %_3\/
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Table 1. Mode Select Table
DCE/
PROTOCOL M2 M1 MO DTE INVERT T T2 T3 R1 R2 R3 T4 R4
Not Used
(Default V.11) 0 0 0 0 0 V.11 V.11 Z V.11 V.11 V.11 Z V.10
RS-530A 0 0 1 0 0 V.11 V.10 Z V.11 V.10 V.11 Z V.10
RS-530 0 1 0 0 0 V.11 V.11 Z V.11 V.11 V.11 Z V.10
X.21 0 1 1 0 0 V.11 V.11 Z V.11 V.11 V.11 Z V.10
V.35 1 0 0 0 0 V.28 V.28 Z V.28 V.28 V.28 Z V.28
RS-449/V.36 1 0 1 0 0 V.11 V.11 Z V.11 V.11 V.11 Z 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
No Cable 1 1 1 0 0 Z Z Z Z Z Z Z Z
Not Used
(Default V.11) 0 0 0 0 1 V.11 V.11 Z V.11 V.11 V.11 V.10 Z
RS-530A 0 0 1 0 1 V.11 V.10 Z V.11 V.10 V.11 V.10 Z
RS-530 0 1 0 0 1 V.11 V.11 Z V.11 V.11 V.11 V.10 Z
X.21 0 1 1 0 1 V.11 V.11 Z V.11 V.11 V.11 V.10 Z
V.35 1 0 0 0 1 V.28 V.28 Z V.28 V.28 V.28 V.28 Z
RS-449/V.36 1 0 1 0 1 V.11 V.11 4 V.11 V.11 V.11 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
No Cable 1 1 1 0 1 Z 4 Z Z Z Z Z 4
MAXIWV 11
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Table 1. Mode Select Table (continued)

PROTOCOL M2 M1 MO [I;CTIEE/ INVERT T T2 T3 R1 R2 R3 T4 R4
Not Used
(Default V.11) 0 0 0 1 0 V.11 V.11 V.11 Z V.11 V.11 V.10 Z
RS-530A 0 0 1 1 0 V.11 V.10 V.11 Z V.10 V.11 V.10 Z
RS-530 0 1 0 1 0 V.11 V.11 V.11 Z V.11 V.11 V.10 Zz
X.21 0 1 1 1 0 V.11 V.11 V.11 Z V.11 V.11 V.10 Z
V.35 1 0 0 1 0 V.28 V.28 V.28 Z V.28 V.28 V.28 YA
RS-449/V.36 1 0 1 1 0 V.11 V.11 V.11 Z V.11 V.11 V.10 Z
V.28/RS-232 1 1 0 1 0 V.28 V.28 V.28 Z V.28 V.28 V.28 Z
No Cable 1 1 1 1 0 VA VA Z Z Z Z Z Z
Not Used
(Default V.11) 0 0 0 1 1 V.11 V.11 V.11 Z V.11 V.11 Z V.10
RS-530A 0 0 1 1 1 V.11 V.10 V.11 Z V.10 V.11 Z V.10
RS-530 0 1 0 1 1 V.11 V.11 V.11 Z V.11 V.11 Z V.10
X.21 0 1 1 1 1 V.11 V.11 V.11 Z V.11 V.11 VA V.10
V.35 1 0 0 1 1 V.28 V.28 V.28 Z V.28 V.28 VA V.28
RS-449/V.36 1 0 1 1 1 V.11 V.11 V.11 Z V.11 V.11 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
No Cable 1 1 1 1 1 Z Z Z Z Z Z Z Z

The MAX13172E’s mode can be selected through soft- ESD Protection

ware control of the MO, M1, M2, INVERT, and DCE/DTE
inputs. Alternatively, the mode can be selected by
shorting the appropriate combination of mode control
inputs to GND (the inputs left unconnected will be inter-
nally pulled up to Vcc - logic-high). If the MO, M1, and
M2 mode inputs are all unconnected, the MAX13172E
will enter no-cable mode.

Fail-Safe

The MAX13172E guarantees a logic-high receiver out-
put when the receiver inputs are shorted, or when they
are connected to a terminated transmission line with all
the drivers disabled. The V.11 receivers threshold is set
between -200mV and -50mV to guarantee fail-safe oper-
ation. If the differential receiver input voltage (B - A) is =
-50mV, ROUT is logic-high. In the case of a terminated
bus with all transmitters disabled, the receiver’s differen-
tial input voltage is pulled to 0 by the termination. With
the receiver thresholds of the MAX13172E, this results in
ROUT logic-high.

The V.10 receiver threshold is set between +50mV and
+250mV. If the V.10 receiver input voltage is less than or
equal to +250mV, ROUT 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, ROUT s logic-high. In
the case of a terminated bus with transmitters disabled, the
receiver’s input voltage is pulled to O by the termination.

12

As with all Maxim devices, a minimum of +2kV-to-GND
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 MAX13172E have extra protection
against static electricity. Maxim’s engineers have
developed state-of-the-art structures to protect these
pins against ESD of +10kV without damage (HBM). The
ESD structures withstand high ESD in all states: normal
operation, shutdown, and powered down. After an ESD
event, the MAX13172E keeps working without latchup
or damage. ESD protection can be tested in various
ways. The transmitter outputs and receiver inputs of the
MAX13172E are characterized for protection to the fol-
lowing limits:

e +10kV using the Human Body Model

e +3kV using the Contact Method specified in IEC
61000-4-2

e +3kV using the Air Gap Discharge Method speci-
fied in IEC 61000-4-2

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.
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Figure 11a. Human Body ESD Test Model
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Figure 11b. Human Body Current Waveform

Human Body Model
Figure 11a shows the Human Body Model, and Figure
11b 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 inter-
est, 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 MAX13172E helps equipment designs meet IEC
61000-4-2, without the need for additional ESD-protec-
tion components.

MAXIN

Figure 11d. IEC 61000-4-2 ESD Generator Current Waveform

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. Hence, the ESD
withstand voltage measured to IEC 61000-4-2 is gener-
ally lower than that measured using the Human Body
Model. Figure 11c shows the IEC 61000-4-2 model,
and Figure 11d shows the current waveform for the IEC
61000-4-2 ESD Contact Discharge test.
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Applications Information

Cable-Selectable Configuration
Application
A cable-selectable, multiprotocol DTE/DCE interface is
shown in Figure 12. The mode control lines MO, M1,
and DCE/DTE are wired to the DB-25 connector. To
select the serial-interface mode, the appropriate combi-
nation of MO, M1, M2, 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
MAX13170E. The serial-interface protocol of the
MAX13172E is now selected based on the cable that is
connected to the DB-25 interface.

V.10 (RS-423) Interface
The V.10 interface (Figure 13) 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
+250mV and -250mV with input impedance character-
istic shown in Figure 14.

The MAX13172E 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
MAX13172E V.10 receiver has a typical hysteresis of
25mV. Switch S3 in Figures 16a and 16b is open in
V.10 mode to disable the V.28 5kQ termination at the
receiver input. Switch S2 is closed and switch S1 is
open to internally ground the receiver B input.

V.11 (RS-422) Interface
As shown in Figure 16, 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 100Q
minimum resistance is presented 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 14 and reject
common-mode signals developed across the cable
(referenced from C to C' in Figure 16) of up to +7V.

The MAX13172E V.11 mode receiver has a differential
threshold between -50mV and -200mV. To ensure that
the receiver has proper fail-safe operation; see the Fail-
Safe section. To aid in rejecting system noise, the
MAX13172E V.11 receiver has a typical hysteresis of
15mV. Switch S3 in Figure 17 is open in V.11 mode to

14

disable the V.28 5kQ termination at the inverting receiv-
er input. Because the control signals are slow (60kbps),
100Q termination resistance is generally not required for
the MAX13172E. The receiver inputs must also be com-
pliant with the impedance curve shown in Figure 14.

V.28 (RS-232) Interface
The V.28 interface is an unbalanced single-ended inter-
face (Figure 13). The V.28 generator provides a mini-
mum of £5V across the 3kQ load impedance between
A’ and C'. The V.28 receiver has a single-ended input.

The MAX13172E V.28 mode receiver has a threshold
between +0.8V and +2.0V. To aid in rejecting system
noise, the MAX13172E V.28 receiver has a typical hys-
teresis of 0.25V. Switch S3 in Figures 18a and 18b is
closed in V.28 mode to enable the 5kQ V.28 termination
at the receiver inputs.

No-Cable Mode
The MAX13172E will enter no-cable mode when the
mode-select pins are left unconnected or connected
high (MO = M1 = M2 = 1). In this mode, the multiproto-
col drivers and receivers are disabled and the supply
current is less than 10pA. The receiver outputs enter a
high-impedance state in no-cable mode, which allows
these output lines to be shared with other receiver out-
puts (the receiver outputs have an internal pullup resis-
tor 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.

DTE vs. DCE Operation
Figure 19 shows a port with one DB-25 connector that
can be configured for either DTE or DCE operation. The
configuration requires separate cables for proper sig-
nal routing in DTE or DCE operation. Figure 16 illus-
trates a DCE or DTE controller-selectable interface. The
DCE/DTE and INVERT inputs switch the port’'s mode of
operation (Table 1).

The MAX13170E and MAX13172E can be connected
for either DTE or DCE operation in one of two ways: a
dedicated DTE or DCE port with an appropriate gender
connector or a port with a connector that can be config-
ured for DTE or DCE operation by rerouting the signals
to the MAX13170E and MAX13172E 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 Vcc or GND on the mode select pins.
A dedicated DCE port using a DB-25 female connector
is shown in Figure 20. Figure 21 illustrates a dedicated
DTE port using a DB-25 male connector.
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Figure 16b. V.10 Internal Resistance Network for Receiver 4
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