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Surge Protected 10-Link Transceiver with DC-

DC

Product Highlights

o High Configurability and Integration

+ 10O-Link Device and Master Applications

+ COM1, COM2, and COMS3 Data Rates

* Integrated High-Efficiency 200mA DC-DC Buck
Regulator

+ 200pA/2mA/SmA Current Sinks/Sources

+ C/Q Receiver is Configurable for 5V TTL

+ Highly Configurable Driver Overload Handling

» Four Selectable Driver Slew Rates

» SPI Configuration and Monitoring

+ Integrated Temperature Sensor

» Configurable C/Q Driver: PNP, NPN, and PP
Modes

¢ Integrated Protection Enables Robust Systems
+ Integrated £1kV/500Q Surge Protection
+ Spread Spectrum DC-DC
» Reverse Polarity Protection
+ Glitch Filter for Improved Burst Resilience
» Hot-Plug Protection

e Optimized for Small Sensor Designs

+ Accurate Oscillator for IO-Link Communication

+ 2.4Q (typ) Driver On-Resistance for Low Power
Dissipation

+ 1.2MHz DC-DC Switching Rate

+ Integrated 3.3V and 5V Linear Regulators

+ Available in Tiny WLP (2.5mm x 2.6mm) and
TQFN (4mm x 5mm) Packages

Key Applications

e |O-Link and Industrial Sensor and Actuator Devices

e The MAX22514 features a SPI interface for
configuration and diagnostics. A high level of
integration (including two linear regulators, a DC-DC
buck regulator, and integrated surge protection,
combined with low power dissipation and small
packages) optimizes the MAX22514 for use in many
different industrial and 10-Link small sensor
applications.

MAX22514

e |O-Link Master Transceivers

The MAX22514 is capable of being used in both 10-
Link devices and IO-Link master applications. A SPI
interface is used for extended configurability and
diagnostics, and the transceiver is capable of
operating at the COM1, COM2, and COMS3 |O-Link
data rates. The MAX22514 can be configured to
enable the required 5mA pull-down/pull-up current
on the C/Q line and generate a wake-up pulse.

Simplified Application Diagram
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

Absolute Maximum Ratings

All voltages referenced to GND, unless otherwise noted. SDO, RX, MCLK ......coevveeeeeiieeeeieiieeeeeees -0.3Vto (VL+ 0.3V)
Vos (CONtINUOUS) ...eevveeieeeecieee e -36V to +36V IRQ, WU oottt -0.3Vto +6V
Vos (Peak, 100US) .eevveiiiieiieeaeieee e -52V to +65V CQGND ... -0.3V to +0.3V
PV24 (CONtINUOUS)....coouveeieeiieeciie e -0.3V to +36V Continuous Current into Vo4, LX, GND, or CQGND......... A
PV24 (Peak, 100us) MAX(-0.3V, Va4 - 52V) to MIN(+52V, Va4 Continuous Current into PVos.....ccoeeeiiieiiniiineiineen. +200mA

+52V) Peak CUrTent into PVas (100LS)....eeeerrrerreesseerereerresen +1A
LX et ee e -0.3V to (PVa4 + 0.3V) Continuous Current into G/Q +500mA
LIN (Continuous) .................. MAX(-0.3V, Vs- 0.3V) to +36V Continuous Current into Any Other Pin ..................... +50mA
LIN (Peak, 100S) .....oenn..... MAX(-0.3V, Vs - 0.3V) to +52V Continuous Power Dissipation
C/Q (Continuous) MAX(-36V, V24 - 36V) to MIN(+36V, Va4 + 24-pin TQFN (T = +70°C, derates at 28.6mW/°C above

36V) £70°C) 1orreeeeeeeeeeeeeseeeeee e eeeeee s eereesereee e 2085.7mW
C/Q (Peak, 100ps) MAX(-52V, V24 - 60V) to MIN(+52V, Vzu + 25-bump WLP (Ta = +70°C, derates at 22.74mW/°C above
60V) £70°C) worreeseeeeeeeeeeeeeee e eeeeeee e 1819mwW
Vm, FB, Vcce, RESET/POK....vieeeieeeeee -0.3V to +6V Operating Temperature Range .................. _40°C to +125°C
VB, Vet -0.3V to +6V Maximum Junction Temperature .............................. +150°C
V33 e -0.3V to (Vs+ 0.3V) Storage Temperature Range ............... -40°C 10 +150°C

LOGIC INPUTS Soldering Temperature (Reflow) (TQFN only, soldering, 10
CS, SCLK, SDI, TX, TXEN ........cccuueenen. -0.3Vto (VL+ 0.3V) EY=ToTo] oo ) ISR +300°C

LOGIC OUTPUTS Bump Reflow Temperature ..........cccocvviiiinniininennnn. +260°C

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

Package Information

24 TQFN

Package Code T2445+2C
Outline Number 21-0201
Land Pattern Number 90-0083
Thermal Resistance, Four Layer Board:

Junction-to-Ambient (8,a) 35°C/W
Junction-to-Case Thermal Resistance (8.c) 1.8°C/W
25 WLP

Package Code W252V2+1
Outline Number 21-100546
Land Pattern Number Refer to App Note 1891
Thermal Resistance, Four Layer Board:

Junction-to-Ambient (84a) 43.98°C/W
Junction-to-Case Thermal Resistance (8.c) N/A

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note
that a “+”, “#”, 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 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 www.maximintegrated.com/thermal-
tutorial.
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

Electrical Characteristics

(Vo4 = 8V1036V, V5= 4.5V1t05.5V,V| = 25V1to55V, VoaaNp = VaND = 0V, Alllogic inputs at V| or GND, Typical values are at
Vo4 =24V, V5 =5V, V| = 3.3V and Tp = +25°C, unless otherwise noted (Note 1))

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
DC CHARACTERISTICS
POWER SUPPLY
Va4 Supply Voltage Va4 8 36 \"
V24 Undervoltage Vas rising 7 7.5 8
Vaauvio V
Lockout Threshold V24 falling 6.3 7 7.6
V24 Undervoltage
Lockout Threshold V24uvLo_HysT 500 mV
Hysteresis
No load on C/Q, c/Q dlsabled, Vi3 0.04 0.075
Vs powered enabled
externally, DC- | G/Q in push-pull,
DC disabled, and is high or 0.32 0.45
Va4 Supply Current 24 MCLK disabled | Jow mA
Vs powered
externally, DC- C/Q in push-pull 195
DC enabled, and is high or low )
MCLK enabled
Vs Supply Voltage Vs Vs supplied externally 4.5 55 \
Vs Undervoltage Vs rising 3.98 4.26
Vsuvio V
Lockout Threshold Vs falling 3.92 4.19
Vs powered
externally, DC-
DC disabled, .
MCLK disabled, C/Q disabled 0.85 1.1
V33 enabled, no
load on Vs3
Vs powered
Vs Supply Current Is eD)g?IrJn(?"d);;,abled C/Q in push-pull mA
; ’ | mode, no load 1.13 1.5
MCLK disabled, on C/Q
V33 enabled, no
load on Vs3
Vs powered externally, = DC-DC
disabled, MCLK enabled and set to 3.0
29.48MHz, C/Q in push-pull and is '
high or low
VL Logic Level Supply VL o5 55 Vv
Voltage
VL Undervoltage
Threshold Viuwvio 0.45 1.35 V
VL Logic Level Supply | All logic inputs at GND or Vi, no load 3 10 A
Current t on any logic outputs, MCLK disabled H
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

(Vog = 8V 1036V, V5= 4.5Vt05.5V, V= 2.5Vto 5.5V, Voaanp = Vanp = 0V, All logic inputs at VL or GND, Typical values are at

Vo4 =24V, V5 =5V, V| = 3.3V and Tp = +25°C, unless otherwise noted (Note 1))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
DC-DC SWITCHING REGULATOR
Input Voltage Range V24 pc Va4 is the input to the DC-DC 8 36 \
i i Delay from V24 crossing Vaauvio
BglaDC Turn-on toc_on threshold until the DC-DC regulator 10.2 ms
y finishes soft-start. RESET rises
foc_nH BUCKSS =0 1.198 1.229 1.260
Switching Frequency MHz
foc_HsPrD BUCKSS =1 1.229
Spread Spectrum Afpc_sprp FREQ = high, BUCKSS = 1 10 %
Feedback (FB)
Regulation Voltage Voc.re 0.9 v
Output Voltage i o
Accuracy ACCocrs 1.5 0 +1.5 %o
'llz'ﬁ(rag:hac;:lg (FB) OK Vbc_rBok Voltage rising 92 95 98 %Voc_Fs
Feedback (FB) Low o
Threshold Vb _FBTHLOW 61 65 70 %oVDC FB
LX On-Resistance From PV24 to LX, LX is sinking
(High Side) Roc_ks current (Note 2) 2.2 3.9 Q
LX On-Resistance
(Low Side) Roc_Ls From LX to GND (Note 2) 1.3 2.8 Q
Active Diode On- DC current
Resistance Roc_acr (Note 2) 3 55 Q
Maximum Peak
Current into Active Inc_acTmax 300 mA
Diode
MIaX|mum LX Current Aloc 1x 100 o
Ripple
High-Side Peak
Current Limit Ioc_HsLim +350 +400 +440 mA
LQV\{-Slde Current loc Lsmax 240 -200 -150 mA
Limit
DC_.DC Autoretry TbcReTRY 30.6 ms
Period
E;(tg:?j Capacitance Coo pvas 1 uF
LX leakage ILx_Lka 0V < Vix < 36V -1 +1 MA
FB Input Bias IF8_LkG 0s Ves <1V, Ta=25°C -100 +100 nA
LX Minimum On-Time | tux_minon (Note 2) 64 92 ns
LX Minimum Off-Time tLx_MINOFF (Note 2) 32 60 ns
Vces LINEAR REGULATOR (Vccs)

www.analog.com
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MAX22514

Surge Protected 10-Link Transceiver with DC-DC

(Vog = 8V 1036V, V5= 4.5Vt05.5V, V= 2.5Vto 5.5V, Voaanp = Vanp = 0V, All logic inputs at VL or GND, Typical values are at

Vo4 =24V, V5 =5V, V| = 3.3V and Tp = +25°C, unless otherwise noted (Note 1))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vaos Output Voltage v BV = Veze < 36V, 475 5 5.25 v
utpu . .
o0s HUP 9 °® | 0mA < loan< 15mA
Vces Current Limit lcce max Vpv24 = 8V 30 55 90 mA
5V LINEAR REGULATOR (V5s)
LIN Input Supply Vin 6 36 Vv
Voltage
Vs Output Voltage Vs 6V < Vun £ 36V, no load on Vs 4.75 5 5.25 \
Vs Load Regulation AV5LpR Vun =24V, 1mA < lLoap < 50mA 0.85 2.4 %
Vs Line Regulation AV5iNR 6V < Vun £ 36V, lLoap = TmA 0.02 0.2 mV/V
Vs Load Capacitance Cvs External capacitance on Vs 1 uF
3.3V LINEAR REGULATOR (Vs3)
V33 Output Voltage V33 No load 3.1 3.3 3.5 Vv
Va3 Load Regulation AV33 1R 1mA < lLoap < 50mA 0 0.18 1.2 %
V33 Load Capacitance Cuvss External capacitance on Vss 1 uF
C/Q DRIVER
High-side
C/Q Driver High-Side enabled, CL[1:0]
On-Resistance RcaoH (Note 2) =11, 2.4 4.4 Q
lLoap = +150mA
Low-side
C/Q Driver Low-Side enabled, CL[1:0]
On-Resistance RcaoL (Note 2) “11, 2.0 4.0 Q
lLoap = -150mA
CL[1:0] = 00 50 57 65
CL[1:0] = 01 100 114 130
i \Y, =3V
C/Q Driver Current loact oRoP CL[1:0] = 10 200 230 260 | mA
Limit (Note 3)
CL[1:0] = 11 250 290 325
WUGEN = 1 500
CQ EN=1,CQ_PP=1,CQ_PD=
gﬁ ?r;‘fp“t Reverse lkevca | 0,CQ PU=0, 90 4375 | uA
Veia = (Vaa+ 5V) or (Vano - 5V)
CQ EN=0,CQ_PD=0,CQ_PU=
C/Q Leakage Current leak ca | 0, RX_DIS =0, -35 +60 HA
Va4 = 24V, (V24 — 36V) < Voo < 36V
C/Q CURRENT SINKS AND SOURCES
C/Q Weak Pull-Down Vcia > 5V
| ’ -240 -200 -160 A
Current %P> |CcQ EN=0,RX _DIS=1,CQ_PD H
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MAX22514

Surge Protected 10-Link Transceiver with DC-DC

(Vog = 8V 1036V, V5= 4.5Vt05.5V, V= 2.5Vto 5.5V, Voaanp = Vanp = 0V, All logic inputs at VL or GND, Typical values are at
Vo4 =24V, V5 =5V, V| = 3.3V and Tp = +25°C, unless otherwise noted (Note 1))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
=1,CQ_PU = 0, CQPUD2MA = 0,
CQPUD5MA =0
Veig = (Va4 - 5V),
C/Q Weak Pull-Up CQ EN=0,RX_DIS=1,CQ_PD =
Current lcapu 0.CQ_PU =1, CQPUD2MA = 0, +160 +200 +240 pA
CQPUD5MA =0
Vcia > 5V,
C/Q 2mA Pull-Down | CQEN=0,RXDIS=1,CQPD | Lo L, o A
Current caPP2 1= 1,CQ_PU =0, CQPUD2MA =1, : : ' m
CQPUD5MA =0
Ve = (Vas- 5V),
C/Q 2mA Pull-Up CQ EN=0,RX DIS=1,CQ_PD
Current leovz | Z0’cQ_PU=1,CQPUD2MA=1, | *20  +22 426 | mA
CQPUD5MA =0
Vcia > 5V,
C/Q 5mA Pull-Down | CQ EN=0,RX DIS=1,CQ PD 65 55 50 mA
Current carps =1,CQ_PU = 0, CQPUD2MA = 0, ' ' '
CQPUD5MA =1
Veig = (Va4 - 5V),
C/Q 5mA Pull-Up CQ_EN=0,RX_DIS=1,CQ_PD
Current lcapus -0,CQ PU=1, CQPUD2MA =0, +5.0 +5.5 +6.5 mA
CQPUD5MA =1
C/Q RECEIVER
C/Q Input Voltage . . Va4 -
Range Vean For valid RX logic 36V 36 \
TXEN = low Va4 2 18V 11 12.5 \Y,
/4 Input Threshold Voan | and/or CQ_EN =
9 0, RXDIS = 0 Va4 < 18V 54.4 78.8 YoV 24
TXEN = low Va4 2 18V 9 10.5 \Y,
(LJ/Q Input Threshold Voart and/or CQ_EN =
ow 0, RXDIS =0 Va4 < 18V 45 66.9 %V 24
TXEN = low Vas 2 18V 2 Vv
C/Q Input Hysteresis VcaHvs and/or CQ_EN =
0, RXDIS =0 Vo4 < 18V 11 % V24
TXEN = low Rising 2.1 3.45
C/Q Input Threshold Y and/or CQ_EN = v
High (TTL Mode) a1 0, RXDIS =0, Falling 11 185
RXTTL = 1
C/Q Input Hysteresis Vv TXEN = low and/or CQ_EN = 0, 13 Vv
(TTL Mode) COHYSTTL | RXDIS = 0, RXTTL = 1 '
C/Q Input c Driver disabled, CQ_PD =0, CQ_PU 35 E
Capacitance n-ca =0, f = 100kHz P
VOLTAGE MONITOR INPUT (Vw)
Vm Voltage Range Vi 0 5.5 \
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MAX22514

Surge Protected 10-Link Transceiver with DC-DC

(Vog = 8V 1036V, V5= 4.5Vt05.5V, V= 2.5Vto 5.5V, Voaanp = Vanp = 0V, All logic inputs at VL or GND, Typical values are at
Vo4 =24V, V5 =5V, V| = 3.3V and Tp = +25°C, unless otherwise noted (Note 1))

Threshold Hysteresis

is cleared

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Rising 0.873 0.9 0.927
Vm Threshold Voltage VTH M Vv
Falling 0.832 0.858 0.883
Vwm Input Current Im -1 +1 MA
RESET AND POWER-OK (RESET/POK)
RESET/POK Input
Voltage Low VRsTIL 0.4 \Y,
RESET/POK Input
Voltage High VRsTiH 13 v
\F;EﬁaE;éPLOO PTNOUJ[pUt VpokLow lLoap = -5mA 0.4 \Y,
RESET/POK High
Impedance Leakage IrsT_oD RESET/POK not asserted -1 +1 MA
Current
LOGIC INPUTS (CS, SCLK, SDI, SDO, TX, TXEN)
Logic Input Voltage Y 0.31 x v
Low Threshold " Vi
Logic Input Voltage v 0.68 x v
High Threshold " Vi
Logic Input Leakage L _ i
Current ILeak Logic input = GND or VL 1 +1 MA
LOGIC OUTPUTS (WU, IRQ, SDO, RX, MCLK)
Logic Output Voltage VoL IRQ, WU, SDO, RX, MCLK, 0.4 Vv
Low lLoaD = -BMA
Logic Output Voltage SDO, RX, MCLK, i
High Vou lLoap = +5mA Vi-04 v
Open-Drain High
Impedance Leakage ILk_op IRQ and WU, not asserted -1 +1 MA
Current
SDO Leakage o i
Current lLk_spo CS = high 1 +1 MA
RX Leakage Current ILk_Rx RX = GND or VL -1 +1 MA
THERMAL CHARACTERISTICS
C/Q Driver Shutdown T Driver temperature rising, C/Q driver +160 oc
Temperature SHUT.BRY | fault bit is set and driver is disabled
. Driver temperature falling, driver is
C/Q Driver Shutdown | . | automatically reenabled, 15 oG
Hysteresis -
TSHOFFEN =0
IC Thermal Warning Die temperature rising, THERMW o
Threshold Twe and THERMWINT bits are set +150 C
IC Thermal Warning Twan Hvs Die temperature falling, THERMW bit 20 °C
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MAX22514

Surge Protected 10-Link Transceiver with DC-DC

(Vog = 8V 1036V, V5= 4.5Vt05.5V, V= 2.5Vto 5.5V, Voaanp = Vanp = 0V, All logic inputs at VL or GND, Typical values are at
Vo4 =24V, V5 =5V, V| = 3.3V and Tp = +25°C, unless otherwise noted (Note 1))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
IC Thermal Shutdown Die temperature rising, THSHUTD bit o
Threshold TsHut_Ic set +170 C
IC Thermal Shutdown T Die temperature falling, THSHUTD 20 oc
Hysteresis SHUTICHYS | bt is cleared
INTERNAL THERMAL SENSOR
Programmable
Thermal Warning TwRN_RNG Typical range -15 +174 °C
Threshold Range
Programmable
Thermal Warning TwrN_LsB 1LSB 3 °C
Threshold Step
'II;herma! ADC TwAn.REs 6 bit
esolution
ATerec_2sc | Ty = 27°C (Note 2) -8 0 +8
Thermal ADC o °
Accuracy ATerec_ssc | Ty = 84°C 2 C
ATprec_124c | Ty = 126°C (Note 2) -7 3 +12
Thermal ADC
Conversion Time tanc_conv 450 Hs
AC ELECTRICAL CHARACTERISTICS
C/Q DRIVER
. . toLi PP CQLOSLEW[1 :0] | Push-pull or PNP 06 08
Driver Low-to-High =00, Figure 1 mode s
Propagation Dela :
pag y troLH_oC CQLOSLEW“ 0] NPN mode 1.8
= 00, Figure 1
CQLOSLEWI[1:0] | Push-pull or NPN
Driver High-to-Low teow_pe =00, Figure 1 mode 0.7 0-9 us
Propagation Dela; :
Pag y troHL_oC CQLOSLEW“ 0] PNP mode 2
=00, Figure 1
Driver Skew tskew |troLH — troHL|, CQLOSLEW][1:0] = 00 -0.2 +0.2 us
CQLOSLEWII:Ol | o5 937 0565
=00
Push-pull or COLOSLEWIT:0] | g4 067  1.035
Driver Rise Time trise PNP mode, -0 VS
Vaa(max) = 30V, | CQLOSLEW[1:0] 0.8 156 055
Figure 1 =10 : : :
?%OSLEW“ 01 04 6.0 1.2
Push-pull or CQLOSLEWITOl | o5 038  0.565
Driver Fall Time traLL NPN mode, - 00 us
Vas(max) = 30V, | CQLOSLEW[1:0] 045 0.76 108
Figure 1 =01 : : :
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

(Vog = 8V 1036V, V5= 4.5Vt05.5V, V= 2.5Vto 5.5V, Voaanp = Vanp = 0V, All logic inputs at VL or GND, Typical values are at

Vo4 =24V, V5 =5V, V| = 3.3V and Tp = +25°C, unless otherwise noted (Note 1))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CQLOSLEWTI1:0] 19 187 57
=10
S)?:.OSLEWU :0] 5 9 14
C/Q Driver Enable .
Time High tenH Push-pull or PNP mode, Figure 2 0.59 0.935 us
C/Q Driver Enable .
Time Low tene Push-pull or NPN mode, Figure 3 0.45 0.7 VIS
C/Q Driver Disable Push-pull or PNP mode, Figure 2
Time High st | (Note 2) 16 2.2 bs
C/Q Driver Disable Push-pull or NPN mode, Figure 3
Time Low toist (Note 2) 1.3 2.4 us
C/Q RECEIVER
C/Q Receiver Low-to- RXFILTER =1 0.825 1.22 1.6
High Propagation trRLH_ca Figure 4 us
Delay RXFILTER =0 0.24 0.28 0.43
C/Q Receiver High- RXFILTER = 1 0.75 1.11 1.5
to-Low Propagation tPRHL_CQ Figure 4 uS
Delay RXFILTER =0 0.15 0.25 0.305
WAKE-UP DETECTION (Figure 5)
Wake-Up Input
Minimum Pulse Width b 62.2 64 65.8 HS
Wake-Up Input
Maximum Pulse twumax 106 109 112 V&
Width
wu Output Low Time twuL Valid wake-up condition on C/Q 150 200 250 us
WAKE-UP GENERATION (Figure 6)
Setup Time before
Wake-Up tsu_su 80 Hs
Wake-up Pulse Wake-up pulse has the opposite
Duration twugeN polarity of the existing C/Q level 7.8 80 82.2 HS
On-Time after Wake- i C/Q driver enabled with original > s
Up ONWU polarity after twu H
High Impedance C/Q driver is high impedance after
Time after Wake-Up tois wu ton_wu 418 hs
MCLK CLOCK
CLKDIV[2:0] = 000 3.594 3.686 3.779
CLKDIV[2:0] = 001 7.189 7.373 7.557
MCLK Frequency fmoLk CLKDIV[2:0] =010 14.38 14.74 15.11 MHz
CLKDIV[2:0] = 011 28.75 29.49 30.23
CLKDIV[2:0] = 100 1.797 1.843 1.889
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

(Vog = 8V 1036V, V5= 4.5Vt05.5V, V= 2.5Vto 5.5V, Voaanp = Vanp = 0V, All logic inputs at VL or GND, Typical values are at
Vo4 =24V, V5 =5V, V| = 3.3V and Tp = +25°C, unless otherwise noted (Note 1))

PARAMETER ‘ SYMBOL I CONDITIONS MIN TYP MAX UNITS
SPI TIMING (CS, SCLK, SDI, SDO) (Figure 7)

Maximum SCLK
Frequency fspi_max 12 MHz
SCLK Clock Period toHscL 35 ns
SCLK Pulse Width i 5 ns
High o
SCLK Pulse Width toL 30 ns
Low

F .
cs all to SCLK Rise toss - ns
Time
SCLK Rise to ¢g Rise
Hold Time fosn 0 ns
SDI Hold Time ton 3 ns
SDI Setup Time tos 3 ns
SDO Output Data
Propagation Delay too 23 ns
S.DO Rise and Fall ter 07 ns
Times
Minimum €S Pulse tcsw 15 ns
EMC TOLERANCE
ESD Protection .
(V24 C/Q Pins) IEC 61000-4-2 Contact Discharge 2.5 kV
ESD Protection
(All Other Pins) Human Body Model 1.5 kV
Surge Protection
(V24 C/Q Pins) Vsra 500Q 8/20us surge to ground 1.2 kV

Note 1: Al devices are 100% production tested at Ta = 25°C. Limits over the operating temperature range are guaranteed by design.
Note 2: Not production tested. Guaranteed by design.

Note 3: Vprop is measured as the voltage from the driver output to GND (Vpriver - Vanp) Wwhen measuring the low-side driver
current limit and as (V24 - Vpriver) When measuring the high-side current limit.
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MAX22514

Timing Diagrams

Surge Protected 10-Link Transceiver with DC-DC

V24
—» TXEN —»| TXEN 5kQ
»| TX MAX22514 ci | TX MAX22514 ci
GND 3.3nF 5kQ GND ;g 3.3nF
PUSH-PULL AND PNP MODE NPNMODE
______ VL
TXEN
— e ov
|
: —————— VL
X 50%--f-
—————— ov
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Figure 1. C/Q Driver Propagation Delays
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Figure 2. C/Q Driver Enable Low and Disable High Timing

www.analog.com

Analog Devices | 11



MAX22514 Surge Protected 10-Link Transceiver with DC-DC
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MAX22514

Surge Protected 10-Link Transceiver with DC-DC

Typical Operating Characteristics
Vo4 = 24V, DC-DC regulator is enabled and connected to LIN, V| = V33, Ta = +25°C, unless otherwise noted.
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

Vo4 =24V, DC-DC regulator is enabled and connected to LIN, V| = V33, Tp = +25°C, unless otherwise noted.

C/Q LEAKAGE CURRENT C/Q RECEIVER INPUT CURRENT C/Q WEAK PULL-DOWN
300 vs. C/Q VOLTAGE toct 300 vs. C/Q VOLTAGE toct 500 CURRENT vs. C/Q VOLTAGE _ oot
T T T T T T
| TXEN = LOW | TXEN = LOW e
20 e EN=1 20 I Ca En=1 400
220 |-RXDIS =1 220 [RXDIS=0  ~+— 1, - 4000 300
180 Ta=-40°C 180 i \ 200
= 140 — = 140 100
2 = 4259 ES Ty=+25°C =
< 10 Ta=+25°C < 10 Ao < o0
60 60 | 1] S.100
Tp = +125°C Ta=+125°C - TXEN = LOW
20 20 -200 CQ_EN=1
: : T § RXDIS=0 |
20 / 20 / 300 COL Pt
60 b= 60 | -400 CQPU=0 ]
-100 -100 -500 TR -
28 4 0 4 8 12 16 20 24 28 32 36 28 4 0 4 8 12 16 20 24 28 32 36 28 4 0 4 8 12 16 20 24 28 32 36
C/Q VOLTAGE (V) C/Q VOLTAGE (V) C/Q VOLTAGE (V)
C/Q WEAK PULL-UP C/Q 2mA AND 5mA PULL-DOWN C/Q 2mA AND 5mA PULL-UP
400 CURRENT vs. C/Q VOLTAGE __toct 7 CURRENT vs. C/Q VOLTAGE _ toct 1 CURRENT vs. C/Q VOLTAGE et
TXEN = LOW i
TXEN = TXEN = LOW
300 CQ?EN_=1 —— 6 | Low 0 |ca EN=t1
A B caEN=t [N RXDIS=0
200 CQPU=1 5 | RXDIS=0 -1 |- CQ_PD=0,
- €Q_PD=1 cQPU=1
100 __4}caru=o CQPUDSMA=1 | | 2
< < - <
EX £ <
é 0 ‘é 3 % 3 \ I
100 ) - £, CQ‘PUD‘ZM/‘\- 1‘
CQPUD5MA = 1 l
-200 L~ 1 5
300 et 0 I I CQPUPZM\A=] I 6
- ) ERERER .
28 4 0 4 8 12 16 20 24 28 32 36 28 4 0 4 8 12 16 20 24 28 32 36 28 4 0 4 8 12 16 20 24 28 32 36
C/Q VOLTAGE (V) C/Q VOLTAGE (V) C/Q VOLTAGE (V)
MCLK FREQUENCY ACCURACY WAKE.UP DFTECTION 17 V,; LOAD REGULATION
vs. TEMPERATURE oot z 1 0.0 : T
30 t -
201 Ta=-40°C
25 |MCLKDIS = 0 1 :
20 |-CLKDIV2:0] = 000, 001, 010, 011, or 100 ’ 0.2 A
ENCLKTRIM =0 ﬁ ! : = Ta=+25°C
& 15 F — ] cl = 03
s 10 10(\)//& 3
s : v S 04
g 05 =~ - ! “ov = 05 /\
by T~ [ I 3 -0 |
g 0 — ! 2 Ty=+125°C
N 5 \\‘ 1 | o 06
< 1.0 \\ } WU 2 07
= N 1 2Vidiv S
S 5 i 0.8
20 Sairre 1ov 09 | Va3 REGULATOR ENABLED
25 I ¥ [ v, =33V (EXTERNAL)
L. 1 . 1.0 | |
-3.0 _P(E_N =N\I{)L 40ps/div 0 10 20 30 40 50
402510 5 T20< 03)5 50 65 80 95 110125 WU GENERATED BY MAX14819 LOAD CURRENT (mA)
A

www.analog.com Analog Devices | 16



MAX22514

Surge Protected 10-Link Transceiver with DC-DC

Vo4 =24V, DC-DC regulator is enabled and connected to LIN, V| = V33, Tp = +25°C, unless otherwise noted.

3.50
345
3.40
3.35
3.30
325
320
3.15
3.10
3.05

Vi (V)

5.50
540
5.30
5.20
= 510
> 500
4.90
4.80
4.70
4.60

DC-DC EFFICIENCY (%)

00
-40 25 10 5 20 35 50 65 80 95 110 125

50
-40 256 10 5 20 35 50 65 80 95 110 125

V,; OUTPUT VOLTAGE
vs. TEMPERATURE foct

Vg REGULATOR ENABLED
[V, = 3.3V (EXTERNAL)

NO LOAD

30mA LOAD

Ta(°C)

V5 OUTPUT VOLTAGE
vs. TEMPERATURE toc2,
TXENZLOW =
-V, = 3.3V (EXTERNAL)
| NOLOADON vTa

I
NO LOAD

A

50mA LOAD

Ta(°C)

DC-DC EFFICIENCY s

TN AN ——
[ Vi = 30V
Vp = 9V \
Vi = 24V
|
T T
Vi = 18V
\ \
— PWM MODE |

I DC-DC OUTPUT IS 6V
MEASUREMENTS TAKEN WITH WURTH
— 7447779127 INDUCTOR

0 50 100 150 200 250
LOAD CURRENT (mA)

www.analog.com

V2, LOAD TRANSIENT toc20
u I

——

S— &

Foscctatmzmntrent I

 10psidv

V; LOAD TRANSIENT 10023

a4

10ps/div

DC-DC LOAD TRANSIENT ___toc26

. DC-DC OUTPUT =6V

LPS4018-183MR INDUCTOR

Cix=6.8uF

40ps/div

{lLoan

10mA/div

AC-
COUPLED

| 10mVidiv

‘41
LOAD

20mA/div

OmA

Vs
AC-
COUPLED

1 100mVidiv

“ lLoap

50mA/div

OmA

| DC-DC

OUTPUT
AC-
COUPLED
100mVidiv

LOAD REGULATION (%)

DC- DC EFFICIENCY (%)

0.0
-0.2
04
-0.6
0.8
-1.0
1.2
-14
-1.6
-1.8
-2.0

100
90
80
70
60
50
40
30
20

V5 LOAD REGULATION
102
N Tp=-40°C
\\<(
Ta=+25°C
| Wl
Ta=+125°C \\
\
TXEN = LOW \\
V= 3.3V (EXTERNAL)
NO LOAD ON Vg5,
0 10 20 30 40 50
LOAD CURRENT (mA)
DC-DC EFFICIENCY .,
2 | 1 T
/ /X DCM MODE
PWM MODE
PFM MODE
I I
DC-DC OUTPUT = 5V
MEASUREMENTS TAKEN WITH

WURTH 7447779122 INDUCTOR

0 50

100 150 200 250

LOAD CURRENT (mA)

POWER UP toc27

U

T

[ —

Vo
« 20Vidiv
ov

e st £)
< : 5

5Vidiv
v
Va3
5Vidiv, 0V
DC-DC

e 5V div

2ms/div

Analog Devices | 17



MAX22514

Vo4 =24V, DC-DC regulator is enabled and connected to LIN, V| = V33, Tp = +25°C, unless otherwise noted.

Surge Protected 10-Link Transceiver with DC-DC
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

TOP VIEW (BUMPS ONBOTTOM)
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MAX22514

Pin Descriptions

Surge Protected 10-Link Transceiver with DC-DC

PIN

TQFN |

WLP

NAME

FUNCTION

SUPPLY

3

A2

Vees

Internal 5V Supply Regulator Output. Bypass Vces to GND with a 1uF capacitor
as close to the device as possible. Vcecs can supply an external load up to 5mA.

A4

PVa4

Active Diode Output and DC-DC Input. Bypass PV24 with an external 1uF
capacitor as close to the device as possible.

B4

LIN

5V Linear Regulator Input. Connect LIN to the output of the DC-DC circuit, the
PVz4 supply, or an external supply between 6V and 36V. Bypass LIN to GND with
a 1uF capacitor. Connect LIN to Vs to disable the 5V linear regulator.

B1

Vs

5V Linear Regulator Output/ Supply Input. Vs is the output of the internal 5V linear
regulator. Bypass Vs to GND with a 1uF capacitor as close to the device as
possible. To disable the 5V linear regulator, connect LIN to Vs.

5V is required on Vs for normal operation. If the 5V regulator is disabled, apply an
external 5V power supply to Vs.

C5

Supply Voltage Input. Connect V24 to the L+ terminal of the 10-Link connector, or
to an external supply. Bypass V24 to GND with a 10nF capacitor as close to the
device as possible.

A5

CQGND

C/Q Driver 10-Link Ground. Connect CQGND to the L- terminal of the 10-Link
connector and to GND. See the Layout and Grounding section for more
information.

23

C1

Vi

Logic Supply Input. Bypass V. to GND with a 1uF capacitor as close to the device
as possible. VL sets the logic levels for all logic signals. Connect Vi to Vss, Vs, or
to an external voltage between 2.5V and 5.5V.

B3, C3

GND

Ground. Connect GND to CQGND. See the Layout and Grounding section for
more information.

24

B2

Va3

3.3V Linear Regulator Output. Bypass Va3 to GND with a 1uF capacitor as close
to the device as possible.

EP

EP

Exposed Pad. Connect EP to GND. See the Layout and Grounding section for
more information.

DC-DC REGULATOR

A3

LX

Switching Output of the Integrated DC-DC Converter. Connect an inductor
between LX and the output capacitor to generate a voltage with the DC-DC
circuit. See the DC-DC Component Selection section for more information.

Al

FB

DC-DC Buck Regulator Feedback Input. Connect FB to the tap of a resistor
divider between the output of the DC-DC and GND. See Table 4 for
recommended component values to set the DC-DC output between 2.5V and
12V. Connect FB to Vces if the DC-DC is not used.

24V LINE INTERFACE

9

B5

cQ

IO-Link Transceiver Input/ Output. The C/Q driver is disabled at startup. Set
CQ_EN =1 and TXEN = high to enable the C/Q driver.

CONTROL INTERFACE

C4

Vm

Voltage Monitor Input. Connect a resistor divider between the monitored supply
voltage (e.g. Va4 or PV24) and GND to define the power-OK threshold voltage for
the monitored supply voltage. See the Voltage Monitor Input (VM) section for
more information.

www.analog.com
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

Dual Function Active-Low Reset Input and Open-Drain Power-OK (POK) Output.
Drive RESET/POK low to set the MAX22514 in reset mode. The C/Q output is
disabled and all registers are reset to default values when RESET/POK is driven
low.

The MAX22514 asserts RESET/POK low when any of the Vzs, Vs, or DC-DC
output voltages are below their respective undervoltage lockout (UVLO)
thresholds. Only Vs is monitored when the DC-DC regulator is disabled.

The MAX22514 deasserts RESET/POK 4ms (typ) after the power supplies rise
above their UVLO thresholds.

Connect RESET/POK to Vccs or Vi with a 10kQ (typ) resistor for normal
operation.

Open-Drain |O-Link Wake-Up Request Output. WU asserts low for 200us (typ)

RESET/P
12 D5 OK

14 E4 wu when a valid 10-Link wake-up pulse is detected on the C/Q line.

Active-Low Open-Drain Interrupt Request Output. IRQ asserts low when a bit is
13 E5 IRQ set in the INTERRUPT register. See the Register Details section for more

information.

SDO Serial Data Output. Connect SDO on the MAX22514 to the MISO input on the

18 E2 SPI master. SDO is high impedance when CS is high.
19 E1 SCLK | Serial Clock Input

Serial Data Input. Connect SDI on the MAX22514 to the MOSI output on the SPI
20 D2 SDI master.
o1 o cs SPI Chip-Select Input. Drive CS low to start a read/write cycle. The cycle ends

when CS is driven high.

UART INTERFACE

C/Q Receiver Logic Output. RX is inverted, relative to the logic state of C/Q, by
RX default. Set the INVCQ bit in the CQCONFIG register to set RX to the same logic
15 D4 state as C/Q. Connect RX to the RX input of the UART for 10-Link
communication.

C/Q Driver Enable Logic Input. Drive TXEN high and set the CQ_EN bit in the
CQCONFIG register to enable the C/Q driver. Drive TXEN low to disable the C/Q
driver. Connect TXEN to the RTS output of a microcontroller for 10-Link
communication.

16 E3 TXEN

C/Q Driver Logic Input. TX is inverted, relative to the logic state of C/Q, by

X default. Set the INVCQ bit in the CQCONFIG register to set TX to the same logic
17 D3 state as C/Q. Connect TX to the TX output of the UART for IO-Link
communication.

CLOCK OUTPUT
Microcontroller Clock Output. Set the MCLK frequency by setting the CLKDIV bits
in the CLKCONFIG register. Connect MCLK to an external microcontroller for
20 D1 MCLK | comparison and trimming. The MCLK frequency is 3.686MHz (typ) by default, but
can be disabled or programmed to 3.686MHz, 7.373MHz, 14.74MHz, 29.49MHz,
or 1.843MHz.

www.analog.com Analog Devices | 21



MAX22514

Functional Diagrams

Surge Protected 10-Link Transceiver with DC-DC
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

Detailed Description

The MAX22514 |0-Link transceiver integrates high voltage functionality, including one 24V line driver, an integrated DC-
DC buck regulator, and 5V and 3.3V linear regulators. The MAX22514 is targeted for 10-Link devices, masters, and
industrial switching sensor applications, and can be configured and monitored using a standard SPI interface.

24V Interface 1/0 (C/Q)

The MAX22514 features an IO-Link transceiver interface capable of operating with voltages up to 36V. This is the
industrial standard 24V interface and includes the C/Q input/output, the V24 supply, and ground. The C/Q switching driver
is programmable for PNP, NPN, or push-pull mode, features a programmable current limit, slew rate, and pull-up/pull-
down currents, and operates over all of the COM1, COM2, and COM3 I0-Link data rates.

The C/Q driver is enabled when TXEN is high and the CQ_EN = 1 in the CQCONFIG register. Toggle the TX input to
switch the C/Q output. Alternatively, set the CQ_Q bit in the CONTROL register to set C/Q high or low. See Table 1 and
Table 2. C/Q is the logic inverse of the TX input, by default. Set the INVCQ = 1 in the CQCONFIG register to align the
TX, C/Q, and RX logic states.

Table 1. C/Q Driver Control (CQINV = 0)

INPUTS C/Q OUTPUT
CQ_EN TXEN TX cQ_Q NPN MODE PNP MODE PP MODE
0 X X X C/Q Driver Disabled
L X X HIGH Z HIGH Z HIGH Z
L 0 HIGH Z HIGH HIGH
1 H 1 HIGH Z HIGH HIGH
H 0 LOW HIGH Z LOW
1 HIGH Z HIGH HIGH
X =Don’t care
Table 2. C/Q Receiver Logic
INPUTS OUTPUT
RXDIS CQ_EN CQINV c/iQ RX
L H
0
H L
0 X
L L
1
H H
1 X X X HIGH Z

X =Don’t care

Overcurrent Limiting

The C/Q driver features a programmable current limit. Select the current limit by setting the CL[1:0] bits in the CURRLIM
register. Current limit thresholds can be set to 50mA (min), 100mA (min), 200mA (min), and 250mA (min). When the load
attempts to draw more current than the current limit threshold setting, the C/Q driver actively limits the load current so a
higher load current does not flow.

Setting CLDIS = 1 disables active current limiting, resulting in higher load currents. Setting CLDIS = 1 should only be
done in PNP mode. Setting CLDIS = 1 in NPN or push-pull modes can damage the device.
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MAX22514 Surge Protected 10-Link Transceiver with DC-DC

Autoretry

The MAX22514 features an autoretry function to mange and limit heating and power dissipation during driver overload
conditions.

Set the AUTORETRYEN bit (AUTORETRYEN = 1) in the CURRLIM register to enable autoretry functionality. When
autoretry is enabled, the MAX22514 disables the driver after the current limit threshold has been exceeded for the selected
blanking time. The driver is disabled for the programmed fixed off-time and is then automatically reenabled. If the
overcurrent condition persists, the driver remains on for the blanking time and is then redisabled. This autoretry cycle
continues until the overcurrent condition is removed.

Select the blanking time and fixed off-time by setting the CL_BL[1:0] bits and the TAR[1:0] bits respectively in the
CURRLIM register.

When charging large capacitive loads or incandescent lamps, ensure that the selected autoretry blanking time is long
enough to charge the required load before the driver is disabled.

C/Q Driver Thermal Shutdown

The C/Q driver is turned off when the driver junction temperature exceeds the +160°C (typ) driver thermal shutdown
temperature. The associated driver fault bits (CQFAULTINT, CQFAULT) in the INTERRUPT and STATUS registers
(respectively) are set. If the fault is not masked (CQFAULTM = 0 in the IRQMASK register), IRQ is asserted after the
programmed blanking time. Set the CL_BL[1:0] bits in the CURRLIM register to select the blanking time. The driver is
automatically reenabled when the driver junction temperature falls below 145°C (typ).

C/Q Receiver Threshold

Although the 10-Link standard defines operation for a supply ranging between 18V to 30V, industrial controllers and
sensors in the field commonly operate with supply voltages as low as 9V. The MAX22514 operates with a supply voltage
between 8V and 36V. When the V24 supply voltage is above 18V, the C/Q receiver on the MAX22514 supports the
standard 10-Link receiver thresholds. When V24 is less than 18V, the MAX22514 scales the C/Q receiver thresholds,
allowing receiver functionality down to the lowest supply voltage.

The C/Q receiver can also be configured to detect 5V TTL signal levels. Set the RXTTL bit (RXTTL = 1) in the CQMASTER
register to enable TTL thresholds on the C/Q receiver. RXTTL is not set by default.

Current Sink and Source on C/Q

The MAX22514 features six different pull-up/pull-down current sources/sinks that can be enabled on the C/Q line: a 200pA
(typ) weak pull-up and/or pull-down current, a 2mA (min) pull-up or pull-down current, and a 5mA (min) pull-up or pull-
down current. Configure and enable the current on C/Q by setting the CQ_PD and CQ_PU bits in the CQCONFIG register
and by setting the CQPUD5MA and CQPUD2MA bits in the CQMASTER register. See Table 3.

Table 3. Pull-Up/Pull-Down Current Settings on C/Q

CQ_PU CQ_PD CQPUD5MA CQPUD2MA C/Q OUTPUT

0 0 X X No pull-up or pull-down current enabled
0 0 Weak pull-down current enabled

0 1 1 X 5mA pull-down current enabled
0 1 2mA pull-down current enabled
0 0 Weak pull-up current enabled

1 0 1 X 5mA pull-up current enabled
0 1 2mA pull-up current enabled

X =Don'’t care
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Wake-Up Detection

A wake-up event occurs when an 10-Link master forces a level on the C/Q line that is opposite to the set level of the C/Q
driver level for 80us (typ). WU pulses low for 200us (typ) when the device detects a wake-up pulse on C/Q (Figure 5).

Wake-up detection on the MAX22514 is enabled by default. When a valid wake-up event is detected and the interrupt is
not disabled (WUM = 0 in the IRQMASK register), the MAX22514 generates an interrupt and asserts IRQ.

To disable wake-up detection, set the WUDIS bit in the CONTROL register. When WUDIS = 1, the WUINT bit is not set
when a wake-up pulse is detected.

The MAX22514 automatically ignores false wake-up events that can sometimes occur as a consequence of driving large
capacitive or lamp loads where the time constant of charging is around 80us. No wake-up event is detected for the
duration of the programmed blanking time after the C/Q driver changes logic state.

Wake-Up Pulse Generation

The MAX22514 can generate an 10-Link master wake-up pulse. To prepare the transceiver to generate a wake-up pulse,
set the C/Q driver in receive mode (TXEN = low) and set the TX input high. Set the WUGEN bit in the CQMASTER register
to generate the wake-up pulse.

When WUGEN = 1, the MAX22514 samples the voltage level on the C/Q receiver. The device then enables the C/Q driver
and pulls the C/Q line to the opposite polarity of the sampled voltage for 80us (typ). The driver remains enabled and the
line is driven back to the original polarity after the wake-up pulse duration. Following the on-time after wake-up delay
(tON_WU), the driver is set to high impedance. The MAX22514 continues to ignore signals on TX and TXEN and holds
the driver in a high impedance state for the high-impedance time after wake-up delay (tois_wu), after which the
microcontroller can initiate the EstablishCOM IO-Link communication sequence. See Figure 6.

While the MAX22514 is generating the wake-up pulse, the current limit is automatically set above 500mA and the C/Q
slew rates are automatically set to the highest rate. Register settings are not changed during wake-up generation, and
programmed current limit and slew rate settings operate normally after the wake-up pulse is generated. These settings
do not need to be reprogrammed after a wake-up is generated.

VceB Output
Vces is the output of an internal regulator powered by V24 or Vs. Vecs is powered by Va4 until the Vs voltage exceeds 3.92V

(min). After which, Vces is powered by Vs. As Vs is rising, and Vccs can drop below 5V until Vs reaches its steady state
voltage. Vcces can be used to drive a small (< 10mA) external load.

Reset Input/ Power OK Output (RESET/POK)

The RESET/POK pin is a dual function open-drain logic input/output, functioning as a reset input and a power-OK (POK)
output.

Drive RESET/POK low to put the MAX22514 in reset mode. The C/Q driver is disabled and the registers are reset to their
default state when RESET/POK is driven low. Serial bus communication is available while RESET/POK is low. If the DC-
DC has been disabled in the registers (BUCKDIS = 1), the device deasserts RESET/POK 4ms (typ) after RESET/POK is
released and all power supplies are valid. If the DC-DC has been enabled, RESET/POK deasserts immediately after
being released.

The MAX22514 asserts RESET/POK low when V24 or Vs voltage falls below their respective UVLO thresholds, or when
the DC-DC output voltage falls below 95% of the set voltage (typ). The C/Q driver is disabled and the registers are reset
to their default state when RESET/POK is low. Serial bus communication is available while RESET/POK is low. The
MAX22514 deasserts RESET/POK 4ms (typ) after all power supplies are valid.

Connect a pull-up resistor between RESET/POK and V. or Vccs for normal operation. Connect RESET/POK to the reset
input of a microcontroller to use it as a reset signal.
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Voltage Monitor Input (VM)

The MAX22514 features a flexible voltage comparator. This comparator monitors the voltage at the Vwm input. When the
Vm input voltage is below the 858mV (typ) threshold, the VMINT bit in INTERRUPT register is set and IRQ is asserted if
not masked (VMINTM = 0 in the IRQMASK register). Note that the VMINT interrupt bit is not cleared when the
INTERRUPT register is read while the Vu voltage is below the comparator threshold. This bit is cleared only if the Vwu
voltage exceeds the threshold voltage during the INTERRUPT read.

Vm can be used to supervise the voltage on Vs, PV24, or any other pin.

For example, to monitor the PV24 use a resistor divider between PV24, Vi, and GND to set the minimum PV24 voltage
threshold (Figure 8). Calculate the monitored voltage power-OK threshold (Veok) as:

Vreok = VtHm X [(R1 + R2) / Re]
Select the resistor values to ensure that Vv does not exceed the 5.5V maximum voltage.

PV24

gmnF

MAX22514 R1
M

R2

Figure 8. VM input used to monitor the PV24 supply
Integrated DC-DC Regulator

Overview

The MAX22514 features an integrated high-efficiency synchronous DC-DC buck regulator with active diode reverse
protection, current overload protection, soft start, spread spectrum operation, and an adjustable output voltage. The DC-
DC regulator operates with a fixed 1.229MHz (typ) frequency during normal operation. The regulator can be configured
to operate in pulse-width modulation (PWM) mode, pulse frequency modulation (PFM) mode, or discontinuous conduction
mode (DCM) during normal operation. Select the operating mode by setting the BUCKDCM or BUCKPFM mode bits in
the MODE register. The regulator is enabled by default but can be disabled through the serial interface. The DC-DC
regulator is supplied from the PV24 voltage to protect against supply inversion. Bypass PV24 to GND with a 1uF capacitor
to ensure proper operation for the DC-DC.

Startup and Soft Start

The MAX22514 DC-DC buck regulator features soft-start to slowly raise the output voltage when the device is powered
up. When the V24 voltage exceeds the 7.5V (typ) UVLO threshold, the DC-DC regulator is turned on, operating in DCM
mode. DCM mode allows the DC-DC output to soft-start whether the output voltage is unpowered or prebiased. Internal
circuitry slowly ramps the output voltage to 95% of the set voltage within 3.3ms (typ) of the V24 voltage exceeding the
UVLO threshold, ending the soft-start sequence. Once soft-start has ended, the regulator switches from DCM mode to
the selected mode for normal operation. By default, normal operation is PWM mode. Set the BUCKPFM and/or the
BUCKDCM bits in the MODE register to select another operating mode of the DC-DC regulator.
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Maximum DC-DC Output Current

The MAX22514 integrated DC-DC buck regulator can supply loads up to 200mA (typ). The internal reverse-protection
active diode between V24 and PV24 has a 200mA average current capability to supply the DC-DC input. Under certain
conditions, the internal active diode between the V24 supply and PV24 can reduce the efficiency or reduce the maximum
load current. If load currents are such that the current through the active diode exceeds 300mA, connect a Schottky
diode between V24 and PV24 to bypass the internal active diode. When a Schottky diode is used, a TVS or varistor on
V24 might be necessary to survive hot-plug events.

Selecting the Mode of Operation

Pulse Width Modulation Mode

A Pulse Width Modulation Mode (PWM) DC-DC regulator switches at a fixed frequency, adjusting the duty cycle of the
pulses depending on the output power requirements. The maximum duty cycle on the DC-DC regulator is near 100%.
Switching noise is easily filtered in PWM mode. The MAX22514 DC-DC regulator operates in PWM mode by default
(BUCKDCM = 0 and BUCKPFM = 0 in the MODE register).

Pulse Frequency Modulation Mode

In Pulse Frequency Modulation Mode (PFM), the DC-DC converter switches LX with a peak current set to be at least
200mA (typ). LX stops switching when the output voltage exceeds 103% of the set value and starts switching again when
the DC-DC output voltage drops to 101% of the set value. Because the switching frequency changes in PFM mode,
switching noise is more difficult to filter in PFM mode typically resulting in a higher ripple on the output. PFM mode has
the highest efficiency when driving low loads. Set BUCKPFM = 1 and BUCKDCM = 0 in the MODE register to enable
PFM mode on the DC-DC regulator.

Discontinuous Conduction Mode

In Discontinuous Conduction Mode (DCM), the inductor current of the DC-DC regulator can reach zero for a short period
during each switching cycle. In this mode, the output voltage is dependent on the input voltage, the inductance in the DC-
DC regulator, the switching frequency, and the load. Use DCM mode for low output ripple and high efficiency under light
load conditions. The MAX22514 DC-DC regulator operates in DCM mode during soft-start. Set BUCKDCM = 1 in the
MODE register (the BUCKPFM bit is ignored, in this case) to enable DCM functionality for normal operation.

Enabling/Disabling the DC-DC

The integrated DC-DC buck regulator on the MAX22514 is enabled by default but can be disabled through the serial
interface. Set the BUCKDIS bit in the MODE register to disable the DC-DC. If the DC-DC regulator is not used, leave the
LX unconnected and connect FB to VCCB.

DC-DC Component Selection
Setting the Output Voltage

The output voltage of the DC-DC regulator can be programmed from 2.5V to 12V. Set the output voltage by connecting
a resistor divider from the output to FB to GND (Figure 9).

Calculate the output voltage using the following equation:
Ri=R2x (Vour /0.9 - 1)

Ensure that R1 || Rz < 46kQ and use +1% resistors for best accuracy.
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LX
LIN

CLX

FHH

MAX22514

FB

Figure 9. Setting the DC-DC Output Voltage

The R1 resistor controls the load regulation on the load step and can also affect the value of the output capacitor to ensure
stability of the DC-DC regulator. See Table 4 for R1 and Rz values for common DC-DC output voltage settings.

Inductor Selection

A low-loss inductor with the lowest possible DC resistance that fits in the allotted dimensions should be selected. The
saturation current (Isat) must be high enough ensure that saturation cannot occur below the 440mA maximum current-
limit value. Under lower load conditions, smaller inductors can be used.

Output Capacitor

Small ceramic X7R-grade capacitors are sufficient and recommended to use with the MAX22514 DC-DC regulator. The
output capacitor has two functions: filter the square wave generated by the device along with the output inductor and
stabilize the device's internal control loop. Capacitor selection depends on the operating conditions and the value of R1
and can affect the stability of the DC-DC regulator.

Typical External Components

Table 4 shows the recommended component values for the DC-DC buck regulator for a wide range of typical operating
conditions (see the Simplified Application Diagram). Recommended values in the table are designed for <+3% load
regulation on a 50% load current step and with minimum inductance. A +30% tolerance on inductance and a +20%
tolerance on capacitance is expected due to C-V dependence.

Table 4. Typical DC-DC Component Selection

V24 (V) OUTPUT MAXIMUM ] MINIMUM C_ x MAXIMUM C| x a1 Ro
VOLTAGE OUTPUT OUTPUT OUTPUT
MIN | MAX V) cURRENT (mA) | M1 | capaciTance uF) | capaciTance urp | 91| K
8 36 33 200 15 4.7 27 226 | 845
8 36 5 200 22 33 17 348 | 75
8 36 6 200 27 3.3 14 412 | 732
9 36 7 190 33 27 12 499 | 732
10 36 8 190 33 2.2 11 562 | 715
10 36 9 170 33 1.8 9 634 | 6938
12 36 10 180 39 1.8 8 698 | 69.8
12 36 11 160 39 15 8 768 | 68.1
14 36 12 180 39 1.2 7 845 | 68.1
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DC-DC Spread Spectrum

The DC-DC regulator uses an internal clock synchronized with the main on-board oscillator that is used to generate other
signals and timing. To reduce EMC emission peaks and/or reduce interference between the DC-DC switching circuitry
and analog circuitry, the MAX22514 features selectable spread-spectrum functionality for the DC-DC clock. When
enabled, the DC-DC clock is randomly changed with a maximum frequency deviation of £10% (typ).

By default, DC-DC spread spectrum is disabled. Set the BUCKSS bit in the MODE register to enable spread spectrum
for the DC-DC.

DC-DC Protection and Diagnostics

DC-DC Overcurrent and Runaway Protection

The DC-DC regulator includes integrated circuitry to protect the regulator during a current overload condition to avoid
runaway. When the high-side current exceeds the 400mA (typ) high-side peak current limit (Ioc_nsLim), the high-side switch
is disabled. Similarly, when the low-side current exceeds the 200mA (typ) low-side current limit threshold (loc_Lsmax), the
low-side switch is turned off and LX is floating until the next clock cycle, when switching begins again.

Hiccup Mode (Autoretry)

The DC-DC regulator features an autoretry sequence (hiccup mode) to protect against fault conditions on the output. After
soft-start, if the output voltage of the DC-DC regulator falls below 70% of the set threshold, the regulator is disabled for
22ms (typ) and the BUCKFAULT bitin the STATUS2 register is set. Following the autoretry period, the DC-DC is restarted
with soft-start.

If the fault on the output persists, the DC-DC is disabled and the autoretry sequence begins again. If the output voltage
rises to 95% of the expected voltage, the DC-DC exits hiccup mode and operates normally.

DC-DC Power Diagnostics
The BUCKFAULT and BUCKOK bits in the STATUS2 register indicate the state of the DC-DC output. Use these bits to
monitor the regulator during operation.

The BUCKOK bit is set when the output voltage is above 95% of the set voltage and the regulator is operating normally.
When the DC-DC output voltage falls below 95% of the set voltage, RESET/POK asserts and the BUCKOK bit is 0.

The BUCKFAULT bit is set when regulator is in a fault condition. Fault conditions include current overload, when the
output voltage falls below 70% of the set threshold, and/or when the regulator is operating in hiccup mode. The
BUCKFAULT bit is cleared automatically when the regulator returns to normal operation.

Integrated Temperature Sensing

The MAX22514 monitors the die temperature during normal operation. This temperature can be read through the SPI
interface and can be configured to generate a high temperature warning when the temperature rises above a set
threshold. This threshold is user programmable.

The MAX22514 uses the same thermal sense circuitry to monitor the die temperature for the default thermal warning and
when the programmable thermal warning methods are used. The default thermal warning system features a reduced
precision, but faster response times. The programmable thermal ADC features a higher precision but slower functionality.

The high temperature warning can be disabled completely by setting the ADC_CONF bits in the THADC_CFG register.

High Temperature Warning

To protect against thermal damage, the MAX22514 monitors the die temperature during operation. The MAX22514
compares the die temperature to two different thresholds: the warning threshold and the thermal shutdown threshold.
By default, the high temperature warning threshold is 150°C.
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Programmable Thermal Warning

Enable the programmable thermal warning threshold by setting the ADC_CONF[1:0] bits in the THADC_CFG register to
01. Program the warning threshold by setting the THWRN[5:0] bits in the THADC_THD register. Bits in the THWRN][5:0]
bits are binary-coded, with 1 LSB = 3°C and THWARN = 0 at -15°C (typ). See Table 5.

Table 5. Thermal ADC Conversion

Die temperature (°C) THWARN[5:0]
0 000101 (5d)
27 001110 (14d)
84 100001 (33d)
126 101111 (47d)

The THERMWINT bit in the INTERRUPT register and the TEMPW bit in the STATUS register are set when the die
temperature exceeds the thermal warning threshold. If not masked (THERMWM = 0 in the IRQMASK register), IRQ
asserts when the THERWINT bit is set. THERMWINT is cleared when the INTERRUPT register is read, but THERMW is
not cleared until the temperature is below the thermal warning threshold hysteresis. No hysteresis is available for the
programmable warning threshold mode.

Thermal ADC

Set the ADC_CONF[1:0] bits in the THAD_CNG register to 10 or 11 to enable ADC thermal monitoring to allow the die
temperature to be read over the SPI interface.

Set the ADC_START bit in the THADC_CFG register to start the thermal ADC measurement. The ADC_START bit is
cleared and the ADC_EOC bit in the THADC_RES register is set after the manual ADC thermal measurement is
completed after 450us (typ). Measurement results are stored in the THVAL[5:0] bits in the THADC_RES register.
Measurements are binary-coded, 1 LSB = 3°C (typ) and THVAL = 0 at -15°C (typ). Thermal ADC measurements range
from -15°C to 174°C. See Table 5

Thermal warning functionality is disabled when manual ADC thermal monitoring is enabled. Ignore the THERMW bit in
the STATUS register and mask the thermal warning interrupt (THERMWINT in the INTERRUPT register) by setting the
THERMWM = 1 in the IRQMASK register.

Protection

Reverse Polarity Protection

The MAX22514 is internally protected against reverse polarity miswiring on the V2, C/Q, and GND pins. Any combination
of these pins can be connected to a DC voltage in the range of -36V to +36V. Shorts to these voltages result in a current
flow of less than 500uA. Note that the maximum voltage between any pins should not exceed the Absolute Maximum
Ratings.

Thermal Shutdown

The MAX22514 enters thermal shutdown when the average die temperature exceeds the +170°C (typ) thermal shutdown
threshold. The C/Q driver, the DC-DC regulator, and the Vs and V33 regulators are disabled when the device is in thermal
shutdown. The MAX22514 exits thermal shutdown when the average die temperature falls below the 20°C (typ) thermal
shutdown hysteresis. Thermal shutdown is present regardless of the method of high temperature warning utilized and
cannot be disabled.
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Register Corruption Check

The MAX22514 performs an ongoing check of all register bits. A register is corrupted when the value is changed by an
external event (for example, an ESD discharge, etc). When a corrupt register bit is detected, the CORR_REG bit in the
STATUS register is set, the NOTREADY bit in the INTERRUPT register is set, and the MAX22514 asserts the IRQ output.
The C/Q driver is disabled when the NOTREADY bit is set.

The microcontroller must rewrite correct values to all of the registers after the CORR_REG bit has been set. The
CORR_REG bit is automatically cleared when the serial interface control registers have been rewritten to their pre-event
cycle values. Once the CORR_REG bit is cleared, read the INTERRUPT register to clear the NOTREADY bit and deassert
IRQ.

SPI Controller Interface

The MAX22514 supports full-duplex SPI communication at speeds up to 12MHz. The master must generate clock and
data signals in SPI MODEO (clock polarity CPOL = 0 and clock phase CPHA = 0) to communicate with the MAX22514.
The SPl interface is not available when Vs falls below 4.26V or when Vi is below 2.5V.

Figure 10 shows a single-cycle WPI write command and Figure 11 shows a single-cycle SPI read command.

TS
o ﬂﬂﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂﬂﬂ_ﬂﬂ
; T T T T T T T T T T
— I I I I I I I I I I
sDI W0 0 0 | A1 A I Al A0 IBITIBTGIBTS IBT4IBI31BT2IBTTI BT
. I I P I I P I I
A_ =REGISTER ADDRESS
BIT_= DATABIT
f = CLOCK EDGE THAT INITIATES LATCHING OF SDI DATA
Figure 10. SPI Write Byte
cS
s AP I ey
- T ] T T T T
| | | | |
SDI X 1R | 0 0 0 | A3 A Al I A I X
| : : : :
T T T T T T T
| | | | | | |
SDO BIT7 | BITG I BITS | BIT4 | BIT3 | BT2 ( BIT11 BTO —
A_ =REGISTER ADDRESS : : : : : : :
BIT_= DATABIT
f = CLOCK EDGE THAT INITIATES LATCHING OF SDI DATA
* = CLOCK EDGE THAT INITIATES WRITING OF SDO DATA

Figure 11. SPI Read Byte
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Register Map
REGISTER MAP

ADDRESS NAME MSB LSB
SPI User
NOTREA THADCIN | CQFAULT THERMWI
0x00 INTERRUPT[7:0 WUINT VMINT UV24INT -
DY T INT NT
CQFAULT THERMW
0x01 IRQMASK]7:0 - WUM THADCM M VMINTM uva4m - M
0x02 STATUSI[7:0 CcQLvL - - CQFAULT | VMWARN uva4 - THERMW
RR_R BUCKFA
0x03 STATUS2[7:0 CORR | - - - - - ue v BUCKOK
EG LT
BUCKDC | BUCKPF
0x04 MODE[7:0 RST - - - M M BUCKSS | BUCKDIS
AUTORET
0x05 CURRLIM[7:0 CL[1:0] CLDIS CL_BL[1:0] TAR[1:0]
RYEN
LDO33DI RXFILTE
0x06 CONTROLJ[7:0 s WUDIS - - RXDIS R - cQ_Q
0x07 CQCONFIG[7:0 CQLOSLEWI[1:0] CQ_PD CQ_PU CQ_NPN CQ_PP INVCQ CQ_EN
ENCKTRI
0x09 CLKCONFIG[7:0 CM - - - CLKDIV[2:0] MCLKDIS
0x0A CKTRIM[7:0 - - CKTRIM[5:0]
PUD PUD2
0x0B CQMASTERJ[7:0 WUGEN - - RXTTL - - CQPUDS | CQPU
MA MA
0x0C CHIPID[7:0 CHIPID[7:0]
AD TA
0x0D THADC CFG[7:0 CR—TS - - - - - ADC_CONF[1:0]
0x0E THADC THDI[7:0 - - THWRN][5:0]
ADC_EO
0xO0F THADC RES[7:0 c - THVAL[5:0]
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INTERRUPT (0x0)

Surge Protected 10-Link Transceiver with DC-DC

The IRQ output asserts when any of the bits in the INTERRUPT register are set and the interrupt is not masked. Read
the INTERRUPT register to clear the bits and deassert IRQ, once the fault condition has been removed.

BIT 7 6 5 4 3 2 1 0
Field NOTREADY WUINT THADCINT | CQFAULTINT VMINT UV24INT - THERMWINT
Reset Ob1 0b0 0b0 0b0 0b0 0b0 0b0 0b0
Read ClI Read Clears Read Clears Read Clears
Access Type | o0 viears | neaduie Read, Ext | Read,Ext | Read, Ext Read, Ext
All All All All
BITFIELD BITS DESCRIPTION
0 = The MAX22514 is operating normally
1 = Any of the following conditions has occurred since the last INTERRUPT register
read:
NOTREADY 7 » The Vs supply voltage dropped below its UVLO and the registers were reset.
« A power-up occurred and the registers have been reset.
« At least one register has been corrupted due to an external event (not POR).
The NOTREADY interrupt cannot be masked.
0 = No wake-up condition has been detected.
WUINT 6 1 = An |O-Link wake-up condition has been detected on the C/Q line since the last
INTERRUPT register read.
0 = No thermal conversion has been completed.
THADCINT 5 1 = A thermal ADC conversion has been completed since the last INTERRUPT register
read.
0 = C/Q driver operating normally.
1 = Overcurrent/overload condition on the C/Q driver since the last INTERRUPT register
d.
CQFAULTINT 4 rea
Note that CQFAULT is only cleared if the overload condition has been removed when
INTERRUPT the register is read.
0 = Vm is above 900mV (typ)
1 = Vm voltage is below 858mV (typ).
VMINT 3
Vw is level sensitive. VMINT is only cleared when the Vm voltage is higher than the
900mV threshold during the INTERRUPT read.
0 = Va4 is above the 7.5V (typ) undervoltage threshold (UVLO).
1 = The V24 voltage is below the the 7V (typ) undervoltage threshold.
UV24INT 2
Va4 is level sensitive. UV24INT is only cleared when the V24 voltage is higher than the
7.5V (typ) threshold during the INTERRUPT read.
- 1 Not used
THERMWINT 0 0 = The die temperature has not risen above the warning temperature threshold.

1 = The die temperature has risen above the warning temperature threshold since the
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BITFIELD

BITS

DESCRIPTION

last INTERRUPT register read.

THWINT is only cleared if the die temperature is below the warning threshold when
the INTERRUPT register is read.

This bit should be ignored when manual ADC thermal conversion is enabled.

IRQMASK (0x1)

Set the bits in the IRQMASK register to ignore selected events or fault notifications. IRQ does not assert when
any of the masked bits in the INTERRUPT register are set. Bits in the INTERRUPT register are not affected by
the bits in the IRQMASK register, and are set when the associated event or fault notification occurs.

BIT 7 6 5 4 3 2 1 (]
Field - WUM THADCM CQFAULTM VMINTM UVv24M - THERMWM
Reset - 0b0 0x0 0b0 0b0 0b0 0b0 0b0
Access Type - Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION

WO 5 0 = IRQ asserts when the WUINT bit in the INTERRUPT register is set.

1 = IRQ does not assert when the WUINT bit in the INTERRUPT register is set.
THADGM 5 0 = IRQ asserts when the THADCINT bit in the INTERRUPT register is set.

1 = IRQ does not assert when the THADCINT bit in the INTERRUPT register is set.
COFAULTM . 0 = IRQ asserts when the CQFAULT bit in the INTERRUPT register is set.

1 = IRQ does not assert when the CQFAULT bit in the INTERRUPT register is set.
VMINTM 3 0 = IRQ asserts when the VMINT bit in the INTERRUPT register is set.

1 = IRQ does not assert when the VMINT bit in the INTERRUPT register is set.
UV24M » 0 = IRQ asserts when the UV24INT bit in the INTERRUPT register is set.

1 = IRQ does not assert when the UV24INT bit in the INTERRUPT register is masked.

1 Not used

0 = IRQ asserts when the THERMWINT bit in the INTERRUPT register is set.

1 = IRQ does not assert when the THERMWINT bit in the INTERRUPT register is set.
THERMWM 0

Set this bit when when manual ADC thermal conversion is enabled (ADC_CONF[1:0] =
10 or 11).

STATUS (0x2)

Bits in the STATUS register indicate the current status of the MAX22514. Bits in the STATUS register are set or cleared

when an event occurs and are not cleared when the register is read.

BIT

7

6

5

4
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Field CQLVL - - CQFAULT VMWARN uva4 - THERMW
Reset 0b0 - - 0b0 0b0 0b0 0b0 0b0
Access Type Read Only - - Read Only Read Only Read Only Read Only Read Only
BITFIELD BITS DESCRIPTION
0 =C/Qis high.
CQLVL 7
Q 1=C/Qis low.
CQFAULT 4 0 = No fault on C/Q driver.
1 = Overcurrent or thermal overload fault on C/Q driver.
0 = Vwm is above the 900mV (typ) threshold.
VMWARN 3 )
1 = Vwm is below the 858mV (typ) threshold.
Uv24 o 0 = Va4 is above the 7.5V (typ) rising undervoltage lockout (UVLO) threshold.
1 = Vas is below the 7V (typ) falling UVLO threshold.
1 Not used
0 = The die temperature is below the 130°C (typ, falling) warning threshold temperature.
1 = The die temperature is above the 150°C (typ, rising) warning threshold temperature.
THERMW 0
This bit should be ignored when manual ADC thermal conversion is enabled
(ADC_CONF[1:0] =10 or 11).

STATUS2 (0x3)

Bits in the STATUS2 register indicate the current status of the MAX22514 registers and the DC-DC regulator operation.
Bits in the STATUS2 register are set or cleared when an event occurs and are not cleared when the register is read.

BIT 7 6 5 4 3 2 1 0
Field CORR_REG - - - - - BUCKFAULT BUCKOK
Reset 0b0 - - - - - 0b0 Ob1
Access Type Read Only - - - - - Read Only Read Only
BITFIELD BITS DESCRIPTION
0 = All register values are correct.
CORR REG - 1 = Register values are corrupted. C/Q is disabled and RX is high impedance when
- CORR_REG = 1. V33 and DC-DC are also forced on and the signal at MCLK is enabled
and switching at 3.686MHz (typ).
BUCKFAULT 1 0 = The DC-DC is operating normally. No fault conditions are present.
1 = A fault condition is present on the DC-DC regulator. Fault conditions include output
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BITFIELD BITS DESCRIPTION
overcurrent/overload, the output voltage falls below 70% of the set voltage, and when
the regulator is in hiccup mode.
0 = The DC-DC regulator is not ready or has a fault condition.
BUCKOK 0 1 = The DC-DC regulator is operating normally in the steady state condition and is ready
to be used.
MODE (0x4)
BIT 7 6 5 4 3 2 1 0
Field RST - - - BUCKDCM BUCKPFM BUCKSS BUCKDIS
Reset 0b0 - - - 0b0 0b0 0b0 0b0
Write Only . ) . .
Access Type - - - Write, Read Write, Read Write, Read Write, Read
Clears All
BITFIELD BITS DESCRIPTION
RST 7 0 = Registers are not in reset state.
1 = Set all registers to their default state. RST clears automatically.
0 = The DC-DC regulator operates in PFM mode (BUCKPFM = 1) or PWM mode
BUCKDCM 3 (BUCKPFM = 0) after soft-start is complete. See the BUCKPFM bit setting.
1 = The DC-DC regulator operates in DCM mode after soft-start is complete.
0 = The DC-DC regulator operates in PWM mode (BUCKDCM = 0) or DCM mode
BUCKPFM 2 (BUCKDCM = 1).
1 = The DC-DC regulator operates in PFM mode.
BUCKSS ’ 0 = Spread spectrum operation is not enabled on the DC-DC regulator.
1 = Spread spectrum operation is enabled on the DC-DC regulator.
=DC-D | i led.
BUCKDIS 0 0 C-DC regulator !s e.nab ed
1 = DC-DC regulator is disabled.
CURRLIM (0x5)
BIT 7 6 5 4 3 2 1 0
. AUTORETRY
Field CL[1:0] CLDIS CL_BL[1:0] TAR[1:0] EN
Reset 0b00 0b0 0b00 0b00 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read
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BITFIELD BITS DESCRIPTION
CL[1:0] bits set the active current limit levels for the C/Q driver when CLDIS = 0.
cL 76 00 = 50mA (mm.) current I|n.1|t.
01 = 100mA (min) current limit
10 = 200mA (min) current limit
11 = 250mA (min) current limit
0 = C/Q driver current limits are enabled. Current limits are set by the CL[1:0] bits. The
cLDIS 5 C/Q rising/falling slew rates are set by the CQLOSLEW bits.
1 = C/Q driver current limits are disabled. The C/Q rising/falling slew rate is set to 380ns
(typ).
Set the CL_BL[1:0] to program the blanking time for the C/Q driver:
CL BL 43 00 = 175us (typ)
01 = 500ps (typ)
10 = 1ms (typ)
11 = 5ms (typ)
Set the TAR[1:0] bits to select the fixed off-time for the C/Q driver after a fault has been
generated and autoretry functionality is enabled (AUTORETRYEN = 1).
00 = 50ms (typ)
TAR 2:1 01 = 100ms (typ)
10 = 200ms (typ)
11 = 500ms (typ)
The driver is automatically reenabled after the fixed off-delay.
0 = Autoretry is disabled on the C/Q driver.
AUTORETRYEN 0 1 = Autoretry is enabled on the C/Q driver. When a fault is signaled on the driver, the
driver is disabled for the selected fixed off time and then automatically reenabled.
CONTROL (0x6)
BIT 7 6 4 3 2 1 0
Field LDO33DIS WUDIS - RXDIS RXFILTER - cQ_Q
Reset 0b0 0b0 - 0b0 0b0 - 0b0
Access Type Write, Read Write, Read - Write, Read Write, Read - Write, Read
BITFIELD BITS DESCRIPTION
= Vasli | i led.
LDO33DIS - 0 = V33 linear regulator is enabled

1 = Va3 linear regulator is disabled.
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BITFIELD BITS DESCRIPTION

0 = I0-Link wake-up detection is enabled.

WUDIS 6 . S
1 = 10-Link wake-up detection is disabled.

0 = RX logic output is enabled.
RXDIS 3 1 = RX logic output is disabled. RX is high impedance. The C/Q input current is reduced
when RXDIS = 1.

0 = The 1us (typ) glitch filter on the C/Q receiver is disabled.
1 =The 1ps (typ) glitch filter on the C/Q receiver is enabled.

RXFILTER 2

cQ_Q 0 Use the CQ_Q bit to control the C/Q driver output. See Table 1 for more information.

CQCONFIG (0x7)

BIT 7 6 5 4 3 2 1 0
Field CQLOSLEWI1:0] CQ_PD CQ_PU CQ_NPN CQ_PP INVCQ CQ_EN
Reset 0b00 0b0 0b0 0b0 0b0 0b0 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION

Set the CQLOSLEWT[1:0] bits to program the typical rising and falling slew rates on the
C/Q driver.

00 = 380ns (typ)
CQLOSLEW 7:6 01 = 700ns (typ)
10 = 1.7ps (typ)
11 =7.5ps (typ)

CQLOSLEW is ignored when the CLDIS bit is set.

0 = The pull-down current on the C/Q driver is disabled.
CQ_PD 5 1 = Enable the pull-down current on the C/Q driver.
See Table 3 for more information.

0 = The pull-up current on the C/Q driver is disabled.
CQ_PU 4 1 = Enable the pull-up current on the C/Q driver.
See Table 3 for more information.

0 = The C/Q driver is in PNP mode (CQ_PP = 0) or push-pull mode (CQ_PP =1).

CQ_NPN 3 L
1 = The C/Q driver is in NPN mode (CQ_PP = 0) or push-pull mode (CQ_PP = 1).

0 = The C/Q driver is in PNP mode (CQ_NPN = 0) or NPN mode (CQ_NPN = 1).

CQ_PP 2 Lo
1 = The C/Q driver is in push-pull mode.
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BITFIELD BITS DESCRIPTION
INVCQ 1 0=C/Q Iog!c !s inverted compared to TX and RX.
1 = C/Q logic is the same as TX and RX.
CQ EN 0 0=C/Q dr?ver ?s disabled.
1 = C/Qdriver is enabled.
CLKCONFIG (0x9)
BIT 7 6 4 3 2 0
Field ENCKTRIM - - CLKDIV[2:0] MCLKDIS
Reset 0b0 - - 0b000 0b0
Access Type Write, Read - - Write, Read Write, Read
BITFIELD BITS DESCRIPTION
ENCKTRIM 2 0= F?ne tr?mm?ng of the MCLK frequency ?s disabled. .
1 = Fine trimming of the MCLK frequency is enabled. See the CKTRIM register.
Set the CLKDIV[1:0] bits to select the internal clock divider ratio and MCLK switching
frequency:
000 = MCLK frequency is 3.686MHz (typ) (default)
CLKDIV 31 001 = MCLK frequency !s 7.373MHz (typ)
010 = MCLK frequency is 14.74MHz (typ)
011 = MCLK frequency is 29.49MHz (typ)
100 = MCLK frequency is 1.843MHz (typ)
MCLK switches at 3.686MHz (typ) at power-up.
MGLKDIS 0 0 = MCLK !s e.nabled. o .
1 = MCLK is disabled. MCLK is high when disabled.
CKTRIM (0xA)
BIT 7 6 4 3 2 0
Field - - CKTRIM[5:0]
Reset - - 0b000000
Access Type - - Write, Read
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BITFIELD BITS DESCRIPTION
The CKTRIM[5:0] bits are used to trim the internally generated clock frequency.
CKTRIM 5:0
The bits are binary coded, centered to 0 from -5% for -32 to +6.7% for +31.
CQMASTER (0xB)
BIT 7 6 5 4 3 2 1 0
Field WUGEN - - RXTTL - - CQPUD5MA | CQPUD2MA
Reset 0x0 - - 0x0 - - 0x0 0x0
Access Type Write, Read - - Write, Read - - Write, Read Write, Read
BITFIELD BITS DESCRIPTION
0 = No wake-up pulse is generated on C/Q
1 = Generate a 80ys (typ) wake-up pulse on C/Q.
WUGEN 7 .
Program C/Q to push-pull mode and set CQ_EN = 0 and TXEN = low before setting
WUGEN = 1.
WUGEN is automatically reset after the wake-up pulse is generated.
RXTTL 4 0 = I0-Link receiver thresholds enabled for C/Q receiver
1 =TTL receiver thresholds enabled for C/Q receiver
CQPUD5MA ’ 0 = The 5mA (min) curre.nt on C/Q is disabled. .
1 = Enables the 5mA (min) current on the C/Q driver.
0 = The 2mA (min) current on C/Q is disabled.
CQPUD2MA 0 1 = Enables the 2mA (min) current on the C/Q driver.
CHIPID (0xC)
BIT 7 6 5 4 3 2 1 0
Field CHIPID[7:0]
Reset 0x13
Access Type Read Only
BITFIELD BITS DESCRIPTION
CHIPID 7:0 The CHIPID register identifies the revision of the MAX22514.
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BIT 7 6 4 3 2 1 0
Field ADC_START - - - - ADC_CONF[1:0]
Reset 0b0 - - - - 0b00
Access Type Write, Read - - - - Write, Read
BITFIELD BITS DESCRIPTION
0 = No manual thermal ADC conversion.
1 = Start a new manual thermal ADC conversion.
ADG START 2 Set ADC_CONF[1:0] = 10 or 11 to enable manual thermal ADC conversion. Results of
- the thermal conversion are stored in the THADC_RES register when the conversion is
complete.
This bit is automatically cleared when the manual ADC conversion is complete.
00 = Internal/Default thermal warning threshold and response time is enabled.
ADC_CONF 1:0 01 = Programmable thermal warning threshold is enabled.
1x = Manual thermal ADC is enabled. Thermal warning is disabled in this mode.
THADC THD (0xE)
BIT 7 6 4 3 2 1 0
Field - - THWRN[5:0]
Reset - - 0b000000
Access Type - - Write, Read
BITFIELD BITS DESCRIPTION
Set ADC_CONF[1:0] = 01 to enable the programmable thermal warning threshold.
Program the THWRN[5:0] bits to set the thermal warning threshold. Scaling is the same
THWRN 50 as for the THVAL[5:0] bits in the THADC_RES register.
The THERMWINT and THERMW bits are set when the die temperature exceeds this
threshold. There is no hysteresis when the programmable thermal warning threshold is
enabled.
THADC RES (0xF)
BIT 7 6 4 3 2 1 0
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Field ADC_EOC - THVAL[5:0]

Reset 0b0 - 0b000000

Access Type Read Only - Write, Read
BITFIELD BITS DESCRIPTION

Set the ADC_CONF[1:0] bits to 10 or 11 to enable manual thermal ADC conversion.

ADC_EOC 7 0 = Thermal ADC conversion is complete and THVAL[5:0] bits hold the latest thermal
ADC conversion value
1 = Thermal ADC conversion is running. Value in THVAL[5:0] bits is not valid.

) This register holds the results of the latest thermal conversion. Bits are binary coded with
THVAL 5:0 1LSB = 3°C and THVAL = 0 at -15°C (typ). See Table 5.
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Applications Information

MCLK Microcontroller Clocking
The MCLK output produces a clock that can be used for microcontroller/IO-Link UART clocking.

Select the frequency of the MCLK output by setting the CLKDIV[2:0] bits in the CLKCONFIG register. Available MCLK
frequencies are 1.843MHz (typ), 3.686MHz (typ), 7.373MHz (typ), 14.74MHz (typ), and 29.49MHz (typ). The MCLK
frequency can be finely adjusted by setting the ENCKTRIM bit in the CLKCONFIG register to 1 and writing the CKTRIM
bits in the CKTRIM register. The CKTRIM bits are used to trim the internally generated clock frequency. The bits are
binary coded and centered to 0 from -5% for -32, and to +6.7% for +31.

MCLK is enabled by default at power up and the switching frequency is 3.686MHz (typ). MCLK voltage output levels are
referenced to the V. logic supply.

EMC Protection

The MAX22514 features integrated surge protection of £1kV/500Q for 8us/20us surge on the C/Q and V24 pins. External
TVS diodes are required to meet higher levels of surge and ESD protection. Ensure that the TVS diode peak clamping
voltage is within the Absolute Maximum voltage ratings.

Power Dissipation and Thermal Considerations

Ensure that the total power dissipation in the MAX22514 is less than the limit in the Absolute Maximum Ratings. Total
power dissipation for the MAX22514 is calculated using the following equation:

ProtaL = Pa + PVs + PVs3 + Pca
where:
Pa = Quiescent power generated in MAX22514,
Pcia = Power generated in the C/Q driver,
PVs3 and PVs = Power generated by the internal linear regulators
Quiescent power dissipated in the MAX22514 is calculated as:
Pa = [l24 x Vaa(max)] + [ls x Vs]
Power dissipated in the C/Q driver is calculated as:
Pcia = leia(max)? x Rown
lcia is the load current driven by the C/Q driver and Ron is the driver on-resistance.
Power dissipated in the 5V linear regulator (Vs) is calculated as:
Pvs = (VLiN- V5) X IsLoap
IsLoap includes both the load current on the Vs regulator and the 3.3V regulator.
Power dissipated in the 3.3V linear regulator (Vz3) is calculated as:
Pvas = 1.7V X ls3Loap

IasLoap is the load on the 3.3V regulator
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Layout and Grounding
Layout for the MAX22514 is important to ensure that all parts operate normally and with minimal interference.
The MAX22514 features two ground pins: GND, CQGND.

Bypass all supply pins (Vs, Vi, and PV24) to the GND pin and connect directly to a ground plane. Bypass capacitors should
be placed as close to the IC as possible.

The V24, C/Q, and CQGND pins are connected directly to the IO-Link connector. Connect all bypass capacitors and other
components on this line directly to the CQGND. Connect the CQGND to the ground layer at the IC (at the exposed pad
for the TQFN or under pad D8 on the WLP package).

Keep the component loop for the DC-DC buck regulator as small as possible. Ensure that the feedback resistor divider is
not near the inductor. Connect the ground terminal of the DC-DC output capacitor to the ground plane with multiple vias.

Figure 12 shows an example of layout and grounding connections.
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Figure 12. Sample Grounding Scheme (TQFN Package)
Ordering Information
PART NUMBER TEMP RANGE PIN-PACKAGE BALL PITCH
MAX22514ATG+ -40°C to +125°C 24 TQFN-EP* —
MAX22514ATG+T -40°C to +125°C 24 TQFN-EP* —
MAX22514AWA+ -40°C to +125°C 25 WLP 05
MAX22514AWA+T -40°C to +125°C 25 WLP 0.5

+Denotes a lead(pb)-free/RoHS-compliant package.
T = Tape and reel.
*EP = Exposed pad.

Chip Information
PROCESS: BiCMOS
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REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 12/21 Release for Market Intro —

1 2/22 Updated Table 4 27

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is
assumed by Analog Devices for its use, nor for any infringements of patents or other rights of third parties that may
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