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MAX5986A/MAX5987A

B FIEEE 802.3aff &%, Class 1 PD,

ABSOLUTE MAXIMUM RATINGS

R EDC-DC# a8

(All voltages referenced to GND, unless otherwise noted.) PGND t0 GND ....oooiiiiiiiccceccce e -0.3V to +0.3V
VDD 10 GND ..o -0.3V to +70V LX Total RMS CUITENT.......ooiiiiicc 1.6A
(100V, 100ms, RTesT = 3.3kQ) (Note 1) Continuous Power Dissipation (Tp = + 70°C)

Vee, WAD, RREF 10 GND ... -0.3V to (Vpp + 0.3V) TQFN (derate 28.6mW/°C above +70°C).............. 2285.7mW
AUX, LDO_IN, LED to GND ........cooooiiiiiiiie -0.3V to 16V Operating Temperature Range.........................
LDO_OUT t0 GND....oooviviiiie -0.3V to (LDO_IN + 0.3V) Junction Temperature ...
LDO_FB 10 GND ....oviiiiiiiciceicceee e -0.3V to +6V Storage Temperature Range..............cc.cc.o.....
LX 10 GND ..o, -0.3Vto (Vge + 0.3V) Lead Temperature (soldering, 10s)
LDO_OUT, VDRV, FB, RESET, WK, SL, ULP, Soldering Temperature (reflow) .........ccoociiioiiiiniienn

tO GND ..o -0.3V to +6V
VDRV 10 VDD oot -0.3V to (Vpp + 0.3V)

Note 1: See Figure 1, Test Circuit.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion 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 THERMAL CHARACTERISTICS (Note 2)

Junction-to-Ambient Thermal Resistance (0ja) .............. 35°C/W
Junction-to-Case Thermal Resistance (0¢)................. 2.7°C/W

Note 2: 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 china.maximintegrated.com/thermal-tutorial.

ELECTRICAL CHARACTERISTICS
(Vpp = 48V, Rgg = 24.9kQ, LED, Ve, SL, ULP, WK, RESET, LDO_OUT unconnected, WAD = LDO_EN = LDO_IN = PGND = GND,
C1 = 68nF, C2 = 10pF, C3 = 1pF (see Figure 3), Vrg = Vaux = 0V, LX unconnected. All voltages are referenced to GND, unless

otherwise noted. Ta = Ty = -40°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 3)

PARAMETER | symBoL | CONDITIONS | MN  TYP MAX | UNITS
POWER DEVICE (PD) INTERFACE
DETECTION MODE
Input Offset Current lOFFSET Vypp = 1.4V to 10.1V. (Note 3) 10 HA
II:E;Zzicstti;ic[;h‘ferential Input dR 2/&/32 Z)1.4V to 10.1V with 1V step, 2395 o5 255 KO
CLASSIFICATION MODE
Classification Enable Threshold VTH,cLS.EN | VDD rising 10.2 11.4 12.5 \
Classification Disable Threshold VTH,cLs,DIs | VDD rising 22 229 23.6 \
Classification Stability Time 0.2 ms
Classification Current lcLass Vpp = 12.6V to 20V 9.12 1051  11.88 mA
POWER MODE
Vpp Supply Voltage Range Vbp 60 \
Vpp Supply Current DD Ve = 60V 3 4.5 mA

o MAX5986A 34.3 354 37.6

Vpp Turn-On Voltage VoN Vpp rising VAXEO87A o 87 0 \
Vpp Turn-Off Voltage VOoFF Vpp falling 30 31.5 \

Maxim Integrated 2
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MAX5986A/MAX5987A

B FIEEE 802.3aff &%, Class 1 PD,
K EDC-DCi 22

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = 48V, Rg|g = 24.9kQ, LED, V¢, SL, ULP, WK, RESET, LDO_OUT unconnected, WAD = LDO_EN = LDO_IN = PGND = GND,
C1 = 68nF, C2 = 10uF, C3 = 1pF (see Figure 3), VFg = Vaux = 0V, LX unconnected. All voltages are referenced to GND, unless
otherwise noted. Tp = T = -40°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
) MAX5986A 4

Vpp Turn-On/Off Hysteresis ViysT_uvLo | (Note 5) VAXEOE7A _— vV

Vpp Deglitch Time toFF_DLY Vpp falling from 40V to 20V (Note 5) 100 116 135 us

Inrush to Operating Mode Delay {DELAY tg%—\ﬁztz;ge&g}_gg (E\cir?\?e-rt:elfti)rrlgr\ll 75 90 110 ms

i Ty =+25°C 1.1

g,;n;neosr:;:r\]/g HosTE Fonso | lvec = 100mA Tj = +85°C 14 17 ¢

PoE MPS Current Threshold TBD 30 TBD mA

PoE MPS Output Average Current 2.5 3 3.5 mA

CURRENT LIMIT

Inrush Current Limit lINRUSH During initial turn-on period, 39 49 60 mA
Vpp - Ve = 4V, measured at Voo

Quren PUNINOTAL |y, |l sy | 0 W 20 | m

WAD Detection Rising Threshold | Vwap RISE 8.8 vV

g}éeDSE(j;eonon Falling ViAD.FALL 8.2 v

WAD Detection Hysteresis TBD Vv

WAD Input Current WAD VwaD = 24V 100 LA

INTERNAL REGULATOR WITH BACK BIAS

VAUX Input Voltage Range Vaux Inferred from Vayyx input current 4.75 14 \

Vaux Input Current Vaux from 4.75V to 14V 1 2 TBD mA

VpRry Output Voltage 45 55 \Y

SLEEP MODE (MAX5986A)

WK and ULP Logic Threshold VTH Vwk falling and Vyy_p rising and falling 1.9 2.25 2.7 %

SL Logic Threshold Falling 0.55 0.6 0.65 v

SL Current Vg = OV 12,5 HA
Rsr = 60.4kQ, V| gp = 6.5V 9.6 10.7 11.8

LED Current Amplitude ILED Rsr = 30.2kQ, V gp = 6.5V 19.2 21.4 23.5 mA
Rsr = 30.2kQ, V| gp = 3.5V 19

;I;Eg(e)urrent Programmable 10 20 mA

LED Current with Grounded SL VgL = OV 20.6 26.4 314 mA

LED Current Frequency fILED Sleep and ultra-low power modes 250 Hz

LED Current Duty Cycle DiLED Sleep and ultra-low power modes 25 %

Maxim Integrated 3



MAX5986A/MAX5987A
B FIEEE 802.3aff &%, Class 1 PD,

ELECTRICAL CHARACTERISTICS (continued)
(Vpp = 48V, Rg|g = 24.9kQ, LED, V¢, SL, ULP, WK, RESET, LDO_OUT unconnected, WAD = LDO_EN = LDO_IN = PGND = GND,
C1 = 68nF, C2 = 10uF, C3 = 1pF (see Figure 3), VFg = Vaux = 0V, LX unconnected. All voltages are referenced to GND, unless

otherwise noted. Tp = T = -40°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 3)

N EDC-DCH:a5s

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Ve Current Amplitude lvee Sleep mode, V| gp = 6.5V 10 12 14 mA
Internal Current Duty Cycle Divbp Sleep and ultra-low power modes 75 %
Internal Current Enable Time tMPS Ultra-low power mode 76 87 98 ms
Internal Current Disable Time tMPDO Ultra-low power mode 205 235 265 ms
THERMAL SHUTDOWN
Thermal Shutdown Threshold TsD Ty rising 143 °C
Thermal Shutdown Hysteresis TSD,HYS 16 °C
LDO (MAX5987A)
Input Voltage Range Inferred from line regulation 4.5 14 Y
Output Voltage LDO_FB = VpRry 3.1 3.3 35 \Y
Max Output Voltage Setting With external divider to LDO_FB 55 V
LDO FB Regulation Voltage 1.19 1224 1255 |V
LDO FB Leakage Current -1 +1 pA
Dropout ZL8DOOH_1IA\I =5V, Vipo_fB = VDRV ILOAD 600 | mv
Load Regulation lLoaD from 1mA to 80mA 0.2 0.5 0.8 mV/mA
Line Regulation LDO_IN from 4.5V to 14V 2 3 mV/V
Noise TBD TBD
?k:/reer;:#glrgnt Protection love 85 mA
LDO_FB Rising Threshold 2 V
LDO_FB Hysteresis 1 \
DC-DC CONVERTER
INPUT SUPPLY
V¢ Voltage Range Vee Vwabp = Vee = Vbbb 7.8 60 \
POWER MOSFETs
High-Side PMOS On-Resistance RDSON-H ILx = 0.5A (sourcing) Ta = +25°C 0.5 TBD Q
Low-Side NMOS On-Resistance RDSON-L [Lx = 0.5A (sinking) Ta = +25°C 0.15 TBD Q
= = = O
LX Leakage Current ILX-LKG xB'(D: (\\//(;ENDZE\?VT)Ato (\Zg _C1’V) 5 HA
SOFT-START (SS)
Soft-Start Time TsS-TH 7.45 ms
FEEDBACK (FB)
FB Regulation Voltage VFB-RG TBD 1224 TBD \
FB Input Bias Current IFB Vg = 1.224V, Tp = +250C 10 200 nA
Maxim Integrated 4



MAX5986A/MAX5987A

B FIEEE 802.3aff &%, Class 1 PD,
K EDC-DCi 22

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = 48V, Rg|g = 24.9kQ, LED, V¢, SL, ULP, WK, RESET, LDO_OUT unconnected, WAD = LDO_EN = LDO_IN = PGND = GND,
C1 = 68nF, C2 = 10pF, C3 = 1pF (see Figure 3), VEg = Vayx = 0V, LX unconnected. All voltages are referenced to GND, unless
otherwise noted. Tp = T = -40°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 3)

PARAMETER | symBoL | CONDITIONS | MN  TYP MAX | UNITS
OUTPUT VOLTAGE
Output Voltage Range Vourt 3.0 5.6 \Y
Cycle by Cycle Overvoltage Rising 102.3 105  107.6 .
Protecti Vout-ov , %
rotection Falling 98.6 10125 103.7
INTERNAL COMPENSATION NETWORK
Compensation Network Zero-
Resistance Rzero 200 ke
Compensation Network Zero-
Capacitance Czero 150 PF
CURRENT LIMIT
Peak Current-Limit Threshold IPEAK-LIMIT TBD 1.6 TBD A
Runaway Current-Limit IRUNAWAY- 16 18 5 A
Threshold LIMIT
Valley Current-Limit Threshold VALLEY- 0.9 1.1 1.3 A
LIMIT

ZX Threshold I7x 25 mA
TIMINGS
Switching Frequency fsw 245 275 305 kHz
Frequency Foldback fSW-FOLD 1225 1375 1525 kHz
Consecutive ZX Events for 8 Events
Entering Foldback
Consecutive ZX Events for 8 Events
Exiting Foldback
VouTt Undervoltage Trip Level to ) o
Cause HICCUP VouT-HICE | After soft-start completed 58 60 62 %
HICCUP Timeout 120 ms
Minimum On-Time tON-MIN TBD TBD ns
Maximum Duty Cycle Dmax 100 %
LX Dead Time 14 ns
RESET (MAX5987A)
VEg Threshold for RESET .

VER. Vg fall Note 6 87.75 90 92.25 %
Assertion FB-OKF ra falling (Note 6)
Vg Threshold for RESET L

VEg. \Y N 2. 7.4 %
Deassertion FB-OKR g rising (Note 6) 92.6 95 9 %
VLDO_FB Threshold for RESET Vipo_ Vipo_ra falling, LDO_FB = Vppy, TBD TBD TBD %
Assertion FB-OKF (Note 7)
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ELECTRICAL CHARACTERISTICS (continued)
(Vpp = 48V, Rg|g = 24.9kQ, LED, V¢, SL, ULP, WK, RESET, LDO_OUT unconnected, WAD = LDO_EN = LDO_IN = PGND = GND,
C1 = 68nF, C2 = 10pF, C3 = 1pF (see Figure 3), VEg = Vayx = 0V, LX unconnected. All voltages are referenced to GND, unless
otherwise noted. Tp = T = -40°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 3)

MAX5986A/MAX5987A
B FIEEE 802.3aff &%, Class 1 PD,

R EDC-DC# a8

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vi po_rB Threshold for RESET Vipo_ VLpo_FB rising, LDO_FB = VpRy, TBD TBD TBD %
Deassertion FB-OKR (Note 7)
P Do by E
RESET Output Voltage Low IgiInk = TMA 0.1 0.2 %
RESET Leakage Current -10 +10 HA

Note 3: All devices are 100% production tested at Ta = +25°C. Limits over temperature are guaranteed by design.
Note 4: The input offset current is illustrated in Figure 2.

Note 5: Effective differential input resistance is defined as the differential resistance between Vpp and GND, see Figure 2.

Note 6: A 20V glitch on input voltage, which takes Vpp below Vop shorter than or equal to topr_py does not cause the device to

exit power-on mode.
Note 7

Referred to feedback regulation voltage.

Note 8: Referred to LDO feedback regulation voltage.
Note 9: The WAD Detection Rising and Falling Thresholds control the isolation power MOS transistor. To turn the DC-DC on in
WAD mode, the WAD must be detected and the Vpp must be within the Vpp voltage range.
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MAX5986A/MAX5987A

B FIEEE 802.3aff &%, Class 1 PD,
N & DC-DCiL#a5E

A T (E451E
(Ta = +25°C, unless otherwise noted.)
QUIESCENT CURRENT vs. SUPPLY SIGNATURE RESISTANCE
DETECTION CURRENT vs. INPUT VOLTAGE VOLTAGE (ULTRA-LOW POWER MODE) vs. SUPPLY VOLTAGE
0.50 lé 4.00 5 28 2
0.45 é g g
e 375 S I o g
= 040 7 = s g e
£ 035 - = &
= e = 350 = %
& 0.30 & %
= / 5 ] ey
S 025 % S 325 & 2% ”~ TS
g 0.20 // = é
a e 3 &
0.10 < S
|~ 2.75 23
0.05
0 250 2
14 29 44 59 74 89 101 35 | 45 50 55 60 14 29 44 59 74 89 101
INPUT VOLTAGE (V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
INPUT OFFSET CURRENT CLASSIFICATION CURRENT
vs. INPUT VOLTAGE vs. INPUT VOLTAGE
3 . 10.60 2
z 1058 z
2 z = 1056 2
ER = 1054
= oc
= £ 1052 —
3 0 "\\M 31050 | —
] <
I S 1048
£ =W =
S N\ 21046
N~ 5
5 J‘N 3 1044
10.42
-3 10.40
14 29 44 59 74 89 101 126 141 156 174 186 200
SUPPLY VOLTAGE (V) INPUT VOLTAGE (V)
INRUSH CURRENT LIMIT vs. Vcc VOLTAGE
CLASSIFICATION SETTLING TIME 0 cc
. i i YS90 o 5
v z
‘ 56 g
Vo z
: Doror oY tovdiv = 5
(&) —
& 48
=
=
Iop
10mA/div “
O0mA
|

400ps/div
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MAX5986A/MAX5987A

B FIEEE 802.3aff &%, Class 1 PD,
N & DC-DCiL#a5E

HE T (EHFIE(£)

(Ta = +25°C, unless otherwise noted.)

LED CURRENT vs. RSL

28 g
2 z
=
E
= 2
=
P
o
oD
2 18
12 AN
\\
8
10 20 30 40 5 60 70 80
RYT (k)
5V LOAD TRANSIENT
(0% T0 50%)
MAXSBB[‘SA toc11

_—

100ps/div

DC-DC CONVERTER STARTUP
loutr=0A

MAX5986A toc1

EFFICIENCY vs. LOAD CURRENT

LED CURRENT vs. LED VOLTAGE (Vout =5V)
2% ‘ 2 100 — -
R3L = 30.2kQ z 95 Vpp =48V g
A Z % |
20 ,/ Vwap =12V
g = 8 / _E
g s N7
% 15 % 75 ’ /// I
a RS = 60.4kQ2 £ l // Voo =57V
g
A 65
10 | |
60 ’ l
55
. o [l AUX CONNECTED TO Vou
0 175 3.50 5.25 7.00 0 100 200 300 400 500 600 700 800
LED VOLTAGE (V) LOAD CURRENT (mA)
5V LOAD TRANSIENT
(50% T0 100%)
MAX5986A toc
........ S S
{ Vour Vour
s AC-COUPLED AC-COUPLED
: 50mV/div 50mV/div
{ 1our lour
] 500mA/div 1 500mA/div
0A
100ps/div
DC-DC CONVERTER STARTUP
Rourt = 6.67Q
MAX5986A toc14
H H ii H H H 4
Vout e VoUT
1V/div 1 1vidiv
1 Veno 1 VeND

2ms/div
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MAX5986A/MAX5987A

B FIEEE 802.3aff &%, Class 1 PD,
N & DC-DCiL#a5E
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MAX5986A/MAX5987A

B FIEEE 802.3aff &%, Class 1 PD,
K EDC-DCi 22
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MAX5986A/MAX5987A

B FIEEE 802.3aff &%, Class 1 PD,
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