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ABSOLUTE MAXIMUM RATINGS

(All pins referenced to GND.) Continuous Power Dissipation (Tp = +70°C) (multilayer board)
IN -36V to +90V UMAX (derate 12.9mW/°C above +70°C) .............. 1030.9mwW
SHDN............ ..-0.3V to max (0V, V|y + 0.3V) Operating Temperature Range......................

SRC, GATE ..o -36V to +45V Junction TeMPErature ..........coovvvieiiiiiiiieiice e
SRC t0 GATE.....oiiiiiiiiiiccee e, -36V to +30V Storage Temperature Range............ccccoeeeene.

OUT e -0.3V to +45V Lead Temperature (soldering, 10s)

FLAG oo -0.3V to +45V Soldering Temperature (reflow) ........ccccooviiiiiiiiis
Continuous Sink/Source (all PiNS) ......cccovviieiiiiiien, +100mA

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 1)

HMAX
Junction-to-Ambient Thermal Resistance (84) -...... 77.6°C/W
Junction-to-Case Thermal Resistance (8¢) .......ccovv... 5°C/W

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

ELECTRICAL CHARACTERISTICS

(VN = 12V, CeaTE-SOURCE = 1nF, Ta = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating range 3 30
Input Voltage Range VIN - \Y
Protection range -36 +90
VN = Vsre = Vout
_ 1oy 224 320
SHDN = high
Input Supply Current N VIN = Vsrc = Yout 260 380 A
=30V
— ViN = 12V 34 50
SHDN = low
VN = 30V 64 100
ViN=V =12V, SHDN = high 36 200
SRC Input Current Isrc N —SRC — .g pA
VN = Vsrc = 30V, SHDN = high 240 350
Internal Undervoltage Threshold Vuv TH |ViNrising 0.97x Vuv 1.03x \Y
- Vuyv Vuv
Internal Undervoltage-Threshold v 0.05 x v
Hysteresis UV_HYS Vuv
L 0.97 x 1.03 x
Internal Overvoltage Threshold V VN risin \% \
g OV_TH IN 9 Vov ov Vov
Internal Overvoltage-Threshold v 0.05 x v
Hysteresis OV_HYS Vov
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ELECTRICAL CHARACTERISTICS (continued)

(ViN = 12V, CoATE-SOURCE = 1nF, Ta = -40°C to +125°C, unless otherwise noted. Typical values are at T = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
. 0.97 x 1.038 x
Internal Cold-Crank Threshold \Y VN fallin V \Y
CCK IN g Veek CCK Veek
- 0.05 x
Internal Cold-Crank Threshold Hysteresis| Vcok_Hys Voek \Y
_ MAX16128 4
OUT Input Resistance to Ground Rout mQ
MAX16129 2
POK Threshold Rising VpPOK+ 0.9 xV|N V
POK Threshold Falling VpPOK- 057 X \%
IN
Startup Response Time tstarT | (Note 3) 150 ys
Autoretry Timeout tRETRY 150 ms
GATE Rise Time tRISE VgATE rising (GND to Vggrc + 8V) 1 ms
VN rising (MAX16128) from
L . (0.9 xVovy_1H) to (1.1 x Voy_TH),
Overvoltage-to-GATE Propagation Delay tova Vour rising (MAX16129) from 1 us
(0.9 x Vov_1H) to (1.1 x Vov_TH)
Undervoltage-to-GATE Propagation VG VN falling from (1.1 x Vyy_1H) to 1 s
Delay (0.9 x Vyv_TH)
VN rising (MAX16128) from
T vey : (0.9x Vov_1H) to (1.1 x Vov_TH)
Overvoltage to FLAG Propagation Delay tov Vour rising (MAX16129) from 1 ys
(0.9 x Voy_tH) to (1.1 x Vov_TH)
VIN = Vsre = Vour =3V, 5 5 55
IGaTE = -TUA
YIN = \is_F:cU; Vourt = 12V, 8 9 10
GATE Output Voltage High Above Vs Vgs  |CATE v
ViN = Vsrc = Vourt = 24V, 7 85 10
IGATE = -THA
VN = Vsre = Vout =30V, 6.25 8 95
IGATE = -THA
GATE Pulldown Current IpD VeaTe = 12V 8.8 mA
GATE Charge-Pump Current IGATE VIN = VGaATE = Vsre = 12V 180 PA
Thermal Shutdown T, +145 °C
Thermal-Shutdown Hysteresis AT 15 °C
SHDN Logic-High Input Voltage ViH 1.4 \
SHDN Logic-Low Input Voltage Vi 0.4 \
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ELECTRICAL CHARACTERISTICS (continued)

(ViN = 12V, CGATE-SOURCE = 1nF, Ta = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SHDN Input Pulse Width tpw 6 us
SHDN Input Pulldown Current lspD 0.8 1.2 pA
FLAG Output Voltage Low VoL FLAG sinking TmA 0.4 %
FLAG Leakage Current I VEAG = 12V 0.5 UA

Note 2: All parameters are production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed by
design and characterization.

Note 3: The MAX16128/MAX16129 power up with the external MOSFETs in off mode (VgaTe = Vsrc). The external MOSFETSs turn
on tgTART after the devices are powered up and all input conditions are valid.

A
BT (4514
(ViN = 12V, Ta = +25°C, unless otherwise noted.)
SUPPLY CURRENT SHUTDOWN SUPPLY CURENT
vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. TEMPERATURE vs. SUPPLY VOLTAGE
300 : - 310 — 5 100 | .
SHDN = HIGH : SHDN = HIGH H = &
GATE ENHANCED — |z 290 I GATE ENHANCED g %0 I~ SHON = LOW g
250 5 £ 80 g
= = g : 2 =
= / = =
2 200 =z X0 =
£ £ 230 —— | g
(&} (&} (&}
Z 150 = | 5
o o o
E] / g 20 S 40
7] 7] 190 7] P
100 30
170 2
50 150 10
3 13 23 3 40 20 0 20 40 60 80 100 120 3 9 15 21 27
SUPPLY VOLTAGE (V) TEMPERATURE (°C) SUPPLY VOLTAGE (V)
SHUTDOWN SUPPLY CURRENT SHDN PULLDOWN CURRENT
vs. TEMPERATURE vs. TEMPERATURE
N 3 10 .
45 |- SHON -Low 8 08 g
" £ 3 08 £
= = = E
< g 07
= 3 S
g I § 06
3 % — = 05
- a
T 0 04
“ 5
» 02
1 01
10 0
402510 5 20 35 50 65 80 95 110 125 402510 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C)
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HE T (EHFIE(£)

(ViN =12V, Ta = +25°C, unless otherwise noted.)

GATE-T0-SRC VOLTAGE GATE PULLDOWN CURRENT
GATE-T0-SRC VOLTAGE vs. VIN vs. TEMPERATURE vs. TEMPERATURE
10 < 100 5 20 — g
9 - g 96 § VEATE = 12V §
_ 8 — S _ 9 - T e
= / ~ = .. [T : = g
5] 7 &5 88 Z
2 | = £
= 6 = 84 S 14
[@b)
% 5 %‘ 8.0 % \\\
o 4 = S 1 ==
| o 5
= = 72 o
5z 3 3 e
2 6.8 S 8
1 64 | Vin=Vsrc =Vour=12v
GATE ENHANCED
0 6.0 5
0 5 10 15 2 25 30 35 40 -25-10 5 20 35 50 65 80 95 110125 402510 5 20 35 50 65 80 95 110125
Vin (V) TEMPERATURE (°C) TEMPERATURE (°C)
INTERNAL OVERVOLTAGE THRESHOLD
GATE PULLUP CURRENT vs. ViN vs. TEMPERATURE
200 3 = 102 5
180 g = g
= 160 [~ g g 10 5
= I E: 2 z
= 14 2 w RISING
£ 120 =
= 100 B o
oo
oD <
T —
= I S I
= 6| | £ o .
= / 3 FALLING
< =
= 92
20 Vin = VGATE = VSRe &
GATE ENHANCED =
0 . ‘ 90
0 5 10 15 2 25 30 402510 5 20 35 50 65 80 95 110125
Vin (V) TEMPERATURE (°C)
INTERNAL UNDERVOLTAGE THRESHOLD FLAG OUTPUT LOW VOLTAGE
vs. TEMPERATURE vs. CURRENT
= s 05 =
z
2 i 0.4 g
2900 =
= & 03
5 =
% 98 RISING 2 /
S % € 02 /
a .
z o A /
= ! 01
E FALLING
= | |
=
90 0
402510 5 20 35 50 65 80 95 110125 0 05 10 15 20
TEMPERATURE (°C) FLAG CURRENT (mA)
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HE T (EHFIE(£)

(ViN =12V, Ta = +25°C, unless otherwise noted.)

OVERVOLTAGE FAULT-TO-GATE REVERSE CURRENT
PROPAGATION DELAY vs. TEMPERATURE vs. REVERSE VOLTAGE
20 5 30 °
: % Az
18 z Z
& z =z / E
= — = /
= 16 — & /
§ | — g 5 . /
S 14 2 P
S g 1 e
12 /
5 7
1.0 0
-40 -25-10 5 20 35 50 65 80 95 110 125 0 5 10 15 20 25 30
TEMPERATURE (°C) REVERSE VOLTAGE (V)
STARTUP WAVEFORM STARTUP FROM SHUTDOWN (SHDN)
(Vin PULSED 0 TO 12V, Rroap = 100Q, RISING FROM 0 TO 2V, Vin =12V,
Cin = 0.1pF, Cout = 10pF) RLoap = 100Q, CiN = 0.1pF
MAX16128/29 toct MAX16128/29 toc1
T et
V|N I . . . Vm
10V/div S o prm——
VGATE “ VGATE
10V/div : : ; : C 10V/div
AR ER ”Z:=ZZ+
Vout S T : Vout
10V/div 10V/div
200ps/div
OVERVOLTAGE SWITCH FAULT OVERVOLTAGE LIMITER
(Vov = 21V, CiN = 0.1pF, Cour = 10uF) (Vov = 21V, Cin = 0.1pF, Cour = 10uF)
MAX16128/29 toc1 MAX16128/29 toc17
.......... TR
: : 1 ; T 20V/div
i e A S R
20V/div L L g B
: ] T ’ i ‘ i ‘ | Veare
AN S n Ty 20v/div
VGATE S : : Vour
10V/div : / T =] oviiv
Vour bR
10V/div
20ms/div 20ms/div
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A=A
TOP VIEW
our [T+ * [ [ ]FaG
sre [ 112 MAX16128 71 ]IC.
e[ ]3] MAX16129 6] ] 6o
[ Te] 5 ] SHon
UMAX
5| it B
5| AR IhgE
1 ouT B BERNHN, BiZ1000EEKEEEHOUTERENH, I AR/NOUFEREEEKREGND,
) SRC SEAREI N, ESRCIE BT SMEMOSFETH LBk, MOSFETUTEY, Zik 5 ZGND, SRCHIGATE X [81#)
SNERTFN R E R SMNEBMOSFET 8941 4%
3 GATE MR, BGATEE T INEBNEIEMOSFETH MR, EH TIEN, GATEABEREH, AEHE
HSHDONFI ER BN, GATERERIK,
4 IN HREMANBEER, BINEEEGABENIER, FHCIUFEEBESEINSEEGND,
. ___ |®W#rm A, SHDNIREh HEELH, 2%IGATEMFLAGE TR EE, XBTsMENAEMOSFET, ZESHDNAIIN
SHDN | 3% 52 — N 100KQ I, 28440 F 2% THRS,
6 GND  |#th,
7 I.C. MERZEEZEGND,
FLAGHI . Bah#iE, REVourEFVNGI%, FLAGHEEE, MEBREASHIIRMLE, BEENS
8 FLAG PEZA, <RI, TE. RAWHRERELE, HVourHEEVINKI% U T, MAZSIMARKEE, %
5 BIHER, fMAFLAGRE, BiRMEBREF,
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YN EREREIBSEEMNTH, HELELSBEHE,
ARMIERBEIAEBELEMNBE, KBEESER,
MAX16128/MAX16129 A Mg RN E X KW ES N
i WA
o MANBEXERAKEN, EAABETHREXEIR
(BNFE2) z8, AEEEBBEEIL, SEBMOSFET
BRESEIRS,
o —BBMAEETHRISEHIRUT, LB LEEE
g8, WITRIK GATE X B3 MOSFET, #BHROUTE
IN R BRI ENHEKEENE 4,
BE—MERT, REVourik EIVINKI90% M £ (H# H3%
). VN TREITR, BIEERELSEsRP, HKEN
B AN BEBKER S B &EETR M TN < Veck) BT,
GATER BRI AFLAGIRE, Y¥MABED SR 4B
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W\ BRI,

FIHT
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&, o F FAKETTH BEEEMOSFET & 4 i3 FABY KR M 28 14
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KT FZBEES, KWCATERK, FERH LM, TR
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MAX16128/MAX16129
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PEAK VOLTAGE (V) (max)"
NAME DESCRIPTION DURATION
12V SYSTEM
Pulse 1 Inductive load disconnection -100 110 2ms
Pulse 2a Inductive wiring disconnection 50 0.05ms
Pulse 3a o ] -150
Switching transients 0.2us
Pulse 3b 100
-7 100ms (initial)
Pulse 4 Cold crank
-6 Up to 20s
Pulse 5a Load dump (unsuppressed) 87 )
- 400ms (single)
Pulse 5b Load dump (suppressed) (Varies, but less than pulse 5a)
X FREEE,

ERANKE, AARRRSHENESDERN, Bi4E
BRIP4, HTFEIDIATERANT, SEEEE
EEBRE, BETUITEEREIVHBE, THEEFT
HHEBEBNSENTRIN IR, KB, TRSXE
TBR, EMOSFETZ 4 S shHAE L0, BT FTilseEEE, &
OUTFIGND z B EEHH X BB RS, A EHHAE A B
fite,

EFHOPER. WREEFNREBOEBESR, 5%
1SO7637-213E .

MOSFET##E
MOSFETE £ & EE5 & IT RIP BEHXHE, BDTEELZD
HE. MRBEs. KREEFEE. SEBME(RDsoN). B
EINFEFFHIIFER, —KKIRE, WIMOSFETRRHHE
AES, ¥STRIXRONE, XRAXMOSFETsS I
HRERTR, MOSFETH IF R B E N o7& 2 1E A7 B
MESBEE, MRESTRENXE, ERETRKNS
BAKUTE B, MOSFETHMIR B R # S, WA EE®IE,
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MOSFETIN#E
Rpson @1 B 951K, RS EE T 8B HIMOSFETLI
Fo ETMOSFETEIEE TEEABEMINFETH TNITE:

P = ILoAD? x RDS(ON)
R, PAETMOSFETHIIEE, lLoap W EBREH BEIR,

AT X AN TR B 4 B, MOSFET %M, NEFEE,
MBRFIEROEBERER, BEE—THER, FUHWEKRTH
TRITE:
P =lLoAD x (VIN - VouT)

A, PARW IPMMOSFETH E I, lLoapA E I T F
B, VINIEABE, Vourh BB RE BE, R
FIREXT, HHEEABEEER, EESEMEBURTMOSFETH
Rosiony. BH AEBIR. Wt BEE. MOSFETHHR BRI
GATEEBAT R #Biji,
FHANRFERXE, GATES®E, EBRAKNFBFF L ER(E
HEAHEBERERAN), RIFEHEREEFTBIIMOSFET
W EEE, STEMOSFETHIE AR fH X6kt 1)
REEEIE X,
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MOSFETHI#R IR
AREMOSFETH R R, FEMRAD IR R = [8]3% £ 55 48 #
RZRE, ZREPRIEME, PARERR, EEFTHHE
L BE RS FI0VEEFMOSFET Vosi KENE E,

tEem LIEBEEE
BUHTURZ-IVE+OVHEESEE, HE—FRSHESE
B, ZINFIGNDZ B ZEZR I TR T FHRE, EINK
BRSNS EBEIE, URHFHMENRANEBRAE),
FH_MEDIEMNERE, D2 BE, SEEEF
HEE, FREIELETHNEERNEBIREHEE,
FH, HBREFABEFPHMETEINE, B BT
“HRENESOE TG ERAANRCTEE, BT
FERLKAEE1SO7637-28K %

MAX16128/MAX16129
i 5 &/ 15 B IR R 4P FE B

HHEKBENEENXEEFER, KZERERIEER
THRZHEROPEH THIEEDER, XTHOP DR

HENER, FSREEBERN, LB2H, THFESDH
HIESERREREME,

KT NFREBEKEME, MRFVINEZINFELEENAE
s RANMERFRFFE100KO,

WdifERE B &
W B TTENRERS, ETHEETRRASBOY
W, BFEEWHHBERMRE, EETRMARSE
ENgn, Rit8SHEeETNTFRANRABAEE,

D2 100nF

DC-DC
y CONVERTER
BATT o [L_f. IN ouT —
10nF GND
—— 10n T 1000 g1OuF
R3 R3 h h %7
GATE SRC out
IN
D1 100k
— AN~ SN MAX16128
L MAX16129

FLAG [—

GND

v

B, $25 T1FBESEHE oY B8
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BT T (R %
VIN . Vour
1yl L +
— 10nF_f p 2 T 1000 ;;WIJF $COUT
GATE SRC out
*—{IN
1000F ==
g 100k MAX16128
___ MAX16129 _
SHON FLAG |—
GND
E2. MAX16128/MAX1612942 Z T {F 8 £&
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IhEEHEE
GATE SRC out
CHARGE MAX16128
...... PUMP MAX16129
S
IN
AN
+ |
FI POWER-
0K
ov
+
— s
_ 1.225V
CONTROL LOGIC
FLAG
_ THERMAL
SHDN PROTECTION
a5
BE3. MAX16128/MAX16129%) FEAEFT
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F2. UVITRR(V) (B—1TE&ERT)

MAX16128/MAX16129
i 5 &/ 15 B IR R 4P FE B

4. CCKIR(B=ZTEEFERT)
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