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MAX5974A/MAX5974B/MAX5974C/MAX5974D

FiEHIL. #H.
iRz PWMFE Fi5%

ABSOLUTE MAXIMUM RATINGS

IN O GND ..o -0.3V to +26V
EN, NDRV, AUXDRV to GND ..........ccoveene. -0.3V to (VIN + 0.3V)
RT, DT, FFB, COMP, SS, DCLMP, DITHER/SYNC

TO GND L -0.3V to +6V
FB to GND (MAX5974A/MAX5974B only).......c..cc...... -6V to +6V
FB to GND (MAX5974C/MAX5974D only) .............. -0.3V to +6V
CS, CSSCto GND ..o -0.8V to +6V
PGND t0 GND ... -0.3V to +0.3V
Maximum Input/Output Current (continuous)

NDRV, AUXDRY .....cooiiiiiiiiiiiiiieceee e 100mA

NDRV, AUXDRYV (pulsed for less than 100ns).................. +1A

Continuous Power Dissipation (Ta = +70°C) (Note 1)

16-Pin TQFN (derate 20.8mW/°C above +70°C)....... 1666mW
Junction-to-Case Thermal Resistance (6yc) (Note 1)

16-Pin TQFN. ..o 7°C/W
Junction-to-Ambient Thermal Resistance (8Ja) (Note 1)

16-Pin TQFN ..o
Operating Temperature Range ............c..ccoeene.
Maximum Junction Temperature
Storage Temperature Range...........c.ccooevein
Lead Temperature (soldering, 10S) .......coccevviviiiiiieiininns +300°C
Soldering Temperature (reflow) ..o, +260°C

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.maxim-ic.com/thermal-tutorial.

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

maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = VCSSC = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = +2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RpT = 25kQ, C|N = 1pF, Ta = -40°C to +85°C,

unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER | symBOoL | CONDITIONS | MIN TYP MAX | UNITS

UNDERVOLTAGE LOCKOUT/STARTUP (IN)

MAX5974A/

MAX5974C 19.1 19.8 20.4
Bootstrap UVLO Wakeup Level VINUVR VIN rising \

MAX5974B/ 9.4 98 10.95

MAX5974D ' ' '
Bootstrap UVLO Shutdown VINUVE ViN falling 6.65 7 735 vV
Level

VIN = +18V (for MAX5974A/
IN Supply Current in MAX5974C);
Undervoltage Lockout ISTART VIN = +9V (for MAX5974B/MAX5974D), 100150 HA
when in bootstrap UVLO
IN Supply Current After Startup Ic VIN = +12V 1.8 3 mA
ENABLE (EN)
Y Y isi 1.17 1.215 1.26
Enable Threshold ENR EN TSI v
VENF VEN falling 1.09 1.14 1.19
Input Current IEN 1 HA
OSCILLATOR (RT)
RT Bias Voltage VRT 1.23 V
NDRV Switching Frequency fow 100 600 KHz
Range
NDRV Switching Frequency 8 +8 %
Accuracy
Maximum Duty Cycle DMmAX fsw = 250kHz 79 80 82 %
2 AKX
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = Vcssc = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = +2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RDT = 25kQ, CIN = 1uF, Ta = -40°C to +85°C,

unless otherwise noted. Typical values are at TA = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
SYNCHRONIZATION (SYNC)
ﬁ]y;::thromzatlon Logic-High VIH.SYNG 91 v
Synchronization Pulse Width 50 ns
Synchronization Frequenc 1.1 x 2x
Ringe ’ ’ ISYNCIN fsw fsw kHz
Maximum Duty Cycle During DmMAX x fsync/ %
Synchronization fsw
DITHERING RAMP GENERATOR (DITHER)
Charging Current VDITHER = OV 45 50 55 pA
Discharging Current VDITHER = 2.2V 43 50 57 pA
Ramp’s High Trip Point 2 Vv
Ramp’s Low Trip Point 0.4 \
SOFT-START AND RESTART (SS)
Charging Current ISS-CH 9.5 10 10.5 pA
ISs-D Vss = 2V, normal shutdown 0.65 1.34 2 mA
Discharging Current (VEN < VEN',: or VIN < VlNL_JVF)’
ISS-DH Vss = 2V, hiccup mode discharge for 1.6 2 2.4 pA
tRSTRT (Note 3)
Discharge Threshold to Disable
Hiccup gmd Restart Vss-DTH 0.15 v
Minimum Restart Time Durin Clock
Hiccup Mode ° (RSTRT-MIN 1024 Cycles
Normal Operating High Voltage VSS-HI 5 \
Duty-Cycle Control Range Vss-DMAX | DmaAX (typ) = (VSS-DMAX/2.43V) 0 2 v
DUTY-CYCLE CLAMP (DCLMP)
DCLMP Input Current IDCLMP VbcLmp = 0 to bV -100 0 +100 nA
VpcLmp = 0.5V 73 75.4 77.5
Duty-Cycle Control Range VDCLMP-R DMAX (typ) = VpcLmp = 1V 54 56 58 %
1 - (VDCLMP/2.43V) VDCLMP = 2V 14.7 16.5 18.3
NDRV DRIVER
Pulldown Impedance RNDRV-N INDRV (sinking) = 100mA 1.9 3.4 Q
Pullup Impedance RNDRV-P INDRV (sourcing) = 50mA 4.7 8.3 Q
Peak Sink Current 1 A
Peak Source Current 0.65 A
Fall Time INDRV-F CNDRV = 1nF 14 ns
Rise Time INDRV-R CNDRV = 1nF 27 ns
N AXI/V 3
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = Vcssc = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = +2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RpT = 25kQ, C|N = 1pF, Ta = -40°C to +85°C,
unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX | UNITS
AUXDRV DRIVER
Pulldown Impedance RAUX-N IAUXDRYV (sinking) = 50mA 4.3 7.7 Q
Pullup Impedance RAUX-P IAUXDRV (sourcing) = 25mA 10.6 18.9 Q
Peak Sink Current 0.5 A
Peak Source Current 0.3 A
Fall Time tAUX-F CAUXDRV = 1nF 24 ns
Rise Time tAUX-R CAUXDRV = 1nF 45 ns
DEAD-TIME PROGRAMMING (DT)
DT Bias Voltage VDT 1.215 V
From NDRYV falling RDT = 10kQ 40
. ns
NDRV to AUXDRV Delay o7 to AUXDRV falling RDT = 100kQ 300 350 410
(Dead Time) From AUXDRV rising | RDT = 10kQ 40 s
to NDRYV rising RDT = 100kQ 310 360 420
CURRENT-LIMIT COMPARATOR (CS)
Cycle-by-Cycle Peak
Current-Limit Threshold VCS-PEAK 375 393 410 mv
Cycle-by-Cycle Reverse Turns AUXDRYV off for the remaining
Current-Limit Threshold Ves-Rev cycle if reverse current limit is exceeded 118 100 88 mv
Current-Sense Blanking Time ICS-BLANK- | F/m AUXDRV falling edge 115 ns
for Reverse Current Limit REV
Number of Consecutive Peak N 8 Events
Current-Limit Events to Hiccup HICCUP
Current-Sense Leading-Edge L
Blanking Time tCS-BLANK From NDRYV rising edge 115 ns
Propagation Delay from From CS rising (10mV overdrive) to
Comparator Input to NDRV tPDCS NDRY falling (excluding leading-edge 35 ns
blanking)
Minimum On-Time tON-MIN 100 150 200 ns
SLOPE COMPENSATION (CSSC)
Slope Compensation Current Current ramp’s peak added to CSSC
. . . 47 52 58 HA
Ramp Height input per switching cycle
PWM COMPARATOR
Comparator Offset Voltage VPWM-0S VcompP - Vcssc 1.35 1.7 2 V
Current-Sense Gain ACS-PWM AVCOMP/AVCSSC (Note 4) 3.1 3.33 3.6 VIV
Current-Sense Leading-Edge -
Blanking Time tCcSSC-BLANK | From NDRYV rising edge 115 ns
. Change in Vcssc = 10mV (including
Comparator Propagation Delay tPWM internal leading-edge blanking) 150 ns
4 AKX
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ELECTRICAL CHARACTERISTICS (continued)
(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = VCSSC = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = +2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RDT = 25kQ, CIN = 1uF, Ta = -40°C to +85°C,
unless otherwise noted. Typical values are at TA = +25°C.) (Note 2)

PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
ERROR AMPLIFIER

T = IR TR
FB Reference Voltage VREF FB when IComP = ©, \Y
Vcowmp = 2.5V MAX5974C/ 1200 1215 1297
MAX5974D ‘ ‘ '
MAX5974A/
MAX59748 | 220 +250
FB Input Bias Current IFB VFB = 0to 1.75V nA
MAX5974C/ 500 +100
MAX5974D
Voltage Gain AEAMP 80 dB
MAX5974A/
MAX59748 1.8 2.55 3.2
Transconductance am mS
MAX5974C/ 18 2 66 35
MAX5974D ’ ‘ ‘
MAX5974A/ 5
i i MAX5974B
Transconductance Bandwidth BW Open loop (typical gain MHz
= 1) -3dB frequency MAX5974C/ 30
MAX5974D
Source Current VFB = 1V, Vcomp = 2.5V 300 375 455 pA
Sink Current VFB = 1.75V, Vcomp = 1V 300 375 455 pA
FREQUENCY FOLDBACK (FFB)
VCSAVG-to-FFB Comparator 10 VN
Gain
FFB Bias Current IFFB VFFB = 0V, Vcs = 0V (not in FFB mode) 26 30 33 pA
NDRV Switching F
witching Frequency fSW.FB fow/2 KHz

During Foldback

Note 2: All devices are 100% production tested at TA = +25°C. Limits over temperature are guaranteed by design.

Note 3: See the Output Short-Circuit Protection with Hiccup Mode section.

Note 4: The parameter is measured at the trip point of latch with VFg = OV. Gain is defined as AVcomp/AVcssc for 0.15V <
AV(CSsc < 0.25V.

MAXIN 5
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MAX5974A/MAX5974B/MAX5974C/MAX5974D
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(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = Vcssc = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = 2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RDT = 25kQ, unless otherwise noted.)

IN UVLO WAKE-UP LEVEL IN UVLO WAKE-UP LEVEL IN UVLO SHUTDOWN LEVEL
vs. TEMPERATURE vs. TEMPERATURE vs. TEMPERATURE
20.1 ‘ ‘ - 101 ‘ ‘ . 73 -
MAX5974A/MAX5974C E MAX5974B/MAX5974D E E
200 g 100 g _ g
= E = g =72 g
2 109 T =g -
— — =
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= \ = o \
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= = S I
S 197 S 97 3 —~
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196 96 = 69
195 95 6.8
4 5 10 3% 60 8 4 5 10 3% 60 8 40 5 10 3% 60 &
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
EN RISING THRESHOLD EN FALLING THRESHOLD UVLO SHUTDOWN CURRENT
vs. TEMPERATURE vs. TEMEPRATURE vs. TEMPERATURE
1220 5 1150 " 140 g
S 1149 g g
1218 Faes g g
= g = £ g
z 2 S : 2 120 2
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@ — & — Z
z —] = 1146 E 100
21214 2 3 ),//_
=1 = S
= =
= Z 1144 80
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1210 1142 60
4 5 10 3% 60 8 4 45 10 3% 60 85 4 5 10 35 60 8
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT
(MAX5974A/MAX5974C) (MAX5974B/MAX5974D) vs. SWITCHING FREQUENCY
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6 MAXI N




iRz PWMEEHIES
BATIER I ()

(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = Vcssc = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = 2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RDT = 25kQ, unless otherwise noted.)

SOFT-START CHARGING CURRENT SWITCHING FREQUENCY SWITCHING FREQUENCY
vs. TEMPERATURE vs. Rer VALUE vs. TEMPERATURE
10.06 - 1000 - 25 o
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MAX5974A/MAX5974B/MAX5974C/MAX5974D
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A TR (5)

(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = Vcssc = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = 2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RpT = 25kQ, unless otherwise noted.)

DEAD TIME (ns)

REVERSE CURRENT-LIMIT THRESHOLD (mV)

CURRENT-SENSE GAIN (V/V)

400
350
300
250
200
150
100

50

-97

-98

-99
-100
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-104
-105
-106
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340
3.39
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3.37
3.36
3.35
3.34
3.33
332
3.31
3.30

DEAD TIME vs. Rpt VALUE

/|

/|

MAX5974A/B/C/D toc19

/|

V
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Rpt VALUE (kQ2)
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vs. TEMPERATURE

MAX5974A/B/C/D toc22
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(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = VcSSC = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = 2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RDT = 25kQ, unless otherwise noted.)

TRANSCONDUCTANCE TRANSCONDUCTANCE HISTOGRAM TRANSCONDUCTANCE HISTOGRAM
vs. TEMPERATURE (MAX5974A/NAX5974B) (MAX5974C/MAX5974D)

30 g 25 . 25 .
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w 3 3 3
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I 2.7 = = s
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= 26 15 15
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3 25 v = =
= \
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=
§ 2.3

22 5 5

2.1

20 0 0

40 45 103 60 85 2.4 2.46 2.48 2.50 252 2,54 2.56 258 2.60 2.62 2.64 2556 258 2.60 262 2.64 2,66 2.68 2.70 2.72 2.74 2.76
TEMPERATURE (°C) TRANSCONDUGTANCE (mS) TRANSCONDUCTANCE (m8)
ENABLE RESPONSE SHUTDOWN RESPONSE
MAX5974A/B/C/D toc31 MAX5974A/B/C/D toc32
] VEN e R : VEN
___T S n o MAXSITACH oy L Do 41 2vrdiv

i T ] S %

S SN VAUXDRY il ) 7 1 o VAUXDRV
_Jh 20V/div WIMIJ.W St ) ovd

Vour

Vour . 1 : 5V/div
5V/div RN TR ;
1ms/div 4us/div
SHUTDOWN RESPONSE Vss RAMP RESPONSE
MAXSWAA/B/C/D 0033 MAX5974A/E/C/D toc34
1 . d Ven v oo 1
1 . 2V/div Lol
' ; : o I Vss
2V/div

T S

s I
. R S : 10V/div

—-—-J—A-—-i-L#M—LO——JI-HJ-t-H—--—-J—A-Ha-+ I] i VNDRV
R S o : 10V/div
s — VAUXDRV R

S i w mnmwmu

Vout
5V/div

100ps/div WOus/dlv
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MAX5974A/MAX5974B/MAX5974C/MAX5974D
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BRI TR (42)

(VIN = 12V (for MAX5974A/MAX5974C, bring VIN up to 21V for startup), Vcs = VcssSc = VDITHER/SYNC = VFB = VFFB = VDCLMP =
VGND, VEN = 2V, NDRV = AUXDRV = SS = COMP = unconnected, RRT = 34.8kQ, RDT = 25kQ, unless otherwise noted.)

VDGLMP RAMP RESPONSE

MAX5§74A/B/C/D toc35
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-__.
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—
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o
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J Vocuve

10ps/div

AUXDRYV 10% T0 90% RISE TIME

MAX5974A/B/C/D 10038

NDRV 10% T0 90% RISE TIME

MAX5974A/B/C/D toc36
T T

2V/div

I PRI P |

VNDRV
10V/div

VAUXDRV SR

10v/div

PR ..
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10ns/div

AUXDRYV 90% T0 10% FALL TIME

MAX5974A/B/C/D 10039

=4
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10ns/div
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