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Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

General Description

The MAX5058/MAX5059 enable secondary-side syn-
chronous rectification in isolated power supplies using
widely available power MOSFETs. These devices facili-
tate the commutation of the secondary-side MOSFETs by
providing a clean gate-drive signal that is synchronized
to the power MOSFET switching in the primary side of
the isolation transformer. The MAX5058/MAX5059 com-
plement the MAX5051 and MAX5042/MAX5043 primary-
side PWM ICs and enable the design of high-efficiency
synchronously rectified isolated power supplies.
Simultaneous conduction of the primary side and the
freewheeling synchronous rectifier MOSFET is avoided
by having a look-ahead signal (before the primary-side
MOSFETs turn ON), thus eliminating large current spikes
resulting from a shorted transformer secondary.

An on-board error amplifier with a versatile current ref-
erence output enables virtually unlimited possibilities in
reference-voltage generation. Reference voltage for the
error amplifier is generated by connecting an appropri-
ate resistor to this output.

Low on-resistance margining MOSFETs integrated on-
chip allow for implementation of a margining circuit
without the use of external switches. The MAX5058 pro-
vides a 5V LDO output for logic-level MOSFETs while
the MAX5059 provides a 10V LDO output for conven-
tional 10V MOSFETSs.

The MAX5058/MAX5059 are designed to enable paral-
leling of multiple power supplies for accurate current
sharing using a simple 2-wire, differential, current-share
bus. Parallelability enables expansion of the power
capabilities and simplifies thermal management in high-
output-current applications. When used in conjunction
with the MAX5051, the primaries can also be synchro-
nized and operated 180 degrees out of phase.

The MAX5058/MAX5059 are available in a 28-pin ther-
mally enhanced TSSOP package and operate over a
wide -40°C to +125°C temperature range.

Warning: The MAX5058/MAX5059 are designed to
work in circuits that contain high voltages. Exercise
caution.

Applications
Isolated Telecom Power Supplies

Isolated Networking Power Supplies

+48V Power-Supply Modules

Industrial Power Supplies

+48V/+12V Server Power Supplies

MAXIMN
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Features

4 Clean Drive Waveforms for Synchronous
MOSFETs

4 Utilization of a Look-Ahead Signal from the
Primary for Proper Turn-On/Turn-Off Times

4 Synchronous Rectifier Drivers Capable of
Sourcing and Sinking Up to 2A Peak Current

4 Internal Gate-Voltage Regulator for 5V (MAX5058)
or 10V (MAX5059) Gate-Drive Voltage

4 Internal Error Amplifier

<*

Accurate Differential Current-Share/Force Circuit

Allows Paralleling of Several Power Supplies for
High Output Current

Internal Remote Voltage-Sense Amplifier
Flexible Reference-Voltage Generation
Output Voltage Regulation Down to 0.5V

Low Quiescent Current Consumption of 2.5mA

* & & o o

Integrated Digital Output Margining Circuit Saves
External Parts and Board Space

4 30ns Propagation Delay Time from Pulse Input
to Output

¢ Automatic Detection of Discontinuous Current
Conduction and Turn-Off of the Freewheeling
MOSFET

4 High Efficiency at Low Output Currents and
Reverse-Current Protection

4 Open-Drain Overtemperature Warning Flag
4 28-Pin Thermally Enhanced TSSOP Package

Ordering Information

PIN- \
PART TEMP RANGE PACKAGE ?VE)G
MAX5058AUI -40°C to +125°C 28 TSSOP-EP* 5
MAX5058EU!I -40°C to +85°C 28 TSSOP-EP* 5
MAX5059AU| -40°C to +125°C 28 TSSOP-EP* 10
MAX5059EUI -40°C to +85°C 28 TSSOP-EP* 10

*EP = Exposed paddle.

Pin Configuration appears at end of data sheet.

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX5058/MAX5059

Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

ABSOLUTE MAXIMUM RATINGS

VA0 GND o -0.3V to +30V
PGND tO GND ..o -0.3V to +0.3V
COMPV, VReG, VDR, TSFto GND........c...ccovvenn. -0.3Vto +14V
All Other Pins to GND .........ooooiviiiiiiiiii, -0.3V to (VP + 0.3V)
VREG Source CUIrent ... 50mA
COMPV, RMGU, RMGD, TSF Sink Current ....................... 30mA
VPO GND oo

VSO, CSO Source/Sink Current
SFP Source CUITENt ..o

QREC, QSYNC Continuous Current...........ccoceevveeieeineans. 50mA
QREC, QSYNC Current < 500NS.......ccceiiiiiiiiiiiiiieaiieiieeeens 5A
Continuous Power Dissipation (Ta = +70°C)

28-Pin TSSOP (derate 23.8mW/°C above +70°C). ....1905mW
Junction Temperature ...........coovveiiviiiiiiiicec
Operating Temperature Ranges

MAXB058EUIl, MAX5059EUI ..o,

MAXB5058AUI, MAX5059AUL....
Storage Temperature Range ................c.......
Lead Temperature (soldering, 10s)

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

(V+ = +12V, GND = PGND = 0, VDR = VReG, CasyNC = CqQrec = 0, ZCP = ZCN = BUFIN = CSP = CSN = SFN = VSN = GND, V|Rer =
Vysp = 1.785V, CyReg = 2.2uF, Cyp = 1uF, Ccomps = 0.1uF, Csrp = 68nF, Ta = TMIN to TmAX, unless otherwise noted. Typical values

are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
POWER SUPPLY
MAX5058 4.5 28.0
Supply Voltage Range V+ VAXE05S 03 8.0 \
Quiescent Supply Current le) 2.5 5 mA
Switching Supply Current Isw fsw = 250kHz at BUFIN MAX5058 45 mA
MAX5059 6
IrRer: REFERENCE CURRENT OUTPUT
Reference Current lIREF V|REF = 1.785V 49.2 50 51.1 pA
Reference Current Variation AlIREF VIRer = 0.5V to 2.5V -0.1 +0.1 %IV
Reference Voltage Compliance Guaranteed by reference current variation 05 o5 v
Range test
VREG: LOW-DROPOUT REGULATOR
Regulator Output VVREG IVREG = 0 to 30mA MAXS058 475 S 525 V
MAX5059 9.4 10 10.6
Line Regulation MAX5058, V+ = 6V to 28V 25 iy
MAX5059, V+ = 11V to 28V 25
MAX5058 ?C;E;f;/bm R 200 350
Dropout VDROP Ve —oav mV
MAX5059 VREG = SbmA 200 350
VP: INTERNAL REGULATOR
Regulator Output Setpoint Vvp lvp = 0 to 5mA 3.8 4.3 Vv
ZC: ZERO-CURRENT COMPARATOR
?ﬁrr;ﬁglr(;e”t Comparator Vzoth | Ta = +25°C 135 45 465 | mv
é(zrr?é::rrent Comparator Input Izc 25 425 UA

2
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Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

ELECTRICAL CHARACTERISTICS (continued)

(V+ = +12V, GND = PGND = 0, VDR = VReG, CasyNc = CqQrec = 0, ZCP = ZCN = BUFIN = CSP = CSN = SFN = VSN = GND, V|RrgF =
Vysp = 1.785V, Cyreg = 2.2uF, Cyp = 1uF, Ccomps = 0.1uF, Csrp = 68nF, Ta = TmIN to Tmax, unless otherwise noted. Typical values
are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
Zero-Current Comparator Input Vze 01 15 vV
Range
re | o e Vi o . .
Propagation Delay s Igow 2CTH 9
BUFIN: SYNCHRONIZING PULSE INPUT
BUFIN to Output Propagation BUFIN rising to QREC rising or QSYNC

tpd : 40 ns
Delay falling
BUFIN Input Current IBUFIN -1 +1 PA
BUFIN Input Capacitance CBUFIN 10 pF
BUFIN Input-Logic High VHBUFIN 2.4 V
BUFIN Input-Logic Low VIBUFIN 0.8 V
MARGINING INPUTS
RMGD Resistance RrMGD Sinking 10mA 6.5 11 Q
RMGU Resistance RrRMGU Sinking 10mA 6.5 11 Q
MRGD Input-Logic High VHMRGD 2.4 V
MRGD Input-Logic Low VLMRGD 0.8 \
MRGU Input-Logic High VHMRGU 2.4 V
MRGU Input-Logic Low VLMRGU 0.8 V
MRGU, MRGD Input Resistance | MRGD: 40 kQ
RMRGU
RMGU, RMGD Leakage Current IRMGU -100 +100 nA
IRMGD
DRIVER OUTPUTS
QREC, QSYNC Peak Source IQREC_SO, 5 A
Current lQSYNC_SO
QREC, QSYNC Output-Voltage VQREC_H, | Measured with respect to MAX5058 5 150
. . mV
High VQSYNC_H | VVDR, sourcing 50mA MAX5059 75 150
QREC, QSYNC Low-to-High tPOLH Carec = Casync =0 30 e
Delay Time CqRrec = CqsyNe = 5nF 70
QREC, QSYNC Peak Sink Current lQREC_SI, 2 A
lasyNC_s!
2 MAX5058 50 100
QREC, QSYNC Output-Voltage VQREC_L, Sinking 50mA Ry
Low VQsYNC_L MAX5059 50 100
QREC, QSYNC High-to-Low {PDHL Carec = Casyne =0 40 ns
Delay Time CaqRrec = Cqsyne = 5nF 70

MAXIM 3
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MAX5058/MAX5059

Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

ELECTRICAL CHARACTERISTICS (continued)

(V+ = +12V, GND = PGND = 0, VDR = VReg, CasyNC = CqQrec = 0, ZCP = ZCN = BUFIN = CSP = CSN = SFN = VSN = GND, V|Rer =
Vysp = 1.785V, Cyreg = 2.2uF, Cyp = 1uF, Ccomps = 0.1uF, Csrp = 68nF, Ta = TmIN to Tmax, unless otherwise noted. Typical values

are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
ERROR AMPLIFIER
Inverting Input Current lINV -50 +50 nA
Error-Amplifier Input Range VINV 0 2.5 \
Error-Amplifier Input Offset Vos Icompyv = 100pA to 5mA -5 +5 mV
Er)rv?/r—Amplifier Output-Voltage Veovry | lcompy = 5mA 200 mv
Error-Amplifier Unity-Gain BW GBW Rcowmp = 220Q, Icomp = 5mA 1.3 MHz
Error-Amplifier Voltage Gain AvoL Rcompy = 220Q, Icomp = 5mA 80 dB
Error-Amplifier PSRR PSRR 60 daB
82)'\3521/ Output Resistance to (Note 1) 1 MO
REMOTE-SENSE AMPLIFIER (RSA)
VSN Input Current IvsN -100 +100 HA
VSP Input Current lvsp -20 +100 pA
Input Common-Mode Range -0.3 +3.8 \Y
Input Offset Voltage VosrsA | lvso = -0.5mA to +0.5mA -4 mV
Output Impedance 8 Q
Amplifier -3dB Frequency lvso = -0.5mA to +0.5mA 1 MHz
Remote-Sense Amplifier Gain GRs lvso = -0.5mA to +0.5mA 0.9925 1 1.0075 VIV
CURRENT-SENSE AMPLIFIER (CSA)
CSN Input Current IcsN 83 i xgz’s z igg\\// -150 +150 PA
CSP Input Current Icsp -0.3V <Vcgp < +3.8V -40 +150 HA
Input Offset Voltage Icso = -500pA to +500uA (Note 2) +20 +25 +30 mV
Current-Sense Amplifier Gain GCcsA Icso = -500pA to +500pA 19.8 20 20.2 VIV
Input Differential-Mode Range 100 mV
Input Common-Mode Range -0.3 +3.8 \
Output-Voltage Level Shift Vs (Note 2) 0.415 0.570 \
Output Voltage Range VcsoMiN) | Icso = -500pA to +500pA 0.1 3.0 Vv
Amplifier -3dB Frequency f.3dB Icso = -500pA to +500pA 50 kHz
SHARE-FORCE AMPLIFIER (SFA)
Sink Current 60 pA
Source Current 500 HA

MAXIN




Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

ELECTRICAL CHARACTERISTICS (continued)

(V+ = +12V, GND = PGND = 0, VDR = VReg, CasyNC = CqQrec = 0, ZCP = ZCN = BUFIN = CSP = CSN = SFN = VSN = GND, V|Rer =
Vysp = 1.785V, Cyreg = 2.2uF, Cyp = 1uF, Ccomps = 0.1uF, Csrp = 68nF, Ta = TmIN to Tmax, unless otherwise noted. Typical values

are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
CURRENT-ADJUST AMPLIFIER (CAA)
Transconductance 500 HANV
gzrr%n;on—l\/lode Input Voltage 0.45 255 v
Output Voltage Range 0.85 2.75 \
Offset Voltage Ta = +25°C 20 42 65 mV
Open-Loop Gain 72 dB
CURRENT-ADJUST VOLTAGE-TO-CURRENT CONVERTER
Input Voltage Range 0.75 2.75 \
Input Voltage Offset 1.25 \
Output Voltage Range 0.5 25 v
Transconductance 1.15 AN
\l\//ljzier)num Current Adjustment 138 15 166 UA
THERMAL SHUTDOWN
Thermal Warning Flag Level When TSF pulls low +125 °C
Thermal Warning Flag Hysteresis 15 °C
Internal Thermal-Shutdown Level +160 °C
Internal Thermal-Shutdown
Hysteresis 15 c
TSF Maximum Output Voltage ITSF = 5BmA 120 mV
TSF Output Leakage Current 0.1 pA
Note 1: Output resistance to ground used for unity-gain stability.
Note 2: Vcso = Gesa(Vesp - Vesn) + Vis.
MAXIV 5
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MAX5058/MAX5059

Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

Typical Operating Characteristics
(V+ = +12V, GND = PGND = 0, VDR = VReG, CasyNc = Cqrec = 0, ZCP = ZCN = BUFIN = CSP = CSN = SFN = VSN = GND, V|ReF =
Vysp = 1.785V, Vcomps = 0.5V, Cyreg = 2.2uF, Cyp = 1uF, Ccomps = 0.1uF, Cspp = 68nF, Ta = +25°C, unless otherwise noted.)

LDO OUTPUT VOLTAGE (VyReg) IRer OUTPUT CURRENT LDO OUTPUT VOLTAGE (Vyreg)
vs. INPUT VOLTAGE (MAX5058) vs. TEMPERATURE vs. LOAD CURRENT (MAX5059)
5.0050 —Tz 5017 — = 10.10 2
5.0045 IvREG = 0mA 1; 50.15 Virgr = 1785V {2 10.08 le
5.0040 2 513 z ]ggi g
5.0035 = 50.11 = 10.02 =
5.0030 50.09 N 1000 N
= 5.0025 ] = 5007 s 998
pre | — E = 996 ~~
£ 5.0020 - & 50.05 £ 994 ~~—
= 50015 ] = 5003 = 0 ~_]
5.0010 / 50.01 9.90 I~
5.0005 49.99 9.88
5.0000 49.97 \ ggi
4.9995 4995 9.82
49990 4993 9.80
0 3 6 9 12 15 18 21 24 27 30 40 -25-10 5 20 35 50 65 80 95 110125 0 10 20 30 40 50 60 70 80 90 100 110
Vi (V) TEMPERATURE (°C) IvReg (MA)
LDO OUTPUT VOLTAGE (Vyreg) LDO OUTPUT VOLTAGE (VReg) LDO OUTPUT VOLTAGE (Vyreg)
vs. LOAD CURRENT (MAX5058) vs. TEMPERATURE (MAX5058) vs. INPUT VOLTAGE (MAX5059)
5.04 3 5010 . 10.020 2
2 5.008 2 10.01 2
5.02 5 5006 ,// § 0.018 §
g P g 10016 g
5.00 E: 5.004 — 2 :
5.002 — 10014
498 5,000 / 10012
e~ ™~ =4.998 / = Vaul
= 4.96 5 4.996 "= 10.010
= S~ e &
= 494 £4.994 =10.008
~~N— 4992
49 4,990 7 10.006
190 4,988 7 10.004
X 498 A 10.002
488 soes | '
: 4,982 10.000
486 4.980 9.998
0 10 20 30 40 50 60 70 80 90 100 110 40 -25-10 15 20 35 50 65 80 95 110125 0 3 6 9 12 15 18 21 24 27 30
IvReG (MA) TEMPERATURE (°C) Vi (V)
LDO OUTPUT VOLTAGE (Vyreg) Irer OUTPUT CURRENT
vs. TEMPERATURE (MAX5059) vs. Irer OUTPUT VOLTAGE
10.030 5 510 g
10.025 8 505 2
10.020 P 2 500 g
10015 /,/ 495
=10.010 v = 490
= / 2
£10.005 7 5 485
~ 10,000 / = 480
9.99 / 475
9.990 / 470
9985 [/ 45
9.980 460
40 -25-10 5 20 35 50 65 80 95 110125 0 05 10 15 20 25 30 35 40
TEMPERATURE (°C) Virer (V)
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Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

Typical Operating Characteristics (continued)

(V+ = +12V, GND = PGND = 0, VDR = VReG, CasyNc = Cqrec = 0, ZCP = ZCN = BUFIN = CSP = CSN = SFN = VSN = GND, V|ReF =
Vysp = 1.785V, Vcomps = 0.5V, Cyreg = 2.2uF, Cyp = 1uF, Ccomps = 0.1uF, Cspp = 68nF, Ta = +25°C, unless otherwise noted.)

3.0
2.8
2.6
2.4
2.2
2.0
18
16
14
1.2
1.0
0.8
0.6
0.4
0.2

0

vy (mA)

MAXIW

QUIESCENT SUPPLY CURRENT
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V+ (V)

QUIESCENT SUPPLY CURRENT
vs. TEMPERATURE (MAX5059)

QUIESCENT SUPPLY CURRENT
vs. INPUT VOLTAGE (MAX5059)

2.60

2.55

I

2.50

|

MAX5058/59 toc10

2.45

240

235

2.30

v, (mA)

2.25

2.20

215

2.10

2.05

0

MAX5058/59 toc12

-40 -25-10 5 20 35 50 65 80 95 110125

TEMPERATURE (°C)

SWITCHING SUPPLY CURRENT
vs. TEMPERATURE (MAX5058)

fsw = 250kHz—

MAX5058/59 toc14

-40 -256-10 5 20 35 50 65 80 95 110125

TEMPERATURE (°C)
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6
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2.00

12 15 18 21 24 27 30

V+ (V)

Ivs (A)

v, (MA)

5.0
45
40
35
3.0
2.5
2.0
15
1.0
0.5

6.0
5.5
5.0
45
40
35
3.0
2.5
2.0
15
1.0
0.5
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Qul

ESCENT SUPPLY GURRENT

vs. TEMPERATURE (MAX5058)

MAX5058/59 toc11

-40 -25-10 5 20 35 50 65 80 95 110125

SWITCHING SUPPLY CURRENT
vs. INPUT VOLTAGE (MAX5058)

TEMPERATURE (°C)

T 1
fow = 250

I
kHz ]

MAX5058/59 toc13

35 7 911131517192123 2527 29

V+ (V)

SWITCHING SUPPLY CURRENT
vs. INPUT VOLTAGE (MAX5059)

fow = 250

I
kHz-]

MAX5058/59 toc15

35 7 9 111315171921 2325 27 29
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MAX5058/MAX5059

Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

Typical Operating Characteristics (continued)

(V+ = +12V, GND = PGND = 0, VDR = VReG, CqsyNc = Cqrec = 0, ZCP = ZCN = BUFIN = CSP = CSN = SFN = VSN = GND, V|Ref =
Vysp = 1.785V, Vcomps = 0.5V, CyreG = 2.2uF, Cyp = 1uF, Ccomps = 0.1uF, Cspp = 68nF, Ta = +25°C, unless otherwise noted.)

Ivs (MA)

6.0
58
56
54
52
5.0
48
46
44
42
40

SWITCHING SUPPLY CURRENT
vs. TEMPERATURE (MAX5059)

REMOTE-SENSE AMPLIFIER (RSA) GAIN

vs. TEMPERATURE

RSA GAIN
vs. FREQUENCY

MAX5058/59 toc18

T 0.015 | | . 10
fSW:250kHZ*§ 0014 |- Vusp=1.785V % 5
g N 0
yd 0.013 / 5
V =) /
e 2 0012 — 10
5 // =
L £ 0011 = -15
P 3 /’ =
>l 3 0010 v 20
P 25
|~ 0.009 —
// -30
0.008 vl 5
0.007 -40
40 25-10 5 20 35 50 65 80 95 110125 40 -25-10 5 20 35 50 65 80 95 110125 0 01k Tk
TEMPERATURE (°C) TEMPERATURE (°C)
CURRENT-SENSE AMPLIFIER (CSA) GAIN CSA INPUT OFFSET
vs. TEMPERATURE vs. TEMPERATURE
20.04 T ° 25.1 Y 5
2003 |- Vesp=100mV : 201N g
% 249 \ 2
2002 : g N :
= E 247
= =
= ™~ - et ~
< 2000 s N
w oD
& 1999 S 244 -
19.98 243
242
19.97 24,1
19.96 2.0
40 -25-10 5 20 35 50 65 80 95 110125 40 2510 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C)
CSA GAIN ZERO-CURRENT COMPARATOR THRESHOLD
vs. FREQUENCY vs. TEMPERATURE
30 - 540 N
] Az
% \\ : 5.35 A
20 E 2
\ : — 530 z
15 z
3 =]
= e /
=5 & 520 7
<T o
(s} i
0 = 515
(&)
,5 ~N /
510 7
-10 /
15 5.05 4
-20 500
001 01 1 10 100 1k 10k 40 -25-10 5 20 35 50 65 80 95 110125
FREQUENCY (Hz) TEMPERATURE (°C)

10k

100k 1M 10M  100M

FREQUENCY (Hz)
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Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

Typical Operating Characteristics (continued)

(V+ = +12V, GND = PGND = 0, VDR = VReG, CqsyNc = Cqrec = 0, ZCP = ZCN = BUFIN = CSP = CSN = SFN = VSN = GND, V|Ref =
Vysp = 1.785V, Vcomps = 0.5V, CyreG = 2.2uF, Cyp = 1uF, Ccomps = 0.1uF, Cspp = 68nF, Ta = +25°C, unless otherwise noted.)

CURRENT-ADJUST VOLTAGE TO CURRENT-

ZERO-CURRENT PROPAGATION DELAY SFA AMPLIFIER MAXIMUM CONVERTER ADJUSTMENT RANGE
vs. TEMPERATURE SINK CURRENT vs. TEMPERATURE vs. TEMPERATURE
90 ‘ ‘ g 34.0 I 1.60 g
g5 |—10mV OVERDRIVE 2 338 EEE}%W@ 159 2
£ ) 336 ] R S :
s A S 334 2157 N
o 75 ] Z 30 2 156
S e S 330 — £ 155 ™~
) ~ | = N~
=4 = 328 — = 154
2 65 L~ 2 4!
& o 1 % 326 3158
7 324 152
55 322 151
50 320 150
402510 5 20 35 50 65 80 95 110125 402510 5 20 35 50 65 80 95 110125 402510 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
BUFIN TO QREC LOW-TO-HIGH BUFIN TO QREC HIGH-TO-LOW
PROPAGATION DELAY vs. TEMPERATURE PROPAGATION DELAY vs. TEMPERATURE
o, o 60 5
41 A 58 :
/ |z 2
40 7 56 2
z ¥ 7 2 5 * vt
S 3 / 2 5
E 37 // E 50
= o A z % P
& 3 e 5 A
= M 2 = o
S V4 S 42
g 3 v S
g R £ 3
31 36
30 / 34
29 32
28 30
40 2510 5 20 35 50 65 80 95 110125 402510 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C)
BUFIN TO QSYNC LOW-TO-HIGH BUFIN TO QSYNC HIGH-TO-LOW
PROPAGATION DELAY vs. TEMPERATURE PROPAGATION DELAY vs. TEMPERATURE
60 e 40 g
58 38 2
- 956 = 3 pE
> 54 > 34
= <
&g 92 7 B —
= / = )
= 7 = -
S 48 A S o8 —
o o v
£ 46 yd 2 2 7~
44 ’ 24 -
0 | 2
40 20
402510 5 20 35 50 65 80 95 110125 40 2510 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C)

MAXIW 9
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MAX5058/MAX5059

Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

Pin Description

PIN | NAME FUNCTION
Zero-Inductor Current-Sense Comparator Input. The source voltage of the freewheeling FET (N4 in the Typical
1 ZCP | Application Circuit) is sensed. The gate drive is terminated when this voltage becomes positive during a primary
power-OFF cycle.
ZCN | Zero-Inductor Current-Sense Comparator Negative Input
GND | Ground Connection
Negative Input of the Share-Force Amplifier. Connect the SFN inputs together from all the power-supply
4 SFN secondaries, then connect to the load return terminal (isolated GND). Connect to GND when current sharing is not
used.
5 SFP Positive Input of the Share-Force Ampilifier. Connect the SFP pins together from all the power-supply secondaries.
Leave this pin unconnected when current sharing is not used.
6 COMPS | Compensation Output of the Load-Share Transconductance Amplifier
7 TSF | Thermal Warning Flag Output
8 MRGU | Margin-Up Logic Input. When toggled high, the power-supply output voltage is set to the high margin.
9 MRGD | Margin-Down Logic Input. When toggled high, the power-supply output voltage is set to the low margin.
10 RMGD | Resistor Connection for Margin-Down
11 RMGU | Resistor Connection for Margin-Up
12 | Reference Current Output. A resistor from this current source output to GND sets the reference voltage used by
REF 1 the error amplifier.
Compensation Connection for the Error Amplifier. The feedback optocoupler LED is also connected to this point.
13 | COMPV . . . o
This open-drain output is capable of sinking at least 5mA.
14 INV Inverting Input of the Error Amplifier. A voltage-divider connected to this input scales the power-supply output
voltage for regulation.
15 VSO | Output of the Remote-Sense Amplifier
16 VSN | Negative Input of the Remote-Sense Amplifier. Connect this to the negative terminal of the load.
17 VSP Positive Input of the Remote-Sense Amplifier. Connect this to the positive terminal of the load.
18 CSO | Output of the Current-Sense Amplifier. It can be used to monitor the output current.
19 CSN | Connect this input to the negative terminal of the output current-sense resistor. Connect to GND when not used.
20 CSP | Connect this input to the positive terminal of the output current-sense resistor. Connect to GND when not used.
o1 VP Compensation Pin for Internal +4V Preregulator. A minimum 1pF low-ESR capacitor must be connected to this pin
for bypassing.
20 Vi Supply Connection for the IC and Input to the Internal 5V (MAX5058) or 10V (MAX5059) Regulator. Maximum
voltage on this input is 28V.
Regulated +5V (MAX5058) or +10V(MAX5059) Output Used by the Internal Circuitry and the Output Drivers. A
23 VREG = : . .
minimum 1pF capacitor must be connected to this pin for bypassing.
24 BUFIN | Input for the Synchronizing Pulse. This pulse is provided by the primary-side power IC.
o5 VDR Supply Connection for the Output Drivers. Can be connected to VReg for 5V (MAX5058) or 10V (MAX5059)
operation.
26 QREC | Driver Output for the Rectifying MOSFET
27 PGND | Power-Ground Connection. Return ground connection for the gate-driver pulse currents.
28 | QSYNC | Driver Output for the Recirculating MOSFET
o Ep Exposed Pad. This is the exposed pad on the underside of the IC. Connect the exposed paddle to GND and to a
large copper ground plane to aid in heat dissipation.
10 MAXIMN




Parallelable Secondary-Side Synchronous Rectifier
Driver and Feedback-Generator Controller ICs

{ MARGINING BLOCK ; MAXIm

! vicu [3] o ; MAX5058/MAX5059

; 50K | ESULATOR D THERMALMANAGENENTELOCK ' @ |

P UVLO AND

| \V4 | SD DRIVERS <—] THERVAL Sy PREG 21] vp

! MRGD P SHUTDOWN :

; 50k02 (28] viee
[7]1s

5 QM';E 1 CURRENT-SHARE BLOCK R R ;
: P V4
5 D 5 sFP

g -

.......................................... R R
"""""""""""" ERROR AMPLIFIER BLOCK | 4| SFN
compy [13]
+
P L ivTol 7 ”
: P 50018
: . CAA oy -
: i - —e
"""""""""""""""""""""" : +——20] csp
; I=(1.15X (Vopa - 1.25))uA fI5V 2]
: Vean > 1.25V
| H CAA X2
wm | .
REFERENCE CURRENT BLOCK |
COMPS [ 6 18] cso
ST R E’Méfé's'EN's'E'AM'PUF]ER'éLb'ck"
VS0 [1sf————
VSN [ 16]
vsp [17]

 GATE-DRIVER BLOCK p—{25] voR
PI:? OREC

© BUIN [24]
' ch
20ns
> [28] aswic
[7] PenD |
GND ;|; :I 30ns FALLING
7 el EDGE DELAY
\Y4
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Detailed Description

The MAX5058/MAX5059 enable the design of high-effi-
ciency, isolated power supplies using synchronous rec-
tification on the secondary side. These devices
commutate the secondary-side MOSFETs by providing
a clean gate-drive signal that is synchronized to the
power MOSFET switching in the primary side of the iso-
lation transformer. Once fully enhanced, the secondary-
side MOSFETs have very low on-resistance, producing
a voltage drop much lower than Schottky diodes, result-
ing in much higher efficiencies. Simultaneous conduc-
tion of the synchronous rectifier MOSFETs is avoided by
having a look-ahead signal before the primary
MOSFETSs turn on. This eliminates large current spikes
from a shorted transformer secondary.

The MAX5058 has a 5V internal gate-drive voltage reg-
ulator that can be used with logic-level MOSFETs. The
MAX5059 has a 10V internal gate-drive voltage regula-
tor that can be used with high-gate-voltage MOSFETSs.

In addition to the gate drivers, there are blocks that
make the MAX5058/MAX5059 complete secondary-
side solutions. These blocks are as follows:

¢ Regulator and thermal-management block
e Buffer input and gate-driver block

e Reference-current block

e Error-amplifier block

e Margining block

¢ Remote-sense amplifier block

e Current-share block

Regulators and Thermal Management
The linear regulators in the MAX5058/MAX5059 provide
power for the internal circuitry, as well as power for run-
ning the external synchronous MOSFETs. Design is sim-
plified by deriving the power from the secondary
winding before the output-filter inductor. The peak volt-
age at the secondary is at least twice the output volt-
age, yielding more than 7V peak even for output
voltages down to 3.3V. Use a diode and a capacitor to
rectify and filter the voltage before applying it to V+ (see
D6 and C32 in the Typical Application Circuit). The
input for the regulator is V+ and the output is VREG.
Connect VDR to VREG to provide the supply for the gate
driver's QREC and QSYNC. For logic-level MOSFETS,
use the MAX5058. For conventional MOSFETs that
require 10V to be fully enhanced, use the MAX5059.
The V+ input voltage range is from +4.5V to +28V.
Supply enough current to this input to satisfy the quies-

12

cent supply current of the MAX5058/MAX5059, as well
as the current for the MOSFET drivers. Estimate the total
required supply current by using the following formula:

v+ =lsw +Tsw > (Qnz +Qna)

where ly4+ is the current that must be supplied into V+
and QN3, QN4 are the total gate charges of MOSFETs
N3 and N4 in the Typical Application Circuit. fsw is the
switching frequency and Isw is the switching current of
the part. Use high-quality ceramic capacitors to bypass
V+ and VReG. Use additional capacitance as required
for bypassing switching currents generated by the dri-
vers when driving the chosen MOSFETs. Connect at
least a 1uF ceramic capacitor at the output of the regu-
lator VREG for stability.

The MAX5058/MAX5059 have an exposed pad at the
back of the package to enable heatsinking directly to a
ground plane. When soldered to a 1in2 copper island,
these devices are able to dissipate approximately 1.9W
at +70°C ambient temperature. Connect the exposed
pad to the GND.

In addition to the regulators, this block contains a ther-
mal-shutdown circuit that shuts down the gate drivers if
the die temperature exceeds +160°C. This is a last
resort shutdown mechanism. The trigger of this shut-
down mechanism must be avoided. Turning off the
secondary synchronous rectifier drivers in this manner
while the output carries the full load current causes the
current to be diverted to the lossy external diodes or
body diodes of the MOSFETs. This, in most cases,
leads to rectifier failure due to power dissipation. To
prevent this, make use of the TSF output (temperature
warning flag). TSF is an open-drain output that gets
asserted when the die temperature exceeds +125°C,
well before the actual thermal shutdown at +160°C. An
optocoupler connected from VREG to the TSF pin can
provide a means for shutting down the switching at the
primary side, thus avoiding catastrophic failure.

Buffer Input (BUFIN) and MOSFET Drivers
The MAX5058/MAX5059 drive external N-channel
MOSFETs at QSYNC and QREC. The QSYNC output
drives the gate of the freewheeling MOSFET N4 in the
Typical Application Circuit. The QREC output drives the
gate of the rectifying MOSFET N3 in the Typical
Application Circuit. Each gate-driver output is capable
of sinking and sourcing up to 2A peak current,
enabling the MAX5058/MAX5059 to drive high-gate-
charge MOSFETSs.
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The MOSFET drivers are synchronized to the primary-
side switching by using the BUFIN input. BUFIN
accepts the PWM information from the primary through
a high-speed optocoupler or through a small isolation
pulse transformer. Figures 2 through 6 show the inter-
face details using an optocoupler or a pulse trans-
former with two different kinds of primary-side PWM
controllers.

For proper operation, the MAX5051, MAX5042, and
MAX5043 devices generate a look-ahead signal that
precedes the actual switching of the primary MOSFETs
by a small amount of time, typically less than 100ns.
Additional circuitry may be required when the
MAX5058/MAX5059 are used with other primary-side
controllers not capable of providing a look-ahead signal.

When BUFIN goes high, QREC goes high and QSYNC
goes low. When BUFIN goes low, QREC goes low and
QSYNC goes high.

The MAX5058/MAX5059 provide improved efficiency at
light loads by allowing discontinuous conduction oper-
ation. A zero-crossing comparator with inputs ZCP and
ZCN monitors the current through the freewheeling
MOSFET using a sense resistor at its source. The free-
wheeling MOSFET is turned off when the inductor cur-
rent is near zero. The actual threshold can be externally
adjusted. The Typical Application Circuit shows one
method for trip-point adjustment using components
R31 and R34.

BUFIN is internally clamped to 4V. Use a voltage-divider,
if necessary, to reduce any external voltage applied to
this pin to less than 4V.

MNAXI/ /NAXI/
MAX5042 MAX5058
MAX5043

REGS
PPWM —i a BSS84 VReg (5V)
5602
330Q
AT AN\ BUFIN
%Q }§§ I:>C 1
PS9715
PWMNEG OR EQUIVALENT —J_-_ GND
HIGH-SPEED
OPTOCOUPLER
Figure 2. Interface of MAX5058 to MAX5042/MAX5043 Using a High-Speed Optocoupler
MNAXI/ /NAXI
MAX5042 MAX5059
MAX5043 3.10kQ
REGS MMBT3904 —\/\/\/ VReg (10V)
PPWM —i a BSS84
5602
330Q
AT AVAAY BUFIN
%R } §§ I:>C
RE T Wk > 44%0
PWMNEG OR EQUIVALENT T
HIGH-SPEED ® ° GND
OPTOCOUPLER

Figure 3. Interface of MAX5059 to MAX5042/MAX5043 Using a High-Speed Optocoupler
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MAXIMN MAXIMN
MAX5051 47Q MAX5058
REGS —\/\/\—¢
LXVDD
LXH ® | BSS84 VReG (BV)
33002
}§§ I;U_>C ANN\—] BUFIN
PS9715
GND OR EQUIVALENT —J_-_ GND
HIGH-SPEED
OPTOCOUPLER
Figure 4. Interface of MAX5058 to MAX5051 Using a High-Speed Optocoupler
INAXIN /X1
MAX5051 47Q MAX5059
REGS —\/\/\/—4 3102
LXVDD MMBT3904 p—\/\/\/—0—] Vies (10V)
LXH . | BSS84
N 3300
}§§ >0 W KL
ST == WF > 14%0
GND OR EQUIVALENT
HIGH-SPEED ® ® GND
OPTOCOUPLER
Figure 5. Interface of MAX5059 to MAX5051 Using a High-Speed Optocoupler
MAXIVI MAXI
MAX5051 470 MAX5058
REG5 MAX5059
LXVDD
D1 —1 IN4148 301Q
LXH oo BUFIN
2%kQ
LXL GND
? D2
GND —@
T1: PULSE ENGINEERING, PE-68386

D1, D2: CENTRAL SIMICONDUCTOR, CMOSH-3

Figure 6. Interface Circuit to MAX5051 Using a Pulse Transformer
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Reverse-Current Prevention

in Synchronous Rectifiers

One benefit of secondary-side synchronous rectifica-

tion is increased efficiency. Another benefit is that it

allows the inductor current to remain continuous

throughout the operating load range. This results in
constant loop dynamics that are easy to compensate.

In some cases, it may be necessary to turn off the free-
wheeling MOSFET when the current through this device
attempts to flow from drain to source. Turning off this
MOSFET can be done to enhance efficiency at low out-
put current. When multiple power supplies are paral-
leled, the power supply with the highest output voltage
has a tendency to source current into the power-supply
outputs with lower output voltage. Turning off the free-
wheeling MOSFET also prevents this current back-flow.

When the inductor current is allowed to become dis-
continuous, the loop dynamics change and the circuit
must be compensated accordingly to accommodate
stable continuous and discontinuous mode operation.

Turning off the freewheeling MOSFET is accomplished
by using the zero-current comparator (pins ZCP and
ZCN). Use this comparator to sense reverse current in
the freewheeling MOSFET and turn off the device by
pulling QSYNC low. An internal latch prevents the free-
wheeling MOSFET from turning on until the off-time of
the next cycle.

Reference Current
The MAX5058/MAX5059 do not have an explicit refer-
ence voltage generator. Instead, they contain a 1%-
accurate trimmed 50pA current source. This allows sig-
nificant flexibility in setting the reference voltage. In
some cases, the output-voltage resistive divider, con-
sisting of R1 and R2 in the Typical Application Circuit,
can be eliminated by selecting a suitable resistor value
at the IRgr pin. This reduces the error that the output
voltage-divider may add. Use a low-value bypass
capacitance at this pin to eliminate noise. Typical values
for this capacitance are calculated by considering the
pole that it presents with R12. This pole must be placed
well beyond the frequency range of interest of the cur-
rent-share loop. Use values less than 2.2nF.

Error Amplifier
The MAX5058/MAX5059 incorporate a 1.3MHz unity
gain-bandwidth error amplifier with inputs INV, IREF,
and output COMPV. IRgF is the noninverting input and
also serves as the reference voltage generator with the
internal 50pA current source and the external resistor

MAXIM

connected from IRerF to GND. INV is the inverting input
and connects to the center of a resistive divider from
OUT to INV to GND. The output of the error amplifier,
COMPV, connects to the cathode of the LED in the
optocoupler to control the diode current that transmits
the error signal back to the primary-side controller. An
open-drain-output error amplifier simplifies interfacing
with the feedback optocoupler. Use this error amplifier
the same way as the industry-standard TL431 shunt ref-
erence. The open-drain output provides flexibility that
may be necessary when additional functionality such
as secondary current-limit regulation is required. Unlike
the TL431, the output of the internal error amplifier of
the MAX5058/MAX5059 is guaranteed to be a maxi-
mum of 200mV with a 5mA drain current, compared to
2.5V for the TL431 and 1.24V for the TLV431.

In some cases, it is possible to avoid the use of the out-
put voltage-divider (R1 and R2) by connecting INV to
the output through just R1. This eliminates the voltage
tolerance errors caused by R1 and R2. Output voltage
in this configuration is set directly by using a suitable
resistor at IREF. Figure 7 shows this configuration.

jr— Vour

R
o |

13 i

35

E

3E

[=

E/A
Vout = (50uA) x R12
+ FOR: 0.5V < Vigur < 2.5V

- IREF
500A 12

=]

R12

Figure 7. Output Voltage Regulation for 0.5V < VoyUT< 2.5V
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Vour > 2.5V
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INV
— 741
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+
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500A @

R12
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Figure 8. Optocoupler Connection for VOUT > 2.5V
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INV
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(14}
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IREF M1
50uA 2]

R12

Figure 8 shows a typical configuration with output volt-
ages high enough (VouTt > 2.5V) to allow a typical
optocoupler to be fully biased. In this case, there are
two feedback paths—one though the error amplifier
and one through the output-connected optocoupler.
This second feedback path must be considered when
compensating the overall feedback loop.

Figure 9 shows a typical configuration with an optocou-
pler for output voltages lower than 2.5V. In this case,
the direct connection of the optocoupler to the output is
not possible. There is only one feedback path and the
error-amplifier feedback network must be designed
accordingly.

Figure 10 shows the simplified block diagram for the
error amplifier.

Voltage Margining
The margining inputs MRGU (margin up) and MRGD
(margin down) control two internal MOSFETs with open-
drain outputs at RMGU and RMGD, respectively. When
margining is used, connect two pullup resistors from
RMGU and RMGD to IRer. A logic-high voltage at
MRGU causes QMU (see Figure 1) to open, increasing
the equivalent resistance at IREF and the reference volt-
age (VIREF). The error-amplifier inverting input, INV,
tracks IRErF and forces the primary-side controller to
increase the output voltage. MRGD has the opposite
effect. When a logic high is applied to MRGD, QMD
turns on, decreasing the equivalent resistance at IRgEF
and effectively reducing V|ReF. This causes INV to track
and force the primary-side controller to reduce the out-
put voltage.

The margining inputs MRGU and MRGD are internally
pulled to GND with 40kQ resistors. When margining is
not used, the inputs can be left floating or connected to
GND to make V|Rer = 50puA x R12.

Calculation Procedure for Output-Voltage Setting

Resistors and Margining

Use the following step-by-step procedure to calculate

the output-voltage setting and margining resistors (see
the Typical Application Circuit):

COMPY

:
>“j7

BHE

Figure 9. Optocoupler Connection for VOUT < 2.5V
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Figure 10. Simplified Error-Amplifier Diagram
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1) Select a parallel equivalent resistance Req value to 5) Select the margin-down percentage value:

produce the nominal reference voltage. For exam-
ple, Req = 35.4kQ gives you VIRer = 1.77V.

AD = 5%

) 6) Recalculate Req with the selected values:
2) Select the margin-up percentage value:
AU = 5% oq = _RioRsp
3) Calculate Ra2: Ri2+Rap
R _R 100% +AU Req = 3524KQ
32 =Neq X AU 7) Calculate R3a:
Ra2 = 743.4kQ2. Calculated Ras = 100%xReq xR12
Select the nearest 0.1% value. R12 X(1 00%+AD)‘1OO%XReq
R32 = 741kQ. Selected
32 R33 = 361.186kQ. Calculated
4) Calculate R12:
Select the nearest 0.1% value:
Ri,— Rzo xAU R33 = 361kQ. Selected
12 100% 8) Calculate the reference voltage with the selected
chosen values:
R12 = 37.05kQ. Calculated V|REF = 5OUA x Req- Req from step 6.
Select the nearest 0.1% value. ViRer = 1.762V.
R12 = 37kQ. Selected
[ — Vout
Q
+
p
|ﬁ| ] VSP
INV
- 14]
E/A
Vour = (50pA) x R12
+ FOR: 0.5V < VuT < 2.5V
IREF
IRer M2}
50A 4]
R12

Figure 11. Remote-Sense Amplifier Connection for 0.5V < VOUT< 2.5V
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E/A

IReF
50uA

R12

Vour

R1
Vour = (1 + W) x VIREF

ViReF = (50uA) x R12

Figure 12. Remote-Sense Amplifier Connection for VOUT > 2.5V (or any Other Arbitrary Voltage)

9) Select a value for R1 and calculate Rz for VouT =
3.3V:

R1 = 19.1kQ
__ VIREF  py
VouT -VIRer
Ro = 21.882kQ.
Select the nearest 1% value.
Ro = 21.8kQ.

When margining is not used, substitute R12 for Req
in step 8 and go to step 9.

Remote-Sense Amplifier
Use the remote-sense amplifier (RSA in Figure 1) to
directly sense the voltage across the load, compensat-
ing for voltage drops in PC board tracks or load con-
nection wires. The remote-sense amplifier is a
unity-gain amplifier with sufficient bandwidth to not
interfere with the normal operation of the voltage-con-
trol loop. Direct sensing of the output voltage is possi-
ble if the output voltage is between 0.5V to 2.5V. Figure

18

11 shows this configuration. Figure 12 shows the use of
the remote-sense amplifier with a voltage-divider. The
remote-sense amplifier has an input bias current of
100uA. The impedance of R1 and R2 must be kept low
in this configuration to avoid excessive errors in the out-
put-voltage set point.

Current Sharing
When multiple power modules are providing power to
the same load, the load current must be shared equally
to provide the best reliability and thermal distribution.
The MAX5058/MAX5059 contain circuitry that enable
current sharing among paralleled power supplies with-
out requiring an explicit controlling master circuit.
Current sharing is accomplished by connecting togeth-
er the current-share bus pins (SFP and SFN) of all par-
alleled power supplies (see Figure 13), thus creating a
current-force/share bus. The voltage level on this differ-
ential bus is proportional to the output current of the
power supply that has the highest current compared to
the other supplies. The number of power supplies that
can be paralleled with this method is limited only by
practical considerations.
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MRGU MRGD o
POWER MODULE (N j_/w\/_‘
v mmam|
ViN- MAX5058 Vsp
maxam,| - VSN
MAX5051
— SYNCIN MNAXI Vour-
— STARTUP MAX5059 SFN |—
—{ SYNCOUT SFP |+
MRGU MRGD
CSN
POWER MODULE CsP
Vins | l
Ving v 3
36V 1072V W maxam| " WV e
ViN- ViN- MAX5058 VsP \' 00
MNAXI
VSN A
maxsost | P o8 ° A
L SYNCIN /NAXIMN Vour- /
q
STARTUP MAX5059 SFN
—{ SYNCOUT SFP |-
MRGU MRGD
CSN
POWER MODULE csp l
Ving A Vour+ LadVAVAVES
ViN- MAX5058 VP
maam, oR VSN
MAX5051
L SYNCIN /Mmaxam Vour-
L sTarTUP MAX5059 SFN
—] syncout SFP |-
Figure 13. Paralleling Multiple Power-Supply Modules for Current Sharing
When the MAX5051 is used as the primary-side con- e A sense amplifier that senses this share-bus volt-
troller, additional benefits are also realized with its spe- age and applies it to internal circuitry.

cial paralleling pins. The MAX5051 allows simultaneous e A fixed gain of 20, current-sense amplifier that
shutdown and wake-up, as well as frequency synchro- '

nization and 180 degree out-of-phase operation of senses the output current through a sense resistor.
each connected primary. e A current-adjust amplifier that functions as an error-

) ) amplifier block in the current-share loop.
The current-share loop consists of the following func-
tional blocks: e A voltage-to-current (Vtol) block that adds a small

amount of current to the reference current, increas-
ing the reference voltage and enabling the module
to share more current.

e A diode ORed force amplifier that connects with the
other modules and forces the bus to carry a voltage
proportional to the highest current among the mod-
ules.
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f Vean
1.25V

Figure 14. Transfer Function Curve of the V to | Block
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Figure 15. Small-Signal Equivalent Current-Share Control Loop

The adjustment range and thus the sharing capability of
the modules is limited by the amount of additional out-
put voltage boost possible through the Vtol block. The
typical voltage boost is +3% (i.e., 1.5uA/50uA). Figure
14 shows the transfer function of the Vtol block. This
adjustment range also sets a limit on the amount of volt-
age drop allowed for current sharing. For effective cur-
rent sharing, the sum of all voltage drops must be kept
below 3% and the output-to-load connection drop of
each power module must be kept equal.

20

Current-sharing functions follow:

The voltage across the current-sense resistor for each
module is sensed and compared to the voltage on the
current-share bus. The voltage on the current-share bus
represents the current from the module that has the high-
est output current compared to the other modules. Each
module compares its current to this maximum current. If
its current is less than the maximum, then the module
increases its reference current with the Vtol block. This
raises the reference voltage presented at the noninvert-
ing input of the error amplifier. With a higher reference
voltage, the output voltage of the module rises in an
attempt to increase its output current. This process con-
tinues until the currents balance between the modules.

The current-adjust amplifier (see Figure 1) has an offset
at its inverting input that requires the share-bus voltage
to reach 40mV before the current-share control loop
attempts to regulate the output-load-current balance.
Thus, the current-share regulation does not begin until
the current-sense signals have exceeded 2mV (i.e.,
42mV/20).

Figure 15 shows the simplified equivalent small-signal
circuit of the current-share control loop. The current-
adjust amplifier represents the error amplifier in this
loop. The command signal, which is the voltage across
the SFP and SFN pins, is applied to the noninverting
input of this amplifier. For small-signal analysis, the
noninverting pin is shown grounded in Figure 15. This is
a low-bandwidth loop.

Assuming a much smaller unity-gain crossover bandwidth
(fcs) for the current-share loop compared to the main out-
put-voltage-regulation loop (i.e., fcs << fc), the open-loop
gain of the current-share loop can be written as:

Gcaa(s)
sxXCcomps
_Rs
Rs +RLoaD

Gr(s)=GgFral(s) X[ JX (Gviol(s) xRiger)

X GPS(S) X

where fcs is the unity-gain crossover frequency of the
current-share loop (typically 10Hz to 100Hz), fc is the
unity-gain crossover frequency of the main output loop,
Gps(s) is the gain of the power stage from the refer-
ence voltage input of the error amplifier to the output
(Gps = VoOUT/VIREF), Rs is the current-sense resistor,
and RLOAD is the load resistance. Note that the current-
share loop bandwidth is highest for the lowest value of
RLOAD (maximum load).
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Figure 16. Idealized (with Ideal Power Stage and Optocoupler)
Frequency Response (GpS(s)) from Noninverting Input of the
Error Amplifier to the Output of the Power Supply for the
Typical Application Circuit of Figure 18
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Figure 17. Overall Open-Loop Response of the Current-Share
Loop

Figure 16 shows the idealized small-signal response of
the Typical Application Circuit from the noninverting
input of the error amplifier to the output. This response
shows that the unity-gain crossover frequency of the
current-share loop can easily be placed between 10Hz
and 100Hz, while at the same time avoiding interaction
with the main voltage-control loop.

For frequencies below 100Hz, GT(s) can be written as
(using the DC gain value for Gps(s)):

MAXIM

(500u8)
G7(s)=20x ————x(1.15uA/V)xR
T sxCoOMPS ( H ) IREF

Vout ., Rs
Virer  Rs+RLoaD

X

Equating IGTl = 1 and solving for Ccomps yields:

(36.61uF xHz/V)xRg x VouT
fes x(Rs +RLoap)

Ccomps =

The current-sharing loop is compensated with a capac-
itor from COMPS to GND. This results in a dominant
pole that forces the loop gain of the current-share loop
to cross 0dB with a single pole (20dB/decade) rolloff.

When RLOAD >> Rs, the above can be simplified further.

(36.61uF xHz/V)xRg x VouTt
fcs xRLoap

Ccomps =

Example:

Rs = 2mQ
Vout = 3.3V
fcs = 10Hz
RLoaD = 0.22Q

(36.61uF xHz/V)x(0.002Q) % (3.3V)
(10Hz)x(0.22Q)

Ccomps =
=0.11uF

The resulting overall open-loop response of the current-
share control loop is shown in Figure 17.

Applications Information

Isolated 48V Input Power Supply
Figure 18 shows a complete design of an isolated syn-
chronously rectified power supply with a +36V to +75V
telecom input voltage range. This design uses the
MAX5051 as the primary-side controller and the
MAX5058 as the secondary-side synchronous rectifier
driver. Figures 19 though 24 show some of the perfor-
mance aspects of this power-supply design. This
power supply can sustain a continuous short circuit at
its output terminals. This circuit is available as a com-
pletely built and tested evaluation kit (MAX5058EVKIT).
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Typical Application Circuit
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Figure 18. Schematic of a +48V Input, 3.3V at 15A Output, Synchronous Rectified, Isolated Power Supply
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Figure 21. Turn-On Transient at Full Load (Resistive Load) Figure 22. Output Voltage Response to Step Change in Load
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Figure 23. Output Voltage Ripple at +48V Nominal Input
Voltage and Full Load Current (Scope Bandwidth = 20MHz)

Pin Configuration

Figure 24. Load Current (10A/div) as a Function of Time when
the Converter Attempts to Turn On into a 50mQ Short Circuit
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Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information

go to www.maxim-ic.com/packages.)
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NOTES:

DIMENSIONS D AND E DO NOT INCLUDE FLASH,
. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.1Smm PER SIDE.
., CONTROLLING DIMENSION: MILLIMETERS.
. MEETS JEDEC OUTLINE MO-153. SEE JEDEC VARIATIONS TABLE.

. “N” REFERS TO NUMBER OF LEADS.

. EXPOSED PAD FLUSH WITH BOTTOM OF PACKAGE WITHIN .002°.

THE LEAD TIPS MUST LIE WITHIN A SPECIFIED ZONE. THIS TOLERANCE ZONE IS
DEFINED BY TwO PARALLEL PLANES. ONE PLANE IS THE SEATING PLANE, DATU

ubswmn-

MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY.
9. NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY.
10. ALL DIMENSIONS APPLY TO BOTH LEADED <-> AND PbFREE ¢+) PKG. CODES.

—DRAWING NOT TO SCALE-

s COMMON DIMENSIONS
'l' MILLIMETERS INCHES
L MIN. MAX. MIN. MAX.

A - 110 — 0.043
AL 0.05 045 0.002_| 0.006
a2 0.85 0.95 0033 | 0037
b 019 0.30 0007 | o012
bl 0.19 0.25 0007 | 0.010
c 0.090 0.20 0.004 | 0.008
cl 0090 | 0135 | 0004 | 0.0053
D SEE_VARIATIONS | SEE VARIATIONS
E 430 | 450 0169 | 0177
e 065 BSC 0.026 BSC

H 625 | 650 0246 | 0.256
L 050 | 070 0020 | 0.028
N SEE_VARIATIONS | SEE_VARIATIONS
Y 285 | 3i5 o2 [ o424
< oo | e oo | s
PKG. | U4E-3; U16E-3; UR0E-1; U20E-4)
CODES |U28E-4; U28E-5

JEDEC VARIATIONS

MO-153]| N MILLIMETERS INCHES
MIN. MAX, MIN. MAX,
ABT-1 141D 4.90 S.10 0193 0.201
X 295 325 0116 0128
ABT 61D 4.90 S.10 0193 0.201
X 285 315 0112 0124
ACT 20| D 6.40 6.60 0.252 0.260
X 4.00 4.34 0157 0171
AET 28| D 9.60 9.80 0.378 0.386
X S5.35 S5.65 0211 0.222

TSSOP 4.4mm BODY.EPS

6S0SXVIN/8SOSXVIN

st | /W ZAKL AV
THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-]1 IN THE DIRECTION INDICATED.

PACKAGE OUTLINE,
TSSOP 4.4mm BODY, EXPOSED PAD
APPROVAL DOCUMENT CONTROL NO.

REV. |
21-0108 | F |A

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600
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