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ABSOLUTE MAXIMUM RATINGS

Ve, SYNC/SHDN t0 GND ..o -0.3V to +30V Continuous Power Dissipation (Ta = +70°C)
PGND t0 GND ..ottt -0.3Vto +0.3V 10-Pin uMAX (derate 5.6mW/°C above +70°C)........... 444mW
LDO, FREQ, FB, CSt0 GND......oevvvveeeeeeeeeieicciiinnns -0.3V to +6V Operating Temperature Range ... e —————. -40°C to +85°C

EXT, REF to GND

LDO Output Current..........ccceveveeeees
LDO Short Circuit to GND ........coooivviieeiiiiieeeceieee e <100ms

....-0.3Vto (VLpo + 0.3V)
-1mA to +20mA

REF Short Circuit to GND .........ccoocvivviiiiiieieeeeeeeeeeen Continuous

Junction Temperature.......
Storage Temperature Range
Lead Temperature (soldering, 10S) .........ccccceeeiiiiiiieeannnns +300°C

...-65°C to +150°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.

ELECTRICAL CHARACTERISTICS
(Vce = SYNC/SHDN, Vce =5V, VLpo = 5V, Rosc = 200kQ, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS

PWM CONTROLLER
Operating Input Voltage Range Vcc 3 28 v

Vce = Vibo 2.7 5.5 Y
FB Input Current IFB Vg = -0.05V 1 50 nA
Load Regulation Vcs = 0 to 100mV for 0 to ILoAD(MAX) 0.013 %/mV
Line Regulation Typically 0.0074% per % duty factor on EXT 0.0074 %/%
Current-Limit Threshold Vcs 85 100 115 mVv
CS Input Current Ics CS=GND 1 UHA
!rdhlreelg/lhoo(ig Current-Sense 5 15 25 mv
Ve Supply Current (Note 1) Icc VEB =-0.05V, Vcc = 3V to 28V 250 400 LA
Shutdown Supply Current SYNC/SHDN = GND, Ve = 28V 35 6 PA
REFERENCE AND LDO REGULATOR
LDO Output Voltage Vibo | Ripo =400Q SV < Voc < 28V 450 500 530 v

3V <Vce <28V 2.65 5.50

?:i‘;";’lgage Lockout Vuvio | Vipo falling edge, 1% hysteresis (typ) 240 250  2.60 v
REF to FB Voltage (Note 2) VREF RRerF = 10kQ, Crer = 0.22uF 1.225 1.250 1.275 \Y,
REF Load Regulation IRer = 0 to 400pA -2 -10 mV
_I?Erlzsuhrz)(ljgrvoltage Lockout Rising edge, 1% hysteresis (typ) 1.0 11 1.2 \
OSCILLATOR

Rosc = 100kQ +1% 425 500 575
Oscillator Frequency fosc Rosc = 200kQ +1% 225 250 275 kHz

Rosc = 500kQ +1% 85 100 115

Rosc = 100kQ +1% 86 90 94
Maximum Duty Cycle D Rosc = 200kQ +1% 87 90 93 %

Rosc = 500kQ +1% 86 90 94

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)
(Vce = SYNC/SHDN, Vee =5V, Vipo =5V, Rosc = 200kQ, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Minimum EXT Pulse Width 290 ns
Minimum SYNC Input Signal o
Duty Cycle 20 45 %
Minimum SYNC Input
Low Pulse Width 50 200 | ns
Maximum SYNC Input
Rise/Fall Time 200 ns
SYNC Input Frequency Range fsync 100 500 kHz
SYNC/SHDN Falling Edge to
Shutdown Delay {SHDN 50 HS
SYNC/SHDN Input High Voltage VIH 2.0 \Y
SYNC/SHDN Input Low Voltage ViL 0.45 \Y
_ V 'SHDN = 5V 0.5 3.0
SYNC/SHDN Input Current SYNC/SHDN WA
VSYNC/SHDN = 28V 15 10
EXT Sink/Source Current IEXT EXT forced to 2V A
EXT On-Resistance RoN(EXxT) | EXT high or low 5 Q
ELECTRICAL CHARACTERISTICS
(Vce = SYNC/SHDN, Ve =5V, ViLpo = 5V, Rosc = 200kQ, Ta =-40°C to +85°C, unless otherwise noted.) (Note 3)
PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
PWM CONTROLLER
(0] ting Input Volt R V 3 28 v
erating Input Voltage Range
p g inp g 9 cc Vee = Vipo 2.7 55 \Y%
FB Input Current IFB VEB = -0.05V 50 nA
Current-Limit Threshold Vcs 85 115 mvV
CS Input Current Ics CS=GND 1 A
Vce Supply Current (Note 1) Icc Ve =-0.05V, Vcc = 3V to 28V 400 HA
Shutdown Supply Current SYNC/SHDN = GND, Vcc = 28V 6 MA
REFERENCE AND LDO REGULATOR
5V < Ve <28V 4.50 5.50
LDO Output Voltage VLDO RLpo = 400Q \
3V < Ve <28V 2.65 5.50
REF to FB Voltage (Note 2) VREE RRer = 10kQ, Crer = 0.22uF 1.22 1.28 \Y
REF Load Regulation IREF = 0 to 400pA -10 mV
REF Undervoltage Lockout - o .
Threshold Rising edge, 1% hysteresis (typ) 1.0 1.2 \Y
OSCILLATOR
Rosc = 100kQ +1% 425 575
Oscillator Frequency fosc Rosc = 200kQ +1% 222 278 kHz
Rosc = 500kQ +1% 85 115
MAXI/W 3
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ELECTRICAL CHARACTERISTICS (continued)
(Vcc = SYNC/SHDN, Vee =5V, Vipo =5V, Rosc = 200kQ, Ta =-40°C to +85°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Rosc = 100kQ +1% 86 94

Maximum Duty Cycle D Rosc = 200kQ +1% 87 93 %
Rosc = 500kQ +1% 86 94

Minimum SYNC Input Signal 45 %

Duty Cycle

Minimum SYNC Input

Low Pulse Width 200 ns

SYNC Input Frequency Range fsyne 100 500 kHz

SYNC/SHDN Input High Voltage VIH 2.0 \Y

SYNC/SHDN Input Low Voltage ViL 0.45 \Y

. V =5V 3.0

SYNC/SHDN Input Current SYNC/SHON HA
VSYNC/SHDN = 28V 10

EXT On-Resistance RoN(ExT) | EXT high or low 5 Q

Note 1: This is the Vcc current consumed when active, but not switching, so the gate-drive current is not included.

Note 2: The reference output voltage (VREF) is measured with respect to FB. The difference between REF and FB is guaranteed to
be within these limits to ensure output voltage accuracy.

Note 3: Specifications to -40°C are guaranteed by design, not production tested.

(Circuit of Figure 1, Vcc = VsYNC/SHDN = 12V, VouT1 = -24V, VouTt2 = -72V, Rosc = 200kQ, unless otherwise noted.)

ooooon
-24V OUTPUT VOLTAGE
vs. LOAD CURRENT
-22.0 g
25 :
ViN=5V /
IN / L L
=-230 — =
3 / ] 3
= pu=- _oay =
-235 — Vi = 24V
ﬁ RO ‘N‘
-24.0 Vour1 =-24V 1
Vourz =-72V
lout2 = 5mA
-24.5 * *
0 100 200 300 400 500 600 700
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-74.0

-74.5

-72V CROSS-REGULATION VOLTAGE
vs. LOAD CURRENT
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(Circuit of Figure 1, Vcc = VsYNC/SHDN = 12V, VouT1 = -24V, VouTt2 = -72V, Rosc = 200kQ, unless otherwise noted.)

-72V OUTPUT VOLTAGE -24V CROSS-REGULATION VOLTAGE EFFICIENCY vs. LOAD CURRENT
vs. LOAD CURRENT vs. LOAD CURRENT (-72V OUTPUT)
-70 o -230 . 100 | .
g g % Vin= 12V g
- = -232 = ViN=5V =
71 Fvnssy - Viy =12V IN /
/// VlN =5V V|N =12v g /57<\ e
s v s-24 | S 77
) pd 11— f - L~ =2 /l p /
2 — 7 3 L~ g / / / Vin = 24V
2 A Viv e S P _— S
2236 / — & 70 /
=
Vour1 = -24V -23.8 ViN = 24V Vour1 = -24V 60 Voury =-24V
Voutz2 =-72V Vourz =-72V Vourz = -T2V |
louts = 5mA lout1 =5mA lour1 = 5mA
-74 ‘ -24.0 ‘ 50 ‘
0 50 00 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
lourz2 (MA) lou2 (MA) lour2 (MA)
-24V OUTPUT VOLTAGE -72V OUTPUT VOLTAGE DUAL-OUTPUT EFFICIENCY
vs. INPUT VOLTAGE vs. INPUT VOLTAGE vs. INPUT VOLTAGE
B - R m 100 m
20 ‘ g Lo ‘ ‘ E Vour1=-24V |
Youn :1-02L;WA 8 2 lour1 = 100mA {2
B . our1 =100mA |2 Vourr=-24v __ |2 Vourz=-72V |2
232 Voutz = -T2V 714 lourt = 100mA % lour2 = 100mA
\ lout2 = 100mA Voura = -T2V _
= -234 S S-718 VAN = 100mA 1 £ g / \\\L\\
o o &) ouTL =~
=236 T — 22 v T~ £ 70 lours = 50mA I~
Vour1 = -24V I Vourz = -72V
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238 |— Vourz=-72v 726 |— lour1=50mA 60
lout2 = 50mA Vour2 =-T2V
‘ ‘ lout2 = 50mA
240 730 ‘ ‘ 50
0 5 10 15 20 2 0 5 10 15 20 25 0 5 10 15 20 2
Vin (V) Vin (V) Vin (V)
-48V OUTPUT VOLTAGE EFFICIENCY vs. LOAD CURRENT SUPPLY CURRENT
vs. LOAD CURRENT (-48V OUTPUT) vs. INPUT VOLTAGE
-46.5 ‘ . 100 . 250 5
V=12V £ £ £
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N L [ v =5v \ E
=-413 / g 80 Z 150
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/ ’
-48.1 60 [ 50
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(Circuit of Figure 1, Vcc = VsYNC/SHDN = 12V, VouT1 = -24V, VouTt2 = -72V, Rosc = 200kQ, unless otherwise noted.)

SUPPLY CURRENT SHUTDOWN CURRENT LDO DROPOUT VOLTAGE
vs. TEMPERATURE vs. INPUT VOLTAGE vs. LOAD CURRENT
350 9 40 3 250 i .
£ 25 E V=33V g
g — £ — b
310 |Rosc = 100kQ = 2 —T | = 200 =
= 3 30 f s / Viy=5V
2 \‘ — = = / IN=
& 5]
g 2 Rosc = 200kQ g 25 / & 150 7
5 \__-————"—— g 2.0 ] /
=
s s / 3
z 230 15 & 100
g g~ / s/
= [=)
[} R‘osc 500‘kQ Z 10
190 / CURRENT INTO Vgc PIN 50
‘ ‘ 05 Rosc = 500kQ
CURRENT INTO V¢ PIN SYNC/SHDN = GND
150 ! L 0 ; ! 0
40 -15 10 35 60 85 0 5 10 15 20 25 30 0 2 4 6 8 10
TEMPERATURE (°C) INPUT VOLTAGE (V) ILpo (MA)
REFERENCE VOLTAGE REFERENCE VOLTAGE
vs. REFERENCE CURRENT vs. TEMPERATURE SWITCHING FREQUENCY vs. Rosc
1.260 « 1.260 ‘ 5 1000 -
i NO LOAD Ei E
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= < | o
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S AN
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SWITCHING FREQUENCY EXT RISE/FALL TIME
vs. TEMPERATURE vs. CAPACITANCE
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(Circuit of Figure 1, Vcc = VsYNC/SHDN = 12V, VouT1 = -24V, VouTt2 = -72V, Rosc = 200kQ, unless otherwise noted.)

EXITING SHUTDOWN

MAX1856 toc21

4ms/div
A. Vsync/shon = 0 TO 5V, 5V/div
B. ILp, 2A/div
C. Vout = -48V, Rout = 2.4kQ, 20V/div
CIRCUIT OF FIGURE 4

LIGHT-LOAD SWITCHING WAVEFORM

MAX1856 toc24

YT

H-lf-L—Lv-LJ'-—-’-r-

4ps/div
A. Vout =-48V, lout = 20mA, 20mV/div
B. I p, 2A/div
CIRCUIT OF FIGURE 4

5v

5V

2A

200mA

-47.1V

-47.6V

-48.1V

60
|

20

(dB)

ENTERING SHUTDOWN

MAX1856 t0c22

A
|-|--l--|-|--|-|-|-|-|-p|—-—w

I*.*Lm.*?'rr'rfr

Eewrvhabrhbahly

10ps/div
A. Vsync/SHDN = 5V TO 0, 5V/div
B. Vexr, SV/div
C. ILp, 2A/div
Vour = -48V, Rout = 240Q
CIRCUIT OF FIGURE 4
LOAD TRANSIENT

MAX1856 toc25

1ms/div

A. lout =20mA TO 200mA, 200mA/div
B. Vour, = -48V, 500mV/div

C. ILp, 2A/div

CIRCUIT OF FIGURE 4

RINGER TO TALK-BATTERY CROSSTALK
! !

RINGER OUTPUT

/ \ TALK-BATTERY OUTPUT

MAX1856 toc27

0 50 100 150 200 250

FREQUENCY (Hz)

-47.0V

-47.1V

-47.2V

4A

2A

14v

12v

10v

-47v

HEAVY-LOAD SWITCHING WAVEFORM

MAX1856 t0c23

2.0us/div

A. Vout =-48V, loyt = 200mA, 50mV/div
B. Ipp, 2A/div

CIRCUIT OF FIGURE 4

LINE TRANSIENT

MAX1856 t0c26

PRI A

400us/div
A.Viy =10V TO 14V, 2Vdiv
B. Vout = -48V, lout = 200mA, 100mV/div
CIRCUIT OF FIGURE 4

MAXIN
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MAX1856
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LDO CS

Cipo
1pF

N'”_H—L H|
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Rosc
200kQ FB

GND

PGND REF

N

*INPUT RANGE LIMITED BY OUTPUT POWER REQUIREMENTS.

CiN j_

(2x) 10uF "
25V %

5.11kQ

Crer

L 2o

SEE MAXIMUM OUTPUT POWER AND TYPICAL OPERATING CHARACTERISTICS.
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________ A
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Sanyo
100MV100AX

ouT1
-24V

C1

330pF
Sanyo
35MV330AX

D1, D2: Central Semiconductor CMR1U-02
M1 International Rectifier IRLL2705
T1: Coiltronics CTX01-14853
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TRANSISTOR COUNT: 1538
PROCESS: BiICMOS
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o HHH HHHHH DIM| MIN | MAX | MIN | MAX 3
o H HHH H A - 0.043 - 1.10
(o ] A1] 0.002 | 0.006 [ 005 | 0.15
A2 ]| 0.030 | 0.037 [ 075 | 0.95
D1 [ 0.116 [ 0.120 | 2.95 | 3.05
u D2 [ 0.114 [ 0.118 | 2.89 | 3.00
E1 ] 0.116 | 0.120 | 2.95 | 3.05
;(—00-50:0-1 E2 [ 0114 [ 0.118 | 2.89 | 3.00
v -E H | 0187 | 0199 | 475 | 505
L [o0.0157 [ 0.0275 [ 040 [ 0.70
L1 [ 0.037 REF 0.940 REF
2 b [o0007 Joo0106] 0.177 [ 0.270
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—| o
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o G o | &
D2 E2
‘ GAGE PLANE
* PR L LS L
—{b}— ! o r E1 .I L
D1 —{ LU
FRONT VIEW SIDE VIEW
v
DRALLAS AV AXI/VI
NOTES: PROPRIETARY INFORMATION
1. D&E DO NOT INCLUDE MOLD FLASH. TE
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.006”). PACKAGE OUTLINE, 10L uMAX/uSOP
3. CONTROLLING DIMENSION:  MILLIMETERS. ——— —————r =
4. MEETS JEDEC MO-187C—-BA. 21-0061 | %
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