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Quad, High-Side Power Switch

General Description Features
The MAX625 is a quad, high-side power switch that 4 0.2Q Max Switch Resistance
switches 1A steady-state loads with 4A peak currents. & +4.5V to +16.5V Operating Supply Voltage Range
The switch resistances are typically 0.2Q, and internal .
clamp diodes allow inductive load switching. The Output Voltage Regulated to Vcc + 11V (Typ)
MAX625 is completely self-contained in a 24-pin, 0.300" Available at V+
narrow plastic DIP package and requires no external 4 70uA Quiescent Current (Typ)
components for normal operation. ¢ Quad Latched TTL/CMOS Inputs
The +4.5V to +16.5V input supply range and a typical ¢ Power-Ready Output
quiescent current of only 70uA make the MAX625 ideal ¢ Undervoltage Lockout
for a wide range of line- and battery-powered switching © ge Lockou
and control applications that require high efficiency and
small size. Ordering Information
An internal quad latch accepts four TTL/CMOS logic
signals that control the four switches. The MAX625 PART TEMP. RANGE _ PIN-PACKAGE
eliminates expensive logic MOSFETSs in +5V-only and MAX625CNG 0°C to +70°C 24 Narrow Plastic DIP
other low-voltage switching circuits. It also replaces MAX6B25ENG -40°C to +85°C 24 Narrow Plastic DIP
costly, bulky, less efficient P-channel MOSFETSs or PNP
transistors.
Applications
Portable Computer Battery-Load Management
High-Side Power, N-Channel MOSFET Switching
Low-Side Switching from Low Supply Voltages
Solid-State Relay
Quad-Latching Level Translators
H-Bridge Motor Drivers
Stepper Motor Drivers
Pin Configuration Typical Operating Circuit
+5V 115
TOP VIEW Vee +48V
D1] 23
\J . 18] IN1
S4E ESW INPUTH —1[_.151 24
D4 2] 2301 o2l
S3(3] 22{52 puT2 N2 4
03[ ] /quj)?é%w %DZ E! Sej2e
ic (5] [20]1C D3}4
N3 (5] 9] 2 InpuTa— {3 | QUAD LATCH Hl sl s %
N4 [T] (78] IN1 oel2 _l
CE[8] [17]1C 7]Ing
PR[_T_ 61 Ve INPUT4 —'l._.: sal1
GND [T} [15] Vee . 10
0 (1] [14)(C T o
ic 32} 73] 1 PR =~ POWER READY
DIP MAX625
POWER MANAGEMENT CIRCUIT
ILLUSTRATING SEVERAL LOAD POSSIBILITIES
MAXIMN Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.
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MAX625

Quad, High-Side Power Switch

ABSOLUTE MAXIMUM RATINGS

VO tt e ereesnoenenerosassossnesoansannns 17V Continuous Total Power Dissipation

VHEIOGND ottt iii ittt et sieinanianeananann 30V 10470°C ittt ittt e 1067mW

INT-IN4, CE .......c.ou0n (GND - 0.3V) to (V+ + 0.3V) derateabove +70°C ......... . ... 13.33mwW/°C

Power Ready (PR) Output ... (GND -0.3V)to (Vg + 0.3V) Operating Temperature Ranges:

V+Output Current . ... iei i iiir it ereneenn 25mA MAXB25CNG ... .oviriiineinnnnnnn 0°Cto +70°C

Drain-to-Source Breakdown Voltage .............. 60V MAXE25ENG ...........cccvinnn -40°C to +85°C

Continuous Drain to Source Current Storage Temperature Range ........... -65°C to +160°C
Single MOSFET ... .ttt iinnreesenanans 5A Lead Temperature (soldering, 10sec) ........... +300°C
AllfOUrMOSFETS «.viv ittt iiinne i innann 1.2A

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

(Vcc = +5V, Ta = TmiN to TMaAX unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage (Note 1) Vee 45 16.5 \"
Ta = +25°C 150 200
Ve = 4.5V to 16.5V (High-side)
Ta=+25°C 140 200
Internal MOSFET ON Resistance Vcc = 4.5V to 8V (Low-side) o
Note 2) RDs(oN) — m
( TA = TMIN t0 TMAX 260
Vce = 4.5V to 16.5V (High-side)
TA = TMIN 10 TmAx 260
Ve = 4.5V to 8V (Low-side)
Off Leakage Current IDS(OFF) Vps = 55V 0.05 1.0 LA
louTt =0, Vg = +4.5V 145 15.5 175
louT =0, Vce = 16.5V 26.5 275 29.5
High-Side Voltage (Note 3) V+ ce \
louT = 250uA, Vce = 5V 15 16 18
louT = 500uA, Voo = 16.5V 26.5 275 295
Power-Ready Threshold PRT lout = 100pA Sink (Note 4) 12 13.5 145 )
Power-Ready Output High PROH ISOURCE = 100uA 38 47 5 v
Power-Ready Output Low PRoL ISINK = TmA 0.1 04 Vv
Switching Frequency fo louT =0, Ta=+25°C 70 kHz
Qui t Supply C t | Ta=+25°C, | 0 Voo~ 165V %0 350 A
uiescent Su urren A= , louT =
PR Q Veg =5V 70 500 #
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Quad, High-Side Power Switch

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +5V, Ta = TMIN to Tmax unless otherwise noted.)

PARAMETER | svmeoL | CONDITIONS MIN TYP  MAX |UNITS

Logic Inputs

Input Threshold Low VTL 0.8 \
Input Threshold High VTH 2.4 \'
Input Bias Current B OV <CVIN<C5V -100 +100 nA
Chip Enable Threshold Low CELo 08 \
Chip Enable Threshold High CEHi 24 v
Minimum CE Pulse Duration tce 100 50 ns
Pull-Down Current ICE 10 uA
Data Hold Time tpH -10 +10 ns
Data Set-Up Time tsu 50 100 ns
Data Delay Time top Vce =0V 150 ns

0 02040608 11214161820

lout (MA)

MNMAXIMN

0

1.2 3 4 56 7 8 910

lour (MA)

MOSFET DRAIN TO SOURCE RESISTANCE (<)

Typical Operating Characteristics

Note 1: To avoid exceeding the maximum Vgs rating of the internal N-channel MOSFET switches, Vcc must not exceed +8V in
low-side switching applications.
Note 2: A “low-side” switch connects between the load and ground.
A “high-side” switch connects between the voltage source and load.
Note 3: The High-Side Voltage (V+) is measured with respect to ground.
Note 4: Power Ready Threshold is the voltage measured with respect to ground at V+ when PR switches high (PR HIGH = V¢c).
V+vs. byt V+vs. lour
Vee = +5V Ve =+12V
17 S . — 24
Voo = +5V
Ta=0°C 23
16 ~{ T ALL INPUTS = 0 2 \
T s 2
= x 20
>
14 N \
\ 19 \
N 18
13 \ Voo = 12V
17 }Ta=0°C
ALL INPUTS = 0 \
16 P

INTERNAL MOSFET DRAIN TO
SOURCE RESISTANCE
vs. JUNCTION TEMPERATURE
05 e
Vs = 1V
0.4 /
03
/
/
02 »
ad
0.1
0
-0 -20 20 60 100 140 180

TEMPERATURE (°C)
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MAX625

Quad, High-Side Power Switch

Typical Operating Characteristics (continued)

MAXIMUM SWITCHING RATE MAXIMUM SWITCHING RATE vs. MAXIMUM SWITCHING RATE vs.
vs. Vgg SYNCHRONOUSLY ADDITIONAL V+ LOAD CURRENT (lgyr) ADDITIONAL V+ LOAD CURRENT (Igyr)
DRIVING ALL FOUR INPUTS VCC = +5V VCC = +12V
275 -y 60 ey _ 250 K vaa——
) 250 /1 g Ty = +25°C T 225 Ta  +25°C
X 205 A < 50 [™—ALL FOUR INPUTS DRIVEN o \‘ ALL FOUR INPUTS
= / = INWVITH 0 TO +5V SQUAREWAVE I 200 DRIVEN WITH 0 TO +5V
= 200 % & = SQUAREWAVE
o 2 175
2 175 / = 40 33: \
S 150 & N 2150
E s N = N
= 125 Z % N & 125
e / = \ S \
= 100 Ta +25°C S 2 100
Z 75 ALL MOSFET SOURCES EY e \\
3 LOADED WITH 1kQ 2 Z
: %0/ T0 GND, V+ UNLOADED = N N
25 i 1 | 1 10 50
4 6 8 10 12 14 16 18 0 01020304050607080910 0 1 2 3 4 5
Vo) - o oAy . ) lout (MA)

NOTE: THE MAXIMUM SWITCHING RATE OCCURS JUST BELOW THE POINT WHERE DRIVER OUTPUT AND V+ LOADING PULLS V+ TO PRT (PRT - Vcg + 8.5V).

QUIESCENT SUPPLY CURRENT QUIESCENT SUPPLY CURRENT
Vs RIPPLE vs. Vg vs. TEMPERATURE vs. Vg
150 120 . 12 —————
Ta = +25°C I [ ] ALLINPUTS = 0 z ALL INPUTS = 0
ALL INPUTS = 0 3110 [N— = ALL DRIVERS OUTPUTS UNLOADED
125 = \ Voo = +5V £ 10 AT, - 2500
y 100 w
1.00 S < 038
= = 9% 3
w > -
& 075 g 80 g 06
& > N, 2
o« /] »n 70 N %)
2 050 v - w04
& e ™ g
0.25 % 50 Voo = +16.5V ™~ 2 02
1 2 LTI = | L
0 40 0
3 5 7 9 11 13 15 17 7550 25 0 25 50 75 100 125 3 05 7 9 11 13 15 17
Vee (V) TEMPERATURE (°C) Vee (V)
Ve TO PR HIGH DELAY vs. Vg¢ SWITCH RESPONSE TIME vs. V¢¢
10 . . 14 [ T
Y — P
ALL INPUTS - 07 > LOAD: 1ke2
£ \ o ~ NOTE: MEASURED FROM
s, g ™~ | THE DRIVER INPUT EDGE
- =Y s 08 T0 THE POINT WHERE THE
5 - S SWITCH IS FULLY ON OR OFF
z AN T 06
2 N 2
[
g 04 \ Ton
0.1 02 l
0 5 10 15 20 2 4 6 8 10 12 14 16 18
Ve (V) Ve (V)
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Quad, High-Side Power Switch

Pin Description

PIN | NAME FUNCTION PIN | NAME FUNCTION
1 S4 MOSFET Source 4. 13 IC Internal Connection. Make no connection
2 D4 |MOSFET Drain 4. 10 this pin.
3 S3 MOSFET Source 3. 14 1C lnternal _Connect«on. Make no connection
to this pin.
4 D3 MOSFET Drain 3. 15 Vce | Supply Voltage. Connect to positive supply.
5 IC Inter_nal lConnechon. Make no connection 16 vt High-side voltage out. Typically equal to
to this pin.
Voo + 11V
6 IN3 | TTL/CMOS Compatible input to Switch 3. - -
Connect to GND if unused. 17 IC igtter:ir;a’!)i(zonnectlon. Make no connection
! N4 | TTL/OVIOS Sompatible Input to Switch 4. 18 | INT | TTL/CMOS Compatible input to switch 1.
S . Connect to GND if unused.
8 CE Chip Enable. Logic high inhibits input data. o -
Logic low transfers data to switches. CE 9 IN2 EZ%%&?QSSSQ??S:LZ;?M to switch 2.
pulse must be at least 100ns. Connect to .
GND for direct data transfer. 20 IC Internal Connection. Make no connection
9 PR Power-Ready Output is a logic high equal to this pin.
to Voo when V+ = Vg + 8.5V 21 D2 MQOSFET Drain 2.
10 GND | Ground. 22 S2 MOSFET Source 2.
Al IC Internal Connection. Make no connection 23 D1 MQSFET Drain 1.
to this pin. 24 | S1 |MOSFET Source 1.
12 IC Internal Connection. Make no connection

to this pin.

Detailed Description

Figure 1 shows the MAX625 functional block diagram. A
regulated multistage charge pump supplies four MOSFET
drivers with Voc + 11V for driving the internal MOSFETs
(Figure 2). Logic inputs to the four drivers are stored ina
quad latch. Data is latched by pulling CE high. An
undervoltage lockout prevents the internal MOSFETs
from turning on until V+ reaches the Power Ready
Threshold (PRT) voltage (Vcc + 8.5V) and Vg is
greater than +3V.

The Duai-Charge Pump

A high-side voltage of approximately Vcc + 11V is
generated by a multistage charge pump (Figure 2).
Although the charge pump is capable of multiplying
Vcoe by up to four times, the output is regulated toVoc +
11V by an internal feedback circuit. The charge pump
typically operates at 70kHz, but regulates by pulse-
skipping. When V+ exceeds Vcc + 11V, the charge pump
shuts off. As V+ falls below Vg + 11V, the charge pump
turns on.

MAXIMN

TTL/CMOS INPUT
LEVEL TRANSLATCR

IN1 >—l>o—
TTL/CMOS

IN2 >—%
TTL/CMOS

IN3 >—>O—
TTL/CMOS

S P =
S1
= D2
K
) > 52
E]H D3
LoRE
QH D4
E E—» S4
auAD LaTcH
INHIBIT .._{>__> PR
= CE LEVEL
CE »——ﬁ UNDERVOLTAGE
TTL/CMOS LTRANSLATOR | L OCKOUT

DRIVER INPUT
QUAD LATCH

IN4 p——o|
TTL/CMOS

CHARGE PUMPS
AND
UNDERVOLTAGE =97 ™ v+
perector. . | & I‘
_ Gtz

Figure 1. MAX625 Functional Diagram
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MAXG625

Quad, High-Side Power Switch

y—> V-

l+ L
1V 8.5V
POWER-READY
' COMPARATOR
C3=R RC OSCILLATOR
+
CONTROL LOGIC
OVERVOLTAGE
COMPARATOR
- Vee
Ci== g2
PR
31 T/ s5 PR DRIVER
GND
NI
TWO-STAGE CHARGE PUMP
Figure 2. MAX625 Charge-Pump Diagram
MOSFET Drivers Data Input Latch

Four MOSFET drivers level shift TTL/CMOS input
signals, without an inversion, to levels that switch
between ground and Vcc + 11V. These outputs drive the
internal N-channel power MOSFETSs in either high-side
or low-side switching applications (a bridge arrangement
would contain two high-side and two low-side N-
channel MOSFET switches).

Internal MOSFETs

Each internal MOSFET will handle 4A current peaks.
When all four MOSFETs are on, the steady-state IDS(ON)
is limited to 1A due to power dissipation limitations.

A body diode connects from source-to-drain on each
MOSFET, making them suitable for driving inductive
loads. However, the body diode prohibits applications
where two different voltages are being switched to the
same load. Forexample, if one MOSFET drain connects
to a +12V supply, the other to a +5V supply, and both
sources connect to the same load: when the +12V
MOSFET turns on, the body diode in the +5V MOSFET
forward biases, shorting the two supplies together.

Driver outputs are buffered from data inputs by a quad
latch. When CE is pulled low, the latch is transparent,
and data transfers directly to driver outputs. When CE
goes high, the latch enters hold mode, and new input
data is ignored. Input data must be valid 100ns before
the rising edge of CE and held 10ns (max over temp).
The minimum CE pulse width is 100ns (Figure 3). If
latched operation is not required, connect CE to GND.

_ tog———]

CEIN
/

|eat— 151 —potet— 11
INPUT 4
DATA ><

(IN1-1N4) A\

GATE
DRIVERS

Figure 3. Digital Interface Timing Diagram
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Quad, High-Side Power Switch

Undervoltage Latch Inhibit

If Vo falls below +3V due to power failure, or while
powering down, or V+ falls below Vcc + 8.5V, the quad
latch immediately resets, forcing the driver outputs low.
The quad latch remains reset until VGG rises above +3V
and V+exceeds Vgc +8.5V. This prevents the latch from
being corrupted with errorneous data during a momen-
tary power failure.

Undervoltage Detector

The MAX625 contains an undervoltage detector which
forces all driver outputs low when the high-side voltage
(V+) is less than the Power Ready Threshold (PRT =Vcge
+ 8.5V) or when V¢ is less than +3V. This ensures that
the internal N-channel MOSFETs have sufficient gate
drive to operate without dissipating excess power. On
power up, the quad latch remains reset until the charge
pump boosts the high-side voltage to the PRT. As soon
as V+reaches the PRT, the undervoltage lockout disables,
the quad latch is enabled, and Power Ready (PR) goes
high. The undervoltage lockout feature also forces the
driver outputs low if V+ is pulled below the PRT, e.g. if the
driver output(s) or V+ are overloaded.

Power Ready Output

The MAX625’s PR output is a direct extension of the
undervoltage lockout feature. When power is applied,
PR remains a logic low until V+ reaches the PRT and
Ve exceeds +3V. The PR output high level is Vcc.

Sourcing Current from V+

A small amount of current may be sourced from V+ (pin
16) to drive other circuitry. The amount of current is a
function of Vgg, and the driver switching rate. (See
“Maximum Switching Rate vs. Additional V+ Load
Current”, Typical Operating Characteristics).

The MAX625 V+ output is not internally short-circuit
protected. In applications where V+ is susceptible to
short circuit, external output short-circuit protection
must be provided. To accomplish this, connect a resistor
between V+ and the load to limit the V+ current to less
than 25mA. The resistor value is determined by the
following formula:
vVee

RoL = —C
CL=%5mA

MAXIMN

Application Information
Data Input Transition Time

The MAX625 is microprocessor-compatible and easy to
interface. However, the driver input voltage must not
remain between V| and ViH for more than 500ns. In
clocked databus systems, this is most easily accom-
plished by setting the data on the driver input lines
before clocking CE low. However, most CMOS and TTL
gates easily meet the 500ns transition speed requirement.
Connect unused inputs to ground.

Maximum Driver Switching Rate

The maximum driver switching rate is the rate at which
loading causes V+to fall to the PRT (Vcc + 8.5V) and the
MOSFETs turn off. It is a function of the maximum
charge-pump output current available to the drivers ata
given supply voltage. For example, with Vo = +5V and
no external load on V+, the maximum switching rate
while driving all four inputs is 52kHz. (See “Maximum
Switching Rate vs. Vc¢', Typical Operating Character-
istics).

Typical Application Circuits

For typical application circuits, see the MAX620/621
datasheet.
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