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Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

QGeneral Description

The MAX1602 DC power-switching IC contains a net-
work of low-resistance MOSFET switchas that deliver
selactable VCC and VPP voltages to a single CardBus
or PC Card host socket. Key features include low-
resistance switches, small packaging, soft-switching
action, and compliance with PCMCIA specifications for
3V/58V switching. 3.3V-only power switching for fast,
32-bit CardBus applications is supported in two ways:
low-resistance 3.3V switches allow high 3.3V load cur-
rents (up to 1A);, and completely independent internal
charge pumps let the 3.3V switch operate normally,
even If the +5V and +12V supplies are disconnected or
turned off to conserve power. The internal charge
pumps are regulating types that draw reduced input
current when the VCC switches are static. Power con-
sumption is automatically reduced to 11pA max when
the outputs are high-Z or GND.

Other key features include guaranteed specifications
for output current limit level, and guaranteed specifi-
cations for output riseffall times (in compliance with
PCMCIA specifications). Reliability is enhanced by
thermal-overload protection, accurate current limiting,
an overcurrent-fault flag output, and undervoltage lock-
outs. The CMOS/TTL-logic interface is flexible, and can
tolerate logic input levels in excess of the positive sup-
ply rail.

The MAX1602 fits a complete CardBus/PCMCIA switch
into a space-saving, 16-pin QSOP package.

MAXIMNM

Features
¢ Supports a Single PC Card/CardBus Socket

4+ 1A, 0.25Q Max 3.3V VCC Switch
1A, 0.25Q Max 5V VCC Switch

4 Soft Switching for Low Inrush Surge Current

¢ Overcurrent Protection

4 Overcurrent/Thermal-Fault Flag Output

4 Thermal Shutdown at Tj = +150°C

4 Independent Internal Charge Pumps

¢ Break-Before-Make Switching Action

4+ 11pA Max Standby Supply Current

¢ 5V and 12V Not Required for Low-Rps(ON)
3.3V Switching

4 Complies with PCMCIA 3V/5V Switching
Specifications

4 Super-Small 16-Pin QSOP Package
4 Code Compatible with:
Cirrus CL-PD67XX Family

Databook DB86184
Intel 82365SL (industry-standard coding)

Simplified Block Diagram

12 —————c/o—n—— VPP

MAXIMN

Applications MAX1B02 \i | e
Data Loggers = = - VCC
. W= - VCC
Handy-Terminals vl :—0—0/ }_
Docking Stations 2T vee
PCMCIA Read/Write Drives VoD -
oo i D - B
THERMAL
CODE SHUTDOWN
SELECT CQDE
Ordering Information ) ———i
PART TEMP. RANGE PIN-PACKAGE al
MAX1602EEE -40°C to +85°C 16 QSOP

Pin Configuration appears on last page.

MAXIMN

For free samples & the latest Iiterature: http://www.maxim-ic.com, or phone 1-800-998-8800
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MAX1602

Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

ABSOLUTE MAXIMUM RATINGS
Inputs/Qutputs to GND

(VX, VY, VCC)(NOte 1) ..o -0.3V, 46V
VPP Input/Output to GND

(12IN, VPP) (NOt@ 1) ..o -0.3V, +15V

Logic Inputs to GND (AOVCC, A1VCC,

AOVPP, ATVPP) (NOte 1)......oiiiec et
CODEinputto GND ................
VCC Output Current (Note 2)..
VPP Output Current (NOt@ 2)............ccecevvniienineiininin

VCC Short Circuit to GND .........ccoocviviiriinie s ..Continuous

VPP Short Circuit to GND...........cccoeeiivevieiiercceinen. Continuous
Continuous Power Dissipation (TA = +70°C)

QSOP (derate 8.3mW/C above +70°C).................. 667TmwW
Operating Temperature Range

MAX1B02EEE ..., -40°C to +85°C
Storage Temperature Range............ ....~65°C to +160°C
Lead Temperature (soldering, 10S€C)...........cccoornrrerenns +300°C

Note 1: There are no parasitic diodes between any of these pins, so there are no power-up sequencing restrictions (for example,
logic input signals can be applied even if all of the supply voltage inputs are grounded).
Note 2: VCC and VPP outputs are internally current limited. See the Electrical Characteristics.

Stresses beyond those listad 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 spacifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affact device reliability.

ELECTRICAL CHARACTERISTICS

(VY = 3.3V, VX = 5V, 12IN = 12V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)
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PARAMETER CONDITIONS | MIN TYP MAX [ UNITS
POWER-SUPPLY SECTION
VX, VY 30 55
Input Voltage Range 2N T 3 v
VY falling edge 24 286 28
12IN fafling edge 1.8 3.0
Undervolit kout Threshol \
ndervoltage Lockout Threshold I o ae 50 80 100
VX falling edge 1.4 1.9 28
All switches OV or high-Z,
VY Standby Supply Current control inputs = OV or VY, Ta = +25°C 8 " WA
VX all switches OV or high-Z,
VX Standby Supply Current control inputs = QV or VY, Ta = +25°C 1 WA
All switches OV or high-Z,
12IN Standby Supply Current control inputs = OV or VY, TA = +25°C 1 HA
. Any combination of VY switches on,
VY Quiescent Supply Current control inputs = OV or VY, no VCC loads 20 200 WA
VX Quiescent Supply Current Control inputs = OV or VY, no VCC loads 10 50 WA
. VPP 12V switches on,
12IN Quiescent Supply Current control inputs = OV or VY, no VPP loads 5 100 LA
VCC SWITCHES
Operating Output Current Range | VCC, VX = VY = 3V to 5.5V 0 1
. . 12IN =0V 1o 13V, VY = 3V, VX =0V1o 55V,
On-Resistance, VY Switches IswiTcH = 1A, Ta = +425°C 0.09 0.25 0
. . 12IN = OV to 13V, VX = 4.5V, VY = QV to 5.5V,
On-Resistance, VX Switches IswiITcH = 1A, Ta = +25°C 0.09 0.25 Q
Output Current Limit VvCC 1.2 4
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Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

ELECTRICAL CHARACTERISTICS (continued)
(VY = 3.3V, VX = 8V, 12IN = 12V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) :
PARAMETER CONDITIONS MIN TYP MAX | UNITS
Output Sink Current VCC < 0.4V, programmed to OV state 10 mA §
Output Leakage Current VCC forced to OV, high-Z state, Ta = +25°C i 10 YA wl,
Outpug Propagation Delay VCC, OVto VX or VY, C = 30pF, R = 250, 2 10 ms m
Plus Rise Time 50% of input to 90% of output, TA = +25°C °
Output Rise Time oo 'tf,’!,é?,@";‘c;-’;tﬁ_* %f L= i P = open circut 100 1200 us N
Output Prqpaation Delay VCC, VX or VY to OV, CL = 30pF, Ry = open circuit, 90 150 ms
Plus Fall Time 50% of input to 10% of output, Ta = +25°C
Qutput Fall Time \glgsf ‘t(\:): g;evgotlﬁ::v CL=1F. RL =250, 8 ms
VPP SWITCHES
Operating Output Current Range VPP 0 120 mA
On-Resistance, 12V Switches 12IN = 11.8V, IswitcH = 100mA, Ta = +25°C 0.70 1 Q
On-Resistance, VPP = VCC Switches | Programmed to VX (5V) or VY (3.3V), Ta = +25°C 3 [] Q
Output Current Limit VPP programmed to 12V 130 200 260 mA
Output Sink Current VPP < 0.4V, programmed to OV state 10 mA
Qutput Leakage Current VPP forced to OV, high-Z state, TA = +25°C a.1 10 A
Outpu§ Propagation Delay VPP, 0\{ to 12IN, CL = 0.1pF, 12 30 me
Plus Rise Time 50% of input to 90% of output, TA = +25°C
Output Rise Time \{g; t% Vgtg’g f::gmgL :AD;T% c 100 600 s
Output Prqpagation Delay VPP, 12iN to OV, C = O0.1yF, 9 60 ms
Plus Fall Time 50% of input to 10% of output, TA = +25°C
Output Fall Time Xg;" (1’2:';;:5;’3@ =0.1F, AL = 1000 6 ms
INTERFACE AND LOGIC SECTION
FAULT Signal Propagation Delay Xg"ce g:);::z; ?:; :‘;‘;:?m output, 1 us
| FAULT Output Low Voitage Isink = 1mA, low state 0.4 v
| FAULT Output Leakage Current VFAULT = 5.5V, high state 05 05 HA
Thermal Shutdown Threshold Hysteresis = 20°C {Note 4) 150 °C
Logic Input Low Voltage _VCC, _VPP 06 \
Logic Input High Voltage _VCC, _vPP 15 \
Code Input Low Voltage “Intel” code 0 04 \
Code Input High Voltage “Cirrus” code VY-04 (A4 A
Code Input Mid-Level Voltage “Databook” code 1.2 Vy-1.2 \
Logic input Bias Current __VCC, _VPP, code -1 1 pA
MAXIMN 4-185
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Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

ELECTRICAL CHARACTERISTICS
(VY = 3.3V, VX = 5V, 12IN = 12V, TA = -40°C to +85°C, unless otherwise noted.)

PARAMETER i CONDITIONS MIN  TYP  MAX | UNITS

POWER-SUPPLY SECTION
VX, VY 3.0 5.5

Input Voitage Range 12N T 3 A
VY falling edge, hysteresis = 1% 23 29
12IN falling edge 1.8

U kout Threshold

ndervoitage Locko reshol 121N rising edge 5 0 A

VX, VY falling edge 1.4 29

VY Standby Supply Current All switches OV or high-Z, controt inputs = OV or VY 30 HA

VX, alt switches OV or high-Z,

VX Standby Supply Current control inputs = OV or VY, TA = TMIN to TMAX

15 pA

12IN Standby Supply Current All switches OV or high-Z, control inputs = OV or VY 15 HA

Any combination of VY switches on,

VY Quiescent Supply Current control inputs = OV or VY, no VCC loads 200 A
" Any combination of VX switches on,
VX Quiescent Supply Current control inputs = OV or high-Z, no VCC loads 50 KA
12IN Quiescent Supply Current | 12V switches on, control inputs = OV or VY, no VPP loads 100 HA
FAULT Output Low Voltage Isiyk = 1mA, low state 0.4 \
Logic Input Low Voltage _VCC, _VPP 06 \'
Logic Input High Voltage _VCC, _VvPP 1.6 \
Note 3: Not production tested.
Note 4: Thermal limit not active in standby state (all switches programmed to GND or high-Z state}.
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Single-Channel CardBus and PCMCIA VCC/VPP

(VY = 3.3V, VX = 5V, 12IN = 12V, Ta = +25°C, unless otherwise noted.)

VCC SWITCHING (RISE)
e M
vee 4 : '
© ., !
|
CONTROL ? ‘
NPT i
1
v ) J F 4
b
S00us/dlv
CL = 30uF, R, = 250
VCC SWITCHING (FALL)
. — 1
6| g
vee 4P .
v 2}
0 :
CONTROL § -
et ||
U
10ms/div
CL=33yF, R = oo

VPP SWITCHING (RISE)

WXL TEC5

MAXIMN

200us/div
CLe0.1uF, Ry = oo

VCC SWITCHING (RISE)

Typical Operating Characteristics

500ps/div

o T

CL=1uF, R = o
VCC SWITCHING (FALL)
6 i
vee 4
v Lt A
T
0 !
{
CONTROL 5 —T i
INPUT 0
U] )
20ms/div
CL=1pF, Ry = 2502
VPP SWITCHING (FALL)
15
10 .....
VPP
sF . .
m Cf
i}
CONTROL §
weur |
v
2ms/div

Ct=0.1pF AL = o0

Power-Switching Network
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MAX1602

Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

4-158

YGC CURRENT LIMITING

2ms/div
Ct = 1pF, RESISTIVE OVERLOAD, R, = 12

VPP CURRENT LIMITING

MAX1802 TOC- 14

2ms/div
CL=1uF, Ry =500

Typical Operating Characteristics ({continued)
(VY = 3.3V, VX = 5V, 12IN = 12V, Ta = +25°C, unless otherwise noted.)

INPUT CURRENT (VCC QUTPUT SHORTED)

1ms/div

INPUT CURRENT (VPP QUTPUT SHORTED)
10 . - %
]
VPP
v 0
300
200

Ham :
™A 100 |-

e

100ps/div
R =0.1Q
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Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

Typical Operating Characteristics (continued) =
(VY = 3.3V, VX = 5V, 12IN = 12V, Ta = +25°C, unless otherwise noted.)
12 ON-RESISTANCE 120 ON-RESISTANCE VX SUPPLY CURRENT §
vs. CURRENT vs. TEMPERATURE vs. IPUT VOLTARE i
630 Ig 850 — 7 i 08 -
e75 i g0p om0 100mA / 08 |~ 2]
ERY i o
670 -
_ . T50 = 06 p “
g s — & g 7
= = 700 2 05
& o0 & / :
= Z 650 £ 04
& g55 s 5
600 g 03
650 = 02
845 550 / 0.1
640 0
0 20 40 80 8 100 120 40 20 0 20 40 60 80 100 0 1 2 3 4 5 8
CURRENT (mA)} TEMPERATURE (°C) INPUT VOLTAGE (V)
12 SUPPLY CURRENT VY SUPPLY CURRENT
vs. INPUT VOLTAGE vs. INPUT YOLTAGE
7 . 50
; | 1|
8 / g % 1
z = NORMAL __|
% s 3 ;2 OPERATION
s
& / gy \
o 4 o \
: 7 2
> y - L
g3 g »
2 2 @ 15 i
5] A L)
1 5 SHUTDOWN
0 o T
2 4 & 8 10 12 0 1 2 3 4 5
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
VX ON-RESISTANCE VY ON-RESISTANGE
vs. VCC LOAD CURRENT vs. VCC LOAD CURRENT
130 T 130 T 2
120 Ta=+85°C 120 Ta=+85°C
110 110
:E: 100 Tp=+25" € Taz+25°C
1
80 80
Ta=-40°C
70 70 Tpf -40°C T
" &0 11
200 400 500 800 1000 0 200 400 600 8OO 1000
VCC LOAD CURRENT (mA) VCC LOAD CURRENT (ma)
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Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

Pin Description

N
8 PIN NAME FUNCTION
™ 1 GND Ground
2 12IN +12V Supply Voltage Input
: 3 VPP VPP Output
4,6,7,9 vCC VCC Output. Connect all four VCC pins together.
: 5 VX VX Supply Voltage Input. Input range is +3.0V to +5.5V. VX is normally connected to 5V.
8 10 VY VY and Logic Supply Voltage Inputs. VY pins must be connected together. Input range is +3V to
' +5.5V. VY is normally connected to 3.3V.
" AQVPP VPP Control Input (see Logic Truth Tables).
12 A1VPP VPP Control Input (see Logic Truth Tables).
13 AOVCC VCC Conirol Input (see Logic Truth Tables).
14 A1IVCC VCC Control Input (see Logic Truth Tables).

Three-Level Code-Select Input (see Logic Truth Tables): L.ow = Standard “Intel” code,

15 CODE High = “Cirrus” code, Mid-Supply = "Databook” code (Figure 4).
16 FAULT Eaglt-Detectipn Output. FAQL? goes low duriqg current fimit, undervoltage lockout, or thermal
limit, FAULT is an open-drain output that requires an external pull-up resistor.
Logic Truth Tables
Table 1. Standard “intel” Code (82365SL), Table 2. “Cirrus” Code, CODE = High (VY)
CODE = GND
A1VCC | AOVCC | A1VPP | AOVPP | VCC VPP | MODE
A1VCC [AOVCC | A1VPP | AOVPP | VCC VPP | MODE 0 0 0 0 High-Z | High-Z | STBY
0 o 0 0 GND | GND | STBY 0 0 0 1 | High-Z | High-z | STBY
0 0 o} 1 GND GND | STBY 0 0 1 0 High-Z | High-Z | STBY
0 0 1 0 GND | GND | STBY 0 0 1 1 High-Z | High-Z | STBY
0 0 1 1 GND GND | STBY 0 1 0 8] VX GND | Active
0 1 0 0 VY GND | Active 0 1 0 1 VX VCC | Active
o} 1 0 1 VY vCC Active 0 1 1 0 VX 12IN | Active
0 1 1 0 vY 12IN | Active 0 1 1 1 VX High-Z | Active
0 1 1 1 VY High-Z | Active 1 0 0 o} VY GND | Active
1 o] [4] [¢] VX GND | Active 1 0 0 1 VY VCC | Active
1 0 0 1 VX VCC | Active 1 Q 1 o] VY 12IN | Active
1 o} 1 o] VX 12IN | Active 1 4] 1 1 High-Z | Active
1 0 1 1 VX High-Z | Active 1 1 9] ¢] GND GND | STBY
1 1 0 0 vY GND | Active 1 1 0 1 GND GND | STBY
1 1 o] 1 vY VCC | Active 1 1 1 0 GND GND | STBY
1 1 1 0 VY 12IN | Active 1 1 1 1 GND GND | STBY
1 1 1 1 VY High-Z | Active STBY = Standby Mode

STBY = Standby Mode
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Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

Logic Truth Tables (cont.)

Table 3. “Databook” Code,
CODE = Mid-Supply (VY/2)

Detalled Description

The MAX1602 power-switching IC contains a network of
low-resistance MOSFET switches that deliver selectable
VCC and VPP voltages to two CardBus or PC Card host

A1VCC | AOVCC| AVPP |AOVPP| VCC | VPP | MODE socket. Figure 1 is the detailed block diagram.
0 0 0 X | GND |High-Z | STBY The power-input pins (VY, VX, 12IN) are completely
0 0 1 X VY 12IN | Active independent, however, power must aiways be applied
0 1 0 X GND | GND | stBY to VY for proper operation. Low inrush current is guaran-
- teed by controlled switch rise times. VCC’s 100us mini-
0 ! ! X X 12IN Athve mum output rise time is 100% tested with a 1uF
1 0 0 X VY | VCC | Active capacitive load, and VPP’s 1ms minimum rise time is
1 0 1 X VY GND | Active guaranteed with a 0.1pF load. These respective capaci-
1 1 0 X VX vCC | Active tive loads are chosen as worst-case card-insertion para-
I X VX GND | Act meters. The internal switching control allows VCC and
! ! e VPP rise times to be controlled, and makes them nearly
STBY = Standby Mode, X = Don't Care
V812 102
12N I l VPP
MAXIMN
MAX1602 I
CHARGE
PUMP
Q CURRENT @
LIMIT 3}_ __{ 00
VY — 1 VB3 0250 o —
[ T vee
W vt
I
CHARGE CURRENT vee
PUMP LT *
vee
vee
VB5 0.25Q
w 50
T
CHARGE CURRENT =
PUMP LIMIT [
i — FAULT
| |wo
oEcDE E‘))——]
CONTROL ] LOGIC .
INPUTS || oo SN 1
THERMAL —— GND
T SHUTDOWN —

Figure 1. Detailed Block Diagram
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Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

independent of resistive and capacitive loads (see rise-
time photos in the Typical Operating Characteristics).
Fall times are a function of loading, and are compensat-
ed by internal circuitry.

Power savings is automatic: internal charge pumps draw
very low current when the VCC switches are static.
Standby mode reduces switch supply current to 11pA.

Operating Modes
The MAX1602 is compatible with the Cirrus
CL-PD67XX, Databook DB86184, and intel 82365SL PC
Card Interface Controliers (PCIC). Four control inputs
select the internal switches’ positions and the operating
modes according to the input code. Select the proper
code format for the chosen controller with the CODE
input pin (see Pin Description and Tables 1, 2, and 3).
CODE reconfigures the logic decoder to one of three
interface controllers:

Low = Standard “Intel” code (Figure 3)

High = “Cirrus” code (Figure 2)

Mid-supply = “Databook” code (Figure 4)
An additional 1pA (3pA max) of VY supply current will
flow if CODE = mid-supply (VY/2).

The MAX1602 has two operating modes: normal and
standby. Normal mode supplies the selected outputs
with their appropriate supply voltages. Standby mode
places all switches at ground, high impedance, or a
combination of the two.

T0 PC GARD SOCKET .
S T
Vo VPP SOCRET
i INTERFACE
Loal
s o W CRRUS L8 108
CL-PDG722 [~ CARD
GLrpeT28 SOCKET
o5V —] v aovep Ja] aver_vee
AIVPP et AZVPP_PGM
aav—] 12n Avee ba] avees
o AIVCC | AVEC 3
g GND
= T T

Figure 2. Application with Cirrus Logic Interface

Overcurrent Protection
Peak detecting circuitry protects both the VCC and VPP
switches against overcurrent conditions. When current
through any switch exceeds the internal current limit
(4A for VCC switches and 200mA for VPP switches) the
switch turns off briefly, then turns on again at the con-
trolled rise rate. If the overcurrent condition lasts more
than 2us, the FAULT output goes low. FAULT is not
latched. A continuous short-circuit condition results in a
pulsed output current and a pulsed FAULT output until
thermal shutdown is reached. FAULT is open-drain and
requires an external pull-up resistor.

Thermal Shutdown
If the IC junction temperature rises above +150°C, the
thermal shutdown circuitry opens all switches, including
the GND switches, and FAULT is pulied low. When the
temperature falls below +130°C, the switches turn on
again at the controlied rise rate. If the overcurrent con-
dition remains, the part cycles between thermal shut-
down and overcurrent.

Undervoitage Lockout
If the VX switch input voltage drops below 1.9V, the
associated switch turns off and FAULT goes low. For
example, if VY is 3.3V and VX is 0V, and if the interface
controller selects VY, the VCC output will be 3.3V. If VX
is selected, VCC changes to a high- |mpedance output
and FAULT goes low.

When a voltage is initially applied to 12IN, it must be
greater than 8V to aliow the switch to operate.
Operation continues until the voltage falls below 2V
(the VPP output is high impedance).

When VY drops to less than 2.6V, all switches are
turned off and the VCC and VPP outputs are high
impedance.

Applications Information

Supply Bypassing
Bypass the VY, VX, and 12IN inputs with ceramic 0.1pF
capacitors. Bypass the VCC and VPP outputs with a
0.1uF capacitor for noise reduction and ESD protection.
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Single-Channel CardBus and PCMCIA VCC/VPP
Power-Switching Network

TG PC CARD SOCKET Voo
VCC VPP SOCKET
. INTERFACE
“y . ‘MAX“"XIW 8236551 DF
+3.
_t w AQVPP ] AVPP_END
AIVPP Je—] AVPP_EN1
+5V —1 WX
AOVCC ] AVCC_ENO
+12v—1 12N
_E— CODE GND  AIVCC [ AVCC_EN1

i1H

T0 SOCKETS v =
i
VCC PP SOCKET
INTERFACE
Vixta P
T0PC
av—e- w DB87144 | CaARD [+ )]
W socker | @y
VPP ] A_VCTLY N
v —f w
™ Avee et A_veTL2
v —] 1am
CODE  gyp  AWCC [ A_VeTLO
" 4=

NOTE: ABVPP, PIN 11 ON THE MAX1602, IS TIED TO GND.

Figure 3. Application with intel Interface

MAXIMN

Figure 4. Block Diagram of the Databook DB87144 PC! to
CardBus Controller Interface to the MAX1602
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Pin Configuration

TOP VIEW

GND [1]
12 2]
P [3]
vee [4]

v (]
vee 6]
vee [7]

Wi

Qsop
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TRANSISTOR COUNT: 1452

Chip Information
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