MC33560

Power Management and
Interface IC for Smartcard
Readers and Couplers

The MC33560 is an interface IC for smartcard reader/writer

applications. It enables the management of anydf/geart or memory
card through a simple and flexible microcontroifgerface. Moreover,
several couplers can be coupled in parallel, thenitge chip select input
pin (Pin5). The MC33560 is particularly suited ltav power and
portable applications because of its power savemgjufes and the
minimum of external parts required. Battery lifeeidended by the wide
operating range and the low quiescent currentimdsty mode. A highly
sophisticated protection system guarantees timely emntrolled
shutdown upon error conditions.

e 100% Compatible with ISO 7816-3 Standard

e \Wide Battery Supply Voltage Range: 1.8V gif <6.6 V

e Programmable ¥¢c Supply for 3.0 V or 5.0 V Card Operation

[ ]

Power Management for Very Low Quiescent Currer8tamdby

Mode (30uA max)

Microprocessor Wakeup Signhal Generated Upon Caelrlion

e Self Contained DC-DC Converter to Generatg-\ising a
Minimum of Passive Components

e Controlled Powerup/Down Sequence for High Signeddrity on the

Card 1/0 and Signal Lines

Programmable Card Clock Generator

Chip Select Capability for Parallel Coupler Opeati

High ESD Protection on Card Pins (4.0 kV, Human yBbthdel)
Fault Monitoring \&aTiow, Vcclow and kcilim

All Card Outputs Current Limited and Short CircRibtected
Tested Operating Temperature Range:*€2® +85C

Pb-Free Packages are Available
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PIN CONNECTIONS

PGND [1] 7 [24]1UM
PWRON [ 2| 23] Vear
INT [3] [22] L1
RDYMOD [ 4 | c4
Cs 5] [20] c8
RESET [ 6 | [19] cRDCS
o [ 7] 18] CRDCON
INVOUT [ 8 | [17] CRDDET
ASYCLKIN [ 9| 16] CRDC4
SYNCLK [10] 15] CRDCLK
CRDIO [11] [14] CRDRST
CRDGND [12] [13] CRDV(c
(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 24 of this data sheet.

Publication Order Number:
MC33560/D



MC33560
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Figure 1. Simplified Functional Block Diagram
MAXIMUM RATINGS (Note 1)
Symbol Rating Value Unit
VBAT Battery Supply Voltage 7.0 Vv
IgaT Battery Supply Current +200 mA
Vee Power Supply Voltage 6.0 Vv
Icc Power Supply Current +150 mA
VN Digital Input Pins 2, 4, 5, 6, 7, 9, 10, 17, 18, 20, 21 -0.5to Vgar +0.5 but< 7.0 \Y
NN 5.0 mA
VouTt Digital Output Pins 3, 4, 8 -0.5t0 Vgar +0.5but < 7.0 Vv
lout +10 mA
Veard Card Interface Pins 11, 13, 14, 15, 16, 19 -0.5t0 Vg + 0.5 \%
Icard 125 mA
IL Coil Driver Pin 22, ILIM (Pin 24) +200 mA
Power Ground (Pin 1) +100
VEsp ESD Capability: (Note 2)
Standard Pins 2, 3,4,5,6,7,8,9, 10, 17, 18, 20, 21, 22, 23, 24 2.0 kv
Card Interface Pins 11, 13, 14, 15, 16, 19 4.0 kv
Pps SO-24 Package:
Roias Power Dissipation @ Tp = 85°C 285 mw
Thermal Resistance Junction—to—Air 140 °C/W
Ppt TSSOP-24 Package:
Roiat Power Dissipation @ Tp = 85°C 220 mwW
Thermal Resistance Junction—to—Air 180 °C/W
Ta Operating Ambient Temperature Range —40 to +85 °C
Ty Operating Junction Temperature Range —40 to +125 °C
T Imax Maximum Junction Temperature (Note 3) 150 °C
Tstg Storage Temperature Range —65 to +150 °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.

1. Maximum electrical ratings are those values beyond which damage to the device may occur. Tp = 25°C.

2. Human body model, R = 1500 Q, C = 100 pF.

3. Maximum thermal rating beyond which damage to the device may occur.

http://onsemi.com
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MC33560

ELECTRICAL CHARACTERISTICS These specifications are written in the same style as common for standard

integrated circuits. The convention considers current flowing into the pin (sink current) as positive and current flowing out of the pin
(source current) as negative. (Conditions: Vgat = 4.0 V, Vcc = 5.0 V nom, PWRON = Vgar , Operating Mode, —lcc = 10 mA, —25°C < Tp
< 85°C, Ly =47 uH, R jm = 0 Q, CRDV¢ capacitor = 10 uF, unless otherwise noted.)

Characteristic Test Conditions | Symbol | Min Typ Max | Unit |
BATTERY POWER SUPPLY SECTION
Supply Voltage Range VBAT 2.2 - 6.0 \%
Normal operating range extended operating range (Note 4) 1.8 - 6.6
MC33560 Standby Quiescent Current loBAT - - 30 uA
PWRON = GND, CRDCON = GND, ASYCLKIN = GND, Vgar = 6.0V,
All Other Logic Inputs and Outputs Open
DC Operating Current IBATop - - 125 mA
=lcc =10 mA; Vcc =5.0V, VgaTr = 6.0 V
VeaT Undervoltage Detection: - \%
Upper Threshold - 1.6 -
Lower Threshold - 14 -
Hysteresis - 0.2 -
Vee =5.0 V NOMINAL POWER SUPPLY SECTION
Output Voltage 22V = Vgar = 6.0V Vee \%
1.0mA < —lgc = 25mA 4.75 5.0 5.25
30V =Vgar = 6.0V
1.0mA = —lgc = 60 mA 4.60 5.0 5.40
Card V¢ Undervoltage Detection: (RDYMOD Output)
Upper Threshold (See Table 4) V154 Vec—-014 | V
Lower Threshold V1sL 4.2 4.5
Switching Hysteresis VHyss 120 180 mV
Peak Output Current Ve = 4.0V, Internally Limited =lcclim 80 - - mA
(RDYMOD = L)
Current limit time-out Vec=4.0V tq - 160 - ms
Startup Current Vce =2.0V; 0°C to +85°C —lccst 80 - - mA
-40°C to 0°C 50 - -
Low Side Switch Saturation Voltage I =50 mA, Pin 22 Vsat22 - 100 160 mV
Rectifier on Saturation Voltage I =50 mA, Pin 22 to Pin 13 VEsat22 - 400 520 mVv
Converter Switching Frequency Ta=25°C fow - 120 - kHz
Shutdown Current PWRON = GND, Vgc=2.0V Isp 80 - - mA
(Card access deactivated)
Ve = 3.0 V NOMINAL POWER SUPPLY SECTION (Vgar = 2.5V, —lcc = 5.0 mA)
Output Voltage 22V = Vgar = 6.0V Vee \%
1.0mA =< —lgc = 10 mA 2.75 3.0 3.25
25V < VBAT <=6.0V
1.0 mA < —lgc = 50 mA 2.60 3.0 3.40
Card V¢ Undervoltage Detection: (RDYMOD Output)
Upper Threshold (See Table 4) VT3H Vee - 0.1 \Y
Lower Threshold V3L 24 2.7
Switching Hysteresis VHyss 80 110 mv
Startup Current Vec=2.0V =lccst 50 - - mA
Shutdown Current PWRON = GND, Ve =2.0V Isp 50 - -
(Card access deactivated)

. See Figures 2 and 3.

. Pin loading = 30 pF, except INVOUT = 15 pF.

4
5. The transistors T1 on lines 10, C4 and C8 (see Figure 24) have a max Rggon 0f 250 Q.
6
7

. As the clock buffer is optimized for low power consumption and hence not symmetrical, clock signal duty cycle is guaranteed for divide

by 2 and divide by 4 ratio.
8. In either direction.
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3



MC33560

ELECTRICAL CHARACTERISTICS (continued) These specifications are written in the same style as common for standard
integrated circuits. The convention considers current flowing into the pin (sink current) as positive and current flowing out of the pin
(source current) as negative. (Conditions: Vgat = 4.0 V, Ve = 5.0 V nom, PWRON = Vgar , Operating Mode, —Icc = 10 mA, —=25°C < Tp
< 85°C, Ly =47 uH, R ym = 0 Q, CRDV capacitor = 10 uF, unless otherwise noted.)

Characteristic | Test Conditions S*ymbol | Min Typ Max 'Jnit
APPLICATION INTERFACE DC SECTION (Vgar =5.0V)
Input High Threshold Voltage Pins 2, 4,5, 6, 10, 17 Vin 0.55*Vgat - 0.65*Vgat \%
(increasing)
Input Low Threshold Voltage Pins 2, 5, 6, 10 ViL 0.3*VgaT - 0.45*Vgat \Y
(decreasing) Pin 17 0.2*VgaT - 0.40*VgaT
Pin 4 0.3*VgaT - 0.5*VgaT
Switching Hysteresis Pins 2, 4,5, 6, 10, 17 VuysTt | 0.06*Vgar - 0.3*VgaT \%
Threshold Voltage Pin9 V71H 0.5*Vgat - 0.6*VgaT \%
Pin 18 0.4*Vgat - 0.6*VgaT
Pulldown resistance ViN=Vear - 1.0V, Pins 2, 6, 7, 10 Rgown 120 240 500 kQ
Pullup resistance ViNn=05V,Pin3,4,5 Rup 120 240 500 kQ
Output High Voltage loH =—2.5 uA, Pin 3, Pin 4 for CS=H VoH Vgar - 1 - - \Y

loy = =50 uA, pins 7, 20,21
loy=-0.2 mA, Pin 8
Pin 4 (in Output Mode)

Output Low Voltage lo. =1.0 mA, Pins 7, 20, 21 VoL - - 0.4 \%
loL=0.2mA, Pins 3,4, 8

Input Leakage Current ViN=25V,CS=H, Hieak - - 2.0 uA
Pins 9, 17, 18, 20, 21

CARD INTERFACE DC SECTION (Vgar = 5.0 V)

Output High Voltage lon = —20 uA, Pins 11, 16, 19 Vou Vec - 0.9 - - \
loL = 0.2 mA, Pins 14, 15

Output Low Voltage loL = 1.0 mA, Pins 11, 16, 19 VoL - - 0.4 \%
loL = 0.2 mA, Pins 14, 15

I/0 Pullup Resistance, Operating VoL=0.5V, Pins 11, 16, 19 - - 18 - kQ

Mode, CS =L , PWRON = H

Card pins security voltage PWRON = GND, lin = 10 mA, Vsecurity - - 2.0 \%

(Card access deactivated) Pins 11, 14, 15, 16, 19

DIGITAL DYNAMIC SECTION (Vgat = 5.0 V, Normal Operating Mode) (Note 6)

Input Clock Frequency Pin 9, Duty Cycle = 50% fasyclk - - 20 MHz

Card Clock Frequency Pin 15 ferdelk - - 20 MHz

Card Clock Duty Cycle (Note 7) Pin 15, 50% to 50% V¢, Ielk 45 - 55 %
fi, = 16 MHz

Card Clock Rise and Fall Time Pin 15, 10% <> 90% V¢ trelks tlk - - 10 ns

1/0 Data Transfer Frequency Pin [7, 11], [21, 16], [20, 19] (Note 8) fio - 1.0 - MHz

1/0 Duty Cycle Pin [7, 11], [21, 16], [20, 19] (Note 8) lio 45 - 55 %

50% to 50% Ve

1/0 Rise and Fall Time Pin [7, 11], [21, 16], [20, 19] (Note 8) trios tio - - 150 ns
10% < 90% Vce

1/0 Transfer Time Pin [7, 11], [21, 16], [20, 19] (Note 8) tr - - 100 ns
50% to 50% Vce, L—>H,H—> L

Card Signal Sequence Interval Pins 11, 14, 15, 16, 19 tdseq - 0.2 1.0 us
Ve Powerup / Powerdown

See Figures 2 and 3.

The transistors T1 on lines 10, C4 and C8 (see Figure 24) have a max Rygon Of 250 Q.

Pin loading = 30 pF, except INVOUT = 15 pF.

As the clock buffer is optimized for low power consumption and hence not symmetrical, clock signal duty cycle is guaranteed for divide
by 2 and divide by 4 ratio.

In either direction.

No ok

©
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MC33560

ELECTRICAL CHARACTERISTICS (continued) These specifications are written in the same style as common for standard
integrated circuits. The convention considers current flowing into the pin (sink current) as positive and current flowing out of the pin
(source current) as negative. (Conditions: Vgat = 4.0 V, Ve = 5.0 V nom, PWRON = Vgar , Operating Mode, —Icc = 10 mA, —=25°C < Tp
< 85°C, Ly =47 uH, R ym = 0 Q, CRDV capacitor = 10 uF, unless otherwise noted.)

Characteristic | Test Conditions S*ymbol | Min Typ Max 'Jnit

DIGITAL DYNAMIC SECTION (Vgat = 5.0 V, Normal Operating Mode) (Note 6)

Card Detection Filter Time:

Card Insertion taitin 50 - 150 us
Card Extraction tiitout 50 - 150 us
Internal Reset Delay RES, V¢ Powerup / Powerdown tdres - 20 - us
Ready Delay Time Pin 4 tardy - - 2.0 us
PWRON low Pulse Width CS=L,Pin2 twon 2.0 - - us

DIGITAL DYNAMIC SECTION (Vgat = 5.0 V, programming mode) (Note 6)

Data Setup Time Pins 2,4,6,7 tsmod us
RDYMOD, PWRON, RESET, 10 1.0 - -
Data Hold Time thmod us
RDYMOD, PWRON, RESET, 10 Pins 2,4, 6,7 1.0 - -
CS low Pulse Width Pin 5 twes 2.0 - - us

4. See Figures 2 and 3.

5. The transistors T1 on lines 10, C4 and C8 (see Figure 24) have a max Rgson 0f 250 Q.

6. Pin loading = 30 pF, except INVOUT = 15 pF.

7. As the clock buffer is optimized for low power consumption and hence not symmetrical, clock signal duty cycle is guaranteed for divide
by 2 and divide by 4 ratio.

In either direction.

©
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MC33560
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MC33560
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MC33560

Table 1. PIN FUNCTION DESCRIPTION

| Pin | Symbol Type Name/Function
CONTROLLER INTERFACE
2 PWRON INPUT This pin is used to start operation of the internal DC-DC converter.
Pulldown In programming mode, this pin is used to set the “Output Voltage” switch. (See Table 2).
3 INT OUTPUT This open collector pin indicates a change in the card presence circuit status. When a card is
Pullup inserted or extracted, the pin goes to logic level “0”. The signal is reset to logic level “1” upon
the rising edge of CS or upon the rising edge of PWRON. In the case of a multislot application,
two or more INT outputs are connected together and the microcontroller has to poll all the
MC33560s to identify which slot was detected.
4 RDYMOD 1/0 and Pullup This bidirectional pin has tri-state output and Schmitt trigger input.
* When RDYMOD is forced to 0, the MC33560 can be set to programming mode by a
negative transition on CS.
* When RDYMOD is connected to a high impedance, the MC33560 is in normal operating
mode, and RDYMOD is in output mode (See Tables 2 and 4):
- With CS = L and PWRON=H, RDYMOD indicates the status of the DC-DC converter.
- With CS = L and PWRON=L, RDYMOD indicates the status of the card detector.

5 Cs INPUT Pullup This is the MC33560 chip select signal. Pins 2, 6, 7, 10, 20, 21 are disabled when CS = H.
When RDYMOD = L, the MC33560 enters programming mode upon the falling edge of CS.
(Figure 20)

6 RESET INPUT The signal present at this input pin is translated to Pin 14 (the card reset signal) when CS = L.

Pulldown The signal on this pin is latched when CS = H. This pin is also used in programming mode.
(See Table 2)

7 1/0 1/0 This pin connects to the Serial I/O port of a microcontroller. A bi—directional level translator
adapts the serial I/O signal between the smartcard and the microcontroller. The level translator
is enabled when CS = L. The signal on thispin is latched when CS=H. This pin is also used in
programming mode. (See Table 2)

8 INVOUT CLK The ASYCLKIN (Pin 9) signal is buffered and inverted to generate the output signal INVOUT.

OUTPUT This output is used for multislot applications, where the ASYCLKIN inputs and INVOUT
outputs are daisy—chained. (See the multislot application example in Figure 31)
9 ASYCLKIN CLK INPUT This pin can be connected to the microcontroller master clock or any clock signal for
high impedance asynchronous cards. The signal is fed to the internal clock selector circuit, and is translated to
CRDCLK at the same frequency, or divided by 2 or 4, depending on programming.
(See Table 3)
10 | SYNCLK CLK INPUT This function is used for communication with synchronous cards, and the pin is generally
Pulldown connected to the controller serial interface clock signal. The signal is fed to the internal clock
selector circuit, and is translated to CRDCLK upon appropriate programming of the MC33560
(See Table 3). When selected at programming, the signal on this pin is latched when CS = H.

20 | C8 I} General purpose input/output. It has the same behavior as I/O, except for programming. It can
be connected to a bidirectional port of the microcontroller. The level translator is enabled when
CS =L, and the signal is latched whenCS = H. (Compare with Pin 19)

21 [ C4 /10 General purpose input/output. It has the same behavior as 1/O, except for programming. It can
be connected to a bidirectional port of the microcontroller. The level translator is enabled when
CS =L, and the signal is latched when CS = H. (Compare with Pin 16)

CARD INTERFACE

11 | CRDIO 1/0 This pin connects to the serial I/O pin of the card connector. A bidirectional level translator
adapts the serial 1/0 signal between the card and the microcontroller. (Compare with Pin 7)

14 | CRDRST OUTPUT This pin connects to the RESET pin of the card connector. A level translator adapts the
RESET signal driven by the microcontroller. (Compare with Pin 6)

15 | CRDCLK OUTPUT This pin connects to the CLK pin of the card connector. The CRDCLK signal is the output of
the clock selector circuit.The clock selection is programmed using Pins 2, 6 and 7 with
RDYMOD forced to “0”".

16 | CRDC4 110 General purpose input/output. It has the same behavior as CRDIO. It can be connected to the
C4 pin of the card connector.

17 | CRDDET INPUT high This pin connects to the card detection switch of the card connector. Card detection phase is

impedance determined with Pin 18. This pin needs an external pullup or pulldown resistor to operate
properly.

18 | CRDCON INPUT high This pin connects to PGND or Vgar, or possibly to an output port of the microcontroller. With

impedance this pin set to a logic “0”, the presence of a card is signalled with a logic “1” on Pin 17. With
this pin set to a logic “1”, the presence of a card is signalled with a logic “0” on Pin 17.

http://onsemi.com
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MC33560

Table 1. PIN FUNCTION DESCRIPTION

| Pin | Symbol Type Name/Function
CARD INTERFACE
19 | CRDC8 /10 General purpose input/output. It has the same behavior as CRDIO. It can be connected to the
C8 pin of the card connector.
CURRENT LIMIT AND THERMAL PROTECTION
1 PGND POWER This pin is the return path for the current flowing into Pin 22 (L1). It must be connected to
CRDGND using appropriate grounding techniques.

12 | CRDGND POWER This pin is the signal ground. It must be connected to the ground pin of the card connector. It is
the reference level for all analog and digital signals.

13 | CRDVcc POWER This pin connects to the V¢ pin of the card connector. It is the reference level for a logic “1” of
Pins 11, 14, 15, 16 and 19.

22 | L1 POWER This pin connects to an external inductance for the DC-DC converter. Please refer to the
description of the DC-DC converter functional block.

23 | Veat POWER This pin is connected to the supply voltage. Logic level “1” of Pins 2 to 10, 17, 18, 20 and 21 is
referenced to Vgart. Operation of the MC33560 is inhibited when Vgar is lower than the
minimum value.

24 | ILIM POWER This pin can be connected to the PGND pin, or to a resistor connected to PGND, or left open,
depending on the peak coil current needed to supply the card.

PROGRAMMING AND STATUS FUNCTIONS

The MC33560 features a programming interfaicd a status interface. Figurestidbws how to enter and exit programming
mode; Table 2 shows which pins are used to achesgtious functions.

RDYMOD (in) ———\ S —
CS
- N\
\ f
ANN\\N
PWRON —KK PROGRAM DATA VALUE D
AN\
ReseT ——KK PROGRAM DATA VALUE O
ANN\\N
lo —&&&KK PROGRAM DATA VALUE D
ENTER LATCH EXIT
PROGRAMMING PROGRAM PROGRAMMING
MODE VALUE MODE
Figure 20. MC33560 Programming Sequence
Table 2. PIN USE FOR PROGRAMMING AND STATUS FUNCTIONS
Programs CRDV-
cc Select V¢ Select Program ASYCLKIN Poll Card Poll CRDV ¢¢
TO3V/5V ON/OFF Clock Input Divide Ratio Status Status
RDYMOD Forceto O READ Forceto 0 Force to O READ READ
(In/Out)
CS (In) rising edge 0 rising edge rising edge 0 0
PWRON 0/1 0/1 Programs CRDV ¢ Programs CRDV ¢ 0 or Hi-z 1
RESET(In) Programs CLK NOT USED 0/1 0/1 NOT USED NOT USED
Input/Divide Ratio
1/0(In) Programs CLK NOT USED 0/1 0/1 NOT USED NOT USED
Input/Divide Ratio

http://onsemi.com
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CARD V¢cc AND CARD CLOCK PROGRAMMING

The CRD\gcand ASYCLK programming options allow the system clock frequency to be matched to the card clock
frequency and to select 3.0 V or 5.0 V CREQ$upply. Table 3hows the values WRON, RESET andl/O for the possible
options. The default power reset condition is sfafgynchronous clock and CRRY¥ =5.0 V). All states are latched for each
output variable in programming mode at the positigasition ofCS (Figure 20).

Table 3. CARD V cc AND CARD CLOCK TRUTH TABLE

STATE# PWRON RESET 110 CRDVcc CRDCLK
0 L L L 3V SYNCLK
1 L L H 3V ASYCLKIN/4
2 L H H 3V ASYCLKIN/2
3 L H L 3V ASYCLKIN
4 H L L 5V SYNCLK
5 H L H 5V ASYCLKIN/4
6 H H H 5V ASYCLKIN/2
7 H H L 5V ASYCLKIN

NOTE: Card clock integrity is maintained during all frequency commutations (no spikes).
State 4 is the default state at power on.

DC-DC CONVERTER AND CARD DETECTOR STATUS

The MC33560 status can be polled wih= L. Please Table 4. RDYMOD STATUS MESSAGES
consult Table 2 for a description of input and otitp

signals.The significance of the status message is describep P(\I’XSBN '?gmﬁ)') Message
in Table 4. 9
LOW LOW No card
LOW HIGH Card present
HIGH LOW DC-DC converter overload
HIGH HIGH DC-DC converter OK
DETAILED OPERATING DESCRIPTION
INTRODUCTION generator. The power management unit enables th®DC

The MC33560 Smartcard interface IC has been designe converter for card power supply, supervises the
to provide all necessary functions for safe data transferspowerup/down sequence of the card’s I/0O and signal lines,
between a merocontroller and a smartcard or memory card. and keeps the power consumption very low in standby

A card detector scans for the presence of a cadd an mode.
generates a debounced wake-up signal to the All card interface pins have adequate ESD protectiad
microcontroller. fault monitoring (MsaTiows Vcclow lcclim) guarantees

Communication and control signal levels are translated hazard free card reader operation.
between the digital interface and the card interface by the Several MC33560s can be operated in parallel, ubiag
voltagelevel translatorand the card clock is matched to the same control and data bus, through the use of thesefgpt
system clock frequency by the programmable card clocksignal CS.

http://onsemi.com
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CS: FALLING EDGE ERROR
STAND BY MODE ACTIVE MODE

CONDITION

IDLE MODE

ISO STOP SEQUENCE CS=H
&
— N
CS: RISING EDGE 5
RDYMOD: 0 AND >: 0AND PWRON: FALLING EDGE
CS: FALLING EDGE PWRON: RISING EDGE OR ERROR CONDITION _

o N
CS: 1AND
RDYMOD: RISING EDGE ‘ IO START SEQUENCE ‘

PROGRAMMING MODE

TRANSACTION MODE
CS=L
PWRON =H

PROGRAMMING MODE

CS=L

CS=L
RDYMOD = L

RDYMOD =L

Figure 21. MC33560 Operating Modes

OPERATING MODES TRANSACTION MODE
The MC33560 has five operating modes: In transaction mode, the MC33560 maintains powdr an
e Standby the selected clock signal applied to the card, and the levels
e Programming of' the 1/0O, RESET, C4 and C8 signals betwegn the
o Active microcontrollerand the card are translated depending on the

supply voltages ¥at and \Vcc.

* Transaction The DC-DC converter status can be monitored on the
e Idle RDYMOD pin.

The transitions between these different stateshangrsin IDLE MODE
Figure 21 above. Idle mode is used when maintaining a card powered up

STANDBY MODE without communicating with it. When an asynchronous
Standby mode allows the MC33560 to detect card clock isused, the selected clock signal is applied to éing.c

insertion and monitor the power supply while keeping the POWERDOWN OPERATION = _
power consumption at a minimum. It is obtained with ~Powerdown can be initiated by the controlling

CS=H andPWRON = L. microprocessor, by stopping the DC-DC converter with
When the MC33560 deteciscard]NT is asserted lowto ~ PWRON =L whileCS = L, or by the MC33560 itself when
undervoltage, overcurrent longer than 160 ms typ.,
PROGRAMMING MODE overtemperature,  “hot” card extraction). The

The programming mode allows the user to confighee t  communication session is terminated in a given sequence
card \cc and the card clock signal for his specific defined in 1ISO7816-3.
application.The card supply, CRDYc, can be programmed The MC33560 then goes into active mode, in which its
to 3V or 5V, and the card clock signal can be defined to be status can be polled.
either synchronous, or asynchronous divided bydr, £ Standby mode is reached by deselecting the MC33560
Programming mode is obtained wiRDYMOD =L (CS=H).
followed by anegative transition 08S. The programming = ;NCTIONAL BLOCKS
options are shown in Table 3. Programmed values are

o S CARD DETECTOR
latched on a positive transition 65 with RDYMOD = L. This block monitors the card conta@RDDET (during

ACTIVE MODE insertion and extraction), filters the incoming waveforr an
In active mode, the MC33560 is selected RIteYMOD generates aimterrupt signalNT aftereach change. In order

pin becomes an output, and the MC33560 status can bd0 identify which coupler activated theNT line

polled. Power is not applied to the card. (multlcouple_r application) the microcontroller scans both
The microcontroller polls the MC33560 by asserting Circuits viaCS and reads thRDYMOD pin.

CS=L and reading thRDYMOD pin. The programming inplRDCON tells the level detector

If a card is present, the microcontroller starsBiC-DC ~ Whichtype of mechanical contact is implemented (normally
converter by assertinPWRON=H. This starts the ©OPen or normally closed). Special care is taken to hold the
automatic power on sequence: when CRRveaches the ~ current consumption very low on this part of thecwit
undervoltage level (¥sy or Vran, depending on which is contlnuoqsly powe'red py tNAT supply.
programming), the card sequencer valida@&DIO, The CRDDET pin has high impedance input, and an
CRDRST, CRDCLK , CRDC4, CRDCS8 pins according to external resistor must be connected to pullup odpwih,
the ISO7816-3 sequence (Figure 26). The MC33566vis n depending o€RDCON. This resistor is chosen according to
in transaction mode, and the system is ready for datag‘(e: maximum leakage current of the card connecidrtiae

exchange via the three I/O lines and REESET line.

http://onsemi.com
13



MC33560

The card detector has an internabis0debouncing delay.  The output voltage is programmable for 3.0 V or\6 @ee
The micro controller has to insert an additiondhgéin the Table 3) to guarantee full cross compatibility lné reader
ms range) to allow the card contacts to stabilizéhé card for 5.0 V and 3.0 V smartcards. The wide voltage supply
connector before settifgWWRON =H. range, 1.8 V < ¥ar < 6.6 V, accommodates a broad range

When the card detector circuit detects a card etidrg, it of coupler applications with different battery capufiations
activates the powerdown sequence and stops thextenv  (single cell or multiple cellserial or parallel connections).
regardless of theWRON signal. The 5Gis delay of the TheCRDV ¢ is current-limited and short—circuit—proof.
debouncer is enough to ensure that all card signals havdo avoid excessive battery loading during a card
reached a safe value before communication with the cardshort—circuit, a current integration function forces the

takes place. powerdown sequence (Figure 28). To retry the session, the
microprocessor works through the power on sequence as
CARD STATUS defined in the power manager section.

The controlling microprocessor is informed of the
MC33560 status by interrupt and by polling. Wheraa is DC-DC CONVERTER OPERATING PRINCIPLES

extracted or inserted, th&T line is asserted low. The The DC-DC converter architecture used in the MC33560
interrupt is cleared upon the rising edgeC&or upon the allows step—-up and step—down voltage conversion to be
rising edge oPWRON (INT line set to high state). done. The unique regulation architecture permits an

The microprocessor can poll the status at any time byautomatic transition from step—up to step—down, and from
reading theRDYMOD pin with properPWRON setting zero tofull load, without affecting the output charactécs.
(see Tables 2 and 4). DC-DC Converter Description: The converter

Since INT and RDYMOD have a high value pullup  architecture is very similar to the boost architestwith an
resistor (240 K typical), their rise time can be as long as active rectifier in place of the diode. The switchtransistor
10us if parasitic capacitance is high and no othelupul is connected to ground through a resistor networkder to

circuitry is connected. adjust the maximum peak current (Figure 22). Asistar
connected to the converter outg@RDV cc) forces this pin
POWER MANAGER to a low voltage when the converter is not opegatifhis

_The task of the power manager is to activate dmge  prevents erratic voltage supply to the smartcarenwhot
circuit functions which are needed for a determiojgerating in use.

mode in order to minimize power consumption (FigL®% The MC33560 has a built in oscillator; the DC-DC

In standby mod¢PWRON =L ) the powemanager keeps  converter requires only one inductor and the output filgeri
only the “card present” detector alive. All cartkirfiace pins capacitor to operate.

are forced to ground potential. _ Stepup Operation: When the card supply voltage is
In the event of a powerup request from the microoier - |oer than the battery voltagie converter operates like a
(PWRON L to H transition,CS=L) the power manager  poost converter; the active rectifier behavior is similar to
starts the DC-DC converter. As soon as @RDVcc that of a diode.
supply reaches the operating voltage range, the circuit stepdown Operation: When the card supply voltage is
activates the card signals in the following seqeenc higher than the battery voltage, the rectifier cointircuit
CRDVcc, CRDIO, CRDC_LK' CRDC4/C8, CRDRST puts the power rectifying transistor in conductiamen the
At the end of the transactigfWRONreset td_,CS= L) L, voltage reachespar + Visat22 The voltage across the

or forced card extraction, theRDVcc supply powers rectifying transistor is higher than in step—upragien. The
down and the card signal deactivation sequencs talkee: efficiency is lower, and similar to a linear regofa

CRDREI—’ CRDCA',/CS,' CRDCLK_' CRDIO, CRIR¢ Fault Detection: The DC-DC converter has several

WhenCS=L, the bi—directional signal ling§0, C4and  features that help to avoid electrical overstress of the
C8) are put into high impedance state to avoid signal \1c33560 and of the smartcard, and help to ensure trat dat
collision with the microcontroller in transmissiarode. transmissiomith the smartcard occurs only when its supply
BATTERY UNDERVOLTAGE DETECTOR voltageis within predetermined limits. These functions. are

The task of this block i® monitor the supply voltage, and ® Overtemperature Detection,

to allow operation of the DC-DC converter only witiid e Current Limitation, and
voltage (typi_cglly 1.5V). The compgrator has been dedign e Card Supply Undervoltage Detection.
to have stability better than 20 mV in the tempematange. The level at which current will be limited is defthby the

maximum card supply current programmed with the
external components L1 and RLIM.

The undervoltage detection levels for 3.0 V andvsdard
supply are preset internally to the MC33560.

DC-DC CONVERTER
Upon request from the power manager, the DC-DC
converter generates tRHRDV cc supply for the smartcard.

http://onsemi.com
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o :

T

- VBAT Rectifier Switch CRDVCC

L1 o
Active pull-down
PN 1 JT switch
FEED )
BACK CLOCK OFF STOP Low Side > Fé%%qggﬁ
Switch <—— ON/OFF ON /OFF

! k)

— CRDGND

ON JOFF -
4 i s o Internal |
ILIMCOMP omy 129 1] 052 oo | -

—_ 2

ILIM L
ON /OFF RLIM (external) m -~ VRV
DIGITAL —‘— z
I 0, "DETECTOR

! t VBATOK CRDGND

OVER TEMP L » CONVERTER
DETECTION FAULT 7 VREF -

ERROR
AMP._

Figure 22. DC-DC Converter Functional Block

The overcurrent and undervoltage protection featare
complementary, and will shut the circuit off either if the
overcurrent is high enough to bring the CRE®Voutput
below the preset threshold, either after 160 nys )ty

In addition, the DC-DC converter will be allowedstart
only if the battery supply voltage is high enoughatiow
normal operation (1.8 V). 3.0 V/5.0 V Programming: It is possible to set the card

The undervoltage comparator has a hysteresis aeldy d  supplyvoltage to 3.0 V or 5.0 V at any time, before DC-DC
of typically 20 ms to ensure stable operation. The currentconverter start, or during converter operation. When
detector is a comparator associated with two resistors: oneswitching from 3.0 V to 5.0 V, a 160 ms (typical) delay
2.0Q attached td®GND and usually connected to analog blanks the undervoltage fault detection to allow filter

estimated to less than 75%(. The total time aftercard
extraction detection until CRDM reaches 0.4 V is then
estimated to 90Qs (maximum). All smartcard connector
contacts will be deactivated before CRgVdeactivation.
This ensures thato electrical damage will be caused to the
smartcard under abnormal extraction conditions.

ground, and a 0& attached téLIM , usually connected to
ground through an external resistor to adjust tagimum

capacitor charging.
PWM: The free-running integrated oscillator has two

peak current. The voltage developed across this resistoworking modes:

network is then compared to a 120 mV (typical) reference ;ariaple on-state and fixed frequency (typically) KHz)
voltage, and the comparator output performs a for qverage to heavy loads.

cycle—-by-cyclgeak current limitation by switching off the
low side transistor when the voltage exceeds 120 mV

The internaliLiMcoMP signal is monitored to stop the
converter if current limitation is continuously detected
during 160ms (typical). This allows normal operation with
high filtering capacitance and low peak currenirewat
converter startup. As a result, a short circuit to groumtthe
card connector or a continuous overcurrent is tegadpy
RDYMOD 160 ms (typical) after powerup.

Unexpected Card Extraction The MC33560 detects

card extraction and runs a powerdown sequence if car

power isstill on when extraction occurs. An active pulldown
switch clamps CRD¥¢ to GND within 150us (max) after

extraction is detected. The external capacitors will then be

discharged. \th typical capacitor values of 1@ and 47 nF
as indicated in the application schematic, the tieeded to
discharge CRD¥c to a voltage below 0.4 V can be

Variable on-state and variable frequency for ligads.

The frequency can be as low as a few kHz if no load is
connected t&€RDVc.

The charging current of the timing capacitor isited to
the ViaT supply voltage, to allow better line regulationdan
to increase stability.

Filtering Capacitor: A high value allows efficient
filtering of card current spikes. Low values allow low startup
charging current. Care must be taken not to comloiwe

dr:apacitor value with high current limiting, as this can

generate high ripple. Usual values range fromuf7to
47 uF, depending on current limiting.

Selecting the External Components L1 and RLIM:
The choice of inductor L1 and resistor R4 is madedigg
Figure 8(5.0 V card) and/or Figure 9 (3.0 V card) on page 8
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First, determine the maximum current that the appitin The INVOUT output is provided to drive other circuits
requires to supply to the card (ICCmax, on the ys)ax without additional load to the microprocessor quartz

Then, select one curve that crosses the selectggdC oscillator. It can also be used to build a local &Cillator.
level. The curve is associated with an inductance valueThis driver has been optimized for low consumptibhas

(22 uH, 47uH, or 100uH). no hysteresis, and input levels are not symmetrical. If the
Finally, use thentersection of the curve and the ICCmax ASYCLKIN pin is connected to a sine wave, the duty cycle
level to find the Ry, value on the x—axis. will not always be 50% dNVOUT .

Good starting values are : E147 uH; Rjj;m = 0.5Q

Note also that, for a high inductance value (LB, the
filtering capacitor is generally charged before inductance
current reaches current limitation, while for alimguctance
value, the current limitation is activated aftéew converter
cycles.

Battery Requirements: Having determined thesland
Riim values, the maximum current drawn from the battery
supply is shown by the curves in Figures 6 and 7.

When the application is powered bgiagle 3.0 \Wattery,
special care has to be taken to extend its lifetime. When
lithium batteries approach the end-of-life, theiternal
resistance increases, while voltage decreases.

CLOCK GENERATOR OPERATING PRINCIPLES
Synchronous Clock: This clock is used mainly for
memory cards. It can also be used for asynchronous
(microprocessor) cards, allowing the use of two different

clock sources. The status &YNCLK is latched at
CRDCLK whenCS goes high, so that data (@ pin) and
clock are always consistent at the card connestwatever

the CS status is. When using the synchronous clock, the
clock output becomes active only when the MC33560 is
selected witlCS.

Asynchronous Clock: This clock is used mainly for
Thisgnicroprocessor cards. When applied, the clock output
phenomenon can prevent the startup of the DC—DCEm‘T"inS active even when _the MC33560 is noF select_ed with
converter itthe current limiting is set too high, because efth &> in order to keep the microprocessor running areida
filtering capacitor charging current. an unwantgd reset. TAGSYCLKIN signal is bufered at the

INVOUT pin, sothat several MC33560 systems can use the
CLOCK GENERATOR same clock with one load only.

The primary purpose of the clock generator modsite i Depending omprogramming, the frequencyfed directly,
match the smartcard operating frequency to the systemor divided by 2 or by 4 to tt@RDCLK pin. If the duty cycle
frequency. The source frequency can be provided toof the applied clock signal is not exactly symmetrical, it is
ASYCLKIN by the microcontroller itself or from an recommended that the clock signal be divided by two or four

external oscillator circuit. to guarantee 50% duty cycle.

In programming modeRDYMOD=L andCS asserted Clock Signal Synchronization and Consistency
low) the three input variabl@®NVRON, I/O andRESETare (Figure 29). The clock divider includes synchrotiza
used to configure the two output variab@RDV ¢ and logic that controls the switch from synchronousckldo
CRDCLK as described in Table 3. This circuit setup is asynchronous (and vice-versa), from any division ratio to
latched during the positive transition©8. any other ratio, durin@€S changes and at powerup. The

Furthermore, in asynchronous mode the system clocksynchronization logic guarantees that each clock cycle on
frequencyASYCLKIN can be divided by a factor of 1, 2 the CRDCLK pin is finished before changing clock
or 4. The circuit controls the frequency commutation to selection (and has always the adequate durateggrdless
guarantee that the card clock signal remains free frorespik 0f the moment the programming is changed.
and glitches. In addition, this circuit ensures RDCLK At powerup, wherASYCLKIN is selected, the clock
signal pulses will not be shorter than the shortest and/orsignal at theCRDCLK pin has an entire length, according
longer than the longest of the clock signals prebefore to the selected divide ratio, whatever &Y CLKIN signal

and after programming changes. is versus the internal sequencer timing.
SYNCLK % LATCH 5 1
[a =
CARDENABLE Sol | CRDVCC
ASYCLKIN ] 8%_ o | | SYNCHRO
INVOUT o————4 S [|o LATCH
s - CRDCLK
® H
I SEQ3
RESET o P
SELECTOR
LATCH
100 ]
PROGRAM

Figure 23. Clock Generator Functional Block
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BIDIRECTIONAL LEVEL TRANSLATOR

This module (used onl/O/CRDIO, C4/CRDC4,
C8/CRDCS8, Figure 24) adapts the signal voltage levels of
the 1/0 and control lines between the micro coigrol
(supplied by \sa1) and the smartcard (supplied by
CRDVce)

WhenCSis low, withCRDV ¢ on, and start sequencing
completed, this module is transparent for the datd,acts

e Card presence detector for “clean” and fast shutdow

e Consistent card signal sequencing at startup and
powerdown, according to 1ISO7816, even on error
conditions

e Consistent clock signal, even when division ratio o
synchronization clock signal are changed “on tie fl
during a card session (Figure 29)

as if the card was directly connected to the reader® Active pulldown on all card pins, includif@RDVcc,

microcontroller. The core of the level shifter citadefined
for the bidirectionalCRDIO, CRDC4 and CRDCS8 lines
consists of &IMOS switch which can be driven to the logic
low state from either side (microcontroller or daifiboth
sides work in transmission mode with opposite phien
signal collision on the line is not avoidable. histcase, the

peak current is limited to a safe value for the integrated

circuit and the smartcard.
During high-to-low transitions, the NMOS transistor
impedance (T1 = 25Q maximum) is low enough to charge

parasiticcapacitance, and have a high enough dv/dt. On low

to high transition, the NMOS transistor is not active above
a certain voltage, and an acceleration circuittsvated to
ensure a high dv/dt.

When the chip is disable@CS=H) with the voltage
supplyCRDV ¢ still active, thd/O, C4andC8lines keep
their last logic state.

When the converter is off, a transistor forcesGRDIO,
CRDC4 andCRDCS8 lines to a low state, thus preventing
any unwanted voltage level to be applied to tha tiaes
when the card is not in use.

VBAT CRDVCC
1) o
gﬂ f><i M 18K

100 o CRDIO
(C4) (CRDC4)
(c8) (CRDCS8)

T2

SEQ1 (SEQ3) CRGND

CARDENABLE

Figure 24. Bidirectional Translator Functional Bloc k

SECURITY FEATURES

The MC33560 has a number of unique security funstion
to guarantee that no electrical damage will be @dts the
smartcard:

e Battery supply minimum voltage threshold

e Card supply undervoltage and overcurrent detection
with automatic shutdown

e Card pin overvoltage clamp to CRRY

when not in normal operating mode.
A current limiting function and an overtemperature
detector are limiting power dissipation.

ESD PROTECTION
Due to the nature of smartcards, the card intenfice
must absorb high Electro Static Discharge (ESD) energy
during card insertion. In addition, the control cciits
attached to these pins must safely withstand short circuits
and voltage transients during forced card extractio
Therefore, the MC33560 features enhanced ESD
protection, current limitation and short circuibf@ction on
all smartcard interface pins, includifgt andC8.

PARALLEL OPERATION

For applications where two or more MC33560 are used,
the digital control and data bus lines are comnwmlt
MC33560. Only the chip select signdlS, requires a
separate line for each interface.

While deselected, all communication pins except
CRDCLK will keep their logical state on the card sidej an
will go to high impedance mode on the microprocessor side.

Figure 31shows a typical application of a dual card reader.
This arrangement was chosen only to illustrateptrallel
operation of two card interfaces in the same module. The
discretecapacitor components amecessary to provide low
impedance on the supply ling€gar andCRDV ¢ and to
suppress the high frequency noise due to the DC-DC
converter. The load resistors are external in order to adapt
the sense current of the “card present” switches.

MINIMUM POWER CONSUMPTION
CONSIDERATIONS

All analog blocks except thegdr comparator and the
card presence detector are disabled in standby mode
(CS=H: DC-DC converter stopped).

In order to maintain standby current at a minimwiue,
all pins with pullup resistang€S, INT, RDYMOD) have
to be kept in the high state or left open, and pins with
pulldown resistanceRESET, SYNCLK, PWRON) have
to be kept in the low state or left op&$YCLKIN should
not be connected to an active clock signal duringdéta to
avoid dynamic currents. This is valid also 8YNCLK,
except that it can be left open.
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c8 CRDC8
C4 CRDDET
CRDC4
CRDCLK
CRDRST

VBAT CRDVCC

ILIM
PGND
CRDGND

CRDIO

PWRON —J N SYNCLK
INT/ / \\\ ASYCLKIN

RDYMOD INVOUT

CS 10
RESET

Figure 25. Example of Single Sided PCB Layout for M  C33560
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CRDVCC
CS
RDYMOD (out)

PWRON

10

C4.C8
RESET

CRDIO

CRDCLK

CRDC4, CRDC8
CRDRST

MC33560

POWERUP NORMAL OPERATION POWERDOWN
"
/ VTxH \
—
twon S \—vu/
"/
1/ _____/
W _MNN\ SS N SSN\S\S
VR /
N4
N/ n___/
)
\__/ -
SEQ1 to SEQ4 SEQ4 to SEQ1 — -

CRDDET

titout

tiitin

Figure 26. Card Signal Sequence During V. ¢ Powerup/Down

IN

3

CS

—_

4

|

RDYMOD (out)

15 uS typ.

INTERRUPT
SERVICING

|
- I
CStoINT |
I
I

POLLING

I

1

I

A nd
I tdrdy —>

I

I

INTERRUPT
SERVICING

Figure 27. Interrupt Servicing and Polling
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MCU deactivates PWRON
after card extraction

poll with PWRON = L ->
RDYMOD = H: card still present

CS=L,PWRON =H
CRDV¢c undervoltage
->RDYMOD =L

overload time
smaller than tgpes
(glitch not to scale)

card inserted

tfltout
—\ )
7
L V1xL

CRDVCC \ N { T 5
CRDDET ﬁ \ $ // s N
T e 5 A

CS —\ 54 V
5 / ¢
RDYMOD / 4 ‘ \\ $ $
35 ns typ card extraction

MCU polls
RDYMOD =H

poll with PWRON = H -> RDYMOD = L:

poll with PWRON = L -> RDYMOD = H:
DC-DC converter overload

card present

overload time
greater than tyes >
converter stop and
CRDV(c pulldown

Figure 28. Card Signal Sequence During V ¢ Overload and Unexpected Card Extraction
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Figure 29. “On-the—Fly” Card Clock Selection Exampl
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Figure 30. Card Reader/Writer Application
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Figure 31. Multi Slot Card Reader/Writer Applicatio
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MC33560

ORDERING INFORMATION

Device Package Shipping T
MC33560DTB TSSOP-24 62 Units / Rall
MC33560DTBR2 TSSOP-24 2500 / Tape & Reel
MC33560DTBR2G TSSOP-24 2500 / Tape & Reel

(Pb-Free)
MC33560DW SO-24 30 Units / Rall
MC33560DWR2 SO-24 1000 / Tape & Reel
MC33560DWR2G SO-24 1000 / Tape & Reel
(Pb-Free)

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
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MECHANICAL CASE OUTLINE Onsemﬁ
PACKAGE DIMENSIONS .

SOIC-24 WB
CASE 751E-04
X / ISSUE F
F DATE 03 JUL 2012
SCALE 1:1 NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME

Y14.5M, 1994.
D b_@ 2. CONTROLLING DIMENSION: MILLIMETERS.
E] 3. DIMENSIONS b AND ¢ APPLY TO THE FLAT SEC-
TION OF THE LEAD AND ARE MEASURED BE-

[ TWEEN 0.10 AND 0.25 FROM THE LEAD TIP.
m 13 L 4. DIMENSIONS D AND E1 DO NOT INCLUDE MOLD
FLASH, PROTRUSIONS OR GATE BURRS. MOLD
! FLASH, PROTRUSIONS OR GATE BURRS SHALL
[E] - - E1 ‘J L NOT EXCEED 0.15 mm PER SIDE. INTERLEAD
1 FLASH OR PROTRUSION SHALL NOT EXCEED
12 i DETAIL A 0.25 PER SIDE. DIMENSIONS D AND E1 ARE DE-
TERMINED AT DATUM H.
HOOOHHHEH0dE 5. A1 IS DEFINED AS THE VERTICAL DISTANCE
2ax b FROM THE SEATING PLANE TO THE LOWEST
PIN 1 POINT ON THE PACKAGE BODY.
INDICATOR |$| 0.25 ® | c | A ©| B® | MILLIMETERS
TOP VIEW NOTE 3 |DIM| MIN [ MAX |
A | 235 | 265
A A1 ]| 013 [ 0.29
b | 035 [ 049
3 . . M c | 023 | 032
ilninjninininninininial] \ D [ 1525 L1
S . o o s P E 10.30 BSC
X _.| c \'i_ E1 | 7.40 | 7.60
SIDE VIEW END VIEW |\|7| 0.310 0‘200
RECOMMENDED
SOLDERING FOOTPRINT* GENERIC
24X MARKING DIAGRAM*
> e 052 1.62
0000000o00nots 0000000000
09.0.0.0.0.0.9.9.9.9.9.6.4
I 09.9.0.9.9.0.9.9.9.9.9.9.4
O AWLYYWWG
- - 11.00 1
\ XXXXX = Specific Device Code
A = Assembly Location
DDDDD I:II:II:II:H:I WL = Wafer Lot
—r YY = Year
1 - | je—1.27 WW = Work Week
PITCH G = Pb-Free Package
DIMENSIONS: MILLIMETERS *This information is generic. Please refer to
*For additional information on our Pb-Free strategy and soldering device data sheet for actual part marking.
details, please download the ON Semiconductor Soldering and Pb-Free indicator, “G” or microdot “=”, may
Mounting Techniques Reference Manual, SOLDERRM/D. or may not be present. Some products may

not follow the Generic Marking.

DOCUMENT NUMBER: | 98ASB4Z3445 P e e e e oo e TR o
DESCRIPTION:| SOIC-24 WB PAGE 1 OF 1

onsemi and ONSEMI. are trademarks of Semiconductor Components Industries, LLC dba onsemi or its subsidiaries in the United States and/or other countries. onsemi reserves
the right to make changes without further notice to any products herein. onsemi makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
special, consequential or incidental damages. onsemi does not convey any license under its patent rights nor the rights of others.

© Semiconductor Components Industries, LLC, 2019 www.onsemi.com



MECHANICAL CASE OUTLINE ON Semiconductor®
PACKAGE DIMENSIONS

TSSOP24 WB
CASE 948K
ISSUE O
DATE 17 FEB 2000

SCALE 2:1

24X K REF NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

4,‘ ’4_($| 0.10(0.004)®|T| u ©| V©| Y14.5M, 1982.
. CONTROLLING DIMENSION: MILLIMETER.
|Q | 0.15 (0.006)| T| u® | . DIMENSION A DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH
|:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| OR GATE BURRS SHALL NOT EXCEED 0.15
I (0.006) PER SIDE.
24 13 . DIMENSION B DOES NOT INCLUDE INTERLEAD
[x L/2] FLASH OR PROTRUSION. INTERLEAD FLASH OR
0.25 (0.010) PER SIDE.
B . DIMENSION K DOES NOT INCLUDE DAMBAR
- - - - Cug) PROTRUSION. ALLOWABLE DAMBAR
PIN 1
IDEN'N
\O l
Y REFERENCE ONLY.

PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
1 12
. DIMENSION A AND B ARE TO BE DETERMINED
AT DATUM PLANE -W-.
< A >

w N

IS

PROTRUSION SHALL NOT EXCEED

o

=3

. TERMINAL NUMBERS ARE SHOWN FOR

~

EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.
MILLIMETERS INCHES

| DIM[ MIN | MAX | MIN | MAX

7.70 | 7.90 | 0303 | 0311
550 | 570 | 0.216 | 0.224
- [ 120 [ --- | 0.047
0.05 | 0.5 | 0.002 | 0.006
050 | 075 | 0.020 | 0.030

0.65BSC 0.026 BSC

027 | 037 | 0011 | 0015
0.09 | 020 | 0.004 | 0.008
0.09 | 0.16 | 0.004 | 0.006
019 | 030 | 0.007 | 0012
019 | 025 | 0.007 | 0.010

7.60 BSC 0.209 BSC
0° [ 8° 0° 8°

|]0.15 (0.008)| T| U ®]

=]

V-
J_ [ /\——
t < (T - 3
~[0.10 (0.004) J‘ } G_» DETAILE "~
—T—| SEATING D
PLANE H

—I
=
]

= |- [Z xS |x@|n|olo|w|x

v 4

N —M_\ J ‘7‘I
¢ T T Z:

SECTION N-N
DETAIL E J

. Electronic versions are uncontrolled except when accessed directly from the Document Repository.
DOCUMENT NUMBER: 98ASH70455A Printed versions are uncontrolled except when stamped “CONTROLLED COPY” in red.

DESCRIPTION:| TSSOP24 WB PAGE 1 OF 1

ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor reserves the right to make changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation special, consequential or incidental damages. ON Semiconductor does not convey any license under its patent rights nor the
rights of others.

© Semiconductor Components Industries, LLC, 2019 www.onsemi.com




onsemi, ONSEML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS: ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical-documentation For additional information, please contact your local Sales Representative at
onsemi Website: www.onsemi.com www.onsemi.com/support/sales
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