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Advance Information

Multiple Switch Detection Interface

The 33993 Multiple Switch Detection Interface is designed to detect the
closing and opening of up to 22 switch contacts. The switch status, either open
or closed, is transferred to the microprocessor unit (MCU) through a serial
peripheral interface (SPI). The device also features a 22-to-1 analog multiplexer
for reading inputs as analog. The analog input signal is buffered and provided on
the AMUX output pin for the MCU to read.

The 33993 device has two modes of operation, Sleep and Normal. The Sleep
mode provides low quiescent current and enables the wake-up features of the
device. Normal mode allows programming of the device and supplies switch
contacts with pull-up or pull-down current as it monitors switch change of state.

The 33993 is packaged in the 32-pin wide-body SOIC, reducing circuit board
area. Low quiescent current makes the 33993 ideal for automotive and industrial
products requiring low sleep state currents. The internal block diagram of the
33993 is illustrated in Figure 1, page 2.

Features
+ Designed to Operate 5.5V < Vpyr <26 V
« Switch Input Voltage Range -14 V to Vpyr, 40 V Max
* Interfaces Directly to Microprocessor Using 3.3 V/5.0 V SPI Protocol
» Selectable Wake-Up on Change of State
» Selectable Wetting Current (16 mA or 2.0 mA)

33993

MULTIPLE SWITCH
DETECTION INTERFACE

DWB SUFFIX
CASE 1324
32-LEAD SOICW

ORDERING INFORMATION

. Devi Temperature Pack
» 8 Programmable Inputs (Switches to Battery or Ground) evice Range (Tp) ackage
* 14 Switch-to-Ground Inputs VC33993DWE/RD . - 32 SOICW
* Vpwr Standby Current 100 pA Typical, Vpp Standby Current 20 pA Typical -40°C 10 125°C
« Active Interrupt (INT) on Change-of-Switch State
33993 Simplified Application Diagram
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Figure 1. 33993 Simplified Internal Block Diagram
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PIN FUNCTIONAL DESCRIPTION

1@ 32| —— SO

2 31| —— Vpp

3 30| —3 AMUX
4 29 — INT

5 28| — SP7

6 271 —— SP6

7 26| — SP5

8 25| — SP4

9 24/ — SG7
10 23| [— SG8
1 22| — SG9
12 21| —3 SG10
13 200 —— SGM
14 19| —3 SG12
15 18| —— SG13
16 17| == WAKE

Pin Pin Name Formal Name Description
1 GND Ground Ground for logic, analog, and switch to battery inputs.
2 Sl SPI Slave In SPI control data input pin from MCU to 33993.
3 SCLK Serial Clock SPI control clock input pin.
4 cs Chip Select SPI control chip select input pin from MCU to 33993. Logic 0 allows data to be
transferred in.
5-8 SP0-3 Programmable Switches 0—7 | Programmable switch-to-battery or switch-to-ground input pins.
25-28 SP4-7
9-15, SGO0-6, Switch-to-Ground Inputs 0—-13 | Switch-to-ground input pins.
18-24 SG13-7
16 VpwR Battery Input Battery supply input pin. Pin requires external reverse battery protection.
17 WAKE Wake-Up Open drain wake-up output. Designed to control a power supply enable pin.
29 INT Interrupt Open-drain output to MCU. Used to indicate input switch change of state.
30 AMUX Analog Multiplex Output Analog multiplex output.
31 Vpp Voltage Drain Supply 3.3/5.0 V supply. Sets SPI communication level for SO driver.
32 SO SPI Slave Out Provides digital data from 33993 to MCU.

MOTOROLA ANALOG INTEGRATED CIReY{T g &R 6P mation On This Product,
Go to: www.freescale.com

33993/D
3




Freescale Semiconductor, Inc.

MAXIMUM RATINGS
All voltages are with respect to ground unless otherwise noted.

Rating Symbol Value Unit

Vpp Supply Voltage - -0.3t07.0 Vbe
CS, SI, SO, SCLK, INT, AMUX (Note 1) - -0.3t07.0 Vpe
WAKE (Note 1) - -0.3 t0 40 Vbe
Vpwr Supply Voltage (Note 1) - -0.3t0 50 Vbe
Switch Input Voltage Range - -14 to 40 Vbc
Frequency of SPI Operation (Vpp = 5.0 V) - 6.0 MHz
ESD Voltage (Note 2) \Y

Human Body Model (Note 3), (Note 4) VEsD1 +4000

Machine Model (Note 5) VesD2 +200
Storage Temperature Tsta -55 to 150 °C
Operating Case Temperature Te -40 to 125 °Cc
Operating Junction Temperature T, -40 to 150 °Cc
Power Dissipation (T = 25°C) (Note 6) Pp 1.7 W
Thermal Resistance °C/W

Junction to Ambient Rea 74

Junction to Lead RouL 25

Notes
1. Exceeding these limits may cause malfunction or permanent damage to the device.

2. ESD data available upon request.
3. ESD1 testing is performed in accordance with the Human Body Model (Czap = 100 pF, Rzap = 1500 Q).
4. All pins when tested individually.
5. ESD2 testing is performed in accordance with the Machine Model (Czpp = 200 pF, Rzpp = 0 Q).
6. Maximum power dissipation at T; =150°C junction temperature with no heat sink used.
23993ID For More Information d‘?‘lﬂﬁ}ﬁwéh% ,INTEGRATED CIRCUIT DEVICE DATA

Go to: www.freescale.com



Freescale Semiconductor, Inc.

STATIC ELECTRICAL CHARACTERISTICS
Characteristics noted under conditions of 3.1 V <Vpp<5.25V, 8.0 V< Vpyr <16V, -40°C < T < 125°C, unless otherwise noted.
Where applicable, typical values reflect the parameter’s approximate average value with Vpyyg = 13V, T = 25°C.

Characteristic Symbol Min Typ Max ‘ Unit
POWER INPUT
Supply Voltage \%
Supply Voltage Range Quasi-Functional (Note 7) VPWR(qf) 5.5 - 8.0
Fully Operational VPwR (fo) 8.0 - 26
Supply Voltage Range Quasi-Functional (Note 7) VPWR(qf) 26 _ 40
Supply Current lPWR(on) mA
All Switches Open, Normal Mode, Tri-State Disabled - 2.0 4.0
Sleep State Supply Current IPWR(ss) pA
Scan Timer = 64 ms, Switches Open 40 70 100
Logic Supply Voltage Vpp 3.1 - 5.25 \%
Logic Supply Current Ipp mA
All Switches Open, Normal Mode - 0.25 0.5
Sleep State Logic Supply Current IpD(ss) pA
Scan Timer = 64 ms, Switches Open - 10 20
SWITCH INPUT
Pulse Wetting Current Switch-to-Battery (Current Sink) Ipuise 12 15 18 mA
Pulse Wetting Current Switch-to-Ground (Current Source) Ipuise 12 16 18 mA
Sustain Current Switch-to-Battery Input (Current Sink) Isustain 1.8 2.0 22 mA
Sustain Current Switch-to-Ground Input (Current Source) Isustain 1.8 2.0 22 mA
Sustain Current Matching Between Channels on Switch-to-Ground Inputs IMatch %
Isusax) - Isusuin) o o _ 20 40
IsusmiN)
Input Offset Current when Selected as Analog loffset -2.0 1.4 2.0 pA
Input Offset Voltage when Selected as Analog Voffset mV
V(SP&SGinputs) to AMUX Output -10 2.5 10
Analog Operational Amplifier Output Voltage VoL mV
Sink 250 pA - 10 30
Analog Operational Amplifier Output Voltage VoH \%
Source 250 pA Vpp-0.1 - -
Switch Detection Threshold Vih 3.70 4.0 4.3 \
Switch Input Voltage Range Vin -14 - 40 \%
Temperature Monitor (Note 8), (Note 9) Tum 155 - 185 °C
Temperature Monitor Hysteresis (Note 9) TLiM(hys) 5.0 10 15 °C
Notes

7. Device operational. Table parameters may be out of specification.
8. Thermal shutdown of 16 mA pull-up and pull-down current sources only. 2.0 mA current source/sink and all other functions remain active.
9. This parameter is guaranteed by design but is not production tested.

MOTOROLA ANALOG INTEGRATED CIREUITREVICERATA - —+:0 1 On This Produ ct, 33993/:;
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STATIC ELECTRICAL CHARACTERISTICS (continued)

Characteristics noted under conditions of 3.1 V< Vpp<5.25V, 8.0 V< Vpyr <16V, -40°C < T < 125°C, unless otherwise noted.

Where applicable, typical values reflect the parameter’s approximate average value with Vpyyg = 13V, Tp = 25°C.

Characteristic Symbol Min Typ Max ‘ Unit ‘
DIGITAL INTERFACE
Input Logic Voltage Thresholds (Note 10) ViNLOGIC 0.8 - 22 \
SCLK, SI, Tri-State SO Input Current IscLk, Isi, pA
0Vto Vpp Iso(Tri) -10 - 10
CS Input Current Ics HA
CS=Vpp -10 - 10
CS Pull-Up Current Ics pA
cs=0V 30 - 100
SO High-State Output Voltage Vs0(high) \
IS0 (high) = -200 pA Vpp - 0.8 - Vbp
SO Low-State Output Voltage Vso(low) \
|SO(high) =1.6 mA - - 0.4
Input Capacitance on SCLK, SI, Tri-State SO (Note 11) CiN - - 20 pF
INT Internal Pull-Up Current - 15 40 100 pA
INT Voltage VINT (high) v
INT = Open Circuit Vpp - 0.5 - Vbp
INT Voltage VINT (low) v
IINT = 1.0 mA - 0.2 0.4
WAKE Internal Pull-Up Current ITWAKE (pu) 20 40 100 pA
WAKE Voltage VWAKE (high) \Y
WAKE = Open Circuit 4.0 4.3 5.3
WAKE Voltage VWAKE(low) v
Iwake = 1.0 mA - 0.2 0.4
WAKE Voltage VWAKE(max) v
Maximum Voltage Applied to WAKE Through External Pull-Up - - 40

Notes

10. Upper and lower logic threshold voltage levels apply to Sl, CS, and SCLK.

11.  This parameter is guaranteed by design but is not production tested.

33993/D
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DYNAMIC ELECTRICAL CHARACTERISTICS

Characteristics noted under conditions of 3.1V <Vpp<5.25V, 8.0 V< Vpyr £ 16 V, -40°C < T < 125°C, unless otherwise noted.

Where applicable, typical values reflect the parameter’s approximate average value with Vpyyr = 13V, T = 25°C.

Characteristic Symbol Min Typ Max ‘ Unit ‘
SWITCH INPUT

Pulse Wetting Current Time toulse (on) 15 16 20 ms

Interrupt Delay Time tint-dly us
Normal Mode - 5.0 16

Sleep Mode Switch Scan Time tscan 100 200 300 us

Calibrated Scan Timer Accuracy tscan timer %
Sleep Mode - - 10

Calibrated Interrupt Timer Accuracy tint timer %
Sleep Mode - - 10

DIGITAL INTERFACE TIMING (Note 12)

Required Low State Duration on Vpyyg for Reset (Note 13) tRESET us
Vpyr< 02V - - 10

Falling Edge of CS to Rising Edge of SCLK tiead ns
Required Setup Time 100 - -

Falling Edge of SCLK to Rising Edge of CS tiag ns
Required Setup Time 50 - -

Sl to Falling Edge of SCLK tsisu) ns
Required Setup Time 16 - -

Falling Edge of SCLK to SI tsi(hold) ns
Required Hold Time 20 - -

Sl, CS, SCLK Signal Rise Time (Note 14) tr(sn - 5.0 - ns

Sl, CS, SCLK Signal Fall Time (Note 14) te(siy - 5.0 - ns

Time from Falling Edge of CS to SO Low Impedance (Note 15) tso(en) - - 55 ns

Time from Rising Edge of CS to SO High Impedance (Note 16) tso(dis) - - 55 ns

Time from Rising Edge of SCLK to SO Data Valid (Note 17) tyalid - 25 55 ns

Notes

12. These parameters are guaranteed by design. Production test equipment uses 4.16 MHz, 5.0 V SPI interface.

13. This parameter is guaranteed by design but not production tested.

14. Rise and Fall time of incoming SI, CS, and SCLK signals suggested for design consideration to prevent the occurrence of double pulsing.

15. Time required for valid output status data to be available on SO pin.
16. Time required for output states data to be terminated at SO pin.
17. Time required to obtain valid data out from SO following the rise of SCLK with 200 pF load.

MOTOROLA ANALOG INTEGRATED CIReY{T g &R 6P mation On This Product,
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Timing Diagrams
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Figure 2. SPI Timing Characteristics
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