
C S1112

Quad Power Output Driver
The CS 1112 is a Power Output Driver. The IC incorporates four 

protected DMOS low-side drivers designed to drive inductive and 
resistive loads in an automotive enviromnent. The outputs are 
controlled by an 8—bit serial peripheral interface (SPI) or its associated 
parallel input. Each output contains overcurrent protection, open load 
detection, and inductive llyback clamps. The device is overvoltage 
protected. Overcurrent and open load faults are reported over the SPI 
port, and at the STATUS lead.
1/0 Control

SPI communication is initiated by asserting CSB Iow. Data at the SI 
lead is transferred on the rising edge of SCLK. The M SB is transferred 
first. The outputs become active at the rising edge of CSB. Diagnostic 
status bits are transferred out the SO lead at the falling edge of SCLK. 
The SO lead is high impedance while CSB is high. An open drain 
output, (STATUS) reports a fault (short to Vpwr. GND, or open load) 
has occurred at one or morę o f the outputs.
Protection

Each output independently detects shorts to Vpwr while the output 
is “on” and open load/short to ground while the output is “off”. The 
fault register will be set if  a fault occurs at the output. The fault register 
will be reset if  the fault condition is removed from the output. The 
fault data is latched when CSB is asserted Iow.

If an overcurrent condition or short Circuit to Vbatt occurs, the 
output goes into a Iow duty cycle modę for the duration of the fault. 
The outputs are disabled during an overvoltage or undervoltage 
condition.

Features
• 4.0 MHz Serial Input Bus
• Parallel Input Control
• 1.0 Q DMOS Drivers (typ)
• Power On Reset
• Intemal Flyback Clamps
• Status Output
• Fault Protection

— 46 V  Peak Transient
— Power Limiting

— Undervoltage
— Overvoltage

• Fault Reporting

— Open Load
— Short Circuit

• 8 Intemally Fused Leads
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A = Assembly Location
WL, L = Wafer Lot
YY, Y = Year
WW, W  = Work Week

ORDERING INFORMATION
Device Package Shipping

CS1112YDWF24 SO-24L 31 Units/Rail

CS1112YDWFR24 SO-24L 1000 Tape & Reel
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CS1112

APPLICATION DIAGRAM

IN1 IN2 IN3 IN4 VDD VPWR

ABSOLUTE MAXIMUM RATINGS*
Rating Value Unit

DC Supply (VPWr) -0.3 to 30 V

Output DC Voltage (Out 0, 1,2, 3) 46 V

Vqq Supply Voltage -0.3 to +7.0 V

Peak Transient (1.0 ms rise time, 300 ms period, 32 V Load Dump @ 14 V V Pw r ) 46 V

Digital Input Voltage —0.3 to Vqq + 0.3 V

Single Pulse Avalanche Energy (I = 450 mA)(Out 0, 1,2, 3) 50 mJ

Operating Junction Temperaturę, T j -40  to 150 °C

ESD Capability (Humań Body Model) 1.5 kV

Lead Temperaturę Soldering: Reflow: (SMD styles only) (Notę 1) 230 peak °C

1. 60 second maximum above 183°C.
*The maximum package power dissipation must be observed.
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CS1112

ELECTRICAL CHARACTERISTICS (9.0 V < VPWr < 17 V, 4.5 V < VDD < 5.5 V, -40°C < T j < 125°C, 
5.5 V < VPWR < 25 V, (Outputs Functional); unless otherwise specified.)

Characteristic Test Conditions Min Typ Max Unit

Supply Voltages and Currents

Vqq Power On Reset Threshold Outputs Latched Off By Event 2.5 3.0 3.5 V

Vqq Power On Reset Hysteresis - - 200 - mV

VpwR Undervoltage Outputs Latched Off By Event 4.0 4.5 5.0 V

VpwR Overvoltage Lockout Outputs Latched Off By Event 30 35 45 V

Digital Supply Current, lv ( D D ) Ali Outputs On (@ 350 mA) - - 5.0 mA

Analog Supply Current, Iv (pwr) Ali Outputs On (@ 350 mA) - - 5.0 mA

Sleep Current, Iv (pwr) VDD < 0.5 V - - 10 pA

Digital Inputs and Outputs

V|N High SI, SCLK, CSB, INO, IN1, IN2, IN3 70 - - %Vqq

V|n Low SI, SCLK, CSB, INO, IN1, IN2, IN3 - - 30 %Vqq

V|n Hysteresis - - 230 - mV

Input Pulldown Current SI, INO, IN1, IN2, IN3, V|N = 30% VDD - - 25 pA

Input Pullup Current CSB, V|N = 70% VDD - - -25 pA

Status Low isTATUS = 0.5 mA - 0.1 0.5 V

Fault Detection/Timing

Overcurrent Sense Time, tgs Overcurrent Sense Time, Rosc = 82 k£2 25 62.5 100 jas

Overcurrent Shutdown Time Overcurrent Shutdown Time, Rosc = 82 k£2 1.60 3.94 6.3 ms

Fault Duty Cycle After the first fault cycle, Notę 1 1.4 1.56 1.7 %

Open Load Trip Point IN = Low 40 50 60 %Vqq

Open Load Sense Time Open Load Sense Time, Rosc = 82 k£2 12.5 - 100 jas

Power Outputs

VDrain Clamp Id = 20 mA, tcLAMP = 100 ps 48 52 64 V

Drain Leakage Current VDRAIN = 17 V - - 25 pA

Drain Leakage Current VDRAIN = 46 V - - 400 pA

RDS(ON) VPWR = 13 V, lD = 0.5 A - 1.0 2.0 n

Current Limit Notę 2 3.0 4.5 6.0 A

Reverse Diodę Drop Reverse Diodę Drop I = 350 mA - - 1.4 V

Fali Time Delay, tphi Vpwr = 13 V, Rload = 33 O, 
Notę 3 (see Figurę 2)

- 10 jas

Rise Time Delay, tp|h Vpwr = 13 V, Rload = 33 o., 
Notę 3 (see Figurę 2)

- 15 jas

Rise Time, tr Vpwr = 13 V, Rload = 33 Q 0.4 - 10 jas

Fali Time, tf Vpwr = 13 V, Rload = 33 Q 0.4 - 10 jas

1. Guaranteed by design.

2. A duty cyde modę will initiate at a minimum of 1.0 A and before the current limit.

3. Output turn on delay and turn off delay from rising edge of CSB to the output reaching 50% of VpwR-
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CS1112

ELECTRICAL CHARACTERISTICS (continued) (9.0 V < VPWR < 17 V, 4.5 V < VDD < 5.5 V, -40°C < T j < 125°C, 
5.5 V < VPWR < 25 V, (Outputs Functional); unless otherwise specified.)

Characteristic Test Conditions Min Typ Max Unit

Serial Peripheral Interface VPWr = 14 V

SCLK Clock Period C0 = 200 pF 250 - - ns

MAX Input Capacitance SI, SCLK, Notę 1 - - 12 PF

v out High SO, Iqh = 1 0 mA

OIOo>

- - V

Vout i-ow SO, Iol = 1 0 mA - - 0.5 V

SCLK High Time F s c l k  = 4.0 MHz, SCLK = 2.0 V to 2.0 V 
(see Figurę 1)

125 - - ns

SCLK Low Time F s c l k  = 4.0 MHz, SCLK = 0.8 V to 0.8 V 
(see Figurę 1)

125 - - ns

SI Setup Time SI = 0.8 V/2.0 V to SCLK = 2.0 V at 4.0 MHz; 
Notę 1 (see Figurę 1)

25 - - ns

SI Hołd Time SCLK = 2.0 V to SI = 0.8 V/2.0 V at 4.0 MHz; 
Notę 1 (see Figurę 1)

25 - - ns

SO Rise Time CLD = 200 pF (0.1 VDD to 0.9 VDD); 
Notę 1

- 25 50 ns

SO Fali Time CLD = 200 pF (0.9 VDD to 0.1 VDD); 
Notę 1

- - 50 ns

CSB Setup Time CSB = 0.8 V to SCLK = 2.0 V 
(see Figurę 1) Notę 1

60 - - ns

CSB Hołd Time SCLK = 0.8 V to CSB = 2.0 V 
(see Figurę 1) Notę 1

75 - - ns

SO Delay Time SCLK = 0.8 V to SO Data Valid, VDD = 5.0 V 
CLD = 200 pF at 4.0 MHz 
(see Figurę 1); Notę 1

65 125 ns

Xfer Delay Time CSB rising edge to next falling edge. 
Notę 1

1.0 - - jas

1. Guaranteed by design.

PACKAGE PIN DESCRIPTION
PACKAGE PIN #

PIN SYMBOL FUNCTION24 Lead SOIC

1 V DD Input voltage to bias logie and control circuitry.

2 V PWR Input voltage to bias gate drive circuitry.

3 OUTO Open drain output one.

4 INO Parallel input one.

5, 6, 7, 8 
17, 18, 19, 20

GND Ground Reference.

9 IN1 Parallel input two.

10 OUT1 Open drain output two.

11 SI SPI serial input.

12 CSB SPI active low chip select.

13 SCLK SPI clock input.

14 SO SPI serial output.

http://onsemi.com
2929

http://onsemi.com


CS1112

PACKAGE PIN DESCRIPTION (continued)
PACKAGE PIN #

PIN SYMBOL FUNCTION24 Lead SOIC

15 0UT2 Open drain output three.

16 IN2 Parallel input three.

21 IN3 Parallel input four.

22 0UT3 Open drain output four.

23 STATUS Open drain output, which is asserted when an open load or 
overcurrent condition occurs at any of the outputs.

24 R OSC 82 k£2 resistortied to ground to set up accurate internal cur- 
rent sources.

CIRCUIT DESCRIPTION

Typical Operation
Control of the CS 1112 can be done using the Serial 

Peripheral Interface (SPI) port using the Data Input 
information in Table 1, or the outputs can be controlled via 
the parallel inputs (INO, INI, IN2, IN3). INO Controls OUTO, 
IN I Controls OUT1, IN2 Controls OUT2, and IN3 Controls

OUT3. Tuming the output drivers on is an OR function with 
the SPI input and the parallel inputs.

Notę: To prevent damage to the IC or the output load, Vdd 
must be above the Power on Reset threshold (3.5 V) before 
INO, IN I, IN2, or IN3 are asserted high (<  70% VDD).

TIMING DIAGRAM
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Table 1. SPI Inputs

D7 D6 D5 D4 D3 D2 D1 DO

X X X X 0UT3 0UT2 0UT1 OUTO

MSB LSB

X = Don’t Care; MSB is Transferred first.
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SERIAL PERIPHERAL INTERFACE TIMING RECHJIREMENTS

BŁOCK DIAGRAM

INO IN1 IN2 IN3
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CS1112

APPLICATION INFORMATION

CIRCUIT DESCRIPTION
The CS 1112 was developed for use in very noisy and very 

harsh environments such as seen in an automobile system. 
The device has four low-side switches all controlled 
through an 8—bit Serial Peripheral Interface (SPI) port. 
Control of the outputs is also O R’d witli parallel inputs. This 
is a critical feature enliancement over similar devices 
because of the ease in which the parallel inputs can be used 
to control the outputs in a Pulse Width Modulation (PWM) 
modę. Creating a PWM modę using just the serial port input 
is not a practical application.

This part uses ON Semiconductoris POWERSENSE™ 
process teclmology. POW ERSENSE combines the 
robustness o f Bipolar with the dense logie capability of 
CMOS, and the power capabilities o f DMOS.

Power consumption is kept to a minimum using 
POW ERSENSE in comparison to a bipolar teclmology. A 
bipolar process reąuires DC bias currents to power-up the 
integrated Circuit. This is needed in many applications 
reąuiring analog circuitry, but is not needed here. Digital 
POW ERSENSE logie dissipates power only when 
switching because tliat is when transient gate cliarging 
current flows. POW ERSENSE logie reąuires little space, 
and is a good economical solution. The DMOS side o f the 
process provides a robust user interface to the outside world 
on each of the outputs. Peak transient capability o f each 
output is rated at a maximum of 46 V  (typical of an 
automotive load dump transient).

The CS 1112 uses quasi-vertical DMOS transistors 
resulting in an output resistance (Rds(ON)) at each output of 
less than 1.0 Q (S>, 13 V  and 500 mA (S>, 25°C.

The part can be put in a sleep modę where the part draws 
less than 2.0 pA of bias current from Vpw r- The part enters 
this sleep modę when V dd <  0.5 V  Maximmn ąuiescent 
current for the device is 5.0 mA maximum for any 
combination of output drivers enabled.

Fault reporting is controlled by the CS 1112. Overcurrent 
and short to Vbatt are detected when the output is on. Open 
load and short to ground are detected when the output is off. 
Faults are reported out of the serial output (SO) pin as a new 
8—bit word is being fed into the serial input (SI) pin.

Figurę 3 highlights the SPI interface between the 
microprocessor and the CS 1112. The SPI control inputs and 
all other logie inputs are compatible with 5.0 V  CMOS logie 
levels.

Figurę 3.
The four communication lines which define the SPI 

interface are the SI, SO, CSB, and SCLK. The parallel 
inputs, w hich control the outputs can also connect to the 
same microprocessor, a separate microprocessor, or any 
other sensor or electrical device which meets the voltage 
reąuirements o f the CS 1112 (ViN(max) =  V dd +  0.3 V).

SPI communication is as follows (2 scenarios):
1. 8-Bit Normal Operation

CSB pin is brought Iow activahng the SPI port. Faults 
detected sińce the last CSB Iow to high transition are 
latched into the serial register when CSB goes Iow. 8 
coimnand bits are clocked into the SI pin. The four 
fault bits are clocked out o f the SO pin. CSB pin is 
brought high translating the finał 4 bits to the outputs 
tuming them on or off. Faults are then detected and 
saved in the fault register when CSB goes Iow.

2. 16-Bit Operation For Command Verify
CSB pin is brought Iow activating the SPI port. 16 bits 
are clocked into the SI pin (the last 4 are the 4 control 
pins for the four outputs). CSB pin is brought high 
translating the last 4 bits to the outputs tuming them 
on or off.
CSB pin is brought Iow activating the SPI port. 16 
new bits are clocked into the SI pin. As the new bits 
are being clocked in, the first 8 bits being clocked out 
of the SO pin are the fault bits, followed by the first 
8 bits which were clocked in (the verification bits). 
The verification bits should replicate the coimnand 
bits.

Serial clock freąuencies up to 4.0 MHz can be used by the 
CS1112.
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CS1112

Intemal pull-up circuitry is provided on the Chip Select 
Bar (CSB) pin. Intemal active pulldowns are provided on the 
parallel input pins (INO, IN I, IN2, IN3, and SI pin).

A product highlight o f this part is its ability to be 
daisy-chained with other parts which follow the SPI 
protocol as defined in Figurę 1. Figurę 4 displays this aspect. 
The serial output o f each device is fed into the serial input 
o f the next device. Ali data bits are clocked into their 
respective registers, winie the CSB pin is Iow. The drivers 
are switched to the resulting command when the CSB pin is 
brought back high.

Figurę 4.
Multiple SPI port devices can also be connected in a 

parallel fashion (Figurę 5) instead of the daisy-chained 
connection previously shown. The microprocessor Controls 
the CS 1112 in a multiplex fashion allowing the serial data 
input to be input to the device when the device is activated 
through the CSB pin. Tlus creates a system whose number 
o f outputs is a multiple o f 4. Figurę 5 displays a 12 output 
setup.

CS1112
SI OUTO
SCLK OUT 1
CSB 0UT2

0UT3

CS1112
SI OUTO
SCLK 0UT1
CSB 0UT2

0UT3

CS1112
SI OUTO
SCLK 0UT1
CSB 0UT2

0UT3

Figurę 5.
Figurę 6 displays the device controlling 4 outputs with the 

use o f its SPI port. Figurę 7 displays the device controlling 
1 output with the SPI port, and 3 outputs being controlled

with the parallel inputs allowing them to ran in a PWM 
modę.

Figurę 6.

Figurę 7.
The CS 1112 provides a very efficient way of controlling 

4 output drivers by minimizing the nmnber o f I/O pins 
tln-ough use o f the SPI port, and still provides the flexibility 
o f pulse width modulating the output drivers where needed. 
The use of the SPI also allows the integrated Circuit to 
communicate directly with the microprocessor.

Winie designed for an automotive environment, the 
CS 1112 can be used in other applications in the Computer 
market, industrial market, telecommunications market, or 
any other instance where numerous drivers are needed. Ali 
parts are 100% tested and guaranteed to meet all parameters 
specified in the electrical characteristics. These 
specifications cover the entire voltage rangę for V pwr 
(9.0 V  to 17 V), and VDD (4.5 V  to 5.5 V).
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FAULT MODĘ OPERATION
The CS1112 provides protection for a multitude of system 

faults and conditions. These include Overvoltage, Current 
Limit, Open Circuit, Output Short to Power, Output Short to 
Ground, and Flyback Clamp.

Overvoltage
The IC is constantly monitoring the voltage on the V pwr 

pin. If  the voltage on this pin exceeds the Overvoltage 
Shutdown Threshold (typically 35 V), all outputs 
immediately tum ofif The prograimned outputs (via serial or 
parallel input) tumback on once the voltage is brought back 
down below tlus level.

Current Limit/Short to Vbatt
When the output current exceeds the Overcurrent (4.5 A 

typical) for the Short Circuit/Overcurrent Sense Time 
(typically 62.5 |is) as it would do during an output short to 
V]> y i t . its fault status bit will be latched to a logie one. The 
fault status bit remains latched until the rising edge of CSB. 
The output will go into a Iow duty cycle modę (typically 
1.56%) as long as the overcurrent condition exists, and the 
channel is on. Tlus protects the integrated Circuit from 
damaging itself due to its thennal limits.

Open Circuit/Short to Ground
Open Circuit conditions are detected winie the outputs are 

off. A fault bit is set when the Open Load “OfiT Detection 
Voltage (typically 0.5 x  V dd) is present for the Open Load 
“O ff’ Sense Time (typically 62.5 |is) as it would do during 
an output short to ground.

Flyback Clamp
Winie the flyback clamp is not a fault modę, it is a 

protection feature o f the CS 1112. When drhdng inductive 
loads, it is nonnal to observe high voltage spikes on the 
output pin due to the stored eneigy in the windings when the 
device is tumed ofif On-chip clamps on the outputs limit the 
voltage amplitudę on the pin to prevent damage to the 
device. Each output has an Output Clamp which limits the 
output voltage to 52 V  (typical when measured at 20 mA for 
100 ps).

PIN FUNCTION DESCRIPTION 

SI
The SI (Serial Input) receives serial 8—bit or 16—bit words 

sent most significant bit first. Data is clocked in on the rising 
edge of SCLK. An intemal active pull-down is connected to 
tlus input. CMOS logie levels are reąuired on tlus pin.

SO
The SO (Serial Output) canbe connected to the serial data 

input pin o f the microprocessor, or it can be daisy-chained 
to the serial input (SI) o f another SPI compatible device. 
This pin is tri-stated unless a Iow CSB pin selects the device.

The signal on tlus pin is clocked from the falling edge of the 
SCLK pin. The serial output data provides fault infonnation 
for each output and retums most significant bit (bit 7) first. 
Bits 0 through 3 are output fault bits for outputs 0 through 
3, respectively. In 8—bit SPI modę, bits 0 -3 , under nonnal 
conditions return all zeros representing no faults. A 1 
indicates a fault. The output from this pin confonns to 
CMOS logie levels.

Rosc
An 82 kQ resistor tied to ground sets up an accurate 

intemal cunent source.

CSB
The CSB (Chip Select Bar) is the select pin when the 

microprocessor wants to communicate withthe CS 1112. A 
Iow on tlus pin enables the SPI communication with the 
device and enables the SO pin. After the digital word is 
clocked into the IC, a transition from Iow to high on the CSB 
pin translates the last 4 bits o f infonnation tuming the 
outputs on or ofif. An intemal active pull-up is connected to 
tlus input. CMOS logie levels are reąuired on tlus pin.

SCLK
The SCLK (Serial Clock) clocks the intemal shifit 

registers. Tlus pin Controls the data being shifted into the SI 
pin, and data being shifted out o f the SO pin. CMOS logie 
levels are reąuired on this pin.

INO, IN1, IN2, IN3
These pins control their conesponding numbered output. 

These are the parallel input pins w hich may be used to PWM 
the outputs. They have 230 mV of hysteresis. These inputs 
are O R ’d with their conesponding input bit in the serial 
control by te. An intemal active pull-down is connected to 
these pins. CMOS logie levels are reąuired on these pins.

OUTO, OUT1, OUT2, OUT3
These pins are the output low-side driver pins. They all 

have typically 1.0 Q R d s (O N ) at Vpwr =  13 V  Cunent limit 
on these pins has a minimum specification of 3.0 A. A Iow 
duty cycle modę (1.5% typ.) will inihate at a minimum of 1A 
and before the cunent limit.

VpWR
14 V  Battery voltage input. 5.0 mA (max) is needed.

VDd
5.0 V  Supply input. 5.0 mA (max) is needed.

STATUS
Open drain output. Tlus pin goes Iow when an open load 

or overcunent condition occurs on any of the outputs. Tlus 
provides iimnediate notification to the controller that a fault 
is present. The controller can subseąuently ąuery the device 
(serially) to detennine its origin.
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PACKAGE THERMAL DATA

Parameter SO-24L Unit

R 0JC Typical 9 °C/W

R 0JA Typical 55 °c /w
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