Features

¢ Six High-side and Six Low-side Drivers

¢ Outputs Freely Configurable as Switch, Half Bridge or H-bridge

* Capable to Switch all Kinds of Loads such as DC Motors, Bulbs, Resistors, Capacitors
and Inductors

0.6 A Continuous Current per Switch

Low-side: Rpgo, < 1.5 Q versus Total Temperature Range

High-side: Rpg,, < 2.0 Q versus Total Temperature Range

Very Low Quiescent Current Is < 20 pA in Standby Mode

Outputs Short-circuit Protected

Overtemperature Prewarning and Protection

Undervoltage Protection

Various Diagnosis Functions such as Shorted Output, Open Load, Overtemperature
and Power Supply Fail

Serial Data Interface

Operation Voltage up to 40 V

Daisy Chaining Possible

S028 Power Package

Description

The T6816 is a fully protected driver interface designed in 0.8 pym BCDMOS technol-
ogy. It is especially suitable for truck or bus applications and the industrial 24-V supply.
It controls up to 12 different loads via a 16-bit dataword.

Each of the six high-side and six low-side drivers is capable to drive currents up to
600 mA. The drivers are freely configurable and can be controlled separately from a
standard serial data interface. Therefore, all kinds of loads such as bulbs, resistors,
capacitors and inductors can be combined. The IC is also designed to easily build H-
bridges to drive DC motors in motion-control applications.

Protection is guaranteed in terms of short-circuit conditions, overtemperature and
undervoltage. Various diagnosis functions and a very low quiescent current in standby
mode open a wide range of applications.

Overvoltage protection is matched to the requirements of the 24-V industrial voltage
and the 24-V automotive supply. Automotive qualification referring to conducted inter-
ferences, EMC protection and 2 kV ESD protection gives added value and enhanced
quality for the exacting requirements of automotive applications.
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Figure 1. Block Diagram
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Pin Configuration Figure 2. Pinning SO28

HS6 LS6 DI CLK CS GND GND GND GND VCC DO INH LS1 HS1
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T6816

Lead frame
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Pin Description

Pin Symbol Function

Low-side driver output 5; Power-MOS open drain with internal reverse diode; short-circuit protection; diagnosis for

! LS5 short and open load
2 HS5 High-side driver output 5; Power-MOS open drain with internal reverse diode; short-circuit protection; diagnosis for
short and open load
HS4 High-side driver output 4; see Pin 2
LS4 Low-side driver output 4; see Pin 1
VS Power supply output stages HS4, HS5, HS6, internal supply; external connection to Pin 10 necessary
6,7,8,9 GND Ground; reference potential; internal connection to Pin 20 - 23; cooling tab
10 VS Power supply output stages HS1, HS2 and HS3
11 LS3 Low-side driver output 3; see Pin 1
12 HS3 High-side driver output 3; see Pin 2
13 HS2 High-side driver output 2; see Pin 2
14 LS2 Low-side driver output 2; see Pin 1
15 HS1 High-side driver output 1; see Pin 2
16 LS1 Low-side driver output 1; see Pin 1
17 INH Inhibit input; 5 V logic input with internal pull down; low = standby,

high = normal operating

Serial data output; 5 V CMOS logic level tri-state output for output (status) register data; sends 16-bit status
18 DO information to the «<C (LSB is transferred first). Output will remain tri-stated unless device is selected by CS = low,
therefore, several ICs can operate on one data output line only.

19 VCC Logic supply voltage (5 V)
20, 2213 22, GND Ground; see Pin 6 -9

Chip select input; 5 V CMOS logic level input with internal pull up;

24 CS : o } .
low = serial communication is enabled, high = disabled

25 CLK Serial clock input; 5 V CMOS logic level input with internal pull down;
controls serial data input interface and internal shift register (f ., = 2 MHz)

26 DI Serial data input; 5 V CMOS logic level input with internal pull down; receives serial data from the control device; DI
expects a 16-bit control word with LSB being transferred first

27 LS6 Low-side driver output 6; see Pin 1

28 HS6 High-side driver output 6; see Pin 2

AIMEL 3
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Functional Description

Serial Interface Data transfer starts with the falling edge of the CS signal. Data must appear at DI syn-
chronized to CLK and are accepted on the falling edge of the CLK signal. LSB (bit 0,
SRR) has to be transferred first. Execution of new input data is enabled on the rising
edge of the CS signal. When CS is high, Pin DO is in tri-state condition. This output is
enabled on the falling edge of CS. Output data will change their state with the rising
edge of CLK and stay stable until the next rising edge of CLK appears. LSB (bit 0, TP) is
transferred first.

Figure 3. Data Transfer Input Data Protocol

) r

DI [ srr| tst] mst] sz ms2] iss] mss] isa] wsa] iss| wss| iss| nse] oo fscr [si |

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

DO—( TP XSLS1 XSHS1 XSLSZ lSHSZ lSLS3 XSHS3 lSLS4 lSHS4 l SLS5 lSHS5 lSLSG lSHS6 l SCD x INH l PSF )—

Table 1. Input Data Protocol

Bit Input Register Function
Status register reset (high = reset; the bits PSF, SCD and

0 SRR overtemperature shutdown in the output data register are set to
low)

1 LS1 Controls output LS1 (high = switch output LS1 on)

2 HS1 Controls output HS1 (high = switch output HS1 on)

3 LS2 See LS1

4 HS2 See HS1

5 LS3 See LS1

6 HS3 See HS1

7 LS4 See LS1

8 HS4 See HS1

9 LS5 See LS1

10 HS5 See HS1

11 LS6 See LS1

12 HS6 See HST

4 T 158 1 (5
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Table 1. Input Data Protocol (Continued)

Bit Input Register Function
13 OLD Open load detection (low = on)
Programmable time delay for short circuit (shutdown delay high/
14 SCT
low =12 ms/1.5 ms
Software inhibit; low = standby, high = normal operation
15 Sl (data transfer is not affected by standby function because the
digital part is still powered)
Table 2. Output Data Protocol
Output (Status)
Bit Register Function
Temperature prewarning: high = warning (overtemperature shut-
0 TP
down see remark below)
Normal operation: high = output is on, low = output is off
1 Status LS1 Open-load detection: high = open load, low = no open load
(correct load condition is detected if the corresponding output is
switched off)
Normal operation: high = output is on, low = output is off
5 Status HS1 Open-load detection: high = open load, low = no open load
(correct load condition is detected if the corresponding output is
switched off)
3 Status LS2 Description see LS1
4 Status HS2 Description see HS1
5 Status LS3 Description see LS1
6 Status HS3 Description see HS1
7 Status LS4 Description see LS1
8 Status HS4 Description see HS1
9 Status LS5 Description see LS1
10 Status HS5 Description see HS1
11 Status LS6 Description see LS1
12 Status HS6 Description see HS1
13 scD Short circuit detected: set high, when at least one output is
switched off by a short circuit condition
Inhibit: this bit is controlled by software (bit Sl in input register)
14 INH and hardware inhibit (Pin 17). High = standby, low = normal
operation
15 PSF Power supply fail: undervoltage at Pin VS detected

Note:  Bit 0 to 15 = high: overtemperature shutdown

Table 3. Status of the Input Register after Power on Reset

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 Bit4 | Bit3 | Bit2 | Bit1 Bit 0
(s (SCT) | (OLD) | (HS6) | (LS6) | (HS5) | (LS5) | (HS4) | (LS4) | (HS3) | (LS3) | (HS2) | (LS2) | (HS1) | (LS1) | (SRR)
H H H L L L L L L L L L L L L L

AIMEL 5
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Power Supply Fail

Open-load Detection

Overtemperature
Protection

Short-circuit Protection

Inhibit

ATMEL

In case of undervoltage at Pin VS, an internal timer is started. When the undervoltage
delay time (ty,y) programmed by the SCT bit is reached, the power supply fail bit (PSF)
in the output register is set and all outputs are disabled. When normal voltage is present
again, the outputs are enabled immediately. The PSF bit remains high until it is reset by
the SRR bit in the input register.

If the open-load detection bit (OLD) is set to low, a pull-up current for each high-side
switch and a pull-down current for each low-side switch is turned on (open-load detec-
tion current lygyg, 1 s1-6)- If Vys—Vhs1.6 OF Vi 1.6 iS lower than the open-load detection
threshold (open-load condition), the corresponding bit of the output in the output register
is set to high. Switching on an output stage with OLD bit set to low disables the open-
load function for this output.

If the junction temperature exceeds the thermal prewarning threshold, Tjpy g, the tem-
perature prewarning bit (TP) in the output register is set. When the temperature falls
below the thermal prewarning threshold, Tipy resets the bit TP is reset. The TP bit can be
read without transferring a complete 16-bit data word: with CS = high to low, the state of
TP appears at Pin DO. After the microcontroller has read this information, CS is set high
and the data transfer is interrupted without affecting the state of the input and output
registers.

If the junction temperature exceeds the thermal shutdown threshold, T; syicn ofs the out-
puts are disabled and all bits in the output register are set high. The outputs can be
enabled again when the temperature falls below the thermal shutdown threshold,
T j switch on» @Nd When a high has been written to the SRR bit in the input register. Ther-
mal prewarning and shutdown threshold have hysteresis.

The output currents are limited by a current regulator. Current limitation takes place
when the overcurrent limitation and shutdown threshold (l451.6, | 51-6) @re reached.
Simultaneously, an internal timer is started. The shorted output is disabled when during
a permanent short the delay time (tys54) programmed by the short-circuit timer bit (SCT)
is reached. Additionally, the short-circuit detection bit (SCD) is set. If the temperature
prewarning bit TP in the output register is set during a short, the shorted output is dis-
abled immediately and SCD bit is set. By writing a high to the SRR bit in the input
register, the SCD bit is reset and the disabled outputs are enabled.

There are two ways to inhibit the T6816:

1. Set bit Sl in the input register to zero
2. Switch Pin 17 (INH) to O V

In both cases, all output stages are turned off but the serial interface stays active. The
output stages can be activated again by bit SI = 1 or by Pin 17 (INH) switched back to
5V.

4595B-BCD-05/03
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Absolute Maximum Ratings

All values refer to GND pins

Parameter Symbol Value Unit
Supply voltage Pins 5, 10 Vys -0.3 to +40 \
Supply voltage tt0.5 s; Igu-2 A Pins 5, 10 Vys -1 Vv
Supply voltage difference Vg pios - Vs pintol DVyg 150 mV
Supply current Pins 5, 10 lys 1.4 A
Supply current t < 200 ms Pins 5, 10 lyg 2.6 A
Logic supply voltage Pin 19 Vyee -0.3to +7 \
Input voltage Pin 17 ViNH -0.3to +17 \
Logic input voltage Pins 24 to 26 Vo1, Vork, Ves -0.3 to V¢ +0.3 \
Logic output voltage Pin 18 Vbo -0.3to V¢ +0.3 \'%
Input current Pins 17, 24 to 26 Iine, Ion leik, Ies -10 to +10 mA
Output current Pin 18 Iho -10to +10 mA
Output current Pins 1to 4, 11 to 16, lstto lLse Internal limited, see

Pins 27 and 28 lust to s output specification

Reverse conducting current Pins 2., 3,12, 13, | | 17 A
15, (tpyse = 150 ms) 28 towards Pins 5, 10 HST to "HS6

Junction temperature range T -40 to +150 °C
Storage temperature range Tsta -55 to +150 °C

Thermal Resistance

All values refer to GND pins

Parameter Test Conditions Symbol Min. Typ. Max. Unit

Junction - pin Measured to GND Rinip 25 K/W
Pins 6 to 9 and 20 to 23

Junction ambient Rinia 65 KW

Operating Range

All values refer to GND pins

Parameter Test Conditions Symbol Min. Typ. Max. Unit

Supply voltage Pins 5, 10 Vys Vyy 40 Y

Logic supply voltage Pin 19 Vyee 4.5 5 5.5 \

Logic input voltage Pin 17, 24 to 26 Vinn, Vo, -0.3 Vvee Vv
Ve, Ves

Serial interface clock frequency Pin 25 foik 2 MHz

Junction temperature range T -40 150 °C

Note: 1. Threshold for undervoltage detection.

ATMEL 7
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Noise and Surge Immunity

ATMEL

Parameter Test Conditions Value
Conducted interferences ISO 7637-1 Level 4 ()
Interference Suppression VDE 0879 Part 2 Level 5
ESD (Human Body Model) MIL-STD-883D Method 3015.7 2kV
ESD (Machine Model) EOS/ESD - S 5.2 150V
Note: 1. Test pulse 5: Vg =40V
Electrical Characteristics
75V <Vyg<40V;4.5V < Vs <5.5V; INH = High; -40°C < TJ- < 150°C; unless otherwise specified,
all values refer to GND pins.
No. | Parameters | Test Conditions | Pin | Symbol Min. Typ. Max. Unit Type*
1 Current Consumption
1.1 Quiescent current Vys< 28V, INH or
(VS) bit Sl = lo 510 Ivs 40 bA A
1.2 Quiescent current 45V <Vy <55V,
(VCO) INH or bit SI = low 19 vee 20 bA A
1.3 Vys < 28 V normal
Supply current (VS) operating, all output 5,10 lyg 0.8 1.2 mA A
stages off,
1.4 Vys < 28 V normal
Supply current (VS) operating, all output 5,10 lyg 10 mA A
stages on, no load
1.5 45V <Vyec<5.5V,
Supply current (VCC) normal operating Pin 19 lvee 150 pA A
2 Internal Oscillator Frequency
Frequency (timebase
21 for delay timers) fosc 19 45 kHz A
3 Undervoltage Detection, Power-on Reset
Power—on reset
3.1 threshold 19 Vyee 3.4 3.9 4.4 \ A
32 I?ower—on resetdelay | After switching on 19 typor 30 95 160 us A
time Vvee
Undervoltage
33 | Jetection threshold 510 Vo 55 7.0 v A
Undervoltage
34 | getection hysteresis 510 AVyy 0.4 v A
Undervoltage
3.5 detection delay 5,10 tauv 7 21 ms A
4 Thermal Prewarning and Shutdown
41 Thermal prewarning 17 Tipwset 125 145 165 °C A
4.2 Thermal prewarning 17 Tipwreset 105 125 145 °C A

*) Type means: A =100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
1. Delay time between rising edge of CS after data transmission and switch on output stages to 90% of final level

Notes:

8
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Electrical Characteristics (Continued)

75V <Vyg<40V;4.5V < Vygc <5.5V; INH = High; -40°C < TJ- < 150°C; unless otherwise specified,

all values refer to GND pins.

No. Parameters Test Conditions Pin Symbol Min. Typ. Max. Unit Type*
4.3 Thermal prewarning
hysteresis DTjew 20 K A
4.4 Thermal shutdown 17 T switch off 150 170 190 °C A
4.5 Thermal shutdown 17 T; switch on 130 150 170 °C A
4.6 Thermal shutdown
hysteresis DTj switch off 20 K A
4.7 Ratio thermal T
shutdown/thermal iI_SW“Ch off/ 1.05 1.17 A
prewarning jPW set
4.8 Ratio thermal T
shutdown/thermal _Ilsw”"h on/ 1.05 1.2 A
prewarning jPW reset
5 Output Specification (LS1 - LS6, HS1-HS6) 7.5 V <V, <40V
5.1 1 ’ 4’ A
On resistance lout = 600 MA 11 Ros ont 15 @
16, 27
5.2 2,3, A
On resistance lout = -600 mA E Ros ont 2.0 @
15,28
5.3 1, 4, Visie 40 60 \ A
Output clamping _ 11,
voltage lis16 = 50 mA 14,
16, 27
5.4 1, 4, A
Output leakage Vigie=40V 11, lL.s1-6 10 pA
current all output stages off 14,
16, 27
5.5 2,3, A
Output leakage Viys1e=0V 12, lusi—s -10 pA
current all output stages off 13,
15, 28
57 | Inductive shutdown 111i6 Wourx 15 mJ D
energy 27,28
5.8 1-4, dV g1_g/dt 50 200 400 mV/ps A
gggp“r:e";’s'tage edge 1116 | dVipe;_g/dt
P 27,28
5.9 Overcurrent limitation 1, 4, lLs1-6 650 950 1250 mA A
and shutdown 11,14
threshold 16, 27

*) Type means: A =100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter

Notes:

1. Delay time between rising edge of CS after data transmission and switch on output stages to 90% of final level

4595B-BCD-05/03
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Electrical Characteristics (Continued)

75V <Vyg<40V;4.5V < Vygc <5.5V; INH = High; -40°C < TJ- < 150°C; unless otherwise specified,

all values refer to GND pins.

No. Parameters Test Conditions Pin Symbol Min. Typ. Max. Unit Type*
5.10 Overcurrent limitation 2,3, lHs1-6 -1250 -950 -650 mA A
and shutdown 12,13
threshold 15,28
5.11 | Overcurrent Input register
shutdown delay time | bit 14 (SCT) = low lasa 1.0 15 2.0 ms A
5.12 . . . 1,4
Open load detection Input register bit 13 b
current (OLD) =low, output off 11,14 ls1-6 60 200 WA A
16, 27
513 Open load detection Input register bit 13 122’ ?3 | 150 .30 A A
current (OLD) =low, output off ’ HS1-6 H
15, 28
5.14 | Open load detection I s1-6/lHs1- 19 A
current ratio 6 ’
515 Open load detection Input register bit 13 111’ 1'4 Vv 06 4 v A
threshold (OLD) =low, output off ’ Ls1-6 :
16, 27
516 Open load detection Input register bit 13 1;’ 133 Vys_ 06 4 Vv A
threshold (OLD) =low, output off 15’ o8 Vhsis '
5.17 | Output switch on
dela‘; 5 Rioaq = 1 kO tyon 05 ms A
5.18 | Output switch off
deIaF;/ R Rioag = 1kQ Laoft 1 ms A
6 Inhibit Input
6.1 Input voltage low level 0.3-
threshold 17 Vi Vyee v A
6.2 Input voltage high 0.7-
level threshold 17 Vi Vyec v A
6.3 Hysteresis of input 17 AV, 100 700 mv A
voltage
6.4 Pull-down current Vinn = Vvee 17 lep 10 80 pA A
7 Serial Interface - Logic Inputs DI, CLK, CS
71 Input voltage low- i 0.3-
level threshold 24-26 Vi Vyee v A
7.2 Input voltage high- ) 0.7-
level threshold 24-26 Vi Vyec v A
7.3 Hysteresis of input 24-26 DV, 50 500 mv A
voltage
7.4 Pull-down current Pin
DI. CLK Vo Vewk= Vvee 25,26 lppsi 2 50 HA A
7.5 Pull-up current
pin Cg Veg=0V 24 lpus, -50 2 bA A
*) Type means: A =100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
Notes: 1. Delay time between rising edge of CS after data transmission and switch on output stages to 90% of final level
10 T681 6 |
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Electrical Characteristics (Continued)

75V <Vyg<40V;4.5V < Vygc <5.5V; INH = High; -40°C < TJ- < 150°C; unless otherwise specified,
all values refer to GND pins.

No. | Parameters | Test Conditions | Pin | Symbol | Min. Typ. Max. Unit Type*
8 Serial Interface - Logic Output DO
8.1 Output voltage low lo, =3 MA 18 Voo, 05 v A
level
8.2 Output voltage high _ Vyee-
level loL = -2 mA 18 Vbou 07V \Y A
8.3 Leakage current Ves=Vyee, i
(tri-state) 0V < Vpo < Vuce 18 oo 10 10 bA A

*) Type means: A =100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
Notes: 1. Delay time between rising edge of CS after data transmission and switch on output stages to 90% of final level

Serial Interface — Timing

Parameters Test Conditions Timing Chart No. Symbol Min. Typ. Max. Unit
DO enable after CS falling edge | Cpg =100 pF 1 tenbo 200 ns
DO disable after CS rising edge | Cpo = 100 pF 2 toispo 200 ns
DO fall time Cpo = 100 pF - thor 100 ns
DO rise time Cpo = 100 pF - thor 100 ns
DO valid time Cpo = 100 pF 10 tooval 200 ns
CS setup time 4 tessethl 225 ns
CS setup time 8 tcssetin 225 ns
CS high time zg%‘%rigriﬁ;f Bit 14 9 tosh 16 ms
CS high time zg%’%riglij:fr Bit14 9 tosh > ms
CLK high time 5 toLkn 225 ns
CLK low time 6 toik 225 ns
CLK period time - toikp 500 ns
CLK setup time 7 toLksethl 225 ns
CLK setup time 3 toLksetih 225 ns
DI setup time 11 tDiset 40 ns
DI hold time 12 tbiHold 40 ns

ATMEL 3
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DI
CLK
DO
Inputs DI, CLK, CS: High level = 0.7 x VCC, low level = 0.3 x V.
Output DO: High level = 0.8 x V, low level = 0.2 x V.
12 T681 6 |
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Figure 5. Application Circuit
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Application Notes

4595B-BCD-05/03

It is strongly recommended to connect the blocking capacitors at V; and Vg as close as
possible to the power supply and GND pins.

Recommended value for capacitors at Vg:

electrolythic capacitor C > 22 pyF in parallel with a ceramic capacitor C = 100 nF. Value
for electrolytic capacitor depends on external loads, conducted interferences and
reverse conducting current l,gx (see: Absolut Maximum Ratings).

Recommended value for capacitors at V:
electrolythic capacitor C > 10 pF in parallel with a ceramic capacitor C = 100 nF.

To reduce thermal resistance it is recommended to place cooling areas on the PCB as
close as possible to GND pins.

ATMEL :
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Ordering Information

Extended Type Number Package Remarks
T6816-TIQ S028 Power package, taped and reeled

Package Information

Package SO28 9.15

Dimensions in mm 18.05 ‘ 8.65 -

17.80 7.5

10.50
10.20

TETTETTETIRIE

)
J

=&

technical drawings
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