Atmel ATA6824

Y © High Temperature H-bridge Motor Driver

DATASHEET

Features

e PWM and direction-controlled driving of four externally-powered NMOS transistors

e High temperature capability up to 200°C junction

e A programmable dead time Is included to avoid peak currents within the H-bridge

e Integrated charge pump to provide gate voltages for high-side drivers and to supply
the gate of the external battery reverse protection NMOS

e 5V/3.3V regulator and current limitation function

e Reset derived from 5V/3.3V regulator output voltage

e A programmable window watchdog

e Battery overvoltage protection and battery undervoltage management

e Overtemperature warning and protection (shutdown)

e High voltage serial interface for communication

e QFN32/TPQFP package

Description

The Atmel® ATA6824C is designed for DC motor control application in automotive high
temperature environment like in mechatronic assemblies in the vicinity of the hot engine,
e.g. turbo charger. With a maximum junction temperature of 200°C, Atmel ATA6824C is
suitable for applications with an ambient temperature up to 150°C.

The IC includes 4 driver stages to control 4 external power MOSFETSs. An external micro-
controller provides the direction signal and the PWM frequency. In PWM operation, the
high-side switches are permanently on while the low-side switches are activated by the
PWM frequency. Atmel ATA6824C contains a voltage regulator to supply the microcon-
troller; via the input pin VMODE the output voltage can be set to 5V or 3.3V respectively.

The on-chip window watchdog timer provides a pin-programmable time window. The
watchdog is internally trimmed to an accuracy of 10%. For communication a high voltage
serial interface with a maximum data range of 20kBaud is integrated.
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Figure 1.
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1. Pin Configuration

Figure 1-1.

Note:

Table 1-1.

Pinning QFN32/TPQFP32

%
[a)
o |<_( |<_( oz |<T:
o0mOOC  ~qm
>>>0 a04adn0
(32 31302928272625 )
VMODE 1 O 241VG
VINT [} 2 23[1CPLO
RwWDI[]3 Atmel YWW 221 CPHI
ccQ4 ATA6824 211 VRES
/RESET 05 77Z777-AL 200 H2
wDl6 191 S2
GND [} 7 1801 H1
SiIo Qs 17 S1
(9 10111213141516 )
XESFXBN6
FaspExgogR
o
YWW Date code (Y = Year - above 2000, WW = week number)
ATA6824C Product name
72727277 Wafer lot number
AL Assembly sub-lot number

Pin Description

AIMEL

20 © ® N o g BN WwN >

N N = a2 a a a a a -
- O © 00 N O 0o o WO DN

VMODE |
VINT I/0
RWD |

CC I/0

/RESET O

WD |
GND |
SIO I/0
TX |
DIR |
PWM |
TP1 —
RX O
DG3 O
DG2 O
DG1 O
S1 le}
H1 O
S2 le}
H2 O
VRES 110

Selector for V¢ and interface logic voltage level
Blocking capacitor 220nF/10V/X7R

Resistor defining the watchdog interval

RC combination to adjust cross conduction time
Reset signal for microcontroller

Watchdog trigger signal

Ground for chip core

High Voltage (HV) serial interface

Transmit signal to serial interface from microcontroller
Defines the rotation direction for the motor

PWM input controls motor speed

Test pin to be connected to GND

Receive signal from serial interface for microcontroller
Diagnostic output 3

Diagnostic output 2

Diagnostic output 1

Source voltage H-bridge, high-side 1

Gate voltage H-bridge, high-side 1

Source voltage H-bridge, high-side 2

Gate voltage H-bridge, high-side 2

Gate voltage for reverse protection NMOS, blocking capacitor 470nF/25V/X7R

Atmel ATA6824 [DATASHEET] 3
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Table 1-1.

/o]

Pin Description (Continued)

2.

21

AIMEL

22
23
24
25
26
27
28
29
30
31
32

CPHI
CPLO
VG
PBAT
L2
L1
PGND
VCC
VBAT
VBATSW
TP2

I
O
I/O

I
O
O

I
O

I
O

Charge pump capacitor 220nF/25V/X7R

Blocking capacitor 470nF/25V/X7R

Power supply (after reverse protection) for charge pump and H-bridge
Gate voltage H-bridge, low-side 2

Gate voltage H-bridge, low-side 1

Power ground for H-bridge and charge pump

5V/100mA supply for microcontroller, blocking capacitor 2.2uF/10V/X7R
Supply voltage for IC core (after reverse protection)

1002 PMOS switch from Vgar

Test pin to be connected to GND

General Statement and Conventions

e Parameter values given without tolerances are indicative only and not to be tested in production

Parameters given with tolerances but without a parameter number in the first column of parameter table are “guaranteed
by design” (mainly covered by measurement of other specified parameters). These parameters are not to be tested in
production. The tolerances are given if the knowledge of the parameter tolerances is important for the application

Related Documents

e Qualification of integrated circuits according to Atmel® HNO procedure based on AEC-Q100

The lowest power supply voltage is named GND

All voltage specifications are referred to GND if not otherwise stated

Sinking current means that the current is flowing into the pin (value is positive)
Sourcing current means that the current is flowing out of the pin (value is negative)

AEC-Q100-004 and JESD78 (Latch-up)
ESD STM 5.1-1998
CEI 801-2 (only for information regarding ESD requirements of the PCB)

Atmel ATA6824 [DATASHEET] 4
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3.1

41

411

Application

General Remark

This chapter describes the principal application for which the Atmel® ATA6824C was designed. Because Atmel cannot be
considered to understand fully all aspects of the system, application and environment, no warranties of fithess for a particular
purpose are given.

Table 3-1. Typical External Components (See also Figure 1 on page 2)

Component |Function Value Tolerance

Cuint Blocking capacitor at VINT 220nF, 10V, X7R 50%
Cvcc Blocking capacitor at VCC 2.2uF, 10V, X7R 50%
Cec Cross conduction time definition capacitor Typical 680pF, 100V, COG
Ree Cross conduction time definition resistor Typical 10kQ
Cve Blocking capacitor at VG Typical 470nF, 25V, X7R 50%
Ccp Charge pump capacitor Typical 220nF, 25V, X7R
Cyres Reservoir capacitor Typical 470nF, 25V, X7R
Rrwo Watchdog time definition resistor Typical 51kQ
Csio Filter capacitor for SIO Typical 220pF, 100V

Functional Description

Power Supply Unit with Supervisor Functions

Power Supply

The IC is supplied by a reverse-protected battery voltage. To prevent it from destruction, proper external protection circuitry has
to be added. It is recommended to use at least a capacitor combination of storage and HF caps behind the reverse protection
circuitry and closed to the VBAT pin of the IC (see Figure 1 on page 2).

An internal low-power and low drop regulator (V|yr), stabilized by an external blocking capacitor, provides the necessary low-
voltage supply for all internal blocks except the digital 10 pins. This voltage is also needed in the wake-up process. The low-
power band gap reference is trimmed and is used for the bigger VCC regulator, too. All internal blocks are supplied by the
internal regulator.

Note: The internal supply voltage V yt must not be used for any other supply purpose!
Nothing inside the IC except the logic interface to the microcontroller is supplied by the 5V/3.3V VCC regulator.

A power-good comparator checks the output voltage of the V|t regulator and keeps the whole chip in reset as long as the
voltage is too low.

There is a high-voltage switch which brings out the battery voltage to the pin VBATSW for measurement purposes. This switch
is switched ON for VCC = HIGH and stays ON in case of a watchdog reset. The signal can be used to switch on external voltage
regulators, etc.

Atmel ATA6824 [DATASHEET] 5
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4.1.2

413

4.2

AIMEL

Voltage Supervisor

This block is intended to protect the IC and the external power MOS transistors against overvoltage on battery level and to
manage undervoltage on it.

Function: in case of both overvoltage alarm (Vo) and of undervoltage alarm (V) the external NMOS motor bridge
transistors will be switched off. The failure state will be flagged via DG2. No other actions will be carried out. The voltage
supervision block is connected to VBAT and filtered by a first-order low pass with a corner frequency of typical 15kHz.

Temperature Supervisor

There is a temperature sensor integrated on-chip to prevent the IC from overheating due to a failure in the external circuitry and
to protect the external NMOSFET transistors.

In case of detected overtemperature (180°C), the diagnostic pin DG3 will be switched to “H” to signalize overtemperature
warning to the microcontroller. It should undertake actions to reduce the power dissipation in the IC. In case of detected
overtemperature (200°C), the V regulator and all drivers including the serial interface will be switched OFF immediately and
/RESET will go LOW.

Both temperature thresholds are correlated. The absolute tolerance is £15K and there is a built-in hysteresis of about 10K to
avoid fast oscillations. After cooling down below the 170°C threshold; the IC will go into Active mode.

The occurrence of overtemperature shutdown is latched in DG3. DG3 stays on high until first WD trigger.

5V/3.3V VCC Regulator

The 5V/3.3V regulator is fully integrated on-chip. It requires only a 2.2uF ceramic capacitor for stability and has 100mA current
capability. Using the VMODE pin, the output voltage can be selected to either 5V or 3.3V. Switching of the output voltage during
operation is not intended to be supported. The VMODE pin must be hard-wired to either VINT for 5V or to GND for 3.3V. The
logic HIGH level of the microcontroller interface will be adapted to the VCC regulator voltage.

The output voltage accuracy is in general < £3%; in the 5V mode with Vygar < 9V it is limited to < 5%.

To prevent destruction of the IC, the current delivered by the regulator is limited to maximum 100mA to 350mA. The delivered
voltage will break down and a reset may occur.

Please note that this regulator is the main heat source on the chip. The maximum output current at maximum battery voltage
and high ambient temperature can only guaranteed if the IC is mounted on an efficient heat sink.

A power-good comparator checks the output voltage of the VCC regulator and keeps the external microcontroller in reset as
long as the voltage is too low.

Figure 4-1. Voltage Dependence and Timing of VCC Controlled RESET
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Figure 4-2. Correlation between VCC Output Voltage and Reset Threshold
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The voltage difference between the regulator output voltage and the upper reset threshold voltage is bigger than 75mV
(VMODE = HIGH) and bigger than 50mV (VMODE = LOW).

4.3 Reset and Watchdog Management

The timing basis of the watchdog is provided by the trimmed internal oscillator. Its period T is adjustable via the external
resistor Ryp.

The watchdog expects a triggering signal (a rising edge) from the microcontroller at the WD input within a period time window of
TWD.

Figure 4-3. Timing Diagram of the Watchdog Function
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4.31

Timing Sequence

For example, with an external resistor Ryyp = 33kQ +1% we get the following typical parameters of the watchdog.
Tosc =12.32ps, t; =12.1ms, t, = 9.61ms, Tyyp = 16.88ms +10%

The times t,; = 70ms and ty = 70ms are fixed values with a tolerance of 10%.

After ramp-up of the battery voltage (power-on reset), the V¢ regulator is switched on. The reset output, /RESET, stays low for
the time t,., then switches to high. For an initial lead time t, (for setups in the controller) the watchdog waits for a rising edge on
WD to start its normal window watchdog sequence. If no rising edge is detected, the watchdog will reset the microcontroller for
tes @and wait t, for the rising edge on WD.

Times t; (close window) and t, (open window) form the window watchdog sequence. To avoid receiving a reset from the
watchdog, the triggering signal from the microcontroller must hit the timeframe of t, = 9.61ms. The trigger event will restart the
watchdog sequence.

Figure 4-4. T,,p versus Ryp
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If triggering fails, /RESET will be pulled to ground for a shortened reset time of typically 2ms. The watchdog start sequence is
similar to the power-on reset.

The internal oscillator is trimmed to a tolerance of < +10%. This means that t, and t, can also vary by +10%. The following
calculation shows the worst case calculation of the watchdog period T4 which the microcontroller has to provide.

tymin = 0.90 x t; =10.87ms, t;,0 = 1.10 x t, = 13.28ms

tomin = 0.90 X t, = 8.65ms, ty. = 1.10 x t, = 10.57ms

Twdmax = Ymin + tomin = 10.87ms + 8.65ms = 19.52ms

Twdmin = tmax = 13.28ms

Twq = 16.42ms £3.15ms (£19.1%)

Figure 4-4 on page 8 shows the typical watchdog period Ty,p depending on the value of the external resistor Rogc.
A reset will be active for Ve < Vigres,o the level Vi res, is realized with a hysteresis (HY Sgegyy)-

Atmel ATA6824 [DATASHEET] 8
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4.4.2

AIMEL

High Voltage Serial Interface

A bi-directional bus interface is implemented for data transfer between hostcontroller and the local microcontroller (SIO).

The transceiver consists of a low side driver (1.2V at 40mA) with slew rate control, wave shaping, current limitation, and a
high-voltage comparator followed by a debouncing unit in the receiver.
Transmit Mode

During transmission, the data at the pin TX will be transferred to the bus driver to generate a bus signal on pin SIO. The pin TX
has a pull-down resistor included.

To minimize the electromagnetic emission of the bus line, the bus driver has an integrated slew rate control and wave-shaping
unit. In transmit mode, transmission will be interrupted in case of overheating at the SIO driver.

Reset Mode

In case of an active reset shown at pin /RESET the pin SIO is switched to low, independent of the temperature. The maximum
current is limited to lgio | _reseT-

Figure 4-5. Definition of Bus Timing Parameters
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The recessive BUS level is generated from the integrated 30kQ pull-up resistor in series with an active diode. This diode
prevents the reverse current of VBUS during differential voltage between VSUP and BUS (Vg > Vgyp)-

Atmel ATA6824 [DATASHEET] 9
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4.5

4.51

4.5.2

Control Inputs DIR and PWM

Pin DIR

Logical input to control the direction of the external motor to be controlled by the IC. An internal pull-down resistor is included.

Pin PWM

Logical input for PWM information delivered by external microcontroller. Duty cycle and frequency at this pin are passed through
to the H-bridge. An internal pull-down resistor is included.

Table 4-1. Status of the IC Depending on Control Inputs and Detected Failures

Control Inputs Driver Stage for External Power MOS Comments
ON DIR PWM HA1 L1 H2 L2
0 X X OFF OFF OFF OFF DG1, DG2 fault or RESET
1 0 PWM ON OFF /PWM PWM Motor PWM forward
1 1 PWM /PWM PWM ON OFF Motor PWM reverse

The internal signal ON is high when

e Atleast one valid WD trigger has been accepted
Neither short circuit nor PBAT undervoltage detected
Vgar is inside the specified range (V1yuy < Vvear < Vinov)
The charge pump has reached its minimum voltage

The device temperature is not above shutdown threshold

In case of a short circuit, the appropriate transistor is switched off after a blanking time of tg¢ . In order to avoid cross current
through the bridge, a cross conduction timer is implemented. Its time constant is programmable by means of an RC
combination.

Table 4-2. Status of the Diagnostic Outputs

Device Status Diagnostic Outputs

PBAT_UV SC VBAT_UV VBAT_OV CPOK oT DG1 DG2 DG3
X X X X X 1 - - 1 Overtemperature warning
X X X X 0 X 0 1 - Charge pump failure
X X X 1 X X 0 1 - Overvoltage VBAT
X X 1 X X X 0 1 - Undervoltage VBAT
X 1 0 0 1 X 1 0 - Short circuit
1 X 0 0 1 X 1 0 - Undervoltage PBAT
Note: X represents: don't care — no effect) — Status of the diagnostic outputs depends on device status

PBAT_UV: Undervoltage PBAT pin

SC: Short circuit drain source monitoring
VBAT_UV: Undervoltage of VBAT pin
VBAT_QOV: Overvoltage of VBAT pin
CPOK: Charge pump OK

OT: Overtemperature warning

Atmel ATA6824 [DATASHEET] 10
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4.8

4.9
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VG Regulator

The VG regulator is used to generate the gate voltage for the low-side driver. Its output voltage will be used as one input for the
charge pump, which generates the gate voltage for the high-side driver. The purpose of the regulator is to limit the gate voltage
for the external power MOS transistors to 12V. It needs a ceramic capacitor of 470nF for stability. The output voltage is reduced
if the supply voltage at VBAT falls below 12V.

Charge Pump

The integrated charge pump is needed to supply the gates of the external power MOS transistors. It needs a shuffle capacitor of
220nF and a reservoir capacitor of 470nF. Without load, the output voltage on the reservoir capacitor is V\gat plus VG. The
charge pump is clocked with a dedicated internal oscillator of 100KHz. The charge pump is designed to reach a good EMC
level. The charge pump will be switched off for Vygat > Vv

Thermal Shutdown

There is a thermal shutdown block implemented. With rising junction temperature, a first warning level will be reached at 180°C.
At this point the IC stays fully functional and a warning will be sent to the microcontroller. At junction temperature 200°C the
drivers for H1, H2, L1, L2, SIO and the VCC regulator will be switched off and a reset occurs.

H-bridge Driver

The IC includes two push-pull drivers for control of two external power NMOS used as high-side drivers and two push-pull
drivers for control of two external power NMOS used as low-side drivers. The drivers are able to be used with standard and
logic-level power NMOS.

The drivers for the high-side control use the charge pump voltage to supply the gates with a voltage of VG above the battery
voltage level. The low-side drivers are supplied by VG directly. It is possible to control the external load (motor) in the forward
and reverse direction (see Table 4-1 on page 10). The duty cycle of the PMW controls the speed. A duty cycle of 100% is
possible in both directions.

Cross Conduction Time

To prevent high peak currents in the H-bridge, a non-overlapping phase for switching the external power NMOS is realized. An
external RC combination defines the cross conduction time in the following way:

tec (Us) = 0.41 x Ree (kQ) x Cc (nF) (tolerance: +5% +0.15ps)
The RC combination is charged to 5V and the switching level of the internal comparator is 67% of the start level.

The resistor R must be greater than 5kQ and should be as close as possible to 10k€, the C¢ value has to be <5nF. Use of
COG capacitor material is recommended.

The time measurement is triggered by the PWM or DIR signal crossing the 50% level.

Atmel ATA6824 [DATASHEET] 11
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Figure 4-6. Timing of the Drivers

PWM or 50%
DIR |
|
|
I -
T _—
: t
|
|
| i Uxr
- !
I I I
i o
| -/
: ; : I
. | |
Lx :&N I I
| | |
: I | I
|
|
| /. -
: t
|
|
LTV (TN
| — |
|
|
|
|
|
Hx :
|
|

~y

The delays t,, 4 and t.,,  include the cross conduction time tgc.

Short Circuit Detection

To detect a short in H-bridge circuitry, internal comparators detect the voltage difference between source and drain of the
external power NMOS. If the transistors are switched ON and the source-drain voltage difference is higher than the value V¢
(4V with tolerances) the diagnosis pin DG1 will be set to ‘H’ and the drivers will be switched off. All gate driver outputs (Hx and
Lx) will be set to ‘L’. Releasing the gate driver outputs will set DG1 back to ‘L’. With the next transition on the pin PWM, the
corresponding drivers, depending on the DIR pin, will be switched on again.

There is a PBAT supervision block implemented to detect the possible voltage drop on PBAT during a short circuit. If the voltage
at PBAT falls under Vpgar ok the drivers will be switched off and DG1 will be set to “H”. It will be cleared as soon as the PBAT
undervoltage condition disappears.

The detection of drain source voltage exceedances is activated after the short circuit blanking time tgc, the short circuit
detection of PBAT failures operates immediately.

Atmel ATA6824 [DATASHEET] 12
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5. Absolute Maximum Ratings

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

GND 0 0 \%

Ground
Power ground PGND -0.3 +0.3 \%
Reverse protected battery voltage VBAT +40 \%
Reverse current out of pin VBAT —1 mA
Reverse protected battery voltage PBAT +40 \%
Reverse current out of pin PBAT -20 mA
Digital output /RESET -0.3 Vyee + 0.3 \Y
Digital output DG1, DG2, DG3 -0.3 Vycc + 0.3 \%
4.9V output, external blocking capacitor VINT -0.3 +5.5 \%
Cross conduction time capacitor/resistor combination CcC -0.3 Vycc + 0.3 Vv
Digital input coming from microcontroller WD -0.3 Vyee + 0.3 \Y
Watchdog timing resistor RWD -0.3 Vycc + 0.3 Vv
Digital input direction control DIR -0.3 Vyee + 0.3 \Y
Digital input PWM control + Test mode PWM -0.3 Vycc + 0.3 Vv
5V regulator output VCC -0.3 +5.5 \%
Digital input VMODE -0.3 Vyint + 0.3 \%
12V output, external blocking capacitor VG +16 \%
Digital output RX -0.3 Vycc+ 0.3 Vv
Digital input X -0.3 Vyce + 0.3 \Y
Serial interface data pin SIO —27 Vygar * 2 V
Source external high-side NMOS S1, 82 (-2) +J:1?)?3) \%
Gates external low-side NMOS L1, L2 Vpgnp— 0.3 Vyg+ 0.3 Vv
Gates of external high-side NMOS H1, H2 Vg — 1@ Vg, + 16@ Y
Charge pump CPLO Vpgar + 0.3 Vv
Charge pump CPHI Vyres * 0.3 \Y
Charge pump output VRES +40@ \Y
Switched VBAT VBATSW -0.3 Vygar + 0.3 \Y
Power dissipation Prot 1.4M W
Storage temperature Vs1ORE -55 +150 °C
CPLO, CPHI, VG, 2 mA
Reverse current VRES, Sx
Lx, Hx -1 mA
Notes: 1. May be additionally limited by external thermal resistance
2. x=12
3. t<0.5s
4. Load dump of t < 0.5s tolerated

AIMEL
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6. Thermal Resistance

Thermal resistance junction to heat slug Rthjc <5 K/W

Thermal resistance junction to ambient when heat
slug is soldered to PCB Rinja 25 K/W

7. Operating Range

The operating conditions define the limits for functional operation and parametric characteristics of the device. Functionality outside these
limits is not implied unless otherwise stated explicitly.

Operating supply voltage(") VygaTt Vinuv Vinov Y
Operating supply voltage(® Wiz 6 = Wy v
Operating supply voltage® Vygats 4.5 <6 \Y;
Operating supply voltage®) Wi 0 <45 v
Operating supply voltage® Vygars > Vinov 40 Y
Junction temperature range under bias 1l —40 +200 °C
Normal functionality T, —40 +150 °C
Normal functionality, overtemperature warning set 1l 165 195 °C
Switch-off temperatures of drivers for H1, H2, L1, L2, T,- 185 215 c

SIO and of VCC regulator
Note: 1. Full functionality
H-bridge drivers are switched off (undervoltage detection)

H-bridge drivers are switched off, 5V/3.3V regulator with reduced parameters, RESET works correctly
H-bridge drivers are switched off, 5V regulator not working, RESET not correct

H-bridge drivers are switched off

o~ N

8. Noise and Surge Immunity

Parameters Test Conditions

Conducted interferences ISO 7637-1 Level 4"
Interference suppression IEC-CISPR25 Level 5
ESD (Human Body Model) ESD S 5.1 2kv®
CDM (Charge Device Model) ESD STM5.3. 500V

Notes: 1. Test pulse 5: V,pmax = 40V
2. Exception: 1kV at pin 8 (SIO)

Atmel ATA6824 [DATASHEET] 14
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9. Electrical Characteristics

All parameters given are valid for Vv < Vygar < Vrhov and for —40°C <dambient < 150°C unless stated otherwise.

e T oonatione P Symbol i B Max it b

Power Supply and Supervisor Functions

1.1 Current consumption Vygar Vygar = 13.5V() 25, 30 lvgaT 7 mA A
1.2 Internal power supply 2 VinT 4.8 4.94 51 V A
1.3 Band gap voltage 3 Vig 1.235 Vv A
1.4 8\‘/’;’:””399 S e 2 30 Virov up 21.2 22.7 Vv A
Overvoltage threshold
1.4.1 Down Vygar 30 VThov_pown 19.8 21.3 \Y A
Overvoltage threshold
1.5 hysteresis Vygar 30 Vrovhys 1 24 \ A
16 \L;CsAeTrvoltage threshold Up 30 Vinoy op 6.8 74 Vv A
Undervoltage threshold
1.6.1 Down Vygsr 30 V1Huv_pown 6.5 7.0 \Y A
Undervoltage threshold Measured during
17 hysteresis Vygar qualification only 30 Vruvnys 0.2 0.6 v A
On resistance of V
1.9 ggieTm'tage threshold =135V 25 Vegar o 6.1 7 v A
Undervoltage threshold
1.10 hysteresis gB AT Vygar = 13.5V 25 Vpgar oK HysT 0 100 mV A
2  5V/3.3V Regulator
9V < Vygar < 40V, 4.85 5.15
2.1 Regulated output voltage g = OMA to 100mA 29 Ve (3.2) (3.4) Vv A
6V < Vygar <9V 4.75 5.25
2.2 Regulated output voltage lyag = OMA to 100mA 29 Veeo (3.2) (3.4) Vv A
6V < Vypar <9V 4.75 5.25
2.2a Regulated output voltage  I,,5q4 = OmA to 80mA 29 Veeo . . V A
T.> 125°C (3.2) (3.4)
2.3 Line regulation loag = OMA to 100mA 29 DC Ilr!e <1 50 mV A
regulation
2.4  Load regulation loag = OMA to 100mA 29 Dl <10 50 mv A
regulation

* Type: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
Notes: DIR, PWM = high

The use of X7R material is recommended

For higher values, stability at zero load is not guaranteed
Tested during qualification only

Value depends on T,q,; function tested with digital test pattern

Supplied by charge pump
See section “Cross Conduction Time”
Voltage between source-drain of external switching transistors in active case

1
2

3

4

5

6. Tested during characterization only
7

8

9

10. The short-circuit message will never be generated for switch-on time < tg,
1

_\o-

See Figure 4-5 on page 9 “Definition of Bus Timing Parameters”
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9.

Electrical Characteristics (Continued)

All parameters given are valid for Vyyyy < Vygar <VTHOV and for —-40°C <dambient <150°C unless stated otherwise.

25
2.6

2.7

2.8
29
2.10
3

3.1

3.2
4
4.1

4.1a

4.2

43

44

4.5

4.6

4.7

4.8

4.9

Notes:

Output current limitation

Serial inductance to Cyq¢
including PCB

Serial resistance to Cy,c¢
including PCB

Blocking cap at VCC
HIGH threshold VMODE
LOW threshold VMODE
VG Regulator

Regulated output voltage

Regulated output voltage

Reset and Watchdog

V¢ threshold voltage level
for /RESET

Tracking of reset thres-hold
with regulated output
voltage

V¢ threshold voltage level
for /RESET

Hysteresis of /RESET level

Length of pulse at /RESET
pin

Length of short pulse at
/RESET pin

Wait for the first WD trigger

Time for VCC < ViyresL
before activating /RESET

Resistor defining internal
bias currents for watchdog
oscillator

Watchdog oscillator period

DIR, PWM = high

The use of X7R material is recommended
For higher values, stability at zero load is not guaranteed

Vygar > 6V

(2). (3)

e = 20MA

Vegar = 9V
I max = 20mA

max

VMODE = “H”
(VMODE = “L”)

VMODE = “H
(VMODE = “L”)

VMODE = “H”
(VMODE = “L”)

VMODE = “H”
(VMODE = “L”)(4)

(%)
(5)
(%)
(4)

Rewp = 33kQ

Tested during qualification only
Value depends on T,q; function tested with digital test pattern

Supplied by charge pump

See section “Cross Conduction Time”

Voltage between source-drain of external switching transistors in active case

1.
2
3
4
5
6. Tested during characterization only
7
8
9.
1
1

29

29

29
1
1

24

24

29

29

29

29

29

3

IOS1

ESL

ESR

CVCC
VMODE H

VMODE L

VVG

VVG

VtHRESH

VVCC1-VtHRESH

Viirest
HY Srestn
treS

tresshort
4

tdeIayRESL

RRWD

TOSC

0. The short-circuit message will never be generated for switch-on time <t
1

See Figure 4-5 on page 9 “Definition of Bus Timing Parameters”

AIMEL

100
1

1.1

0.7

11

7.0

75
(50)

4.3

(2.86)

70

0.5

10

11.09
* Type: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter

Atmel ATA6824 [DATASHEET]
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0.5

3.3
4.0

14

9.0

4.9
(3.25)

350
(240)

91

13.55

nH

mV

mV

T1OO

T100
T1OO

us

kQ

us

> >» 0O O
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9.

Electrical Characteristics (Continued)

All parameters given are valid for Vyyyy < Vygar < Vrhov and for —-40°C <dambient < 150°C unless stated otherwise.

mm-mm

Watchdog input low-voltage 0.3 x
41 threshold 6 Viwp Voos Y
Watchdog input 0.7 x
412 high-voltage threshold 6 Virwo Vyee v
Hysteresis of watchdog
19 input voltage threshold ® Vhyswo U8 U v
4.14 Close window (5) 6 t1 2023
Tosc
4.15 Open window (5) 6 t2 7T80 % A
0sC
Output low-voltage of
4.16 /RE‘;ET 9 At lo res = TMA 5 VoLres 0.4 v
Internal pull-up resistor at
417 pin /RESET 5 Rpures 5 10 15 kQ
5  High Voltage Serial Interface
Normal mode;
5.1 Low-level output current Vo= OV, Viy = 0.4V 13 ILgx 2 mA
ey Normal mode; Vg o = Vygar
5.2 High-level output current Vi = Vg — 0.4V 13 IHgx 0.8 mA
Driver dominant voltage V. =7.3V
5.4 VEATN 8 \Y, 1.2 Vv
VBUSdom_DRV_LoSUP Rioad = 500Q2 SR
Driver dominant voltage V =18V
55 Y 8 V i 2 \Y
VBUsdom_DRV_HisUP Rioad = 50022 AR
Driver dominant voltage V, =7.3V
5.6 LE 8 \Y, 0.6 Vv
VBUSdom_DRV_LoSUP |'-\’Ioad 1000€2 LoSUP_tk
Driver dominant voltage Vygar = 18V
5.7 8 V oy 0.8 \Y
VBUSdom_DRV_HiSUP Rioad = 10000 L
5.8 Pull up resistorto VBAT e serial diode is 8 Reio 20 30 60 kQ
mandatory
5.9 Current limitation Vsio = VAT max 8 Isio_Lim 40 250 mA
5092 Current limitation in case of Vg o= Vgar max 8 lsio. L ReseT 30 100 mA A

RESET and SIO overheat RESET = high
* Type: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
Notes: DIR, PWM = high
The use of X7R material is recommended
For higher values, stability at zero load is not guaranteed
Tested during qualification only

Value depends on T,q; function tested with digital test pattern

Supplied by charge pump
See section “Cross Conduction Time”
Voltage between source-drain of external switching transistors in active case

1
2

3

4

5

6. Tested during characterization only
7

8

9

10. The short-circuit message will never be generated for switch-on time <ty
1

_\o-

See Figure 4-5 on page 9 “Definition of Bus Timing Parameters”
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9. Electrical Characteristics (Continued)

All parameters given are valid for Vv < Vygar < Vrhov and for —-40°C <dambient < 150°C unless stated otherwise.

m Test Conditions Pin Symbol Min Typ Max Unit

Input leakage current at the Input L CUCI
driver off

5.10 receiver including pull-up Ve = OV 8 Isio_pAs_dom —1 mA A
resistor as specified SO

Vygar = 12V
Driver off
Leakage current SIO 8V < Vygar < 18V
ST recessive 8V < Vg o< 18V 8 lsio_pas_rec 30 WA A
Vsio 2 Vvear
Leakage current at ground
loss
Control unit disconnected  GNDpg,ice = VypaT
5.12 from ground Vygar =12V 8 Isio_NO_gnd -1 1 mA A

Loss of local ground must 0V < Vg, <18V
not affect communication in
the residual network

Node has to sustain the
current that can flow under Va7 disconnected
5.13 this condition. Bus must Vsup Device = GND 8 Isio 100 MA A
remain operational under 0V < Vg,o < 18V
this condition

. V = 0.475x 0.5x 0.525x%
5.14 Center of receiver threshold , $'0-CNT 8 Y \% A
(Vin_dom * Vin_rec)/2 ek Vvear  Vygar Vygar
5.15 Receiver dominant state ~ Vgy =5V 8 Vsi0dom 0.4x Vv A
Vygar
. . _ 0.6 x
5.16 Receiver recessive state ~ Vgy =5V 8 Vsiorec vV Vv A
VBAT
5.17 Receiver input hysteresis Vs = Vip rec = Vin_dom 8 Vsiohys FL Vv A

VVBAT VVBAT
THRec(max) =0.744 x VVBAT

Dom(max) =0.581 x VVBAT
5.18 Duty cycle 1 Vygar = 7V to 18V 8 D1 0.380 A

tgir = S0us

D1= tsio_rec(min)/ 2x tBitm)
* Type: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
Notes: DIR, PWM = high
The use of X7R material is recommended
For higher values, stability at zero load is not guaranteed
Tested during qualification only

Value depends on T,,; function tested with digital test pattern

Supplied by charge pump
See section “Cross Conduction Time”
Voltage between source-drain of external switching transistors in active case

1
2

3

4

5.

6. Tested during characterization only
7

8

9

10. The short-circuit message will never be generated for switch-on time < tg,
1

- o -

See Figure 4-5 on page 9 “Definition of Bus Timing Parameters”
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9. Electrical Characteristics (Continued)

All parameters given are valid for Vyyyy < Vygar < Vrhov and for —-40°C <dambient < 150°C unless stated otherwise.

THRec(min) = 0-422 X Vygar
THpom(min) = 0-284 X Vygar

5.19 Duty cycle 2 Vygar = 7V to 18V 8 D2 0.600 A
tgir = S0us
D2 = tsio_rec(max)/ 2% tBit(ﬂ)
. t =
Propagation delay of fecnd
520  Fa90 y MaxX(ty_pn b pa) ™" 8 t_pg 6 us A
Symmetry of receiver tr_sym = tx_par =t pat _
5.21 propagation delay 7V < Vygar < 18V 8 fr_sym 2 *2 HS A
6  Control Inputs DIR, PWM, WD, TX
6.1 Input low-voltage threshold 10,11, V. ks Vv A
6,9 Vvee
6.2 Inputhigh-voltage threshold 10,114, ViH 0.7 Vv A
6.3 Hysteresis 1%’ 191’ HYS 0.3 0.5 0.8 \% A
6.4 Pull-down resistor DIR, PWM, WD, TX 1%’ y’ Rep 25 50 140 kQ A
6.5 Riseffall time 1%’ 191’ te 100 ns A
7  Charge Pump
7.1 Charge pump voltage Load = 0A 21 VCP Y‘(?AT \Y; A
VG
Load = 3mA, VyeaT
7.2 Charge pump voltage Cep = 100nF 21 VCP Vg 1 Vv A
Period charge pum
e |l SR 21 Tuo0 9 1 us A
CP load current in VG
7.4 without CP load Load = 0A 21 lvacpz 600 pA A
CP load current in VG with Load = 3mA,
"5 CPload Cep = 100nF 21 vace 4 R
76 oharoe Pump OKthreshold eterence: PBAT 21 Veporwr 53 6.3 VoA

* Type: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
Notes: . DIR, PWM = high
The use of X7R material is recommended
For higher values, stability at zero load is not guaranteed
Tested during qualification only

Value depends on T,q; function tested with digital test pattern

1
2

3

4

5

6. Tested during characterization only
7. Supplied by charge pump

8. See section “Cross Conduction Time”

9. Voltage between source-drain of external switching transistors in active case
10. The short-circuit message will never be generated for switch-on time < tg.
1.

See Figure 4-5 on page 9 “Definition of Bus Timing Parameters”
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9.

Electrical Characteristics (Continued)

All parameters given are valid for Vv < Vygar < Vrhov and for —-40°C <dambient < 150°C unless stated otherwise.

m Test Conditions Pin Symbol Min Typ Max Unit

Charge pump OK threshold

7.7 DovvgN pump Reference: PBAT 21 Vepokpown 45 55 Vv A
Charge pump OK

7.8 hyste?’esFi)s P 21 Vepoxsys 0.3 1.3 v A

8  H-bridge Driver

Low-side driver HIGH V

& output voltage A Vi = o\./gv Vve \ A
ON-resistance of sink stage Rpson 1xL,

82 ofpins L1, L2 26,27 =42 S
ON-resistance of source Rpson_ LxH,

ek stage of pins L1, L2 28, 2 x=1,2 2 4 2
Output peak current at pins _ Iy,

E L1, L2, switched to LOW h= 9V e 2 x=1,2 100 i i
Output peak current at pins _ I, _

8.5 L1, L2, switched to HIGH Vix=3V 26,27 x=1,2 100 mA A
Ohmic pull-down resistance Designed for Rppix

86  atpins L1, L2 OV < Vygar < 40V 26,27y =12 25 [
ON-resistance of sink stage _ Rpson_HxL,

8.7 S 1, [ Vg =0 18, 20 x=1.2 25 Q A
ON-resistance of source _ Rpson_HxH,

88 stage of pins H1, H2 Vsx = Vvear 1820 x=1,2 25 = :

. Vygar = 13.5V

Output peak current at pins ,,YBAT I

8.9 Hx F;witF::hed to LOW P Ve« = Vvear 18,20 X 2 X1L' 2 100 mA A

Vix = Vygar + 3V
. Vygar = 13.5V

Output peak current at pins , ,VBAT [

810 1 Zwite:hed to HIGH P Vo= Vo LR e I

Vix = Vygar + 3V
8.11 Static switch output low Vg, = 0V 18,20, Vi Vi 03 Vv A
’ voltage at pins Hx and Lx I, = 1TmA, I, = 1mA 26, 27 x=1,2 ’
Static high-side switch
oy : I = —10pA @  Vvear * Vyear *

8.12 mt’p:’; high-voltage pins (PWM = static) 18,20  Vyupstatt Vg — 1 Voo Vv A
Ohmic sink resistance Designed for 17, 18,

813 petween pins Hxand Sx = 0V < Vygar < 40V 19, 20 Reokx 25 140 kQ A

* Type: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
Notes: DIR, PWM = high

The use of X7R material is recommended

For higher values, stability at zero load is not guaranteed
Tested during qualification only

Value depends on T,q; function tested with digital test pattern

Supplied by charge pump
See section “Cross Conduction Time”
Voltage between source-drain of external switching transistors in active case

1
2

3

4

5

6. Tested during characterization only
7

8

9

10. The short-circuit message will never be generated for switch-on time < tg.
1

- o -

See Figure 4-5 on page 9 “Definition of Bus Timing Parameters”
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9. Electrical Characteristics (Continued)

All parameters given are valid for Vyyyy < Vygar < Vrhov and for —-40°C <dambient < 150°C unless stated otherwise.

(M pamacos  peGliks [Eb [ Gmee [ T [ up [ Tas [0 (o0

Dynamic Parameters

Propagation delay time, Figure 4-6 on page 12

8.15 low-side driver from high to 26, 27 t 0.5 s A
low g VVBAT =13.5V LxHL M
Propagation delay time,

8.16 low-side driver from low to  Vygar = 13.5V 26, 27 tiuih 05+t s A
high

8.17 Fall time low-side driver VVBAI o 15 26, 27 ty o 0.5 us

Cgy = 5nF

8.18 Rise time low-side driver  Vygar = 13.5V 26, 27 i 0.5 us A
Propagation delay time, . )

8.19 high-side driver from high to \F/'gure_41g oy e 18,20ty 0.5 us A
low vBAT — 19
Propagation delay time,

8.20 high-side driver from low to Vygar = 13.5V 18, 20 thxin 05+t s A
high

8.21 Fall time high-side driver VVBA_Tz 135V, 18, 20 (o 0.5 us A

Cex = 5nF

8.22 Rise time high-side driver  Vygar = 13.5V 18, 20 e 0.5 us A

8.24 External resistor 4 Ree 5 kQ D

8.25 External capacitor 4 Ccc 5 nF D
Ron of te¢ switching

8.26 transistor 4 Ronce 200 Q A

8.27 Cross conduction time® RCCT 10kQ 4 U 3.75 4.45 us A

Cec=1nF

8.28 Short circuit detection ) 17,19 Vee 35 4 47 Vv A
voltage

8.29 Short circuit blanking time  (10) 17,19 tsc 5 10 15 us A

9  Diagnostic Outputs DG1, DG2, DG3
9.1 Low level output current  Vpg=0.4V® 14%;5’ IL 2 mA A
g _ ®) 14, 15,
9.2 High level output current ~ Vpg=VCC - 0.4V 16 IH 0.8 mA A

* Type: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
Notes: . DIR, PWM = high
The use of X7R material is recommended
For higher values, stability at zero load is not guaranteed
Tested during qualification only

Value depends on T,q; function tested with digital test pattern

1

2

3

4

5

6. Tested during characterization only
7. Supplied by charge pump

8. See section “Cross Conduction Time”

9. Voltage between source-drain of external switching transistors in active case
10. The short-circuit message will never be generated for switch-on time <t
1.

See Figure 4-5 on page 9 “Definition of Bus Timing Parameters”
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10. Errata

10.1 Faulty Pulse at DG1

A faulty pulse of approximately 100ns appears at pin 16 (DG1) — signalizing short circuit condition — under following
circumstances:

General condition: PWM = HIGH

and

detected undervoltage of VBAT (signalized at pin 15 = DG2)
or

detected overvoltage of VBAT (signalized at pin 15 = DG2)
or

detected undervoltage of the charge pump (signalized at pin 15 = DG2)
or

overtemperature shutdown

10.2 Problem Fix/Workaround

Set software to ignore the faulty pulse.

Atmel ATA6824 [DATASHEET] 22
A mEl 49310-AUTO-03/12



11.

Ordering Information

ATA6824C-PNQW
ATA6824C-MFHW

12.

AIMEL

Package Information

Package: QFN_ 5 x 5_32L
Exposed pad 3.6 x 3.6

Dimensions in mm

Not indicated tolerances +0.05

QFN32, 5mm x 5mm
TPQFP32, 7mm x 7mm

Top
32
1
Pin1 identification -®
17
5 0.2
0.9+0.1
Z10:1

Drawing-No.: 6.543-5124.01-4
Issue: 1; 28.11.05

Pb-free
Pb-free

Bottom
[13.6+0.15

25 32
JUUUUUUT

24 bl—— 1

i
@

L1
0.23:0.07

technical drawings
according to DIN
specifications
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D
D1
32 25
1
nnARAnne @&
1 [T124
[ o ‘ T technical drawings
[ w =) L according to DIN
_ . — o specifications
w ~ I =
- — - Dimensions in mm
(- | [T
(- |
8 [ ‘ 1117
Hodo'Hbbd
9 16
b
L
— Al
< <
< '—(—' HEH M H COMMON DIMENSIONS
(Unit of Measure = mm)
Symbol[{ MIN | NOM | MAX | NOTE
Eo A 1.2
A1 0.05 0.15
A2 0.95 1 1.05
D 9BSC
BOHAAAAT Df 7BSC
(i T D2 3.5BSC
| — | E 9BSC
g g E1 7 BSC
8 = - == E2 3.5 BSC
o — L 0.45 0.6 0.75
T (1] N 32
10 - b 03 | 037 | 045
HoOOHHO o 0.8 BSC
32
11/25/08
TITLE DRAWING NO. (REV.
‘I_ Package Drawing Contact: Package: epad TPQFP32
M{@ packagedrawings @atmel.com | (acc. JEDEC OUTLINE) 6.543-5157.01-4] 1
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13. Revision History

Please note that the following page numbers referred to in this section refer to the specific revision mentioned, not to this
document.

49310-AUTO-03/12 e Section 5 “Absolute Maximum Ratings” on page 13 changed
o Figure 5-5 “Definition of Bus Timing Parameters” on page 9 changed
e Section 6 “Absolute Maximum Ratings” on page 13 changed

o Section 10 “Electrical Characteristics” numbers 5.12, 5.14, 5.15, 5.16 and 5.17 on page 18
changed

4931M-AUTO-04/11 e Section 10 “Electrical Characteristics” numbers 8.6 and 8.13 on page 20 changed
4931L-AUTO-02/11 e Section 10 “Electrical Characteristics” numbers 8.6 and 8.13 on page 20 changed
4931K-AUTO-06/10 e Package drawing TPQFP32 on page 24 changed

e Section 5.1.3 “Temperature Supervisor” on page 6 changed

4931N-AUTO-11/11

¢ Section 5.4 “High Voltage Serial Interface” on page 9 changed
e Section 5.5.2 “Pin PWM” on page 10 changed
e Section 5.8 “Thermal Shutdown” on page 11 changed
4931J-AUTO-02/10 ) L .
e Section 5.10 “Short Circuit Detection” on page 12 changed
e Section 6 “Absolute Maximum Ratings” on page 13 changed
o Section 8 “Operating Range” on page 14 changed
e Section 10 “Electrical Characteristics” number 8.29 on page 21 changed
e Section 5.1.3 “Temperature Supervisor” on page 6 changed
¢ Section 5.3.1 “Timing Sequence” on page 8 changed
o Section 5.4 “High Voltage Serial Interface” on page 9 changed
e Section 5.5.2 “Pin PWM” on page 10 changed
49311-AUTO-12/09 e Section 5.10 “Short Circuit Detection” on page 12 changed
¢ Section 10 “Electrical Characteristics” numbers 4.4 and 4.6 on page 16 changed
o Section 10 “Electrical Characteristics” number 5.9a on page 17 added
¢ Section 10 “Electrical Characteristics” numbers 7.6 and 7.7 on page 19 changed
o Section 10 “Electrical Characteristics” number 7.8 on page 19 added
e Section 5.10 “Short Circuit Detection” on page 12 changed
4931H-AUTO-11/09
e Section 10 “Electrical Characteristics” numbers 1.9 and 1.10 on page 15 added

4931G-AUTO-04/09 e Section 9 “Noise and Surge Immunity” on page 14 changed
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




