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VN8O00S-E
VNS8OOPT-E

High-side driver

Features

Type Rps(on) lout Vee

VN800S-E

VNSOOPT-E 135 mQ 0.7A 36V

CMOS compatible input

Thermal shutdown

Current limitation

Shorted load protection

Undervoltage and overvoltage shutdown
Protection against loss of ground

Very low stand-by current

Reverse battery protection

In compliance with the 2002/95/EC
European directive

Description
The VN800S-E, VN8OOPT-E are monolithic

devices manufactured using STMicroelectronics

Datasheet — production data

PPAK

SO-8

GAPGCFT00306

GAPGRI00182

Active V¢ pin voltage clamp protects the device
against low energy spikes.

Active current limitation combined with thermal
shutdown and automatic restart protect the device
against overload. Device automatically turns off in
case of ground pin disconnection. This device is

especially suitable for industrial applications in
norms conformity with IEC1131 (Programmable
Controllers International Standard).

®

VIPower® M0-3 technology, intended for driving

any kind of load with one side connected to
ground.

Table 1. Device summary
Package Order code
Tube Tape and reel
SO-8 VNB8O00S-E VNBOOSTR-E
PPAK VNB8OOPT-E VN8OOPTTR-E
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VNB8O00S-E, VN8OOPT-E

Block diagram and pin description

1 Block diagram and pin description

Figure 1.

Block diagram
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DETECTION

Vee
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CLAMP DETECTION
[ — UNDERVOLTAGE
DETECTION
eND [} [
Power CLAMP
F\\\ 1
DRIVER = \
//
LOGIC -

CURRENT LIMITER

GAPGRI00162

< /
]—f—i 1 output

Figure 2.  Configuration diagram (top view)
Vee

Vee 15 4 | NC. N - i ) OUTPUT

OUTPUT [ | STATUS 3 1 STATUS

OUTPUT [ 0 INPUT O 2 ] INPUT

T | I—
Vee 18 //‘\ 1 GND GND
SO-8 PPAK
GAPGRI00163
GAPGRI00164
Table 2. Suggested connections for unused and n.c. pins
Connection / Pin Status N.C. Output Input
Floating X X X X
To Ground X Through 10KQ resistor
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Electrical specifications

Figure 3.  Current and voltage conventions
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Absolute maximum ratings

Stressing the device above the rating listed in the Table 4 may cause permanent damage to
the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the operating sections of this specification is not implied.
Exposure to Absolute maximum rating conditions for extended periods may affect device
reliability. Refer also to the STMicroelectronics sure program and other relevant quality
document.

Table 3. Absolute maximum ratings
Value
Symbol Parameter Unit
SO-8 PPAK
Vee DC supply voltage 41 \Y
-Vec | Reverse DC supply voltage -0.3 \Y
-lanp | DC reverse ground pin current - 200 mA
lout DC output current Internally Limited A
-loyt | Reverse DC output current -6 A
N DC input current +/-10 mA
Vin Input voltage range -3/+V¢e \
VSTAT DC Status voltage + VCC \
Electrostatic discharge
(human body model:
R=1.5KW; C=100pF)
Vesp |- INPUT 4000 \
- STATUS 4000 \Y
- OUTPUT 5000 \Y
-Vee 5000 \Y

4
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Electrical specifications

2.2

Table 3. Absolute maximum ratings (continued)
Value
Symbol Parameter Unit
SO-8 PPAK
Piot Power dissipation T¢=25°C 4.2 4.7 w
Maxi itchi
Evax aximum switching energy ) 121 mJ
(L=77.5mH; R =0Q; Viya=13.5V; Tgia=150°C; I =1.5A)
Maximum switching energy
E 195 mJ
MAX™ 1 (L=125mH; R =09; Vya=13.5V; Tigtan=150°C; I =1.5A)
T Junction operating temperature Internally limited °C
Te Case operating temperature -40to 150 °C
Tetg Storage temperature - 55to 150 °C
Max inductive load (Vcc=30 V; I oap=0.5 A;
Lmax | Tamb=100°C; 2 H
Rthcase>ambient52£'_’°C/W )
Thermal data
Table 4. Thermal data
Value
Symbol Parameter Unit
SO-8 PPAK
Rihj-case | Thermal resistance junction-case Max - 3 °C/W
Rinjlead | Thermal resistance junction-lead Max 30 - °C/W
. o . Max 93 78@ | °c/w
Rihj-amb | Thermal resistance junction-ambient
Max 820 454 | ec/w

1. When mounted on FR4 printed circuit board with 0.5 cm2 of copper area (at least 35m thick) connected to
all Vg pins

When mounted on FR4 printed circuit board with 2 cm2 of copper area (at least 35m thick).

When mounted on FR4 printed circuit board with 0.5 cm2 of copper area (at least 35m thick) connected to
all Vg pins.

Doc ID 10893 Rev 2
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2.3
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Elecrical characteristics

Values specified in this section are for 8V<Vc<36V; -40°c<T;<150°c unless otherwise

specified.
Table 5. Power
Symbol Parameter Test conditions Min. | Typ. Max. | Unit
Vee Operating supply voltage 5.5 36 \Y
Vysp | Undervoltage shut-down 3 4 55 \
Vov | Overvoltage shut-down 36 42 \
. lout =0.5A; Ti=25°C 135 | mQ
R On stat t !
ON n state resistance louT=0.5A 270 | mo
Off State; Vcc=24v;
Tease=25°C 10 20 LA
Is Supply current On State; V=24V 1.5 3.5 mA
On State; V=24V, 2.6 mA
Tcase=100°C
lLanp | Output current at turn-off Voc=Vstar=Vin=Vanp=24V; 1 mA
Vout=0V
I off1) | Off-state output current ViN=VouT=0V 0 50 LA
Loty | Off-state output current V'NzYOUFOV; Voe=13V: Tj 5 uA
=125°C
ILofta) | Off-state output current \=/'2'\‘5=°\éOUT=OV; Vee=13V: Tj 3 uA
Table 6. Switching (Vg =24 V)
Symbol Parameter Test Conditions Min. Typ. Ma | Unit
X.
i . R_ =48 from V| rising edge to )
tgn) | Turn-on delay time Vour=2.4V 10 us
i . R =48Q from V| falling edge to i
tat | Turn-off delay time Vour=21.6V 40 us
dVout/ i R =48Q from Vg1=2.4V to See i
dton) Turn-on voltage slope Vour=19.2V Figure 17 Vius
dVOUT/ B RL=489 from VOUT=21 .6V to See _
oty Turn-off voltage slope Vour=2.4V Figure 18 Vius
Table 7. Input pin
Symbol Parameter Test Conditions Min. Typ. Max. | Unit
ViNL | Input low level 1.25 \'
Ine | Low level input current Vin=1.25V 1 HA
Vine | Input high level 3.25 \'%
Doc ID 10893 Rev 2 1S7]
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Electrical specifications

Table 7. Input pin (continued)
Symbol Parameter Test Conditions Min. Typ. Max. | Unit
Inv | High level input current V|N=3.25V 10 HA
Vihysty | Input hysteresis voltage 0.5 \
N Input current Vin=Vee=36V 200 | uA
Table 8. Ve output diode
Symbol Parameter Test conditions Min. | Typ. Max. | Unit
VE Forward on voltage -loyT=0.6A; T=150°C - - 0.6 \'
Table 9. Status pin
Symbol Parameter Test conditions Min Typ Max | Unit
Status Low Output
VSTAT Voltage ISTAT=1 .6 mA - - 0.5 Vv
| Status Leakage | Normal Operation; Vgrar=Vcc=36 i i 10 A
LSTAT Current Y% "
Status Pin Input . B i i
Csrar Capacitance Normal Operation; Vgrar= 5V 30 pF
Table 10.  Protections®
Symbol Parameter Test conditions Min Typ Max | Unit
Shut-down o
T1sp temperature - 150 175 200 C
TR Reset temperature - 135 °C
Thyst | Thermal hysteresis - 7 15 °C
Status delay in
TSDL | overload condition T>Tisn 20 us
DC short circuit
Ilim current Vcc=24v; RLOAD=1OmQ 0.7 2 A
Turn-off output clamp ~ e Vee- Vee-
Vdemag V0|tage |OUT—O.5 A, L=6mH 47 Vcc-52 57 \

1. To ensure long term reliability under heavy overload or short circuit conditions, protection and related
diagnostic signals must be used together with a proper software strategy. If the device is subjected to

abnormal conditions, this software must limit the duration and number of activation cycles.

Doc ID 10893 Rev 2
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Figure 4.  Status timings

OVERTEMP STATUS TIMING

STAT! |

=/

| tspuL |
R

GAPGRI00171
Figure 5.  Switching time waveforms
Vourt
80% N\ 90%
dVO UT/dt(On) dVO UT/dt(Off)
vt 10% o\
A -t
Vin
A td(on) td(off)
=t
Table 11.  Truth table
Conditions Input Output Status
Normal operation L L H
P H H H
L L H
Current limitation H X (Ti<Trsp) H
H X (Tj>Trsp) L
Overtemperature L L H
P H L L
L L X
It
Undervoltage H L X
L L H
It
Overvoltage H L H

Doc ID 10893 Rev 2
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Electrical specifications

Table 12.

Electrical transient requirements on V¢ pin (part 1/3)

ISO T/R 7637/1

TEST LEVELS

Test Pulse | I m v Delays and
Impedance
1 25V -50V -75V -100V 2ms 10 Q
2 +25V +50V +75V +100 V 0.2ms 10 Q
3a 25V -50 V -100 V -150 vV 0.1 us 50 Q
3b +25V +50V +75V +100 V 0.1 us 50 Q
4 -4V -5V -6V -7V 100 ms, 0.01 Q
5 +26.5V +46.5V +66.5 V +86.5V 400 ms, 2 Q
Table 13.  Electrical transient requirements on V¢ pin (part 2/3)
ISO T/R 7637/1 TEST LEVELS
Test Pulse
| Il Il I\
1 C C C C
2 C C C C
3a C C C C
3b C C C C
4 C C C C
5 C E E E
Table 14.  Electrical transient requirements on V¢ pin (part 3/3)
Class Contents
c AII functions of the device are performed as designed after exposure to
disturbance.
One or more functions of the device is not performed as designed after exposure to
E disturbance and cannot be returned to proper operation without replacing the
device.

Doc ID 10893 Rev 2
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Figure 6. Peak short circuit current test circuit
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Figure 7.  Avalanche energy test circuit
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Electrical specifications

Figure 8. Waveforms
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Electrical characteristics curves

VN800S-E, VN8OOPT-E

Electrical characteristics curves

Figure 10. High level input current

Figure 9. Off-state output current
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Figure 11. Status leakage current

Figure 12. On state resistance vs V¢
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VN800S-E, VN8OOPT-E

Electrical characteristics curves

Figure 15. Input low level Figure 16. Input hysteresis voltage
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Figure 17. Turn-on voltage slope

Figure 18. Turn-off voltage slope
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Figure 19. Overvoltage shutdown Figure 20. I jm VS Tease
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3.1

3.2

3.2.1

16/33

Application information

Figure 21. Application schematic
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GND protection network against reverse battery

Solution 1: resistor in the ground line (Rgnp ONly). This can be used
with any type of load

The following is an indication on how to dimension the Rgyp resistor.

1. Rgnp < 600mV / (Isonymax)-

2. Renp 2 (-Vece) / (lgnp)

where -Ignp is the DC reverse ground pin current and can be found in the absolute
maximum rating section of the device’s datasheet.

Power Dissipation in Rgnyp (When Vc<0: during reverse battery situations) is:

Po= (-Vco)*/Ranp

This resistor can be shared amongst several different HSD. Please note that the value of this
resistor should be calculated with formula (1) where Igon)max b€COmMes the sum of the
maximum on-state currents of the different devices.

Please note that if the microprocessor ground is not common with the device ground then
the Rgnp Will produce a shift (Ionymax * Ranp) in the input thresholds and the status output
values. This shift will vary depending on many devices are ON in the case of several high
side drivers sharing the same Rgnp.

If the calculated power dissipation leads to a large resistor or several devices have to share
the same resistor then the ST suggests to utilize Section 3.3.

4
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VN800S-E, VN8OOPT-E Electrical characteristics curves

3.3

3.3.1

Solution 2: adiode (DGND) in the ground line

A resistor (Rgnp=1kQ) should be inserted in parallel to Dgpp if the device will be driving an
inductive load.

This small signal diode can be safely shared amongst several different HSD. Also in this
case, the presence of the ground network will produce a shift (j600mV) in the input
threshold and the status output values if the microprocessor ground is not common with the
device ground. This shift will not vary if more than one HSD shares the same diode/resistor
network.

Series resistor in INPUT and STATUS lines are also required to prevent that, during battery
voltage transient, the current exceeds the Absolute Maximum Rating.

Safest configuration for unused INPUT and STATUS pin is to leave them unconnected.

MCU 1/Os protection

If a ground protection network is used and negative transients are present on the Vg line,
the control pins are pulled negative. ST suggests to insert a resistor (Ry,1) in line to prevent
the uC 1/Os pins to latch-up.

The value of these resistors is a compromise between the leakage current of microcontroller
and the current required by the HSD I/Os (Input levels compatibility) with the latch-up limit of
microcontroller I/Os.

-Veepeak/latehup < Rprot < (Voruc-ViH-VaND) / iHmax
Calculation example:

For Vecpeak= - 100V and ljatchyp = 20mMA; Vo, c = 4.5V
5KQ < Rpyor < 65O

Recommended R, value is 10k€.
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3.4

Note:

18/33

SO-8 maximum demagnetization energy (Ve = 13.5V)

Figure 22. SO-8 Maximum turn-off current versus load inductance
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Values are generated with R =0c. In case of repetitive pulses, T, (at beginning of each
demagnetization) of every pulse must not exceed the temperature specified above for
curves B and C.

4
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VN800S-E, VN8OOPT-E Electrical characteristics curves

3.5 PPAK maximum demagnetization energy (Vcc = 13.5V)
Figure 23. PPAK maximum turn-off current versus load inductance
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Note: Values are generated with R =0c. In case of repetitive pulses, T, (at beginning of each

demagnetization) of every pulse must not exceed the temperature specified above for
curves B and C.
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Package and PCB thermal data VN800S-E, VN80OOPT-E

4 Package and PCB thermal data

4.1 SO-8 thermal data

Figure 24. SO-8 PC board

1 111

" UL

N il

GAPGCFT00305

Note: Layout condition of Ry, and Zy, measurements (PCB FR4 area= 58mm x 58mm, PCB
thickness=2mm,Cu thickness=35um, Copper areas: 0.14cm?, 2cniP).

Figure 25. SO-8 Ripj.amp VS PCB copper areain open box free air condition
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VNB800S-E, VN8OOPT-E Package and PCB thermal data

Figure 26. SO-8 thermal impedance junction ambient single pulse
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Equation 1pulse calculation formula
Zrys = Rry -8+ Zypp(1-9)

where & = tp/T

Figure 27. Thermal fitting model of a single channel HSD in SO-8

T3 c2 c3 c4 cs ce
| |
1 1

T_amb
GAPGRI00175
Table 15. Thermal parameter
Arealisland (cm?) 0.14 2
R1 (°C/W) 0.24 -
R2 (°C/W) 1.2 -
R3 ( °C/W) 4.5 -
R4 (°C/W) 21 -
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Table 15. Thermal parameter (continued)

Arealisland (cm?) 0.14 2
R5 (°C/W) 16
R6 (°C/W) 58 28
C1 (W.s/°C) 0.00015
C2 (W.s/°C) 0.0005
C3 (W.s/°C) 7.50E-03
C4 (W.s/°C) 0.045
C5 (W.s/°C) 0.35
C6 (W.s/°C) 1.05 2
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| Ppak Bcn~2

GAPGRI00172

4.2 PPAK thermal data

Figure 28. PPAK PC board

Ppak

Note: Layout condition of Ry, and Zy, measurements (PCB FR4 area= 60mm x 60mm, PCB
thickness=2mm, Cu thickness=35um, Copper areas: 0.44cm?, 8cm?).

Figure 29. PPAK Ryni.amp VS PCB copper area in open box free air condition
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Figure 30. PPAK thermal impedance junction ambient single pulse
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Equation 2 Pulse calculation formula
Ztys = Ry 8+ Zypp(1-9)
where & = tp/T

Figure 31. Thermal fitting model of a single channel HSD in PPAK
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Package and PCB thermal data

Table 16. Thermal parameter

Aralisland (cm?) 0.44 6
R1 (°C/W) 0.04
R2 (°C/W) 0.25
R3 ( °C/W) 0.3
R4 (°C/W) 2
R5 (°C/W) 15
R6 (°C/W) 61 24
C1 (W.s/°C) 0.0008
C2 (W.s/°C) 0.007
C3 (W.s/°C) 0.02
C4 (W.s/°C) 0.3
C5 (W.s/°C) 0.45
C6 (W.s/°C) 0.8 5
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5

5.1

5.2

Package and packing information

ECOPACK®

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

SO-8 package mechanical data

Figure 32. SO-8 package dimensions

[ h)

{ ) % <

4

26/33

b |L \ 5
S = i
E
|
M
00 [ % |
8 5
L
1
T OO u’)”
GAPGCFT00302
Table 17. SO-8 mechanical data
millimeters
Symbol
Min Typ Max
A 1.75
al 0.1 0.25
a2 1.65
a3 0.65 0.85

4
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Table 17. SO-8 mechanical data (continued)

millimeters
Symbol
Min Typ Max
b 0.35 0.48
b1 0.19 0.25
C 0.25 0.5
cl 45 (typ.)
D 4.8 5
E 58 6.2
e 1.27
e3 3.81
F 3.8 4
L 0.4 1.27
0.6
S 8 (max.)
L1 0.8 1.2
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5.3 PPAK package mechanical data

Figure 33. PPAK package dimensions
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Package and packing information

Table 18. PPAK mechanical data
millimeters
Symbol
Min Typ Max
A 2.20 240
Al 0.90 1.10
A2 0.03 0.23
B 0.40 0.60
B2 5.20 5.40
C 0.45 0.60
c2 0.48 0.60
D1 5.1
D 6.00 6.20
6.40 6.60
E1 4.7
e 1.27
G 4.90 5.25
G1 2.38 2.70
H 9.35 10.10
L2 0.8 1.00
L4 0.60 1.00
L5 1
L6 2.80
R 0.2
V2 0° 8°
Package Weight Gr. 0.3
Figure 34. SO-8tube shipment (no suffix)
° c l Base Q.ty 100
‘7>\ Bulk Q.ty 2000
A Tube length (= 0.5) 532
A 3.2
GAPGCFT00303 B 6
C(x0.1) 0.6

All dimensions are in mm.
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Figure 35. SO-8 tape and reel shipment (suffix “TR")

GAPGRI00180

e
REEL DIMENSIONS
40mm min.
Access hole
at slot location
Baseq.ty 2500
Bulk q.ty 2500
P L A (max) 330
o . B(min) 1.5
, C(*02) 13
A S AN il F 20.2
& N G(+2/-0) 12.4
\\ G measured N (mln) 60
Full radus - N oo s STHE T(max) 18.4
2 / oty All dimensions are in mm.
v tape start
2 5mm min. width. “ ~
TAPEDIMENSIONS Po
According to Electronic Industries Association R
D 1
(EIA) Standard 481 rev. A, Feb. 1986 : ‘
Tape width W 12 Top ; 1 )
Tape hole spacing PO (+ 0.1) 4 COVER Fan W B W e
- oo WU
Component spacing P 8 TAPE i | i o4 el w
Hole diameter D(+01/-0)| 15 | ={| rﬂ ﬂ |
:o:ediarlrs.eter D1 (min) ;g J T I O'\/EJ ‘,.‘
ole position F (+ 0.05) -
Compartment depth K(max) 4.5 7 ‘—pJ
Hole spadng P1 (i 0_1) 2 User Direction of Feed
All dimensions are in mm.
End
Bo((ooc((ooc((ooc(
[ 00 00Cc 00 0\ Sl B
Start
Top No components | Components No components
cover -
tape 500mm min 500mm min
| \ Empty components pockets /‘
saled with cover tape.
User Direction of Faed User direction of feed
GAPGCFTNN3’04
Figure 36. PPAK suggested pad layout and tube shipment (no suffix)
A
e cl
3 | Base Q.ty 75
-——1 Y
8 ;_OEI Bulk Q.ty 3000
3
- o Tube length (= 0.5) 532
N N
g Y E——] ® A 6
] v
3| 3 i 1.8 | 6.7 B 213
GAPGRI00179 C (x0.1) 0.6

All dimensions are in mm.
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Package and packing information

Figure 37. PPAK tape and reel shipment (suffix “TR")

e

40mm min.
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at slot location

REEL DIMENSIONS

Base 2500
L Qty
0 . Bulk Q.ty | 2500
/ A (max) 330
= " B (min) 15
s C(x0.2) 13
Full radius. Tape sict athub F 202
G+2/- .,
2.5mm min. width. | r O)
TAPE DIMENSIONS Po
According to Electronic Industries Association
(EIA) Standard 481 rev. A, Feb 1986
Tape width w 16 o
Tape Hole Spacing| Po (£0.1) | 4 TAPE
Component P 8
Spacing
Hole Diameter D (£0.1/-0)| 1.5
Hole Diameter D1 (min) | 1.5
Hole Position F(x0.05) | 75
Compartment End
Depth K(max) | 275 | | 50 (ood(ooc{(ood
Start
7 \
{ = y ~ ~ Top No components Components No components
e cover
tape 500mm min

IUser Direction of Feed

Empty components pockets  500mm min
saled with cover tape.

User direction of feed

GAPGRI00181
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Revision history

Table 19. Revision history

Date Revision Changes
7-Oct-2004 1 Initial release.
Update entire document following new ST template.
02-May-2012 | 2 P Ire docu wing new P

Update Figure 33 and Table 18.
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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