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RL9904

Motor bridge controller

Features

Operating supply voltage 8 V to 28 V,
overvoltage max. 40 V

Operating supply voltage 6 V with implemented
step up converter

Quiescent current in standby mode less than
50 uA

ISO 9141 compatible interface

Charge pump for driving a PowerMOS as
reverse battery protection

PWM operation frequency up to 30 kHz

Datasheet - production data

Programmable cross conduction protection
time

Overvoltage, undervoltage, short circuit and
thermal protection

Real time diagnostic

Aerospace and Defense features

— Dedicated traceability and part marking

— Production parts approval documents
available

— Adapted Extended life time and
obsolescence management

— Extended Product Change Notification
process

— Designed and manufactured to meet sub
ppm quality goals

— Advanced mold and frame designs for
Superior resilience to harsh environment
(acceleration, EMI, thermal, humidity)

— Single Fabrication, Assembly and Test site

— Dual internal production source capability

Description

RL9904 is a control circuit for PowerMOS bridge

driver with ISO 9141 bus interface.

Table 1. Device summary

Order code Package Packing
RL9904 Tube
S0O-20
RL9904TR Tape and reel
September 2014 DoclD026949 Rev 1 1/23
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Block diagram

Figure 1. Block diagram
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Pins description

Figure 2. Pins connection diagram (top view)
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™ I 8 13 [IJ cB1
K (O o 12 IO GH1
vs I 10 11 IO cp
GAPGPS03335
Table 2. Pins description
N# Pin Description
1 ST | Open Drain Switch for step up converter
2 DG | Open drain diagnostic output
3 PWM | PWM input for H-bridge control
4 EN Enable input
5 DIR | Direction select input for H-bridge control
6 PR | Programmable cross conduction protection time
7 RX ISO 9141 interface, receiver output
8 X ISO 9141 interface, transmitter input
9 K ISO 9141 Interface, bidirectional communication K-line
10 VS | Supply voltage
11 CP | Charge pump for driving a PowerMOS as reverse battery protection
12 GH1 | Gate driver for PowerMOS high side switch in half bridge 1
13 CB1 |External bootstrap capacitor
14 S1 Source/drain of half bridge 1
15 GH2 | Gate driver for PowerMOS high side switch in half bridge 2
16 CB2 |External bootstrap capacitor
17 S2 | Source/drain of half bridge 2
18 GL2 |Gate driver for PowerMOS low side switch in half bridge 2
19 GL1 | Gate driver for PowerMOS low side switch in half bridge 1
20 GND |Ground

DocID026949 Rev 1
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Electrical specifications

Absolute maximum ratings

Table 3. Absolute maximum ratings

Symbol Parameter Value Unit
Veg1, Vo2 Bootstrap voltage -0.3t0 40 \Y,

lcg1, lce2 Bootstrap current -100 mA
Vep Charge pump voltage -0.3t0 40 \Y

lcp Charge pump current -1 mA
Voir: VENs VPwims VTx | Logic input voltage -03to7 \

Ipir: lens lpwms ITx | Logic input current 1 mA
Vpa, VRx Logic output voltage -03to7 \Y

Ibe: Irx Logic output current -1 mA
VeH1: VaH2 Gate driver voltage -0.3to Vgx + 10 \Y

Ich1, lgH2 Gate driver current -1 mA
Vers VoL Gate driver voltage -0.3t0 10 \

oLt oLz Gate driver current -10 mA
A% K-line voltage -20to Vg \Y
Vpr Programming input voltage -03to7 Vv

Ipr Programming input current -1 mA
Vg4, Vg2 Source/drain voltage 2toVyg +2 \Y

Isq, Is2 Source/drain current -10 mA
Vgt Output voltage -0.3t0 40 \%

IsT Step up output current -1 mA
Vyspc DC supply voltage -0.3t0 28 \Y
Vysp Pulse supply voltage (T < 500ms) 40 \%

lys DC supply current -100 mA

Warning: For externally applied voltages or currents exceeding these
limits damage of the device may occur!
All pins of the IC are protected against ESD. The verification
is performed according to MIL883C, human body model with
R =1.5kQ, C =100 pF and discharge voltage *2 kV,
corresponding to a maximum discharge energy of 0.2 mJ.
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Electrical specifications RL9904
3.2 Thermal data
Table 4. Thermal data
Symbol Parameter Value Unit
T, Operating junction temperature -40 to 150 °C
Tysp |Junction temperature thermal shutdown threshold min 150 °C
Tyspn | Junction thermal shutdown hysteresis typ 15 °C
Rih j-amb | Thermal resistance junction-to-ambient 85 °C/W
3.3 Electrical characteristics
8V <Vyg <20V, Vgy = HIGH, -40°C < T, < 150 °C, unless otherwise specified. The
voltages are referred to GND and currents are assumed positive, when current flows into
the pin.
Table 5. Electrical characteristics
Symbol Parameter Test condition Min. Typ. Max. Unit
Supply (VS)
Overvoltage disable HIGH
Vs OVH | threshold i 28 33 36 v
Overvoltage threshold hysteresis
Vvs ovh | (1) 9 y - 1.6 - v
Undervoltage disable HIGH
VVS UVH | threshold i 6 i ! v
Undervoltage threshold
Vvs uvh hysteresis (1 - - 0.66 - v
lysL Supply current Ven=0; Vyg=135V; Tj<85°C - - 50 MA
VVS =135 V; VEN = H|GH,
VDIR = LOW, S1=82=GND
lvsy | Supply current, PWM-mode fowm = 20 kHz; Cepx = 0.1 pF; - 8.1 13 mA
CGLX =47 nF, CGHX =47 nF,
RPR= 10 kQ; CPR= 150 pF
Vys = 13.5V; Vgy = HIGH;
Vpir = LOW; S1 =82 =GND
I I t, DC- - . 1 A
VSD Supply current, DC-mode Viy = LOW: Capix = 4.7nF 5.8 0 m
RPRZ 10 kQ; CPR= 150 pF
Enable input (EN)
VENL Low level - - - 1.5 \Y
Venn | High level - 3.5 - - \Y
Venn | Hysteresis threshold (1) - - 1 - \Y
Ren Input pull down resistance VEn=5V 16 50 100 kQ

H-bridge control inputs (DIR, PWM)

8/23
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RL9904 Electrical specifications

Table 5. Electrical characteristics (continued)

Symbol Parameter Test condition Min. Typ. Max. Unit
\Y,
DIRL | Input low level - - - 15 %
VewmL
\Y
DIRH 1 Input high level - 35 - - v
VewMH
VDiRn Input threshold hysteresis (1) - - 1 - \Y;
Vewmh
Rpir | Internal pull up resistance
Vpr=0;V =0 16 50 100 kQ
Rpwy | to internal VCC@) DIR PWM
DIAGNOSTIC output (DG)
VDG Output drop IDG =1mA - - 0.6 \%
Internal pull up resistance
R Vpg=0V 10 20 40 kQ
DG lto internal VCC @ DG
Programmable cross conduction protection(®)
Npg Threshold voltage ratio Req = 10 kQ 18 5 29 )
VerH/VPRL
Ipr Current capability Vpr=2V -0.5 - - mA
ISO interface, transmission input (TX)
VixL |Input low level - - - 1.5 \Y
Vixy | Input high level - 3.5 - - \
Vixn | Input hysteresis voltage 1 - - 1 - \Y
Internal pull up resistance to _
Rtx |intemal vcc @ Vx =0 10 20 40 kQ
ISO interface, receiver output (RX)
VrxL |Output voltage high stage TX =HIGH; Igx = 0; Vg = Vys 4.5 - 5.5 \Y
Internal pull up resistance TX = HIGH,;
R 5 10 20 kQ
RX" lto internal vCC @) VRrx = 0V
TX =LOW,;
Rrxon | ON resistance to ground - 40 90 Q
IRX =1mA
trRxH Output high delay time See Figure 3 on page 13 - 0.5 - us
trxL Output low delay time - - 0.5 - us
ISO interface, K-line (K)
Vi |Input low level - 20V .| 04s -
Vvs
Vky | Input high level - 0.55- - Vys -
Vvs
Vkn | Input hysteresis voltage () - - 0625' 0.8V -
Vs
IkH Input current Vix = HIGH -5 - 25 MA
Rkon | ON resistance to ground V1x = LOW; Ik =10 mA - 10 30 Q

‘Yl DoclD026949 Rev 1 9/23




Electrical specifications RL9904
Table 5. Electrical characteristics (continued)
Symbol Parameter Test condition Min. Typ. Max. Unit
lksc Short circuit current Vix = LOW 40 - 130 mA
1% Transmission frequency - 60 100 kHz
VVS =135 V,
See Figure 3 on page 13
tyr Rise time External loads at K-line: - 2 6 us
RK= 510 Q pull up to VVS
Ck=2.2nF to GND
ts Fall time - - 6 us
tkH Switch high delay time - - 17 us
tkL Switch low delay time - - 17 us
VVS =13.5 V,
tsH Short circuit detection time TX =LOW 10 - 40 us
VK >0.55 - VVS
Charge pump
- Vyst i Vys* .
Vvs =8V 7V 14V
- Vyst i Vys* .
Vep Charge pump voltage Vys =135V 10V 14V
- Vyst i Vvs i
Vvs =20V 10V +14V
Charging current
I Vyg =135V -50 -75 - A
cP Vep = Vyg + 8V S H
Charging time (1) Vys = 13.5V
tep arging time VS i 192 4 ms
VCP=VVS+8V CCp=1OnF
fep Charge pump frequency Vyg=13.5V 250 500 750 kHz
Drivers for external high side PowerMOS
v VVS =8 V, ICBX = 0, VSX =0 7.5 14 \Y
VCB1 Bootstrap voltage Vys=13.5V; Icgx =0; Vgx =0 10 - 14 \Y
cB2 Vys =20 V; legy = 0; Vgy = 0 10 14 Y
Vepx =8 V; Vgx =
R | o 580 rr,1A'S ;( —025 °C ) ) 10 Q
GHIL | ON-resistance of SINK stage GhX r
RGH2L VCBX =8 V; VSX =0 ) ) 20 0
IGHX= 50 mA, TJ =125°C
10/23 DoclD026949 Rev 1 Kys




RL9904 Electrical specifications
Table 5. Electrical characteristics (continued)

Symbol Parameter Test condition Min. Typ. Max. Unit
Reniy | ON-resistance of SOURCE lorx =-50 MA; T, =25°C - - 0] Q
Rahzn  |stage lgHx = -50 MA; T, = 125 °C - - 20 Q

Vvs = Vgx =8 V; Ighx = 0; Vvs i Vvs .
CCBX=O'1 |JF +6.5V +14 V
V Vyg =Vgx =13.5V; | =0;
GH1H | Gate ON voltage (SOURCE) vs T Vsx GHX Vyst | Vvs -
VGHzH Ccpx = 0.1 uF 10V +14V
Vvs = Vgx = 20 V; Ignx = 0; Vvs i Vvs .
Ccpx = 0.1 pF +10V +14V
RaH1 - : =
Gate discharge resistance EN =LOW 10 100 - kQ
RaHz
R
st Sink resistance - 10 100 - kQ
Rs2
Drivers for external low side PowerMOS
R lgLx =50 mA; T;=25°C - - 10 Q
GLIL | ON-resistance of SINK stage
RaLaL loLx = 50 mA; T, = 125 °C - - 20 Q
RgL1H, | ON-resistance of SOURCE loLx =-50 mA; Ty =25°C ) ) 10 Q
Relon |Stage loLx = -50 MA; T, = 125 °C ; ; 20 Q
Vv VVS =8 V; lGLX =0 7V VVS
VG“Hv Gate ON voltage (SOURCE) Vys = 135V; g x =0 10V - Vs
GL2H Vys =20V lgx =0 10V 14V
R
GL1 Gate discharge resistance EN =LOW 10 100 - kQ
RaL2
Timing of the drivers
See Figure 4 on page 13
¢ Vyg = 13.5V
tGH1LH Propagation delay time Vg4 =Vg, =0 - - 500 ns
GH2LH CCBX =0.1 }_IF
RPR= 10 kQ
t Propagation delay time including | See Figure 4 on page 13
tGH“‘H cross conduction protection time Vyg =135V 0.7 1 1.3 us
GH2LH  |tocp Var = Vap = 0
CCBX =0.1 |JF
t
GHHL Propagation delay time - - 500 ns
teH2HL Cpr = 150 pF;
Rpg= 10 kQ®¥
Kys DoclD026949 Rev 1 11/23




Electrical specifications RL9904
Table 5. Electrical characteristics (continued)
Symbol Parameter Test condition Min. Typ. Max. Unit
See Figure 4 on page 13
VVS =135V
t Vgq =Vg, =0
GLILH Propagation delay time S S2 - - 500 ns
toLaLH Ccex =0.1 pF
Rpr= 10 kQ
t Propagation delay time including | See Figure 4 on page 13
tG"”‘H cross conduction protection time |y, s =13.5V 0.7 1 1.3 us
GL2LH
tcep Vgy = Vgy =0
CCBX =0.1 |JF
t
tGUHL Propagation delay time Cpr = 150 pF; - - 500 ns
cLaAt Rpr = 10 kO;
“4)
toH1r Rise time See Figure 4 on page 13 - - 1 us
taHr Vys = 135V
t = =
G| Fall time V1= Vs2 =0 - - 1 Hs
taHor Ccgx = 0.1 pF
taLar o
Rise time - - 1 s
toLar Comx =4.7 nF H
C =4.7nF
toL1f Fall time R(:;X= 10 kQ; - - 1 us
toLor
Short Circuit Detection
\Y,
S1TH | Threshold voltage - - 4 - \%
VsatH
tscq Detection time - 5 10 15 us
Step up converter (ST) (5.2V <Vyg < 10V)
Vgty | ST disable HIGH threshold - - - 10 \Y
ST disable threshold hysteresis
Vs voltage (V L i 2 v
. . Vys=5.2V;
Rpson | Open drain ON resistance lsy = 50 mA - - 20 w
fsT Clock frequency - 50 100 149 kHz
1. Not tested in production: guaranteed by design and verified in characterization.
2. Internal Vyccis 4.5V to 5.5 V.
3. See Section 4.13 on page 19 for calculation of programmable cross conduction protection time
4. Tested with differed values in production but guaranteed by design and verified in characterization
12/23 DoclD026949 Rev 1 Kys




RL9904 Electrical specifications

Figure 3. Timing of the ISO-interface
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Figure 4. Timing of the drivers for the external MOS regarding the inputs DIR and
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Figure 5. I(V) characteristics of the K-Line for TX = HIGH and Vyg=13.5V
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Figure 6. Driving sequence
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Figure 7. Charging time of an external capacitor of 10 nF connected to CP pin at
Vys=8Vand Vyg=13.5V

voltage [V] o
30 Charging time of a 10nF load at CP
CP for V§=13.5!
25 /
20 // CP for VS=8V
15 ///
10
EN
5
0
0 1 2 3
time [ms]

GAPGPS03340

DocID026949 Rev 1

S74




Electrical specifications

RL9904
Figure 8. Application circuit diagram
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Functional description

General

The RL9904 integrated circuit (IC) is designed to control four external N-channel MOS
transistors in H-Bridge configuration for DC-motor driving. It includes an 1ISO9141
compatible interface. A typical application is shown in Figure 8.

Voltage supply

The IC is supplied via an external reverse battery protection diode to the Vy,g pin. The
typical operating voltage range is down to 8 V.

The supply current consumption of the IC composes of static and a dynamic part. The static
current is typically 5.8 mA. The dynamical current lyy, is depending of the PWM frequency
fewm @nd the required gate charge Qg4 Of the external power mos transistor. The current
can be estimated by the expression:

layn = 2 frwm * Qgate

An external power transistor with a gate charge of Qgate = 160 nC and a PWM frequency of
fpwm = 20 kHz requires a dynamical supply current of Iy, = 6.4 mA.

The total supply current consumption is Iyg = 5.8 mA + 6.4 mA = 12.2 mA.

Extended supply voltage range (ST)

The operating battery voltage range can be extended down to 6 V using the additional
components shown in Figure 9. A small inductor of L~150 pH (lpeak~500 mA) in series to the
battery supply built up a step up converter with the switching open drain output ST. The
switching frequency is typical 100 kHz with a fixed duty cycle of 50 %. The step up converter
starts below Vy,g < 8V, increases the supply voltage at the Vg pin and switches off at Vyg >
10 V to avoid EME at nominal battery voltage. The diode D2 in series with the ST pin is
necessary only for systems with negative battery voltage. No additional load can be driven
by the step up converter.

Figure 9. Application extension for systems with Battery voltage down to 6 V

L9904
VBAT L1 D1 VS L
O%W °
B
IC1 ICZ
¥ b2
ST
[
VSTH
fsT

GAPGPS03342
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RL9904 Functional description
4.4 Control inputs (EN, DIR, PWM)
The CMOS level inputs drive the device as shown in Figure 6 and described in the truth
table.
The device is activated with enable input HIGH signal. For enable input floating (not
connected) or VEN = 0V the device is in standby mode. When activating the device a wake-
up time of 50 us is recommended to stabilize the internal supplies.
The DIR and PWM inputs control the driver of the external H-Bridge transistors. The motor
direction can be chosen with the DIR input, the duty cycle and frequency with the PWM
input. Unconnected inputs are defined by internal pull up resistors. During wake-up and
braking and before dis-activating the IC via enable both inputs should be driven HIGH.
Table 6. Truth table
. . Driver stage for external . .
Control inputs Device status PowerMOS Diagnostic
Status Comment
EN | DIR |PWM| TS | OV | UV | SC | GH1 | GL1 | GH2 | GL2 DG
1 0 X X X X X x |RM| R [RD| R T standby mode
2 1 | x| x| 1]lo]o]o | L |L|L]|L L thermal
shutdown
3 1 X X 0 1 0 0 L L L L L overvoltage
4 1 X X 0 0 1 0 L L L L L undervoltage
5 1 x X 0 0 0 1| X@ | x@ | x@ | x@ L short circuit (?)
6 1 0 0 0 0 0 0 L H H L H -
7 1 X 1 0 0 0 0 L H L H H braking mode
8 1 1 0 0 0 0 0 H L L H H -

1. See Application Note AN2229.

2. Only those external MOS transistors of the H-Bridge which are in short circuit condition are switched off. All others remain
driven by DIR and PWM.

3

Symbols:

x Don't care

0: Logic LOW or not active
1: Logic HIGH or active

4 I T ®

Resistive output
Output in sink condition
Output in source condition

Tristate

DocID026949 Rev 1

TS:Thermal shutdown

QV:Overvoltage

UV:Undervoltage
SC:Short Circuit
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4.8

4.9
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Thermal shutdown

When the junction temperature exceeds T gp all driver are switched in sink condition (L),
the K- output is off and the diagnostic DG is LOW until the junction temperature drops below

Tysp - TyHYST:

Overvoltage shutdown

When the supply voltage Vy,g exceeds the overvoltage threshold Vygoyy all driver are
switched in sink condition (L), the K- output is off and the diagnostic DG is LOW.

Undervoltage shutdown

For supply voltages below the undervoltage disable threshold the gate driver remains in sink
condition (L) and the diagnostic DG is low.

Short circuit detection

The output voltage at the S1 and S2 pin of the H-Bridge is monitored by comparators to
detect shorts to ground or battery. The activated external high-side MOS transistor will be
switched off if the voltage drop remains below the comparator threshold voltage Vg4 and
Vgo1H for longer than the short current detection time tgcy4. The transistor remains in off
condition, the diagnostic output goes LOW until the DIR or PWM input status will be
changed. The status doesn't change for the other MOS transistors. The external low-side
MOS transistor will be switched off if the voltage drop passes over the comparator threshold
voltage Vg1 and Vgo7y for longer than the short current detection time tggqy. The transistor
remains in off condition, the diagnostic output goes LOW until the DIR or PWM input status
will be changed. The status doesn't change for the other MOS transistors.

Diagnostic output (DG)

The diagnostic output provides a real time error detection, if monitors the following error
stacks: Thermal shutdown, overvoltage shutdown, undervoltage shutdown and short circuit
shutdown. The open drain output with internal pull up resistor is LOW if an error is occurring.

Bootstrap capacitor (CB1, CB2)

To ensure, that the external PowerMOS transistors reach the required Rpgon, @ minimum
gate source voltage of 5 V for logic level and 10V for standard PowerMOS transistors has to
be guaranteed. The high-side transistors require a gate voltage higher than the supply
voltage. This is achieved with the internal charge pump circuit in combination with the
bootstrap capacitor. The bootstrap capacitor is charged, when the high-side MOS transistor
is OFF and the low-side is ON. When the low-side is switched OFF, the charged bootstrap
capacitor is able to supply the gate driver of the high-side PowerMOS transistor. For
effective charging the values of the bootstrap capacitors should be larger than the gate-
source capacitance of the PowerMOS and respect the required PWM ratio.

DoclD026949 Rev 1 KYI
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4.11

4.12

413

414

)

Charge pump circuit (CP)

The reverse battery protection can be obtained with an external N-channel MOS transistor
as shown in Figure 8. In this case its drain-bulk diode provides the protection. The output
CP is intended to drive the gate of this transistor above the battery voltage to switch on the
MOS and to bypass the drain-bulk diode with the Rpggn. The CP has a connection to VS
through an internal diode and a 20 kQ resistor.

Gate drivers for the external N-channel PowerMOS
transistors (GH1, GH2, GL1, GL2)

High level at EN activates the driver of the external MOS under control of the DIR and PWM
inputs (see Table 6: Truth table and driving sequence Figure 6). The external PowerMOS
gates are connected via series resistors to the device to reduce electro magnetic emission
(EME) of the system. The resistors influence the switching behaviour. They have to be
chosen carefully. Too large resistors enlarge the charging and discharging time of the
PowerMOS gate and can generate cross current in the half-bridges. The driver assures a
longer switching delay time from source to sink stage in order to prevent the cross
conduction.

The gate source voltage is limited to 14 V. The charge/discharge current is limited by the
Rpson of the driver. The drivers are not protected against shorts.

Programmable cross conduction protection

The external PowerMOS transistors in H-Bridge (two half bridges) configuration are
switched on with an additional delay time tccp to prevent cross conduction in the
half-bridge. The cross conduction protection time tccp is determined by the external
capacitor Cpr and resistor Rpg at the PR pin. The capacitor Cpg is charged up to the
voltage limit Vpry. A level change on the control inputs DIR and PWM switches off the
concerned external MOS transistor and the charging source at the PR pin. The resistor Rpg
discharges the capacitor Cpr. The concerned external PowerMOS transistor will be
switched on again when the voltage at PR reaches the value of Vpg, . After that the CPR will
be charged again. The capacitor Cpr should be chosen between 100 pF and 1 nF. The
resistor Rpr should be higher than 7 kQ. The delay time can be expressed as follows:

tccp= Rpr - Cpr * IN Npr - With  Npr= Vpry / Vpr = 2
tccp=0.69 - Rpgr - Cpr

ISO-Interface

The ISO-Interface provides the communication between the micro controller and a serial
bus with a baud rate up to 60kbit/s via a single wire which is Vgar and GND compatible. The
logic level transmission input TX drives the open drain K-output. The K output can be
connected to a serial bus with a pull up resistor to Vgat. The K-pin is protected against
overvoltage, short to GND and VS and can be driven beyond V\,5 and GND. During lack of
Vys or GND the output shows high impedance characteristic. The open drain output RX
with an internal pull up resistor monitors the status at the K-pin to read the received data and
control the transmitted data. Short circuit condition at K-pin is recognized if the internal open
drain transistor isn't able to pull the voltage potential at K-pin below the threshold of
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0.45-Vy5. Then the RX stays in high condition. A timer starts and switches the open drain

transistor after typ. 20 us off. A next low at the TX input resets the timer and the open drain
transistor switches on again.

Figure 10. Functional schematic of the ISO-interface
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Package information
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3

Package information

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.

Figure 11. SO-20 mechanical data and package dimensions

mm inch
DIM. OUTLINE AND
MIN. | TYP. | MAX. [ MIN. | TYP. | MAX. MECHANICAL DATA
A 2.35 2.65 | 0.093 0.104
A1l 0.10 0.30 | 0.004 0.012
B 0.33 0.51 | 0.013 0.200
Cc 0.23 0.32 | 0.009 0.013
p (M | 12.60 13.00 | 0.496 0.512
E 7.40 7.60 | 0.291 0.299
e 1.27 0.050
H 10.0 10.65 | 0.394 0.419
h 0.25 0.75 | 0.010 0.030
L 0.40 1.27 | 0.016 0.050
k 0° (min.), 8° (max.)
ddd ’ ’ 0.10 ’ 0.004
(1) “D” dimension does not include mold flash, protusions or gate 8020
burrs. Mold flash, protusions or gate burrs shall not exceed
0.15mm per side.
D hx45’
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Table 7. Document revision history

Date

Revision

Changes

25-Sep-2014

1

Initial release.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2014 STMicroelectronics — All rights reserved
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