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L9407F

Car alternator voltage regulator

Features

Low side field driver
Thermal protection

Complex diagnostics

Description

Load response control
DFM output (field monitor)

Fully monolithic design

Field short circuit protection
Protected diagnostic lamp driver
Protected high side relay driver

The L9407F is a monolithic multifunction
alternator voltage regulator intended for use in

Preliminary Data

Maltiwatt8

'tiacludes the control section, the field power
s.age, fault diagnostic circuit which drives a
warning lamp, and the protection against short

automotive application. circuits.
Table 1. Device summary
— -
Order code Package Packing
L9407% Multiwatt8 Tube
November 2008 Rev 5 114
This is preliminary information on a new product now in development or undergoing evaluation. Details are subject to www.st.com

change without notice.
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L9407F

Functional description

1.1

1.2

1.3

1.4

1.5

Functional description

Circuit operation

The alternator's voltage regulator performs the following main functions:
® voltage regulation

® protection

® control fault diagnosis

® load response control

Voltage regulation

The alternator voltage is compared with a reference voltage in an amplifier, v:hose output
determines the switching frequency of output power MOS whose curren: exvites the coil of
the alternator; as the regulators are a self-oscillating type this freauver.«. s depends on the
whole system parameter set including the alternator characte:is.ics. Tne regulators have an
integrated filter in the voltage sensing path guaranteeing the currect behavior of the devices
also when the rectifier diodes feature very high switchir 7 =pikes. The internal filtering allows
the usage of the device also with very long cables corineclting the alternator to the battery
with an impedance so high to cause a superimpos=Jd ripple on the alternator voltage higher
than 5-6V. Consequently it doesn't need, in tl:2 siandard application, any external
component. Anyway an external applicaiion 12.2uF or 2.7uF) must be inserted between A+
and ground when using the device wi.h vzry long cables.

Protection

It is present a pretect on against short circuits of the lamp and the relay power drivers (D+)
and of the fieid Ltower driver (DF), a thermal drivers shutdown protection and an overvoltage
protectiun of O+ power drivers.

f,iagnosis

The circuit detects fault conditions related to the phase and DF status and receives
informations from one of the three alternator phases. In order to prevent spurious
indications, fault warnings are not displayed immediately but are delayed by a fixed time.

Load response control

The internal circuit regulates the soft start characteristics (activated always at engine start)
and the soft attack characteristics.
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Pin description L9407F

2 Pin description

Figure 1. Pin connection (top view)

/ O AN

O O (

)
9

Table 2. Pin description

A+t=——n
NC ="=—|«»
DF =——|»
GND="—]|v»
DFM="—|>
NC ="—"—|~
PH="—|

N° Pin Functicn

D+ |Lamp terminal low side driver; relay ‘e runai high side driver

—_

A+ | Alternator output voltage supp'y

NC Not connected

DF | Field low side driver ousut
GND | Ground
DFM | Field mionitor output

NC | Mot ~unnected

(N[Ol | B[N

PA T.”nase sense input
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L9407F Electrical specification

3 Electrical specification
3.1 Absolute maximum ratings
Table 3. Absolute maximum ratings
Symbol Parameter Value Unit
Vg DC supply voltage (2 min. @ 25°C) [all pins vs. GND] 24 Vv

Transient supply voltage (load dump) [see Figure 3:

Application diagram t<500ms 40 v

Transient supply voltage (low energy spikes) [see

Figure 3: Application diagram] 1SO7637-1 pulse 1,2,3 100 (clamped at 60

by application)

/1ISO7637-3
T; Junction temperature range -46tc 1,70 °C
Tstg: Tcase | Storage and case temperature range -'L 1t 150 °C
Piot Total power dissipation (@ T.yee = 150°C, jfieig = 5A) | 8 w

Reverse voltage (see Figure 3: Application diagr=r) @
25°C, T=15sec -2.5 Vv

all pins, except for PH (normal working coniition)

DC pin current on DF, A+, GND (henaing limitation) 15 A

ESD voltage MILSTD883C (:\ll pins vs.GND) +4 KV

3.2 Thermal data

Table 4. Thzin.2. data

Symbe! | Parameter Value Unit
R. icass | Thermal resistance junction to case 0.6 °C/W
3.2 Electrical characteristics
Table 5. Electrical characteristics
(Tcase = -40°C to 150°C; unless otherwise specified)
Symbol Parameter Test condition Min. Typ. Max Unit
Vpat Operating supply voltage 6 18 \"
lp-sinked | Supply battery current 50 mA
lb-stoy | Standby current Vbat=A+, DF =12.5V 500 pA
lalt=1A-0.9*Inom; T.,5,=20°C;
Vv Regulated voltage and thermal | 1200<rpm<RPMMAX; 13.9 | 14.35 14.8 Vv
reg drift V/eg Clamped at 14.8V Max. 45 -3.5 25 | mv/eC
(See Figure 4)
fsw Switching frequency pre-excitation 30 400 Hz
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Electrical specification

L9407F

Table 5. Electrical characteristics (continued)
(Tcase = -40°C to 150°C; unless otherwise specified)
Symbol Parameter Test condition Min. Typ. Max Unit
1500<rpm<RPMMAX; lalt=5A;
Delta Vrpm Tease=23°C 200 mV
Delta Vioad 5A<Ia|t<|noom; rom=6000rpm; 250 mv
Tcase=23°C
Vv Regulated voltage without lalt = 3A resistive; Tcase=25°; 12 16 Vv
reg battery 2000<rpm<RPMMAX
Vov D+ drivers disable threshold gc;:Itlflge on pin A+ to have D+ 18 22 \Y
Ti-sd Thermal shut-down D+/DF = OFF STATE 180 200 22( C
D+/DF from OFF STATE (due to
Tisa-hys | Thermal shut-down hysteresis | thermal shutdown) to ON Tj-sd-2 T-5d-10 | °C
STATE
Low voltage detection D+ low side driver ON after y
Vv threshold diagnosis delay time \& 8.6 9.5 v
Y Low voltage detection D+ low side driver OFF withoct | Vuv + | Vuv+ | Vuv+ Vv
w-hys | threshold hysteresis delay 0.40 | 0.50 0.60
R L e driver R T =150°C; | = 4.5/ 189 mQ
ow side driver —_— -
onLSD deon T=25°C;1=7) 107 | mOhm
\'4 Freewheeling diode DF I=5A 2 \
DF = 12V; Tgaee = -40°C 11 18 A
lt sctH | Short circuit threshold DF [DF =12V, Tgage = -25°C 8.5 18 A
DF = 12V; Tgaee = -150°C 5.5 18 A
Output short tc Gcund DF
Vst thresholz 21 3.9 v
FS_duty |Pre-cxcitation F.S.D.F. f=333Hz +15% 1593 | 18.75 | 21.57 %
2o i ) )
t.sT | ,_S’ start delay time (See activated always at engine start 0 s
Figure 6)
gL | Softattacktime/softstartime | ¢ 645 1009 field duty cycle | 2.45 | 3 3.45 s
l (See Figure 6)
percentage of maximum duty
BI Soft attack blind zone cycle immediate variation at 0 10 %
soft attack
. N Ifield = 3A resistive (See
t-rise Output voltage rise time Figure 7) 4 50 us
. Ifield = 3A resistive (See
t_fall Output voltage fall time Figure 7) 5 50 us
If_leak Output field driver leakage DE = 24V 1 mA
current
High side driver saturation _
VH_SAT voltage (See Figure 10) lsource = 1A 12 v
6/14 17




L9407F Electrical specification
Table 5. Electrical characteristics (continued)
(Tcase = -40°C to 150°C; unless otherwise specified)
Symbol Parameter Test condition Min. Typ. Max Unit
VL_SAT1 Low side driver saturation lgie = 0.5A o Vv
voltage
VL SAT2 Low side driver saturation lqink = 0.3A 15 v
voltage
VLSB Sglfblas without supply lamp 4 Vv
driver voltage
IHSC High side drlve.r short circuit A+ = 17.5V: D+ = GND 19 3 A
current (See Figure 10)
ILSC Low side driver short circuit A+ =D+ =17.5V 0.7 o5 A
current
VthD+ | Enable regulator voltage D+ 0.5 0.7 3.9 \
thD+ Enable regulator pull-down 0.4 35 mA
current D+
L-t-D Lamp on delay at Ign. switch (See Figure 8) o ms
turn on
Test mode to cancel soft .
Vcan start/attack (voltage) (See Figure 9) 36 44 \
VPHL1 | Enable controlvoltage input | oo ve t = 1 kHz 067 | 0.795 | 0.92 Y
high threshold
t_PH PH filtering time 50 200 us
Diagnosis phase loss input
VPHH1 high threshold ’ 9 10.25 11.5 \Y
Diagnosis phase lcsa iaput low .
VPHH2 threshold guaranteed by design 4 5 6 Vv
tPHd Diagnottic P filtering time guaranteed by design 50 200 us
I_Th-PH | Phasz pull-down current 1 8 mA
EN | Sott start enable frequency Tease = 25°C 144 160 176 Hz
‘ range Tease = 40 t0150°C 136 160 184 Hz
|« ESS.SS Reset frequency range to 40 50 60 Hyz
enable soft start
DISAB Soft start enable frequency Tease = 25°C 367 408 449 Hz
range Tease = -40 10150°C 347 | 408 469 Hz
f-dfm S:(t]put open drain switching preexc. mode; Isink=14mA 30 400 Hz
VL-DF- .
MON Output low voltage saturation | lgjn=14mA 1.5 \'
I-DF-MON | Short circuit current protection | V-DF-MON = 24V field fully on 15 120 mA
lIk-DF- .
MON Output leakage current V-DF-MON = 24V field off 0.1 mA
Ays 7/14




Electrical specification L9407F

Table 5. Electrical characteristics (continued)
(Tcase = -40°C to 150°C; unless otherwise specified)
Symbol Parameter Test condition Min. Typ. Max Unit
L R = 2.7 KOhm; C=1nF;
t-TM Output voltage rise time Valim =13.5V (See Figure 7) 0.05 50 ps
. R=2.7K Ohm; C=1nF;
t-TD Output voltage fall time Valim = 135V (See Figure 7) 0.05 50 ys
t-D Diagnostic alarm delay time 0.15 0.5 S
Figure 2. DF monitor electrical configuration
L9407F
Regulator assy
—l Valim
Alternator | 5, |
Field
Control
l Circuit )
DF_MC*
DF N>
%|_I_|d to g =Cl)
- i J
Field driver DFN'o. drver
Test circuit
Figure 3. Application diagram
gnition
switc/h g
[ warning I
7y [ amp o D+
‘ A+
1T T
i Field
| C L9407F =
= +Vb /Vce
DF
Stator
PH DFM
° GND
* * T to EC.U.
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L9407F

Electrical specification

Figure 4. Thermal compensation (Vreg. )
15 14.8 14.8
14.5 435 14.35 1455
13.90 \
14 = 14.00
13.90
13.45
13+ ‘ ‘
-40 25 125
Figure 5. Characteristics (Active always at engine start)
lIgn. sw
on
o L
0.5s min 0.5s min Time (sec)
‘1gine speed (rpm)
........ (soft. attack inhibition. Alt..speed). .
foﬂ start enable Alt. speed)
Time (sec)
ield cuirrent ®) Scft stort Soft start Soft start
f }im..‘g timing timing
EZaoft start; Soft start Boft start
Y delay timeE elay time elay time
( 2 4—’ - -
0.15s~0.5s Time (sec)
i -
|
I /Lanhp
0.15s~0.5s
—
on
off
A E/G stop E/G stop Starteron 1M (s€0)
Starter on and Ign. sw off tarter on
Ign. sw on Ign. sw on
-+ = Ll
Engine start Engine start Engine restart

Soft attack inhibition
Alt. speed > E/G speed

Soft attack inhibition
Alt. speed < E/G speed
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Electrical specification L9407F

Figure 6. Soft start/attack characteristics

E T
|
|
Ign. Key Offl | -
|
! I
1on
\W/Lamp offl '
|
|

Ifield
|
DF - DFM I Field Pre-excitation Field Regulation

Table 6. Fault detection
Root cause Signal Effect ‘ fest detect

Al v

Alternator belt breaking py  |Alternator | VPH<VPHH & VA+<Vreg
disexcitation

Brushes open py  |Alternatr VPH<VPHH & VA+<Vreg
disexsite on

Driver open pr; | Atemator VPH<VPHH & VA+<Vreg
Jisexcitation

Field interruption pr | Alternator VPH<VPHH & VA+<Vreg
disexcitation

Field short circuit to the patiery py | Alternator VPH<VPHH & VA+<Vreg
disexcitation

Field short circui* tc tnie ground DF Overvoltage DF<VS1 & VA+>Vreg

Battery uischarye (Field driver A+ Undervoltage VA+<Vreg

open)

i \u fully excited A+ Undervoltage VA+<Vuv

:_Battery discharge A+ Undervoltage VA+<Vuv

The diagnostic result is disabled during the Soft-start delay time t_ST and the soft-start / soft attack timing t_SL

Figure 7. Output voltage rise/fall time (DF, DF_MON)
A

90%

DF
DF_MON
Voltage

10% |

y
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L9407F

Electrical specification

Figure 8. Lamp on delay at Ign. switch turn on
On
ff
Ign. sw O_l
| On
off | I
W/Lamp ‘
B
L-t-D
Figure 9. Test mode to cancel soft start/attack

Comparator

Vcan

In case of L9407F,

DF_MON Voltage >=Vcan — - DF. MUN Driver OFF

FILTER
(Delay circuit)
1~5ms

(pm=

"Cancel" signal

I Control Circuit

Figure 10. High side driver szturation voltage

Regulator Assys
L9407F

Control

Circuit
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Package information

L9407F
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Package information

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a lead-free second level interconnect. The category of
second level interconnect is marked on the package and on the inner box label,
incompliance with JEDEC Standard JESD97. The maximum ratings related to
solderingconditions are also marked on the inner box label. ECOPACK is an ST
trademark.ECOPACK specifications are available at www.st.com.

Figure 11. Multiwatt8 mechanical data and package dimensions
mm inch
DI IN. T TYP. [MAX. | MIN. [ TYP. | MAX. OUTLINE AND
A 5 0.197 MECHANICAL DATA
B 2.65 0.104
C 16 0.063 A
E | 049 0.55 | 0.019 0.022 \Y ]
F | o078 0.85 | 0.030 0.033
F1 | 0.68 0.75 | 0.027 0.029
G | 240 | 254 | 268 [0.094 | 0.10 | 0.105
G1 [17.64 [17.78 | 17.92] 0.69 | 0.70 | 0.71
H1 | 196 0.772
H2 20.2 0.795
L [2035 20.65 | 0.80 0.81
L2 [17.05[17.20 [ 17.35 | 0.67 | 0.68 | 0.68
L3 [17.25| 17.5 [17.75 [ 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 109 | 0406 |0421 |0.79, !
L5 |15.45 15.75 | 0.61 ﬂ‘jsﬂ
15 |15.05 15.35 | 0.59 060 |
L7 | 2.65 29 |0.104 0.114
S 1.9 26 10,75 0.102
ST | 19 6 12075 0.102
U | 040 | 035 0015 0.022
z | o070 jws 1 0.028 0.034 . .
Dial | 8.5 | | 385 | 0144 0.152 Multiwatt8 (Floating)
L5 = with vec veu frame std.
L5* -: wi.h . ~=dged frame anchor holes.
| Hi A
|
sl
v
p—
N / f N gk
o1

L5-L5~

L3

L4

H2
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Revision history

5

Revision history

Table 7. Document revision history
Date Revision Changes
09-Sep-2004 4 Initial release.

21-Nov-2008 5

Document reformatted.

Document status promoted from “product preview” to “preliminary

data“.
Added Table 1: Device summary on page 1.
Updated Section 4: Package information on page 12.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its suxsidia.‘ec {'ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and ser ice s dzscribed herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and sz ices Jdescribed herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services e :crived herein.

No license, express or implied, by estoppel or otherwise, to any intellectual propertv 1'9: ts .s granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a | cer se grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a w.a ranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property container =1 2in.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AN[C/UR 3ALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESt FOP. A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMEF: 1 O~ AMY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED N V'RITING BY AN AUTHORIZED ST REPRESENTATIVE, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED "R W) RRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRCD'JC 'S OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PFOP :hTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE \'SED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of S i ocucts with provisions different from the statements and/or technical features set forth in this document shall immediately void
any war ‘ani/ granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liahii*, of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
© 2008 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com
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