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L9915

C-terminal alternator voltage regulator (CTAVR)

Multiwatt8

Features

e Fully monolithic design
e High side field driver

e Field short circuit protection

¢ Regulated voltage driven by ECU (protocol

driven)

¢ Regulated voltage thermally compensated

(without protocol)

e Lamp driver (wake up and warning detection)

e Self start function

e Load response control (LRC)

e Field monitor (FM) output
e Thermal shutdown

Datasheet - production data

Description

The device is a monolithic alternator voltage
regulator intended for use in automotive
application.

It includes the control section, the field power
stage, fault diagnostic circuit which drives a
warning lamp, and the protection against short
circuits.

This device regulates in close loop the output of
an automotive generator by controlling the field
winding current by means of a pulse-width
modulation (PWM) high side driver at fixed
frequency.

The set-point voltage reference selected by the
Engine Control Unit via C-terminal protocol is
temperature flat. An internal voltage reference
thermally compensated is present in the device
and used when the protocol coming from ECU is
absent or the wire is broken.

A self-bias circuitry is present on L pin in order to
turn-on the warning lamp also when the device is
not supplied (battery connection broken).

Table 1. Device summary

Self start High frequency
Order code frequency | threshold to exit Freq.. threshold to | Temp range, Package | Packing
e . exit/enter LRC °C
threshold | prexcitation option
L9915-CB | fPss,1() fPHPrex,1(") fPLRC,1(" | T;=-40 to +150 | Multiwatt8 | Tube

N

basis.

June 2014

Other values for VBITD, fPHPrex, fMsw and VBisp can be possible. ST reserves the right to decide on a case by case
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Functional description

Functional description

The device, supplied by the battery through B pin, remains in standby condition with low
current consumption until there is no activity on the pins L, C or PH. When the switch "Key"
is closed (i.e. VL>VLyty,) or the ECU communicates via C-Terminal protocol through C pin
(i.e. signal freq. on C pin between 100 Hz and 500 Hz) the device exits in standby condition
and goes in pre-excitation characterized by an activity on F pin with fixed frequency (fFgy)
and duty cycle (DFp.eey)- The device remains in pre-excitation until the alternator does not
run. When an activity is sensed on PH pin (i.e. VPH>VPy1}, and fPH>fPyp..y) the device
starts to regulate; if the communication is present on C pin the regulator goes in external
regulation mode, otherwise it goes in internal regulation mode.

Another possibility for the device to start to regulate is the self start. In this way, although
there is no activity on pins L or C (for example due to connector open), if an activity is
sensed on PH pin (i.e. VPH>VPy1y, and fPH>fPyp.e,) the device goes in self start
characterized by an activity on F pin with fixed frequency (fFgy) and duty cycle (DFgg).
When the frequency on PH pin rises above fPgg the device starts to regulate with the
internal regulation mode.

The regulator stops to regulate when the frequency on PH pin falls below fP| p,ey. If there is
activity on L or C pins the device stays in pre-excitation otherwise comes back in standby.

Application schematic

Figure 1. Application schematic
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Functional description L9915

1.2 External component required

The only component strictly required is the capacitor C1 (2.2uF suggested) to suppress
radio frequency injection and has to be connected as near as possible to B and GND pins.
Other capacitors can be used to increase the EMI performance.

3
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Pin description
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3

Pin description

Figure 2. Pin connection (top view)
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Table 2. Pin description

N° Pin Function

1 PH Phase sense input

2 XX Reserved pin (to be connected to GND)

3 C C-Terminal (PWM signal input coming from ECU)
4 FM Field Monitor (PWM signal going to ECU)

5 GND Regulator ground

6 F High side driver output to control the Field current
7 Key sensing and Warning Lamp terminal output
8 B Device power supply and Battery voltage sensing

DocID026400 Rev 1
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Electrical specification L9915
3 Electrical specification
3.1 Absolute maximum ratings
Tj = -40 to 150 °C, unless otherwise specified.
Table 3. Absolute maximum ratings
Symbol Parameter Value Unit
VBpmax | Transient supply voltage with 1Aandt <1 ms 55 Vv
VB Transient supply voltage (low energy spikes) ISO7637-1 pulse 1,2,3 55 Vv
MAX | 1ISO7637-3
T; Junction temperature range -40t0150| °C
Tstg Storage and case temperature range -40t0150| °C
case
Pror | Total power dissipation (@ Teage = 150°C, lfigiq = 5 A) 4 W
VBR Reverse battery voltage @ 25°C, T = 15 sec -2.5 \%
VPH,in | Normal working condition reverse voltage (PH vs. GND) -1.5 V
IBond DC pin current on F, B, GND (bonding limitation) 15 A
ESDpgy | ESD HBM (All pins vs.GND) 4 kv
Table 4. Absolute maximum ratings and operative range by pin
Absolute max. rating Operative range
Pin # Pin name Unit
Min. Max. Min. Max.
1 PH -15 50 -1.5 20 \Y
2 XX -0.3 7 must be connected to GND \
3 C -0.3 50 -0.3 18 \Y
4 FM -15 50 -0.3 18 \Y
5 GND - - - - -
6 F -1.5 B -1.5 B \Y
7 -0.3 50 -0.3 18 \Y
8 -2.5 50 6 18 \Y
3.2 Thermal data
Table 5. Thermal data
Symbol Parameter Test condition Min | Typ | Max | Unit
Thermal resistance o
Rih_j-case junction-to-case Related to MW8 - - 1.5 C/w
Tieg Thermal shutdown Te_mperature to disable F, FM, L 160 175 190 c
J threshold drivers.
T Thermal shut-down |L, F, FM from OFF STATE (due to | Tj-sd ) Tj-sd °c
fsdhy | hysteresis thermal shutdown) to ON STATE -10 2
8/21 DoclD026400 Rev 1 Kys




L9915 Electrical specification
3.3 Electrical characteristics
3.31 Pin “B”
Table 6. Electrical characteristics - Pin “B”
Symbol Parameter Test condition Min Typ Max Unit
VBoyr | Operating voltage range - 6 - 18 \%
Standby current
'Bsiby consunil tion 250 i 350 bA
p VB=125V;VPH=0;VL=0V,;
Standby current C pin floating; T = -40°C
Bstoy consurrz/ption 200 ) 300 WA
Standby current VB=125V;VPH=0;VL=0V;
Bstoy consumption C pin floating; T = 130 °C 150 ) 250 WA
VPH = 10 Vpp square wave; L pin
Internal mode set-point connected to B pin with 100 Q;
VBisp voltage C floating @ T; = 30 °C 14.37 | 14.55 | 14.73 v
F duty cycle = 15%
VBirp |Internal thermal drift - -1.5 -3.5 -5.5 mV/°C
VPH = 10 Vpp square wave; L pin
External mode connected to B pin with 100 Q;
VB ’ 14.37 | 1455 | 14.73 \Y
ESP set-point voltage C 73% PWM duty cycle @
T; =30 °C; F duty cycle = 15%
External mode VPH = 10 Vpp square wave; L pin
. connected to B pin with 100 Q;
VBgsp1o |set-point voltage_ ) C 10 % PWM duty cycle @ 11.5 11.7 11.9 \Y,
(duty cycle on C =10%) |1, = 30°C; F duty cycle = 15 %
External mode VPH=10 Vpp square wave; L pin
. connected to B pin with 100 Q;
VBgspgo | set-point voltage_ ) C 90 % PWM duty cycle @ 15.1 15.3 15.5 \Y
(duty cycle on € =90%) | T,=30 °C; F duty cycle =15 %
VBetp | External thermal drift - -1 0 1 mV/°C
VPH=10Vpp square wave; L pin
Default external mode connected to B pin with 100 Q;
VBpese set-point voltage option1 C <2% or >98% PWM duty cycle 1437 1 1485 | 14.73 v
@ T; =30 °C; F duty cycle = 15 %
VBpetp | Default external thermal drift | - -1 0 1 mV/°C
o Difference between regulated
Regulated voltage variation voltage when F duty cvcle is 5%
AVBy,ag | with the load (for both 9 y ey ° - - 300 mv
int.fext. regulation) and regulated voltage when F duty
R cycle is 95%

VB, |Regulation without battery | N. A. 10 - 16 \
VBiniovp L"rﬁ;”:t‘i'orsg‘fﬁrg‘s’ﬁ;‘éo'tage Without ECU communication 155 | 162 | 16.9 Vv
VBExiovp E;‘;f;gﬁég"ti‘fez‘r’ga’o'tage With ECU communication 165 | 17.2 | 179 Vv
Kys DoclD026400 Rev 1 9/21




L9915

Electrical specification

Table 6. Electrical characteristics - Pin “B” (continued)
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In order to avoid unpredictable regulation regions during the engine start, the regulator implements a cranking security function.

1.

Figure 3. Internal regulation curves versus temperature @ F duty cycle = 15%
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Electrical specification

Cranking security function

Figure 5. Cranking security function diagram
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At the ignition key on the device (i.e. "key" switch closed in the application schematic) starts
in pre-excitation; in this phase the battery voltage is over both VBUV and VBLOW and the
pin F provides a fixed duty cycle. When the starter is engaged, the battery sources a big
current and then the applied voltage on the device decreases, as reported in ISO 7637-1
pulse 4 specification. If the voltage on pin B decreases under VBLOW threshold then the
device is frozen: the device is in low current consumption with no activity on both F and FM
pins, only the L pin is able to turn on the lamp.

The device remains in frozen condition until the voltage on B overcomes the VBUV
threshold, after that, the device is able again to evaluate the inputs coming from both PH
and C pins.

3.3.2 Pin "C"
Table 7. Electrical characteristics - Pin "C"
Symbol Parameter Test condition Min Typ Max Unit
Internal regulated power
VCires | qupply 9 P y 6.2 6.8 73 Vv
RCp,  |Pull-up resistor - 1.75 3.5 5.7 kQ
VCyth | High level threshold voltage | - 3.1 3.3 3.5 \Y
VCi1, |Low level threshold voltage |- 1.3 1.5 1.7 \Y
fCyr Valid frequency range - 100 - 500 Hz
Low not valid frequenc
fCLNVR range q y - - - 74 Hz
High not valid frequenc
fCLNVR ragge quency - 676 - - Hz
Delay time to switch from
TCoelay | external to Internal regulation | 30 50 100 ms
DCgpcr |External duty cycle range - 9 - 93 %

3
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Electrical specification L9915
Table 7. Electrical characteristics - Pin "C" (continued)
Symbol Parameter Test condition Min Typ Max Unit
DCy Duty cycle on Cpintoenterin | 4 6 8 %
excitation fixed
Low default/external regions o
DCLh | yransition threshold ) ) ) 3 o
High default/external regions o
DChTh | transition threshold 93 95 97 L
Communication rejected with
TC 15 20 40 s
MIN' | Ton or Torr < TCuin H
Figure 6. Pin “C” circuit and waveform
ECU REGULATOR
77777777777777777777777777777777777777777777 C-Terminal
signal
‘ | ‘ Squared
signal
o, |
fﬂ’? T . Duty cycle = T?I_N x 100
GAPGPS00978
Figure 7. Pin “C” terminal signal diagram
E Valid protocol E E E
TCuelay
| Internal slet-point X External set-point || External set-point X Internal set-point
GAPGPS00979
12/21 DoclD026400 Rev 1 Kys




L9915 Electrical specification

3.3.3 Excitation fixed function

The excitation fixed function is active each time the COM duty cycle is between 4% and 8%.

Table 8. Truth table for excitation fixed function

Frequency CcoM Start delay
Mode | on phase duty Lamp terminal condition Field terminal condition timer
terminal cycle

< Turn On o I

1 Speed 6 +2% Lamp On DFPreex (Pre-Excitation Duty Cycle) N/A
< Turn On o

2 Speed No COM |Lamp On DFPreex (Pre-Excitation Duty Cycle) Off
<TurnOn |[<3%or I

3 Speed > 9% Lamp On DFPreex (Pre-Excitation Duty Cycle) N/A
> Turn On o Lamp Off unless Fault DFef (Excitation Fixed Duty Cycle

4 6 2% oo : N/A
Speed Detected unless Phase regulation is required
>TurnOn  |<3% or Lamp Off unless Fault .

5 Speed > 9% Detected Normal Regulation set by COM Off
> Turn On Lamp Off unless Fault . .

6 Speed No COM Detected Normal Regulation-Default setpoint On

Figure 8. State diagram

Speed < Turn o

Speed > Turn on

(f> fPHPrex ExFixed COM <3% or 29%
OR OR OR
f>fPSS *) sDT 5s elapsed

Phase level > Phase regulation
voltage| threshold

Speed < Turn on Speed < Turn on
AND

AND

evel < Phase
regulation voltage threshold

No COM (COM
AND OR
No Key Key-on)

* = Valid for Self Start condition

GAPGPS02125
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L9915

Figure 9. Excitation fixed function is active by Com duty 6 ¥2% after cut-in RPM
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3.34 Pin "FM"
Table 9. Electrical characteristics - Pin "FM"
Symbol Parameter Test condition Min Typ Max Unit
Low voltage N
VM, ys saturation I-sink =7 mA 0.9 1.2 1.5 \%
Field monitor
fMgw  |frequency switch | Direct field 2125 | 250 | 287.5 Hz
option
DMpcgr Field monitor duty | 5 i 95 %
cycle range
My, | LS monitor %5 | 50 | 75 | mA
current limitation
Figure 10. Pin “FM” circuit and waveform
,,,,,,,,, Regulator __ECU
‘ Battery VE 1 1 ] 1
RCPU,ECU t
VF u u u -
Direct field
t
VFM ey oy o -
Field reverse ('): 1 I: : .: r : :
I LI L
777777777777777777 (*) Option to be evaluated by ST. t
GAPGPS00980
14/21 DoclD026400 Rev 1 KYI




L9915 Electrical specification
3.35 Pin "PH"
Table 10. Electrical characteristics - Pin "PH"
Symbol Parameter Test condition Min Typ Max Unit
VPyrh ngh voltage threshold of hysteresis 300 375 450 mv
input buffer
VPt !_ow voltage threshold of hysteresis 205 275 305 my
input buffer
RP,q | Pull-down resistor - 7 15 22 kQ
TPsr Spike rejection time - 50 115 180 us
IPpuil-gw | Pull-down current - 1.5 2 3.5 mA
High frequency threshold to exit pre-
PHprex.1 | excitation option1 102 120 138 Hz
fPhys | Frequency hysteresis - 10 20 30 Hz
Low frequency threshold to enter pre-
fPLprex excitatign Y Pre-i - fPrprex - Phys Hz
fPgs 1 | Self start frequency threshold 255 300 345 Hz
Frequency threshold to exit/enterin |~
fPLRC,'] LRC 0ptl0n1 272 320 368 Hz
VPqrn | Phase regulation voltage threshold | - 6.7 7.7 8.7 \Y

3

To convert phase frequency (Hz) to rotation speed (rpm) according to alternator poles pair
number (N), use the following equation: rotation speed (rpm) = phase frequency (Hz) * 60 / N.

Principle of phase regulation

When VB is above the set-point voltage, the field driver is controlled to keep phase peak
voltage from falling below VPprTh. If phase peak voltage drops below VPLTh, phase
regulation does not work.

Figure 11. Principle of phase regulation

Load removal
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OO0 oo o= = e e e e s e g oo oo oooc ¢

INNAN] HENNE

Phase regulation pulse
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L9915

3.3.6 Pin “F”
Table 11. Electrical characteristics - Pin "F"
Symbol Parameter Test Condition Min Typ Max | Unit
Tj=130°C; lgynk = 4.9 A - - 0.6 \Y,
VFg,t | Field driver saturation voltage
Tj=25°Ci lsynk =7 A - - 0.55 \Y,
VFg4iode |Freewheeling diode Isourced = 9 A -2 - - \
IFieak | Field leakage current VB=24V;VF=0 - - 5 pA
Tj=-40°C 9 - 15 A
Field driver over-current Lo
IFovp protection Tj=25°C 8.5 - 15 A
Tj=130°C 8.5 - 15 A
Retry time in case of over- =
TFrety | current ] 30 40 50 ms
Voltage threshold
VF - 0.9 1.1 1.3 \Y,
ONdet | 5_state detection
fFsw | Field switching frequency - 2125 | 250 | 287.5 | Hz
TFse | Field voltage rise time - 5 - 25 us
TFs | Field voltage fall time - 5 - 25 us
DFpreex | Field duty cycle in pre-excitation | - 1" 12.5 14 %
DFgs | Field duty cycle in self start - 4 6 8 %
Field duty cycle during ) o
DFef | excitation FIXED 3 4 S %
T Load response control time ) ) 5 ) s
LRCUP | (0 % to 100 % DC)
TFspr Srtﬁ; delay time in internal mode | 4.95 5 5.75 s

16/21
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Electrical specification

L9915
3.3.7 Load response control function (LRC)
When an electrical load is applied to the system application, a drop in the regulated voltage
(VB) occurs and the alternator reacts by increasing output current. If the LRC function is
active then the alternator output current is controlled by the Field current variation strategy
that is directly linked to the duty cycle on Field signal.
The LRC function can operate when the alternator runs at low speed (the PH signal
frequency has to be lower than fPLRC) and it is activated when a positive variation between
current duty cycle on Field and its previous duty cycle values is higher than DFLRCEnab.
When the LRC function is required, the duty cycle increase slowly with the defined slope
DFLRCUP starting with the previous duty cycle increases by the fixed value DFLRCBZ. The
actual duty cycle management during a LRC insertion is shown in the Figure 12.
Figure 12. Load response control function (LRC) diagram
VB
/[Volt age drop
VF
:ﬁwitching period i
<>
VF duty cycle
DF | rognab { } Duty cycle increasing
DF | rcBz in according to DF | gcp
AT >
Tt
I_ Load insertion GAPGPS02055
Table 12. Load response control function characteristics
Symbol Parameter Test condition MIN TYP MAX Unit
Positive duty cycle vs.
DFLRCUP | fime variatioyn ’ 100/ TFireup ol
Load response control .
TFLRCOW | Time (100% to 0% DC) |~ TFLreup *3/8 s
Negative duty cycle vs.
DFrcow timge variatior? Y - 100/ TFircow %ols
Current vs. previous
DF|RcEnab | duty cycle variationto |- 4.1 6.7 9.2 %
enable LRC function
DFLRCBZ Blind zone - 2.6 53 7.8 %
Kys DoclD026400 Rev 1 17/21




Electrical specification L9915
3.3.8 Pin "L"
Table 13. Electrical characteristics - Pin “L”
Symbol Parameter Test condition Min Typ Max | Unit
Lamp driver _ ] _
V0gat saturation voltage VB =125V; gk =0.5A 1 1.2 1.4 \Y,
Lamp driver
Vlgatsp | saturation voltage in | B pin floating; Ig o = 300 mA 1 - 4 \
self bias condition
RLpuigw | Pull down resistor | - 2 4 8.2 kQ
High voltage
VLyth |threshold key-ON - 0.8 0.9 1 \
detector
Low voltage
VL 1, |threshold key-on - 0.7 0.8 0.9 V
detector
Over-current
Lim | jimitation i L 15 2 A
Maximum time
TLoc duration of linear Oyer-current 25 30 35 ms
current limitation
Retry tlme In case Of éuvrenl limifation time
Tlretry | Over-current 510 | 600 | 690 | ms
duration>TLoe | 77 ”
TLgelay |Turn on delay time |- - - 100 us
Alarm validation
Thalam | time - 340 | 400 | 460 | ms
Alarm detection
The device turns ON the lamp after the validation time (TLalarm) if one of the conditions in
the below table is verified.
Table 14. TLalarm validation time conditions
Detection condition Related pin
VPH<VPy1h or PH frequency < fP| prex No activity on PH pin
VPH< VP, F driver or its connection degraded
IF>IFovp F shortened to GND (Over-current on F driver)
VB>(VB|SP’VBESP) and VF>VFONdet F shortened to B
VB>VBniovp | VB>VBEyiowp Battery sensor on B pin or F driver degraded
VB<VByy Low B Voltage (Battery under-voltage)
18/21 DoclD026400 Rev 1 Kys




L9915

Package information

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 13. Multiwatt8 mechanical data and package dimensions

mm inch
DI MIN. | TYP. | MAX. | MIN. | TYP. [ MAX. OUTLINE AND
A s 0197 MECHANICAL DATA
B 2.65 0.104
C 16 0.063
E 0.49 0.55 | 0.019 0.022
F 0.78 0.85 | 0.030 0.033
G 240 | 2.54 | 2.68 | 0.094 | 0.10 | 0.105
G1 17.64 | 17.78 | 1792 | 0.69 | 0.70 | 0.71
H1 19.6 0.772
H2 20.2 0.795
L 20.35 20.65 | 0.80 0.81

L2 17.05 | 17.20 | 17.35 | 0.671| 0.677| 0.683
L3 1725 | 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 10.3 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429

L7 2.65 2.9 0.104 0.114
S 1.9 2.6 0.075 0.102
S1 1.9 2.6 0.075 0.102
u | o040 0.55 | 0.015 0.022 . .
V4 0.70 0.85 | 0.028 0.034 Mu"lwatts (Pln 5 GND)
Dia1 3.65 3.85 | 0.144 0.152
H1 A

‘O

0043696 F

GAPGPS00016
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1
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described 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 services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
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