TECHNICAL DATA

One-chip Multifunction Voltage Regulator

FEATURES

¢
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Fully monolithic design

Fixed frequency regulation with pulse
width modulation

High side output stage with defined ramp
steepness and freewheeling diode

Standby mode

Wake up via L-terminal
Emergency start and default mode
Load response control (LRC) and soft

start

DF duty cycle transmitted via DFM-

terminal

Error indication via L-terminal
Phase voltage regulation

Relay function

Thermal protection

IK8006

IC can be as bare die or
TO 263-7 packaged

The IK8006 is a monolithic alternator voltage regulator IC intended for use in
automotive application. It includes the control section, the field power stage and the
protection against short circuits. IC regulates the output voltage of an automotive
generator in close loop by control the field winding current with a Pulse-Width Modulation
(PWM) high side driver at fixed frequency. The alternator voltage regulator IC has the
standby mode with small current consumption when no activity pin Lamp and pin PH.

After the ignition is switched ON, the Lamp-terminal is connected to the battery via
the lamp. This voltage at Lamp terminal is wake-up signal for regulator. In case of missing
signal at Lamp terminal, the regulator will be activated after detection of a phase signal
induced by remanence of the rotor.

Table 1. Device Summary.

Order Code Operating Temp range, Ty, °C Package Option
IK8006D -40 to 150 °C Bare die -
IK8OO6F -40 to 150 °C Bare die -

IK8006PD2T -40 to 150 °C TO 263-7 Sense pin

IK8006D2T -40 to 150 °C TO 263-7 CP pin

IKBOOG6PF2T -40 to 150 °C TO 263-7 Sense pin

IKBOOGF2T -40 to 150 °C TO 263-7 CP pin
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1. List of abbreviations

C
Corm
CL
DC
DF
DFM

DFLrcBz

ECU
ESDHswm
Fve

form
freG
GND

IpF
IDFM_LM
IDF_LEAKAGE
IoF_LmiT
IL_EIN
IL_umim
IL_NoMm
IL_sINK

IR LimIT
IR_NOM
IsTANDBY
Iv_abl

Iv_abl_stb
LRD
LRS

no

NGEN

NO_hys

Suppression capacitor
Capacitor at DFM
Capacitor at Lamp
Duty cycle

Dynamo field

Dynamo field monitor

Blind zone. In case duty cycle changes more than value of Blind zone the

LRC mode starts operation.
Engine control unit

Electric static discharge human body model

Pre-excitation frequency

DFM frequency

Regulation frequency

Ground

Field driver current

Current limitation of DFM driver
Leakage current of field driver
Current limitation of field driver
Inrush current of lamp driver
Current limitation of lamp driver
Operation current of lamp driver
Lamp pin sink current at standby mode
Current limitation of relay driver
Operation current of relay driver
Standby current

PH pin sink current

PH pin sink current at standby mode
Load Response Drive

Load Response Start

Generator running detection speed
Generator rotation speed

Hysteresis detection at “generator running”
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I1K8006

NLR
NNOT
Nstart

P

Rorm
RSsENsE_PD
T

T2
ToF_FALL
TbF_RISE
triLT
TFretry
Tj-sd
Tj-sdhy
TK

tLrD

tLrs
TPH_FLT
Tv

TVve
Tvz

VL Aus
VL EIN
Vumir
Viow
VREG
Vv

Vv LA
Vv NA
Vv _sw
Vv_sw_NoT
AVREG_LOAD

AVREG_SPEED
V(B+A)

Load Response cut-off speed

Emergency start rotation speed

Start rotation speed

Alternator pole pairs

Series resistor at DFM

Internal pull-down resistor at pin SENSE
Lamp driver

Relay driver

Field voltage fall time

Field voltage rise time

Load Response buffer time

Retry time in case of over current at pin DF
Junction temperature threshold of thermal shutdown
Hysteresis of junction temperature threshold of thermal shutdown
Temperature compensation

Ramp time Load Response Drive

Ramp time Load Response Start

Phase filtering time

Derivative time

Pre-excitation duty cycle

Delay of error indication

Switching-off threshold at Lamp pin
Switching on threshold at Lamp pin
Voltage limitation of regulated voltage

Low voltage threshold

Regulated voltage
Phase voltage

Lamp threshold low voltage signal at PH pin
Phase regulation threshold

Phase threshold

Phase threshold at emergency start
Regulated voltage variation with the load
Speed regulation

Voltage at B+A
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V(B+A)bc
V(B+A)Lp

V(B+A)ovr

Vor
VDF_DIODE
VDF_sAT
VDEM_SAT
VL
VLbror L
Vovp

VPH
VR_DROP
VSENSE
VSENSE_BsS
V/SENSE_sB
VuvLoon
VuvLooff
VuvLohys
RpPAR_GND

RpPAR B+A

DC voltage at B+A

Transient voltage at B+A (Load dump)

Operating voltage range

Voltage at Field Driver

Direct voltage at freewheeling diode at DF pin

Saturation voltage at Field driver

Voltage drop at DFM driver

Voltage at pin “Lamp”

Voltage drop at Lamp driver

Overvoltage protection

Phase voltage
Voltage drop at Relay driver

Voltage at SENSE pin
Threshold voltage at pin SENSE switching sensing from “(B+A)” to “SENSE”
Threshold voltage at pin SENSE switching sensing from “SENSE” to “(B+A)”
Under voltage lock release

Under voltage lock ON

Under voltage lock out hysteresis

Parasitic resistance between Pad “GND” on chip and Pin “GND” of regulator
Parasitic resistance between Pad “B+A” on chip and Pin “B+A” of regulator
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2. Schematic diagram and pin description.

2.1. Schematic diagram.
B:‘A
B+A
— Vanalog
110 Supply —— Vdigital
o \/1ef
— Low
SENSE ( MUX P Pass p— PWM EEPROM CP
Filter e
A DFM
v v
1M
119 FM
Vdigital »|  Driver
" < and
Protection
- Digital
Core
PH ¢ Phase -
Processor R EXC
IGN ON _ »| Driver
» < and
Protection
7y A ) DF
v A\ 4
Lamp AUX
Driver Driver
and_ and.
Protection Protection I T2
Current
Sense
_q
O Lamp
T
Current
Sense
GND
Fig. 1. Block diagram.
6
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2.2, Pin description.
Table 2. Pin description (according block diagram fig. 1).

Pin Function Remark
B+A Power supply pin and battery sense
DF High side driver output
PH Phase sense terminal

GND Regulator ground

Lamp Lamp and relay terminal

DFM Field monitor output

SENSE | Battery sense input IK8006D2T

CP Production line programming pin (internal pad) IK8006PD2T

Nisemicon
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3. Electrical specifications.
3.1. Device variants table programmable by EEPROM.
Table 3. Device variants table.
Parameter Versions Default
Set Point Voltage, 14.0/14.2/14.3/14.4/14.5/14.6/14.7/14.8 145
VReG, V
Temperature compensation,
TC, mV/°C 0/-3.5/-5/-7/-10/ -7
Cut-in speed, 720/1100/1200/1400/1500/1800/1920/2250 720
Nstart, FPM
Emergency start speed, 1400/2000/3100/4000 3100
NNOT, rPM
hffdrp'frss"onse cut-off speed, | 1500/2100/2500/3000/3100/3500/4000/4500 | 3100
Alternator pole pairs, P 6/7/8 6
Pre-excitation duty cycle, 6/10/14/18/22/26/30/34 14
TVve1, %
Load Response start/ramp, 0/2.5/3/5/6/8/10/12 5
fLrs, s )
Load Response drive/ramp, 0/2.5/3/5/6/8/10/12 5
fLrD, S )
Load Response Control down 0.32 to 10 with step 0.32 0.32
ratio, tLRoown , s (Recommended value tLroown= tLrD/4) '
Blind Zone, DFLrcBz, % 3/6/12 6
Derivative time, Tv, s 0.4/2.5 0
Frequency at DFM, 60/70/90/100/125/150/250/400/ 60
form, Hz
DFM signal polarity direct/reverse direct
Clamp on DFM, DFMcLavp (5 — 95)/(5 — 100) (5 — 95)
Option “SENSFE” Yes/No No
Load response buffer time, 03/25 03
tFiLT, S T '
8
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3.2. Absolute maximum ratings.
Table 4. Absolute maximum ratings.
(Tj=-40 to 150 °C, unless otherwise specified)
Symbol Symbol Parameter Value Unit Value Unit
DC supply voltage
Transient supply voltage (load dump)
V(B+A)LD t <400 ms 37 V
Reverse supply voltage @ Ty = 25 °C, t < 15s, )
V(BFAR RTHJA < 4 KIW 25 v
Tj Junction temperature range -40 to 150 °C
ESD HBM
ESDHem | (Al pins vs. GND) 8 kV
3.3. Thermal data.
Table 5. Thermal data.
Symbol Parameter Test Condition Min. Typ. | Max. Unit
Thermal Temperature to
Tj-sd | shutdown emp 160 | 175 | 190 °C
disable DF
threshold
DF from OFF
. Thermal shut- STATE , .
Tj-sdhy down hvsteresis (due to thermal Tj-sd-10] - |Tj-sd-2 °C
y shutdown) to ON
STATE
Thermal TO 263-7
RtHJC resistance Ta=25"°C, - - 1.9 °C/W
junction to case PW=7W
9
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3.4. Electrical characteristics.

Table 6. Electrical characteristics.
(Tj=-40 to 150 °C, frequency and timing parameters with tolerance + 10% unless otherwise specified)
Symbol Parameter Test Condition Min. | Typ. | Max. Unit
Pin “B”
Operating Voltage | Normal condition
V(B+AJovr Range Function DFM 6 B 18 v
Under Voltage
VuvLoon Lock Release 4.5 5.0 55 \
Under Voltage
VuvLooff Lock ON 4.0 4.5 5.0 \%
Under Voltage
Vuviohyst | Lock Out - 0.5 - V
Hysteresis
V(B+A)=12.5V;
Vpu=0V; Lamp” pin
IstanpBy | Standby current floating: - - 250 MA
Tj=25+5°C
Set-Point Voltage _
Options selected VPH=12Vpp square VREG VREG
VREG wave; (400hz), VREG \Y
by EEPROM “DF” duty cycle=50% 0.2 +0.2
(see table 3) y ey °
Vumi Voltage Limitation - 14.9 - Vv
Temperature
compensation.
TC Options selected | See fig. 6 TC-2 | TC | TC+2 | mV/°C
by EEPROM
(see table 3)
Regulated Difference between
Voltage variation | regulated voltage @ F B B
AVREG_LOAD| \ith the load duty cycle is 10% and 250 | mv
@Alternator level | @ F duty cycle is 90%
Speed regulation | 15A load, 2k~10k rpm
AVRrec_speeD @Alternator level | variation 100 mV
Threshold low
Viow voltage function 12 v
Overvoltage Field OFF (DF
Vowp detection duty=0%) 16.0 v
Nicse 0
micon
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Symbol

Parameter

Test Condition

Min.

Typ.

Max.

Unit

Suppression
capacitor
between B+A pin
and GND
(external)

9.1
4.7+
2.2 +

2.2)

MF

RpPAR_GND

Parasitic
resistance
between Pad
“GND” on chip
and Pin “GND” of
regulator

10

mQ

RpPAR B+A

Parasitic
resistance
between Pad
“B+A” on chip and
Pin “B+A” of
regulator

20

mQ

Pin “Lamp”

VLbror L

Voltage drop
lamp driver

0.95

1.2

1.5

IL_NoMm

Operation current
lamp driver

330

mA

IL_umir

Current limitation
lamp driver

0.5

1.8

IL_EIN

Minimum current
for switch lamp on
driver

Vi=1.3V,
V(B+A)=12.5V,
PH=not connected

0.7

1.8

2.5

mA

IL_sINk

Sink current on
pin Lamp in
standby mode

V1 =0.5V,
V(B+A)=12.5V,
Standby mode

1.0

mA

VL EN

Switching-on
threshold,
detection “Ignition
ON”

See fig.10

0.5

1.1

VL Aus

Switching-off
threshold,
detection “Ignition
OFF”

See fig.10

0.5

1.1

IR _NOM

Operation current
relay driver

500

mA

VR_DROP

Voltage drop
relay driver

V(B+A)=14V,
IL.=-500mA

0.05

0.2

0.6

Nisemicon
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Symbol Parameter Test Condition Min. | Typ. | Max. Unit
Current limitation
[R_LimIT relay driver 1.1 2.1 2.8 A
Delay time of
Tvz error indication 0.4 0.5 0.6 S
CL Capacitorat L 29 nE
(external)
Pin “PH”
Vv_sw_NOT 0.9 1.2 1.5 \Y
Vv S Nor Phase threshold | V(B+A)=12.5V,
= Emergency start | Lamp=not connected
IKBOOBE gency p 0.05 | 0.3 0.5 Vv
Vv_Not V(B+Ai)=1 2.5V, 0.6 145 | 25 \
Ph Lamp=not connected,
ase threshold .
V Emergency start Sine at PH
o (fer =400Hz), 01 | 04 | 07 Vv
IKBOO6F Tc = -40°C to 125°C
Phase threshold | V(B+A)=12.5V,
Vv_sw Lamp=connected 2.1 2.45 3 \
Sink current on V(B+A)=14B,
lv abl_stb | Pin PH in standby | VeH=14B, 0.2 |045| 0.7 mA
mode Lamp=not connected
Sink current on V(B+A)=14B,
Iv_abi pin PH VpH=14B, 2.8 9 15 mA
Lamp= connected
Phase regulation
VV_NA threshold 9.7 10.2 | 10.7 Vv
Lamp threshold
Vv_LA Low voltage 7.8 8.3 8.8 Vv
signal
DC-scope
Vv_oe frequency range 0 8 v
Detection
no gengra”for 580 rem
running
(note 1)
Hysteresis
detection
No_hys “generator
running” 10 20 30 rem
(note 1)
Nicse -
micon
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Symbol

Parameter

Test Condition

Min.

Max. Unit

Typ.

Nstart

Cut-in speed
(normal start)
Options selected
by EEPROM
(see table 3)
(note 1)

Selected by EEPROM

Nstart nm

NLR

Load Response
cut-off speed
Options selected
by EEPROM
(see table 3)
(note 1)

Selected by EEPROM

NLR rpm

NNOT

Emergency start
speed

Options selected
by EEPROM
(see table 3)
(note 1)

Selected by EEPROM

NNOT
nm

Alternator pole
pairs.

Options selected
by EEPROM

(see table 3)

Selected by EEPROM

TPH_FLT

Phase filtering
time

270

300 | 330 ms

triLT

Load response
buffer time
Options selected
by EEPROM

(see table 3)

Selected by EEPROM

ms

triLT

Pin “DF”

VDF_sAT

Field Driver
saturation Voltage

Tj=130°C; Isink=4.5A

Tj=25°C; Isink=7A

- 0.55

<

VDF_DIODE

Freewheeling
diode

IF =6A, Tj=25°C

IDF_LEAKAGE

Field leakage
current

V(B+A)=16V, Vor=0V,
Tj=25°C
(standby mode)

IoF_LimiT

Field driver
current limitation

Tj= -40°C - 40°C

9.5

il 279C

Tj= 150°C
150°C

Nisemicon
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Symbol

Parameter

Test Condition

Min.

Typ.

Max.

Unit

freG

Regulation
frequency

360

400

440

Hz

Fve

Pre-excitation
frequency

360

400

440

Hz

ToF_RISE

Field voltage rise
time

25

us

ToF_FALL

Field voltage fall
time

25

us

TVvE1

Pre-excitation
duty cycle
V(B+A) < Vrec
Options selected
by EEPROM

(see table 3)

Programmed by
EEPROM

TVveE1

%

TVvE2

Pre-excitation
duty cycle
V(B+A) > Vrec

V(B+A) > VreG

8.5

%

MFDC

Minimum Field
Duty Cycle

%

fLrs

Load Response
start ramp/time
Options selected
by EEPROM
(see table 3)

Programmed by
EEPROM

fLrs

fLrD

Load Response
drive ramp/time
Options selected
by EEPROM
(see table 3)

Programmed by
EEPROM

fLrD

fLrRDOWN

Load Response
Control down
ratio

Options selected
by EEPROM
(see table 3)

Recommended value

tLroown= tLrD/4

fLrRDOWN

DFLRrcBz

Blind Zone
Options selected
by EEPROM
(see table 3)

Programmed by
EEPROM

DFLRCBZ

%

Tv

Derivative time
Options selected
by EEPROM
(see table 3)

Programmed by
EEPROM

Tv

Nisemicon
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Symbol Parameter Test Condition Min. | Typ. | Max. Unit

Retry time in case | _ o

TFretry | Of Over-current 25 ms

RETRY TIME

Pin “DFM” (options: direct/reverse)

Frequency at
DFM

form Options selected foFm Hz
by EEPROM
(see table 3)

Voltage drop low

side driver IoFm = 20mA 1.5 \Y

VDFM_SAT

DFM driver

N 21 70 mA
current limitation

IDFM_LM

Internal series Guarantee by design, 10 0

Rorwm resistor at DFM for reference only.

Clamp on DFM 5 % 95 %

DFM Options selected
. bypEEPROM 5 | % | 100 %

Corm Capacitor at DFM 22 nF

Pin “SENSE”

Threshold voltage
on pin SENSE
Vsense_sB | switching sensing 6.0 Vv
from “SENSE”
to “(B+A)”.

Threshold voltage
on pin SENSE

switching sensing 7.0 Vv
from “(B+A)”
to “SENSE”.

VSENSE_BsS

Internal pull-down
Rsense_pp | resistor on pin
SENSE

Guarantee by design,

300 | 400 | 600 KQ
for reference only.

Note 1. To convert rotation speed (rpm) to phase frequency (Hz) according to alternator
poles pair (P) use the following equation:

Phase frequency (Hz) = rotation speed (rpm) xP /60

: 1ise ;
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4. Brief functional description.

The device remains “stand-by” mode condition with a low current consumption until
there is no activity on the pins “Lamp” or “PH”.

When the switch IGN is ON the Lamp terminal is connected to the battery via the
lamp. This voltage at Lamp terminal is wake-up signal and the device exits “stand-by”
mode and goes in “pre-excitation” mode with an activity on “DF” pin at fixed frequency
(frec) and duty cycle (TVve). Furthermore, regulator turns on lamp by activating the lamp
driver T1.

The device remains “pre-excitation” mode until it senses an activity on “PH” pin (i.e.
Veu>Vv_sw) and neen>no). The device starts the phase regulation mode, and after
getting condition ncen > nstart the devise goes to normal regulation mode. In this case T1
will be switched OFF and T2 will be ON i.e. turns OFF the lamp and an optional relay is
activated ON (see fig.1)

The relay can be used for switch ON external loads or consumers which should not
be active during the start procedure.

The activation of the lamp by the regulator turns the relay OFF in case of an error.

Another possibility that the device has to start to regulate is the “Emergency start”. In
this way, although there is no activity on pins “Lamp” (for example due to connector open),
if an activity is sensed on “PH” pin (i.e. Veu>Vv_sw_NoTt and neen>nnor) the device goes
in normal regulation mode.

The regulator stops regulation when the alternator speed falls below no. If there is
activity on “Lamp” pins the device stays in “pre-excitation” mode otherwise comes back in
“stand-by” mode.

4.1. Normal start procedure.

After the ignition is switched ON, the Lamp terminal of IC is connected to the battery
via lamp. The regulator turns ON the lamp by the lamp driver T1. The relay driver T2 stays
OFF. In this case regulator goes to pre-excitation mode. Output stage of regulator is
switched with a fixed frequency frRec and constant duty cycle TVve at pre-excitation mode.
The pre-excitation current induces a voltage in stator coil and at phase pin of the regulator
respectively, as soon as the generator begin rotating.

The regulator measures the alternator rotational speed by evaluation of the phase
signal. As soon as the “generator running” information (neen >no) is detected the regulator
switches from the pre-excitation mode to the phase regulation voltage mode 8.3V.

With a further increase in the speed of rotation and ncen becomes more the start
speed threshold nstart during time more TeH_rLT , the lamp will switch OFF, i.e. lamp driver
T1 is switched OFF and relay driver T2 is switched ON. The regulator passes into phase
regulation second mode. At this, the phase voltage is regulated at 10.2V for the time Tv. The
alternator will proceed to the regulation mode after Tv time.

: 1i€se ,’
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KEY#4
ON
OFF :
NGEN4 ;I'PH"FLZ
Nstart
no <TPH_FLT Tv
\ PhReg PhReg [ LRC
VPH] 102V [T 2
10.2V e i d
8.3V
B+A r 3
VREG
VBAT
DCor?
Regulation
Pre-exc / /
I
Lampt
ON
OFF .
STAND BY | PRE-excitation PHASE Regulation 8 PHASE LRC ! Regulation
Regulation

10
Figure 2. Normal start procedure.

Note: after detection “generator running” (no) and phase voltage becomes more Vv i at
DC = any the Lamp is OFF.
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4.2. Load Response Control function (LRC).

Load Response Control (LRC) function is very useful when there is a high vehicle
load demand combined with a low engine speed. The LRC function controls the rotor current
increase at the specified rate up to the LRC disable frequency. This function is only active
for duty cycle increases. If there is a load current reduction, the excitation duty cycle is
instantly reduced to the duty cycle corresponding to the new battery charge state. The
alternator responds to loads commutation in the vehicle, slowly increasing the current in the
rotor (EXC duty cycle) to avoid stalling the car.

If the LRC function is active, then the alternator output current is controlled by the DF
current variation strategy that is directly linked to the duty cycle on DF output.

The LRC function can operate when the alternator runs at low speed (the alternator
speed ncen as to be lower than nLR).

When the LRC function is required, the duty cycle increase slowly with the defined
slope tLrp with the previous duty cycle increased by the fixed value DFLRCBZ.

The actual duty cycle management during a LRC insertion is shown in the figure 3.

b B+A
l«———— Voltage drop
A Duty cycle is increasing in
DF duty accordance to tyzp
DFLRCBZ I
l¢—— Load insertion

\

Figure 3. Duty cycle management during LRC insertion.
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4.3. Load Response cut-off speed.

The Load Response control function is active for neen < nrr. If the alternator speed
falls below the nir, the function will be activated after a buffer time of triLt. If the alternator
speed exceeds niRr, the function will be inactivated instantaneously (see fig.4). The Load

Response cut-off speed is ignored during the start procedure, i.e. the Load Response
function stays active.

NGeN 4

NLr

<tFiLT

v

Load Response
-

active

inactive

v

; >tFH_T- * >'EFILTh
Figure 4. Activation and inactivation of Load Response control function.

4.4. Function low voltage.

In case of high electrical load switching ON, especially with bad or defect battery, the
voltage of the power supply line can drop to low values. If the voltage falls under the
minimum operating voltage, the generator can de-energize especially if no battery is
connected.

The duration of voltage drop can be minimized by fast regulation (instantaneous
switching ON of output stage DF). The threshold for under voltage is Viow, i.e. there will be
a fast regulation below this limit even if load response function is active (see fig 5)

B+ Voltage

VBLow -}--

|

|

| I

| i

ll—“ Load Response E —* Load Response
T T

/ %

Instantaneous switching-on of output stage

~
,...,1

Figure 5. Low voltage function.
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4.5. Phase regulation.

Over voltage, for example caused by load current drop or load dump can leads to
immediate switching off the output stage. To avoid in this case a complete de-energizing of
the generator the phase voltage will be regulated about 10.2V. Hereby the switching ON
lamp will be prevented and the voltage can be regulated faster to the set value.

4.6. Relay function.
During the start procedure the lamp is on (T1 = ON, T2 = OFF, see fig.6).

i

| |

! [

BN

[ { '

: ug I Lamp I i

| o)y

S O o I { # A

= I I I_ Lamp .

I b 1 &y | 7 e T

i I =

l I =T

: _T- I -+ j__

AN =

Regulator Relay _I_
Fig. 6. Lamp ON.

As soon as the alternator speed reached nstart, T1 will be switched OFF and T2 will
be ON.

—
iHHHRH—

Regulator

Fig. 7. Relay ON.

This turns OFF the lamp and an optional external relay is activated. The relay can be
used to switch ON external loads or consumers which should not be active during the start
procedure.

The activation of the lamp by the regulator in case of an error turns the relay OFF.

The relay has to be connected with a freewheeling diode.

(Nikse ;!
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4.7. Emergency start.

In case of missing signal at Lamp terminal, the regulator will be activated after
detection of phase signal induced by remanence of the rotor. The regulator will turn in
regulation mode if the alternator speed is higher than nnor.

The regulator parameters (regulation set voltage, Load Response parameter)
remaining the same as in normal operation.

The start rotational speed at emergency start depends on the remanence of the rotor
and the dynamic of the alternator (however nnot has to be exceeded). The emergency start
function is always active, i.e. the regulator cannot be kept OFF by the Lamp terminal.

4.8. Default mode.

If the signal at Lamp terminal is disconnected during normal operation (nGen > Nstart),
the regulator will stay in normal operation mode and will switch to standby mode only if the
rotational speed is lower than no. The default mode function is always active, i.e. the
regulator cannot be de-energized by the L-terminal.

4.9. SENSE description.

SENSE is used as reference instead of (B+A) termination for the regulated voltage.
If voltage on SENSE is falling less Vsense_ss, then the regulation toggles on (B+A), and
defect is immediately reported. If voltage on SENSE is rising up to Vsense ss, then the
regulation toggles back on SENSE and defect is immediately cleared.

The internal divider bridge on (B+A) and SENSE is disabled by switching to Sleep
mode, to reduce standby current.

: 1ise ;.
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4.10. Temperature compensation.

To adapt the generator voltage to the optional battery charging voltage, the regulator
voltage is reduced if the temperature increases. The temperature coefficient specifies the
ramp of the voltage reduction (see fig.8). To avoid too high voltages at low temperatures,
an additional limitation to Vuwmit is implemented.

\ Set Point Voltage
VLIMIT
O
Mreoy N __
| I
_\LREG I40_ ______________ :_ ______ TK=(VREG_150'VREG_40)/110°C
| |
[ |
[ |
| I
[ |
| |
[ |
[ |
[ |
| |
| |
[ |
[ | '
| | I
Vies hso | I
T ———— =
[ I | I
| | | I
[ | | I
[ | | I
[ | | I
[ | | I
[ | : I
| Tj=-40°C 1 Tj=25°C | Tj=40°C |Ti=150°C
! ! : Temperatulre "

Figure 8. Temperature compensation of regulation voltage.

4.11. DFM-terminal.

The DFM terminal is a monitor for the master control unit. DFM pulse width
modulated the output signal represents the duty cycle of the DF output stage (see fig. 9). It
can be used by ECU for control alternator and engine. The DFM interface provides an
inverted (RF) or direct (DF) image of excitation duty cycle to control unit, depending on which
option is selected (see table 4).

The DFM terminal has a short circuit protection. The short circuit protection actives
only if the supply voltage is applied to the regulator (B+A-terminal).
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DF & DF A ,
DC 5% DF 4 DC 100%
DC 0% H H
T t g
t
DFM & DFM & DFM 4
0,
DC 0% DG 5% H DC 95%

t

~Y
~Y

Figure 9a. DFM terminal DC 5%-95%.

DF A DF 4 y
DC 5% DF 4 DC 100%
DC 0% H H
t t -
t
A
DFM A DFM & DFM DC 100%
DC 0% DC 5%

T t

~Y

Figure 9b. DFM terminal DC 5%-100%.

4.12. Lamp Terminal.

Activation via Lamp:

For detection of “Ignition ON”, the voltage level Vion at Lamp has to be exceeded
(see fig.10). To be more robust against voltage peaks (disturbances), an additional current
sink is implemented in the regulator at the Lamp-terminal. Therefore, besides the minimum
voltage at Lamp, a specified minimum switch-on current I._ein (2.5mA) is necessary for
activation of the regulator. After activation of the regulator and switching ON of the lamp
driver, the current sink is deactivated; it will be activated again after transition of regulator to
standby mode.

The regulator turns into regulation mode after activation and detection of the
corresponding speed rotation thresholds. Below the activation threshold Viorr the regulator
detect “Ignition OFF” (low level at Lamp). It turns to standby mode or stays in regulation
mode if a valid alternator speed (ncen >no) can be measured.

The Lamp terminal has a short circuit protection. The short circuit protection is active
only if the supply voltage is applied to the regulator (B+A terminal).
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U,
A

Detection “Ignition-ON" (=High level at L-terminal) /
IV oo : Vion
W TG i i T -

Transition band

0, GV | T
T RS SRSRR R e

Detection ,lgnition-OFF" (=Low level at L-terminal) V| opf

. o
50°C Temperature

Figure 10. Activation threshold of L-terminal.

4.13. Alarm detection.

The device goes into Alarm (Fault) mode after the validation time (tVZ), if one of the
conditions in the below table is verified. The device goes from Alarm mode immediately
(about 50ms), if one of the conditions in the below table is disappeared.

Table 7. Alarm Detection.

Detected conditions

Related pin

VeH < VV_SW or neen < no

No activity on “PH” pin

IoF > lprF_LimiT

“‘DF” shortened to “GND” (Over-current on “DF”
driver). In this case alarm condition is detected after
Tvz. Field is turned off immediately.

Vor = V(B+A) @ Field-FET off

“DF” shortened to “B+A”

V(B+A) > Vovp
(Overvoltage detection)

Battery sensor on “B+A” pin or “F” driver degraded

DC=100% and VpH < Vv _LA

B+A voltage is Low

VsensSe <VSENSE_SB

SENSE disconnected (Option is selected by
EEPROM. In this case alarm condition is detected
immediately)

B+A wire disconnected (Self
conducting mode)

Battery sensing terminal open detection.
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4.14. Phase terminal.

For normal start (wake up via Lamp terminal).

The regulator will enter the phase regulation mode and regulating the phase voltage
to 8,3V. The phase frequency (generator speed) will be evaluated between the ranges 0V
to 8V. The AC-peak amplitude threshold is Vv_sw (2.45V typ.). Hence, all peak voltages
below this threshold will not be evaluated.

For emergency start (when lamp is open).

As for more sensibility the AC-peak amplitude threshold will be switched internally to
a lower value Vv_sw not (1.2V typ.). After the phase voltage reached this threshold, the
regulator enters the Emergency start mode. As soon as the Emergency start threshold will
be achieved (Vv_not, 1.45V typ.), the regulator enters the normal regulation mode. The
evaluation of the phase signal VV is done by amplitude and frequency detection. As soon
as the threshold level Vv_sw (level depending if lamp is connected or not) is exceed, the
phase signal frequency will be evaluated.

Voltage
rF s
Out of range for
phase evaluation
Vv_be t ,n ”
ov 5
t
Out of range for
phase evaluation

Figure 11. Phase voltage - example of amplitude evaluation.

1. Phase voltage Vv > phase threshold Vv_sw @
Phase signal will be evaluated. The voltage signal which exceeds the upper phase
DC level Vv_pc will not be recognized.

2. Phase voltage Vv < phase threshold Vv_sw @
Phase signal will not be evaluated.

3. Phase voltage Vv > phase threshold Vv_sw ®
Phase signal will be evaluated. The voltage signal which underruns the lower phase
DC level of OV will not be recognized.

4. Point of time when the phase voltage Vv exceeds the phase threshold Vv_sw ®
At this time phase signal starts evaluation.

(?l(‘jemmon 2
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Voltage )

Vv bc +

oV

QOut of range for
phase evaluation

V2

Out of range for
phase evaluation

Figure 12. Phase voltage - example of frequency evaluation.

1. Phase voltage ripple Vv1 < phase threshold Vv_sw ©

Ripple will not be evaluated. Phase voltage Vvz2 > phase threshold Vv _sw.
Phase frequency evaluation is correct

2. Phase voltage ripple Vv > phase threshold Vv_sw @

The ripple will be evaluated as phase signal frequency. Wrong phase
frequency evaluation.
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4.15. Typical application.

MONITOR

RE
F— ——————————————————————————————————————— >
' )
i "
i - Al L L _L |
. Pl |
i )i = = = [
| - |
I .ﬂ\—*{ H QSENSE I oR /
| == I_’J 1
| Cor J__' DF | I,
| E Field VANWAN | e T
| control | o
I ¢ G i | o T
I ce — 3> ] [ .
] L. L | 8=
I LAMP = = Stator AN P
T _T_ > Wakeup Field coil I
| o T | v T |
| e PH — l _— —
I ) f Rectifier |
|
: | |
i Jono [
1 —. Regulator+Alternator |
————————————————————————————————————————— J
S

-
1 l : Lamp : IGN
Relay CR l___"___J
Cc4*

Figure 13. Typical application diagram.
Notes:
Rectification diodes should have the break down voltage more 22 V and less 27 V.
In opposite case the IK8006 should be protected by TVS. Operation voltage for TVS should
be more 20 V but break down TVS voltage should be between 25V and 35 V.
Parasitic resistance on pin B+A should be less 20 mOhm and on pin GND should be
less 10 mOhm.

Recommended:
C1=2.2uF;
C2=2.2uF;
C3=4,7 uF;
C4 =100 nF;
CL=22nF;
Corm = 22 nF;
R =1 kOhm.

Capacitor C4 is installed for lamp blinking protection under high level electromagnetic
interference.
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MONITOR

X

L —

If—— ——————————————————————————————————————— \
i o] g . !
| Im Icz Ica i
I T (lSENSE = = = |
I

I jomd | !
L =+ i | CR =
| Corn _J_—' DF |
i = Field yaN | S‘_-r_
| control | | E‘;g—-L
i cp L, SGN I =
i 2 = lsz T
I LAMP B = F'E g Stator | =T
: J_ » Wakeup ield col i

= -« |

C
I I iy -ﬂL PH JT_ L L
| J._' Rectifier |
| |
! I
| GND
I ; Regulator+Alternator I
B ot St i St S ety i 4
IGN

Figure 14. Application diagram with SENSE option of bare die and IKB0O06PD2T.

MONITOR

I [
I T
' I
I
I | ]
I I
: =D Js_ | R
1 C = | T
| ek r Field DF Z?Z'f i Ei
[ control | =
I 4 I
. s ) o ®F
| R T2 +'E|—< 1 & & 18
I = =
; L LAMP) Wakeup S el Stator Z‘S : I
[ +0 I
| Cl i -HL4 PH i | - -
: - f Rectifier :
[ I
I |
[ ;ND [
I = Regulator+Alternator
t * +
l Lamp | IGN
Relay CR .
Cc4*

Figure 15. Application diagram with CP packaged option of IK8B006D2T.
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4.16. Typical operation sequence.

Typical operation sequence

bkey  on |
OFF .
PhReg Once '
A DF-d uty | 8.3V | ZBR;\? I LRC | : |
|
S : Regulation : I
|
| ' I
Pre-exc '|<_>TPH7FLT' ! | |
| | | l Exc-OFF
t t I -
| | |
| | I
| | I
| | I
! ! !
__ Moo hys _
>

t
|
|
|
|
Vear |
T |
|
|
: >
A Lamp I
ON !
I
|
| OFF
| >

Figure 16. Typical operation sequence.

Note: after detection “generator running” (no) and phase voltage becomes more Vv 1a at
DC = any the Lamp is OFF.
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4.17. Lamp is continuously open circuit operation.

Lamp is continuously open circuit
(before cranking)

DF-dUty PhReg Once
: 8.3V | ingef | LRC |
Aft |} . .

phaire ______ > |-—»| Regulation
|
signal | ! «— ' » |
detected I I Ten_pur | |
! il |

Exc OFF Exc OFF

I
VBAT l/: | VBAT

A Lamp

Disconnection of the Lamp

Figure 17. Lamp open operation.
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4.18. Lamp is become open during running operation.

Lamp is become open during

OFF

Disconnection of the Lamp

>

running.
A
KEY ON |
|
| OFF
PhReg 0 I =
A DF-duty 8.3V | I;ngei I nge [ :
e | Regulation :
V 1
p : TPH_FLT: : |
re-exc e — |
| : : | Exc-OFF
' : : i >
| I I |
[ |
NGen : : I
L |
_Dslar_t ____________ 4——— 4 e I N
I I |
nO | | |
________ I I No-No_hys
___________________ e ——__] ___ 070 hys _
! I T _: |
I [ [ [ | >
| [ | |
A+A I : : VR:EG
|
B % | :
Vear || ' : | ! Viar
T | 1 |
| | ' ' : :
| | | '
— , >
b
A lamp | |
ON | | |
' |
|
| |
|
I I
! |

Figure 18. Lamp is become open during running.

Note: after detection “generator running” (no) and phase voltage becomes more Vv i at

DC = any the Lamp is OFF.
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4.19. Lamp is become open during start-up operation.

Lamp is become open during

start-up.
AKEY  on |
OFF
| >
PhR PhR Once
ADF-duty | N | 109e 1 LRC I :
' |
: Regulation ! !
I oy et | Ty I
' |
! I I |
Pre-exc ' ! |
: | Exc-OFF
|
|
|

: : | |
Lo ! |
[ : :
: : I | !
Vear L : : Vear

L : [ !
o | |
I |
T >

A Lamp 1 |

ON | | :
| | |
: '[ [ Disconnection of the Lamp
—— g
[

Figure 19. Lamp is become open during start-up.
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4.20. Belt breaks operation.

Belt breaks operation

Figure 20. Belt breaks operation.

A Key ON |
OFF
>
A Once [
DF-dut | I I LRC !
Y PhReg | > _ :
| | Regulation |
| : ' :
p | TPH_RLT | Ty I : |
re-exc — Pre-exc
| L i — JExc-OFF
\ : : I | : I
| |
NGen | : | ' : li
L ! | , Beltb Ieaks
Nstart I l k : I |
________ I
LR |
_______ o | |
] | |
|
Agin L | |
| | | I
b ' |
Vear | | {/: : IVear
: [ [ [ | |
I ' ' 1 I
D | |
L } B >
A Lamp I I Tyz 1
ON | | : L
! |
| |
|
: OFF |
' >
| I

Note: after detection “generator running” (no) and phase voltage becomes more Vv i at
DC = any the Lamp is OFF.
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4.21. State diagram.

Activity on “PH”

Standby
. . (note 1) Activity on “Lamp” (Key “ON”)
Lamp” open
@ Key ”OFF" @
Key “OFF”

Ngen < No=No_hys

Key “ON”
Ngen < No

Pre-excitation
(note 2)

NGen2NNoT
“Lamp” open

Key “ON Key “ON”
n < Ng—n
GEN 0 0_hys nGENZ no

Ngen2 Nstart

Key “ON” After t=TpH_F|_T+TV
NGen< No—No_hys Key “ON”

Once LRC
A

Regulation

(note 3)

Standby
(note 1)

Key “OFF”
VPH2Vy na VPH< Vy na NGen < NoNo_hys

Notes

1. Standby mode means:
Low consumption current
Excitation OFF

2. Pre-excitation mode means:
FD=TVy, if VSENSE voltage or (B+A voltage) < Vgres
FD=TVyg; if VSENSE voltage or (B+A voltage) > Vreg

3. Regulation mode means:
Regulation with LRC if ngen < Nig
Regulation without LRC if ngeny > Nir

4. If Key “OFF” and ngen < No-Ng_nys Regulator goes in to “standby”mode from all states.
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5. Recommendation assembly of chip.

Pad location.

O

18

15

14

13

12

11

14

00

-1
o

Chip size X=4500um, Y=5300um (without scribe track)

Chip ID in the layer “MET2” is “8006D” or “8006F”,
coordinates ( X/Y )is (3951/5154 ) um.
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Coordinates of the Pads (“POR” layer)

Left-bott
Pad © fothorrl;cgrner Center of the Pad
orthe Fa Pad Name
Number
X, um Y, um X, um Y, um

1 61.3 3460.3 408.3 3707.3 DFM
2 92.0 2519.5 439.0 2766.5 Lamp
3 59.0 598.1 306.0 945 1 B+A
4 2379.3 1172.5 2726.3 1419.5 DF

5 3800.0 443 4047.0 391.3 PH

6 3721.0 1968.3 4068.1 2215.3 GND
7 3864.3 4400.0 4111.3 4747.0 SENSE
16 1513.7 5124 1 1564 .1 5174.5 CP

Wire bonding pad size for pads 1,2,3,4,5,6,7 are:
1. 706.0 x 506.0 um on metal layer;
2.694.0 x 494.0 um on POR layer.

Wire bonding pad size for pad 16 are:

1. 139.2 x 139.2 um on metal layer;
2.130.0 x 130.0 um on POR layer.

Note:

1) Wafer thickness is 406 um typical.

2) Back side of wafer is under GND voltage. Back side metal should be connected

to GND pad.

3) Die bonding should be made by soldering alloy with melting point more 220°C or

silver epoxy compound with thermal conductivity more 50 W/K*m.
Recommended to use the tin-silver-copper alloy with 3.0-4.0% of silver.

4) Back side metal is — Ni 0.2 um — Ag — 0.15 um.
5) Top level metal thickness is 2.7 um typical.

6) Wire thickness should be 0.2 mm.
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6. Package information and pinout.

E

B
Ll

)

T~

— O —

®

Qb — —» <&
A-A
E3

7 15° TYP

D1

< A !
] C2 A ~
I l :
— i
i
1 T! !
i oH
i | |
L]l a2 !
Detail C M NI !
| :
i I v l
I - !
L,L, A=
0-8° _l_
R
Detail C

Dimensions, mm
Min Nom max

A 4.250 4.400 4.550
A1 0 0130. 0.250
A2 2.250 2.400 2.550
b 0.500 0.600 0.700
C 0.400 0.500 0.600
c2 1.200 1.300 1.400
D 9.050 9.250 9.450
D1 6.900 7.000 7.100
E 9.800 10.000 10.200
E1 7.250 7.350 7.450
E2 9.700 9.900 10.100
E3 7.800 8.000 8.200
e - 1.270 -

H 14.650 15.000 15.350
L 2.400 2.700 3.000
L1 0.800 1.000 1.200
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Recommended solder pad layout

10.70

A
) 4

16.40

HOMOOO e

1.27 0.90

— - |j—

Table 8. Description of pinout IKB006PD2T or IK8006PF2T.

Pin Symbol Description.
1 SENSE Battery sense input
2 DFM Field monitor output
3 Lamp Lamp and relay terminal
4 GND Regulator ground
5 DF High side driver output
6 B+A Power supply pin and battery sense
7 PH Phase sense terminal

Table 9. Description of pinout IK8006D2T or IKB0O06F2T.

Pin Symbol Description.
1 CpP Production line programming pin
2 DFM Field monitor output
3 Lamp Lamp and relay terminal
4 GND Regulator ground
5 DF High side driver output
6 B+A Power supply pin and battery sense
7 PH Phase sense terminal

Nisemicon

38
March 2024 Rev. 1.16



I1K8006

7. Revision history

Date

Rev

Changes

Remark

14.12.2015

0.00

Initial release

29.12.2015

0.01

Changes according customer request
(indicated by blue color)

30.12.2015

0.02

1. Page 12. Fig. 7. Changed by customer request.
2. Page 23. Table 7.
DFMcLave changed by customer request.

04.01.2016

0.03

1. Page 12, 13. Fig. 7.
DFMCLAMP changed by customer request.

07.01.2016

0.04

1. Page 12. Added relay function description.

2. Page 15. Table 3. Excluded row 8.

3. Page 18.

Updated according meeting with customer.

4. Page 18. Table 5.

Load dump condition time 400ms installed.

5. Page 21. Table 7. TeLr updated.

6. Page 23. Table 7. Pin “Sense” limitation updated.

11.01.2016

0.05

1. Page 19. Table 7. Added “TBD”
2. Page 22, 23. Table 7. Added — Guarantee by design, for
reference only.

11.01.2016

0.06

1. Page 19. Table 7. Vovp is changed to 16.0

04.11.2016

1.00

1. Page 18. Table 4. Device variant table.

Changed default state. Option “SENSE” No in default state.
2. Page 20. Defined value of suppressor capacitor between
B+A pin and GNG (external). C = 6.9 (2.2 + 4.7) Uf typ.

3. Added parameter Rpar enp. Parasitic resistance between
Pad “GND” on chip and Pin “GND” of regulator

4. Added parameter Rpar g+a. Parasitic resistance between
Pad “B+A” on chip and Pin “B+A” of regulator

5. Defined value of Sink current on pin Lamp in standby
mode. |L_SINK =1.0Ma typ.

6. Defined value of Capacitor at L.

CL = 22Nf typ.

7. Page 23. Defined value of Capacitor at DFM. Cpru = 22Nf
typ.

8. Page 24. Changed typical application schematic. Added
parasitic resistances Rrar_cnp, Rrar_B+a @and defined values
of capacitances and resistances.

27.03.2017

1.01

1. Page 18. Table 5. Absolute maximum ratings. Changed
parameter V(B+A).p from 45V to 37V (same as Bosch
product CR719).

2. Changed Typical application.

-Resistor at pin DFM is placed outside alternator.

-Typical value resistor at pin DFM changed from 7K to 1K.
-Alarm Lamp is shunted by capacitor 100Nf.

3. The description of function is updated.

05.04.2017

1.02

1. Page 19. Table 4. Added parameter “Clamp on DFM”
DFMciamp .
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Date

Rev

Changes

Remark

17.04.2017

1.03

1. Changed pad location. New chip design.

2. Renamed parameter “Inrush current lamp driver” to
“Minimum current for switch lamp on driver”.

3. Updated values boundaries of parameters:
-“Minimum current for switch lamp on driver”
-“Switching-on threshold detection ignition ON”
-“Switching-off threshold detection ignition OFF”

24.05.2017

1.04

1. Page 20. Table 7. Changed parameter Istanosy from 300
Ua max. to 250 Ua max.

13.06.2017

1.05

1. Page 8, page 14. Added recommended value
tLroown=tLrD/4.

2. Page 27. Updated typical application diagram.
3. Page 36, 37. Added package drawing.

4. All pages upgraded.

20.06.2017

1.06

1. Page 11. Table 6. Suppression capacitor between B+A
pin and GND changed to 9.1Uf.

2. Page 27. Suppression capacitor between B+A pin and
GND changed to 9.1Uf.

19.09.2017

1.07

1. Page 1. Added package option IK800G6P.
2. Page 38. Added description of pinout IK8006P.

31.10.2017

1.08

1. Correction ‘Oder Code’ according to IK regulation at
page#1, page#38.

23.05.2018

1.09

. Page 1. Added the die photo.
. Page 17. Updated Normal start procedure.
. Page 29. Update Typical operation sequence.

. Page 33. Updated Belt break operation.
. Page 36. Updated Coordinates of the Pads.

. Page 31. Updated Lamp is become open during running.

23.03.2021

. Page 8. Table 3 changed the Ty time.
. Page 28. Inserted new one Fig. 15 for IKBO06PD2T.
. Page 36. Pad 16 sizes changed.

. Page 37. Package information changed.

PWON_2OOPRPWON=

03.03.2022

Page 9. Table 4, Table 5 updated for V(B+A)r and Rruic

07.04.2022

Page 1. Table 1. Updated “Option”
Page 7. Table 2. Updated.

Page 28. Fig. 14. Updated.

Page 37. Indicated pins numbering.

10.03.2023

Page 1. Table 1. Updated “Option”

Page 28. Fig. 14 and 15 updated.

Page 36. Table updated. CP pin coordinate.
Page 38. Table 8 and 9 updated.

3.04.2023

Page 1. Table 1. Added the IK800G6F items.

Page 12. Table 6. Added the IK8006F parameters (marked
yellow)

Page 35. IK800G6F inserted.

Page 38. IKBOOG6F inserted.

12.01.2024

1.15

Page 12. Table 6. Updated
Page 36. Note updated.

21.03.2024

1.16

Page 9 . ESD Level Updated
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