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Board Model: OB6627_12MOS_JM_2046
OB6627L Demo Board Manual

Doc. No.: OB_DOC_DBM_B_6627L01

Key Feature:

+ Single chip BLDC controller solution
« High integration of MCU, pre-driver, high
speed rail-to-rail operation amplifier, high

precision LDO, current protection
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comparator.

« Six-step BLDC control

« 21 % duty start, and motor fast stop

« Automatic power off with time delay

« MOSFET temperature sensing and thermal
protection.

« Two levels battery under voltage protection

 Battery residual capacity display
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Vi, O( y + PCB size small, and assemble conveniently
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Revision history:

Revise Date | Version Reason/Issue

2020-12-04 | 00 First Issue
2021-01-13 |01 Updated BOM list
© On-Bright Electronics Confidential

OB_DOC_DBM_B_6627L01



i 18V45A Angle Grinder C ller Using OB6627L
‘I= ﬂll-Bl‘l[Illt noe BHnaer 0ntrgsg(gz?_sllznmgos_m_2046

Arighien our Life

Contents Index

1.  System Electrical SPECIfICALION .........eiiiiiiiiieiii et s 3
1.1 INPUL CRAIACTEIISTIC. ..eetetiee ettt ettt ettt e et e e e ab et e e e anbr e e e e anbne e e e nnns 3
1.2 SYSTEIM PAIAMETEIS ...oeeiiiiiiiiitite ettt e e s et e e e s e s e e e te s e s e ssarreeeeeeeesaannns 3
1.3 OULPUL CRAIACTEIISTIC. ..ot uvteee ettt ettt ettt et e e et e e e e sbe e e e e sabb e e e e sabbeeeesbbeeeeanes 3
1.4 (S N1 (o] o1 s 1T o e PRSP 3

P22 = o =1 o N [ 01 (o] 1 =1 1 o] o RS PR PPRRPR 4
21 SCNEMEALIC ...t r e 4
2.2 Bill Of MALEIIAL ...t e e n e s e nn e nnre e 5
23 PCB GarDEI FlE ...ttt sn e b e e nn e e 6
2.4 (@fo] ] a[=Tox (o gl =¥ ] Tox 1 o] g T B 1= 1o g o] (o] o SRR 8
25 BLDC Controller Board SNapShOt .........ueeiiiiiiiiiiiiieice s s st e e e e e e snrae e e e e e e snnrnnees 9

3. Performance EVAIUALION. .........cvii ettt 10
3.1 RV (o] 1= (o [ 1= ST O TP PP PPPPTPPPP P 10

3.1.1 Gate Driver & MCU Supply Power ON/OFF .......coociiiiiiie it 10

3.2 YL@ S e ST SUPPRURRIN 11
3.21 VS RISE/Fall EAQGE TIiME .. .eiiiiiiiiiie et 11
3.2.2 Vds Strike Voltage @ BUS = 22V......ueiiiiiiie ittt e e s enraeen e e e 14

3.3 (ON =101 SR ST=T 0 K] oo [T PP PP SUTPPPPTP 15
3.4 Motor Short CirCUIt PrOtECTION ........vveiiiiieee ittt e e e e 15
3.4.1 U-V phase short circuit(Static SO CIFCUIL) ...........vveveeieieiiiiiiiiieeeveveeeieeeeeeeeeeeeeeaeaeeeenne 15
3.4.2 V-W phase short circuit(Static short CirCuit) ... 16
3.4.3 U-W phase short circuit(Static SOt CIFCUIL) ..........eeveveieeeeiiiieieieeeiiiiieieeeveieeeeeeereeeaeeeeene. 16
3.4.4 U-V phase short circuit(Dynamic Short CIFCUIL) .............evvvveeiiiiieiiiieiieieieeereieieeereeeaeeeennns 16
3.4.5 V-W phase short circuit(Dynamic Short CIrCUIL) .........cueeeeiiiiieiiiiiiiee e 17
3.4.6 U-W phase short circuit(Dynamic Short CIrCUIL) ..........ocuveieiiiieeeiiiiiee e 17

3.5 TEMPEIATUIE TEST.....ciiiiiiiiiiiiiiii ettt ettt e et e e e e et e e e e e e eee e e esaesseseseessnnnannnnnnes 18
3.5.1 TeMPErature MEASUIE .........ccoviiiiiieie e 18

3.6 REIADIIILY ..ttt e et e e st et e e e bb e e e e s abbe e e e abneeeeanes 18
3.6.1 Low Temperature Relability ..........c..cooiiiiiiiiiii e 18
3.6.2 High Temperature Reliability ..............uvviiiiiiiiiiiiiiiiieiieeieieeceeeeeeeeeeeee e eeeeerereaeaeeenene 18

© On-Bright Electronics Confidential
OB_DOC_DBM_B_6627L01



i 18V45A Angle Grinder C ller Using OB6627L
‘I= ﬂll-Bl‘l[Illt noe BHnaer 0ntrgsggz7_81|2n|v?os_m_2046

Arighien our Life

1.System Electrical Specification

1.1 Input Characteristic

®  DC input voltage rating
®  DC input voltage

®  Handle working voltage
1.2 System parameters

®  PWM frequency

®  MCU supply voltage

® 5V supply current

®  Current sampling resistance

®  Current sampling amplification

®  Current sampling amplifier offset
®  Gate driver supply voltage

®  Max of MOSFET drain source voltage value

®  MOSFET thermal sensor precision

1.3 Output characteristic

®  High-grade one-level overcurrent protection
®  Low-grade one-level overcurrent protection
®  Bus primary overcurrent protection delay
®  Secondary overcurrent protection of bus

®  Bus secondary overcurrent protection delay
®  Phase current limitation

®  Maximum of PWM duty
®  Minimum of PWM duty

1.4 Environmental

®  Operating Ambient Temperature
®  Storage Temperature

®  Storage Humidity

5 cells Li-Iron battery of 3.7V
14V to 25V
0to 5V

20KHz
5V+2%
100mA

1mQ

16
Self-calibration

Battery voltage 18V
@ 5 cells battery

33.34V
1%

60A
60A
1s
70A
300ms
100A
100%
21%

-20°C to 60°C
-40°C to0 100°C
0% to 95% R.H.
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2. Board Information

2.1 Schematic
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2.2 Bill of material

Position Description Package | QTY
C1 Capacitor,ceramic,3.3nf/25V,X7R,10% | 0603 1
ca.c: e e L
C7,C8, C9, C15, C17,C21 Capacitor,ceramic,10uf/25V,X7R,10% | 0805 6
C12 Capacitor,ceramic,4.7uf/25V,X7R,10% | 0805 1
Cl1,C14 Capacitor,ceramic,1uf/25V,X7R,10% 0603 2
C19 Capacitor,ceramic,1nf/25V,X7R,10% 0603 1
C6, C10, C13,C23 Capacitor,ceramic,100pf/25V,X7R,10% | 0603 4
C20, C24 Capacitor,ceramic,100nf/25V,X7R,10% | 0603 2
D1, D2, D3, D4, D5, D6 LED, Green 0603 6
D8, D9, D10 1N4148 SOD-123 | 3
D13, D14 1N4148 SOD-323 | 2
MOS1,M0S2,MOS3,M0S4,M0S5,MOS6,
MOS7,M0S8,MOS9,MOS10,MOS11,MOS | Power MOS,NCE3080K (30V 80A) TO252 12
12
Q1, Q4 PNP,MMBT5401 SOT23 2
Q3 NPN,MMBT5551 SOT23 1
5,1§F;26’R3'R4'R5’R6’R71’R72’R73'R74R7 Resistor,chip,33R,5% 0603 12
R7, R14, R52 Resistor,chip,51K,1% 0603 3
R9, R19, R54 Resistor,chip,13K,1% 0603 3
R56 Resistor,chip,51K,5% 0603 1
R8, R18, R53 Resistor,chip,180k,1% 0603 3
Eé? II;:; R34, R35, R44,R45,R46, R48, Resistor,chip,10k,5% 0603 10
R10, R11, R12 Resistor,chip,10R,5% 0603 3
R13 Resistor,chip,2.2k,5% 0603 1
R15,,R29, R36, R43,R49 Resistor,chip,1k,5% 0603 5
R16 Resistor,chip,33k,5% 0805 1
R31 Resistor,chip,33k,5% 0603 1
R20 Resistor,chip,3.9k,5% 0805 1
R24 Resistor,chip,18k,1% 0805 1
R26 NTC,TSM1A103-34D,10K,B=3950,1% | 0603 1
R30 Resistor,chip,43k,5% 0603 1
R32 Resistor,chip,2k,1% 0603 1
R37, R38 Resistor,chip,1k,1% 0603 2
R39,R51 Resistor,chip,100k,1% 0603 2
R40 Resistor,chip,15k,1% 0603 1
R41 Resistor,chip,11k,5% 0603 1
R47 Resistor,chip,1.5k,5% 0603 1
R50 Resistor,chip,8.2k,5% 0603 1
R55 Resistor,chip,1mR,1%,3W 2512 1
S1 Key,6mm*7mm,auto-release SWPB 1
© On-Bright Electronics Confidential
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2.4 Connector Function Description

&= 5
C8 m12¢9010

g E@ns

Name Description

BAT+ Battery input, Bus+

BAT- Battery input, GND
U Motor U phase output
\% Motor V phase output
w Motor W phase output

J1- 2pin connector

Pin Num Description
Pinl GND
Pin2 KEY
© On-Bright Electronics Confidential
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2.5 BLDC Controller Board Snapshot

R Ra7 Cleg, B0 GV 0B6627_12N0S_Jn 2044

g0 PP o

-

Top Bottom
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3. Performance Evaluation

This session presents the test results of OB6627L 18V45A Angle Grinder Controller demo. TA=25C

No Parameter Symbol Min Type Max Unit
1 Battery UVP Vbus_uvLo 14.0 \
2 MCU supply LDO_5V 4.9 5.0 5.1 Y
3 Gate driver supply LDO_12Vv 12.0 \%
4 MOSFET gate voltage Vgs 12.0 \%
5 Highside MOSFET Rise time Tr_h 0.405 us
6 Highside MOSFET Fall time Tf h 0.666 us
7 Lowside MOSFET Rise time Tr_| 0.430 us
8 Lowside MOSFET Fall time Tf | 0.472 us
9 PWM frequency fewm 20 kHz
10 PWM duty Duty 21 100 %
11 Current amplify coefficient 16
12 MOSFET current sh_utdown time in 10 us
MOTOR short circuit
13 MOSFET Vds in MOTOR short circuit 30 \Y
Test Equipments
Item Module
DC source LW12050KD
Oscilloscope LeCroy HDO420
Current meter Tek TCPA300
Differential probe CATIII
Multi-meter VC9808

3.1 Voltage Test

Fig. 1 Measured bus voltage ,VCC=12V, LDO=5V @

bus=22V
Power On Time = 107ms

3.1.1 Gate Driver & MCU Supply Power ON/OFF

Fig. 2 Measured bus voltage ,VCC=12V, LDO=5V @
bus=22V
Power Off Time = 4.6s
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3.2 MOSFET

3.2.1 Vgs Rise/Fall Edge Time

GH1 GH2 GH3 GL1 GL2 GL3
trlus 0.405 0.418 0.425 0.43 0.435 0.444
tflus 0.666 0.664 0.656 0.472 0.415 0.443

: ? T
i i [
i i I
i i . l
T o
i U+ Riseltime
4 . |
S e 7 =
U |
! |
Fig. 3 Measured U-Phase highside Rise MOSFET Vgs @ bus = 18V
! ! I ,
! \ o
5 ! |
i ! |
! 1
Fig. 4 Measured U-Phase highside Fall MOSFET Vgs @ bus = 18V
! | i Ty
] ! |
i I |
| 1 |
| ! o e
U-Rise time |
L = I
“ L — - -
. I": P2max(Ca) P2 : P4 5. 8 P7 Pe
Fig. 5 Measured U-Phase lowside Rise MOSFET Vgs @ bus = 18V
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Fig. 6 Measured U- Phase lowside Fall MOSFET Vgs @ bus =18V
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Fig. 7 Measured V-Phase highside Rise MOSFET Vgs @ bus = 18V
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Fig. 9 Measured V-Phase lowside Rise MOSFET Vgs @ bus = 18V
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Fig. 10 Measured V-Phase lowside Fall MOSFET Vgs @ bus = 18V
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Fig. 11 Measured W-Phase highside Rise MOSFET Vgs @ bus = 18V
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Fig. 12 Measured W-Phase highside Fall MOSFET Vgs @ bus = 18V
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Fig. 13 Measured W-Phase lowside Rise MOSFET Vgs @ bus = 18V
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Fig. 14 Measured W-Phase lowside Fall MOSFET Vgs @ bus = 18V
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3.2.2 Vds Strike Voltage @ Bus = 22V

U+ V+ W+
Vds/V 29.64 30.94 33.34

U- V- W-
Vds/V 31.30 30.68 31.44

Fig. 16 Measured V+(G

|
1
|

- V+,,<!Vda

1

by vl

W-Vds

|
V- Vds.
1|

;i'

[

reen), V-(Yellow) MOSFET Vds strike voltage @ bus =
22V

f
|
|
|
|

=22V

Fig. 17 Measured W+(Green), W-(Yellow) MOSFET Vds strike voltage @ bus
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3.3 Current Sensing

%

N TELEDYNE LECRONL
ﬂ\ Everywhereyoulool

Measure P1:max(C3) P2:min(C3) P3:max(F1) P4:min(F1) P5:--- P6:--- P7:--- P8:---
value 13V -520mv 274V -258mV
status

v v v v
ey oo 5.4 mg GEEN
500 mV/div|
-1.08500 V|
I 164669V X1=  584544ms AX= 98.95834ms
1, Soosimy X2= 104.8038ms 1AX= 1010526 Hz
\y .88 m!

Fig.18 Measured Amplifier output(Yellow), pha-current(Green) @ bus = 22V

3.4 Motor Short Circuit Protection

3.4.1 U-V phase short circuit(Static short circuit)

q TELEDYNE LECROY
Everywhoroyoulook™

— e — b

i
Measure P1:max(C3) P2.:min(C3) P3:max(F1) P4min(F1) PS:--- P6--- Rl P8---
value 204V -34Vv 456mv 368mv

status v

v v v

/ ] Gus|[fR%  c200)
9.8 Vidiv|

17, X1= 23088s AX= 0.65764s

it 5.603 V) X2= 12056ys 1AX= 103.55 kHz

Fig. 19 Measured U(C4 Green)/V(C3 Blue)-phase voltage, SCP voltage(C1 Yellow), Rcs voltage(C2 Red) @
battery voltage = 18V
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3.4.2 V-W phase short circuit(Static short circuit)

! TELEDYNE LECROY |
l Everywheroyoulook™
% le
U‘%
N W 1 SOP _Rof \
2 A l b )
= (O}
o A
\ i
I ——
. . i .
Measure P1max(C3) P2min(C3) P3:max(F1) P4min(F1) PS--- P6--- P7--- P8---
value 223v 44V 432mv 392mv
status = 3

X1= 8660ns AX= 1284us
X2= 2150ups 1AX= 779 kMz

Fig. 20 Measured W(C4 Green)/V(C3 Blue)-phase voltage, SCP ‘ voltage(C1 Yellow), Rcs voltage(C2 Red) @
battery voltage = 18V

3.4.3 U-W phase short circuit(Static short circuit)

18 TELEDYNE LECROY
i “3

Evorywherayoulook

-

¢

Measure P1:max(C3) P2 mmlC3) P3:max(F1) P4:min(F1) P5i--- Pg-=- P7:-- Pg:---

value 758V V d?dm\/ 390mV

status —
S ME o)

Xi= 2288ps AX= 4.0772ps
X2= 6366us 1AX= 2453 kHz

Fig. 21 Measured U(C4 Green)/W(C3 Blue)-phase voltage SCP voltage(C1 Yellow), Rcs voltage(C2 Red) @
battery voltage = 18V

3.4.4 U-V phase short circuit(Dynamic short circuit)

[ | |
{ TELEDYNE LECROY
| | W Everywihoreyoulook: |
|
Ly gt o o ! ' iy

¥ s t g RN F

|
| | |
|

i ! |
ST — S
o v
-t e = po—|
i 1 L —— W f
[ ¥
=Y
Measure P1max(C2) P2:max(C4) P5--- P6--- PT:-- P8---
vame 1301 v 29 2 v

12.0 V/di
132 ps/d

-3.300 X1= 40478us AX= -258ps
16313 X2= 40220 s 1AX= -388 kHz
19612

Fig. 22 Measured U(C4 Green)/V(C3 Blue)-phase voltage, SCP voltage(C1 Yellow), Rcs voltage(C2 Red) @
battery voltage = 22V
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3.4.5 V-W phase short circuit(Dynamic short circuit)

TELEDYNE LECROY

Evorywhareyoulook

‘
|
.
|
1

heressepe bbbty

- i ik | I | I

Measure P1max(C2) P2max(C4) P3--- P4~ P5--- PB--- P7--- P8---

value sT1mv 323V
status v
| £ oom(C4) (45 -120ms|fll  c2oc)
10,6 Vidi
3.60 ps/di
4 2.040 X1= 195350ms AX= 3.632ys
1 1355 X2= 195713ms 1AX=  275kHz
Ay 10395

Fig. 23 Measured V(C4 Green)/W(C3 Blue)-phase voltage, SCP voltage(C1 Yellow), Rcs voltage(C2 Red) @
battery voltage = 22V

3.4.6 U-W phase short circuit(Dynamic short circuit)

i I TELEDYNE LECROY'
| | Everywhoreyouiook |
{ |
ll FSRRTUTY Y A S BT RN U dd el ['
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= | |
~ T
T o Wt m re— — —
2 C< i
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Ly ;’:,‘1-::&*,_‘ A S s
iy
3 .V T
o
! |
Measurs P1:max(C2) P2max(C4) - Pne- P5ee P6-- P7+-- Pk
value 1230V 306V

status

v v 3
f 4] zoomica)| -121ms|(M% 2 oc)
3.95 ps/div]
3 X1= 261497Tms AX= 229ps
3 X2= 261726ms 1AX= 437 kHz

Fig. 24 Measured U(C4 Green)/W(C3 Blue)-phase voltage, SCP voltage(C1 Yellow), Rcs voltage(C2 Red) @
battery voltage = 22V

© On-Bright Electronics Confidential
OB_DOC_DBM_B_6627L01
-17 -



i 18V45A Angle Grinder C ller Using OB6627L
‘I= ﬂll-Bl‘l[Illt noe BHnaer 0ntrgsg(gz?_sllznmgos_m_2046

Arighien our Life

3.5 Temperature Test

3.5.1 Temperature Measure
Setup : Bus voltage = 20.2V, Bus Current = 10.7A, TA=60C

MOS1 MOS3 MOS5 MOS8 MOS10 MOS12 NTC
30min 67.1 67.2 67.6 69.3 69.1 67.6 69.9
60min 67.0 67.1 67.6 67.3 69.1 67.7 69.3
90min 66.7 66.7 67.6 67.2 68.9 68.7 69.3
120min 66.6 66.7 67.6 67.1 68.5 68.7 69.2
3.6 Reliability

3.6.1 Low Temperature Reliability

Setup: TA=-40°C, Bus Voltage = 18V
Result: Pass

3.6.2 High Temperature Reliability

Setup: TA= 607, Bus Voltage = 20.2V
Result: Pass

Disclaimer
On-Bright Electronics reserves the right to make corrections, modifications, enhancements, improvements,
and other changes to its documents, products and services at any time and to discontinue any product or
service without notice. Customers should obtain the latest relevant information before placing orders and
should verify that such information is current and complete.
This document is under copy right protection. None of any part of document could be reproduced, modified
without prior written approval from On-Bright Electronics.
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