(15 On-Bright

Arighien our Life

18V20A Electric Wrench Controller Using OB6619
OB6619_6MOS_252_DB_2144

Subject

OB6619 Demo Board Manual

Board Model: OB6619_6MOS_252_DB_2144

Doc. No.: OB_DOC_DBM_A_661900

Key Feature:

« Sensor-less motor control

- Single chip BLDC controller solution

- High integration of MCU, pre-driver, high speed
rail-to-rail operation amplifier, high precision
LDO, current protection comparator.

+ Step-less speed regulation

» Forward/Reverse selection

« 20% duty start, and motor fast sop

- Automatic power off with time delay

+ MOSFET temperature sensing and thermal
protection.
» Tow levels battery under voltage protection

 Battery residual capacity display

* PCB size small, and assemble conveniently

Revision history:

Revise Date

Version

Reason/Issue

2021-11-19

00

First Issue

© On-Bright Electronics

Confidential
OB_DOC _DBM_A 661900



i 18V20A Electric Wrench C ller Using OB6619
(15 On-Bright ectic Wrench Contrller sing, 0BGS12

Arighien our Life

Contents Index

1.  System Electrical SPECIfICALION .........eiiiiiiiiie ittt 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
2.1 1ol 1T 1 = Lo PP UPRPOTPRR 4
2.2 271 o) W g L= T | PSR PST 5
2.3 (01 S =T o =T g 1= PSR TPRT 6
2.4 Heat-Sink Three VIEW DIaWiNng ........cccuvviiiiie e it e e e e s s st e e e e e e s st re e e e e e e e s sntnnaeeeaaeeesannnnnneees 7
25 (@0] ] a[=Tox (o gl =¥ Tox 1o g T B 1= 1o g o] (0] o S PSR 8
2.6 BLDC Controller Board SNapShOt .........ueiiiieiiiiiiiiieiee e s s r e e e e snaae e e e e e e s snnenne e 9

3. Performance EVAlUALION...........uuiiiiiiiiiiie ettt e e e e s ettt e e e e e e s e nb et e e e e e e e e e e e nearreeaaaeeean 10
3.1 Bus Current With MOSFET NTC TEMPETAIUIE .......ccoiiiiiieiiiiiee ettt 11

3.11 LOAA TEIMPEIATUIE ...ttt ettt e e st e e e st e e e e e sba e e e e snbneeeesnbreeeeans 11
3.1.2 LOW TEMPEIALUIE ......eeeiieeieiiiieeieeeeeeeeeeeeeeeses e ee et se s sese e sesebesssebesebe e seserebsrenerernrnnes 11
3.2 RV (o] 1= Lo L= 1= A PP T PP PTPPP 11
3.21 Gate Driver & MCU Supply Power ON/OFF .......cooiiiiiiiiic s 11
3.2.2 Battery under voltage [0CKOUL ............viviiieiiieeiieieeeieeieeeeee e e e eeeeeeeaeeeeeeeeeneaennnnnes 12
3.2.3 Y T@ 1S IV o [PPSR 12
3.24 MOSFET VAS .ottt sttt ettt e e sttt e e st e e s st a e e e s nnbbe e e s anneeeens 13
3.3 LT Y =T PSPPSR 13
3.3.1 PWM FTEUUEBNCY ..evttiiiiiiii ittt ettt ettt s e et ettt e e e s e e e aa b r e e e e e s eeababanseeaaees 13
3.3.2 SPEEA REGUIALOT .....eeiieiiiii ettt ettt e s e e e b e e e e e 14
3.3.3 PWM INIGAI AULY ...ttt e e s sneneee s 14
3.34 PWWIM DULY ON ..ttt ettt ettt ettt et et et et e e e s st e st se e e eeeeeeeeeseennnnnnnes 15
3.4 (OIN =T o1 A= 1o ] o1 T oo [P PRSP P P SPTPPPPUP 15
3.5 Motor Short CirCUIt PrOtECHION .......coiiiiiiiiiiiie ettt e e s ee e e e e e s e s b eeeeeeesennne 16
351 U-V Phase SNOI CIFCUIL.........uuiiiiiiiiie e 16
3.5.2 U-W Phase SNOI CIFCUIL........ueiiiiiriiiiiieiiieieieeieeeeeeeeeeeeeeeeeeseeeeeaesesseesssesesesssessssssssnnsnnsnnnes 16
3.5.3 V-W phase ShOrt CIFCUIL .........coooiiiii e, 17
3.6 AT = Tt T =] TP PPPPTRTP 17
3.6.1 Phase Voltage & Current waveforms in 30A SYStEM ..........eevvvvverireeereiererereeereereenennnenns 17
3.6.2 Phase Voltage & Current waveforms in 34A SYStEM ..........evvvvviviieeieeeieierereverereeennnennnns 18

Figures Index

Fig. 1 Measured gate driver and MCU supply voltage @ battery=18V ..........cccccocveeiiiieiiniienennnnn 11
Fig. 2 Measured gate driver and MCU supply voltage @ battery=18V ...........ccccocveiiiiiiiinineeennnn 11
Fig. 3 Measured UVW output voltage @ battery=14.8V ..........cccoiuiiiiiiiieieiiiee et 12
Fig. 4 Measured highside and lowside MOSFET VQS......cooooiiiiiiiii 12
Fig. 5 Measured highside and lowside MOSFET VAS........ccoooiiiiiii 13
Fig. 6 Measured highside and lowside MOSFET VQS.....ccooiiiiiiiii 13
Fig. 7 Measured U-phase and throttle voltage ... 14
Fig. 8 Measured highside and lowside MOSFET VQS......ccoooiiiiiiii e, 14
Fig. 9 Measured UVW phase VOIAGE .........coouiiiiiiiiiee ettt e s anee e 15
Fig. 10 Measured U phase voltage,U phase current and EA OUL ..........ccceiiiiiiiiiiiieee e 15
Fig. 11 Measured U-phase voltage, V-phase voltage, Bus voltage, phase current @ battery......... 16
Fig. 12 Measured U-phase voltage, W-phase voltage, Bus voltage, phase current @ battery ....... 16
Fig. 13 Measured V-phase voltage, W-phase voltage, Bus voltage, phase current @ battery........ 17
Fig. 14 Measured V-phase voltage, V-phase voltage, W-phase voltage, phase current @.............. 17
Fig. 15 Measured V-phase voltage, V-phase voltage, W-phase voltage, phase current @ ............. 18
© On-Bright Electronics Confidential
OB_DOC _DBM_A 661900



OB6619_6MOS_252_DB_2144

‘I; n"_Briunt 18V20A Electric Wrench Controller Using OB6619

Arighien our Life

1.System Electrical Specification

1.1 Input Characteristic

®  DC input voltage rating

®  DC input voltage

®  Handle working voltage

®  Hall sensor working voltage

®  Motor steering signal type

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

®  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

13.8V to 25V
0to 5V
Oto 5V

Differential signal

20 KHz
5VE1%
100mA

2mQ

16
Self-calibration
12v

35V

1%

80A
100%
20%

-20°C to 60°C
-40 'C t0 100 C
0% to 95% R.H.
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2. Board Information

2.1 Schematic

6 | : 5 ! 4 T 2 | 1
e S C17Close to 37Pin
: - e
" l = ] b
=z C11/CI5 Close to 43Pin -
—d r o""‘_
I
B B
T
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2.2 Bill of material

Position Description Package QTY

Cl6,C11,C17 Capacitor,ceramic,10uf/25V,X7R,10% 0805 3

clz, C1(5:,2Cill9, 20, Capacitor,ceramic,100nf/25V,X7R,10% 0603 5

C6,C10,C13 Capacitor,ceramic,100pf/25V,X7R,10% 0603 3

C7,C8,C9,C14 Capacitor,ceramic,1uf/25V,X7R,10% 0603 4

c2 electrcff;tir)cajgggtz;ggcﬂ:g;mS°C EC10 1

R57 Resistor,chip,10k,5% 0805 1

R48 Resistor,chip,10k,5% 0603 1

R47 Resistor,chip,1.5k,5% 0805 1

R16 Resistor,chip,1k,5% 0805 1

R24,R7,R14,R52 Resistor,chip,20k,1% 0603 4

R32,R9,R19,R54 Resistor,chip,5.1k,1% 0603 4

R20 Resistor,chip,3.9k,5% 0805 1

R13,R15,R29,R49 Resistor,chip,1k,5% 0603 4

R26 TSMlAll(g)I;(’,‘gﬁTg, B=3950 0603 !

R25 Resistor,chip,10k,1% 0603 1

R1,R2,R3,R4,R5,R6 Resistor,chip,68R,5% 0603 6

R23,R33,R35,R45 Resistor,chip,100k,5% 0603 4

R37,R38 Resistor,chip,1k,1% 0603 2

R55 Resistor,chip,2mR,1% 2512 1

D14,D8,09,D10 1N4148 SOD-323 4

D1,D2,D3,D4,D6,D7 LED, Green 0603 6
D5 NC

MOS1,M0OS2,M0OS3

MOS4',MOSS',MOS6’ NCE3080K TO-252 6

Q1 PNP,MMBT5401 SOT-23 1

Q3 NPN,MMBT5551 SOT-23 1

U3 78L12 SOT-89 1

Ul OB6619GQP LQFP48 1

Ji 1mm,8pin Connector 1

S1 SWITCH 6*6 1
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18V20A Electric Wrench Controller Using OB6619

OB6619_6MOS_252_DB_2144
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Silkscreen Top Layer

Silkscreen Bottom Layer

2.4 Heat-sink Three View Drawing

N/A
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2.5 Connector Function Description

HoleName Description
BAT+ Battery input, Bus+
BAT- Battery input, GND

U_Phase Motor U phase output
V_Phase Motor V phase output
W_Phase Motor W phase output

J1- 8pin connector

Pin Num Description Voltage Range

1 Speed signal supply 5V

2 GND ov

3 Turn direction signal 0~5Vv

4 Motor steering signal 1 0~5Vv

5 Motor steering signal 2 0~5Vv

6 Speed signal input 0~5Vv

7 Working LED anode 13.5v~22V

8 Working LED cathode 13.5v~22V
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J2- 4pin connector

Pin Num Description Voltage Range
1 5V supply 5V
2 GND ov
3 SCL 0~5v
4 SDA 0~5v

2.6 BLDC Controller Board Snapshot
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3. Performance Evaluation

This session presents the test results of OB6619GQP 18V/20A electric wrench controller demo. Results on
inrush current and safety test are not included and will be added when they become available.
Overall, the module meets design specifications.

TA=25C
No | Parameter Symbol Min | Type | Max | Unit | Corresponding Fig.
1 Battery UVP Vbus_uvio 14.5 Vv Fig.3
2 MCU supply LDO_5V 49 5 5.1 Vv Fig.1,Fig.2
3 Gate driver supply LDO_12Vv 12 \% Fig.1,Fig.2
4 MOSFET gate voltage Vgs 12 \% Fig.4
5 Highside MOSFET Rise time Tr_h 656 ns Fig.4
6 Highside MOSFET Fall time Tf_h 834 ns Fig.4
7 Lowside MOSFET Rise time Tr_| 625 ns Fig.4
8 Lowside MOSFET Fall time Tf_| 714 ns Fig.4
9 Vds Peak voltage Vds 35.2 \Y, Fig.5
10 | PWM frequency fowm 20 kHz Fig.6
11 | Throttle voltage Vihrottie 1 4 \% Fig.7
12 | PWM duty Duty 20 100 % Fig.8,Fig.9
13 | Current amplify coefficient 16 Fig.10
14 m?ﬂffgﬁiﬁgﬂtj?;ﬁﬁ"wn time 10 | us | Fig.11,Fig.12,Fig.13
15 | MOSFET Vds in MOTOR short | ¢ 339 | V | Fig.11,Fig.12,Fig.13
Tripping Phase current of
16 | complete machine@ battery 70 A Fig.14,Fig.15
voltage = 22V
Test Equipments
Item Module
DC source LW12050KD
Oscilloscope LeCroy wavesurfer424
Current meter Tek TCPA300
Differential probe CATIII
Multi-meter VC9808
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3.1 Bus Current With MOSFET NTC Temperature

3.1.1 Load Temperature

E# Mos T#F Mos HHLfi# SKAE L FH OB6619

() (C) () (C) ()

Omin 26.8 26.8 26.8 26.7 26.5
5min 62.6 60.8 55.9 72.7 42.2
10min 72.7 69.8 69.1 77.9 47.7
15min 73.6 1.7 70.6 81.7 47.8
20min 72.4 69.8 70.2 81.2 48.1
30min 70.4 68.1 67.6 79.4 46.9
1h 73.5 69.7 71.2 81.4 47.5

Note: FHEJFHLE 20.59V, M HIR 12.9A, THEAEE, HEREE 27°C, 30min J& ik #-F-#

3.1.2 Low Temperature

Setup: TA=-40°C, Bus Voltage = 20V, Time=16h
Result: Pass

3.2 Voltage Test

3.2.1 Gate Driver & MCU Supply Power ON/OFF

T

|
THEDVNELESRD
R |

Fig. 1 Measured gate driver and MCU supply voltage @ Fig. 2 Measured gate driver and MCU supply voltage @
battery=18V battery=18V
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3.2.2 Battery under voltage lockout
|

TELEDYNE LECROY

Everywhereyoulook™ |

i

Measure PtmaxCl) P2max(C2) P3--- Pmax(Cl) PS:- P Pl PA-.
valie N1V 1875V nuY

Fig. 3 Measured UVW output voltage @ battery=14.8V

3.2.3 MOSFET Vgs

TELEDVNE LECRUY]I

Everywhereyoulook

i

A B

A0V}
|
204Vy
5ms 4ms 3ms 2ms -1ms ohs 1ms 2ms
Measure P1inise(C3) P2falliC3) P3:nise(C4) P4:falliC4) P3---
value 624883 ns 713888 ns 656.533ns 834128 ns

v v

Fig. 4 Measured highside and lowside MOSFET Vgs
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3.2.4 MOSFET Vds

TELEDYNE LECROV:

Everywhereyouiook

Measure Ptmai(CH P2 max(Cd) PEmax(C2 PAfAIICH) P5--- PG:--- Pr--- PB:--
valie %2V U3V BV 1790401 ms

Xi= B00ms A= Ons.
X2 0000 s X —

Fig. 5 Measured highside and lowside MOSFET Vds

3.3 PWM Test

3.3.1 PWM Frequency

M ”l | — % 'WW

[y
¥ T |
: |
f w | \ ( \ [ \ [
t t 1 ¢ |7 {
| 1 I | ] N
e il Ll L4 \ ., L]
T s T 1 T r s T
I
| |
i) i}
Measure Ptiise(C3) PfAlICY P3ise(Ct) PLfICH P5--- PG Pl PB-..
value 624.883 ns 713.888 ns 656.533 ns 834.129ns
status v v v szl
1 [CEE) C4 | Z ) 24 z00m ] =2 00
10.0 Vidiv| 10.0 Vidivi 10.0 Vidi 3.95Vidiv 3 1 1.00 ms/d
10.000 V| -19.900V F 30.0 ps/diy 30.0 ps/div} sldivg | 12.5M8 1.25G.
-4 mv) | -36mvy) ! - i -§6 mv|| i : Xi= 2514856 us AX= 494128 us
mv)r Sy ro8Wmvr o Semvie : ] X2= 2020728 us 1IAX= 20.2377 kHz
Ay 60mV]dy  20mVjdy  -393mV|Ay  60mVfAy  -20mV[Ay -393 mV 4
Fig. 6 Measured highside and lowside MOSFET Vgs
© On-Bright Electronics Confidential
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3.3.2 Speed Regulator

[

| ) TELEDYNE Lfcnoyl
! Everywhereyoulook |
|

|

Measure Pt:max(C3) PZ--- P3max(C1) Pe--- P3--- PE--- PT--- Pg---
value 5116V nunv
v

~ 20 24
Xi= 1766948 5 24161212 s
X2= 6498024 ms 1IAX= 4137827 mbz

Fig. 7 Measured U-phase and throttle voltage

3.3.3 PWM lInitial duty

TELEDYNE LECROY
Everywhereyoulook

I

8

" g

{ J]L%
'

5M
Xi= 134270s  AX= 106us
X= 13422598 s UAX= %4 kHz

Fig. 8 Measured highside and lowside MOSFET Vgs
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3.3.4 PWM Duty ON

908V!

|
508%
T

{1 1'] A—

05
02

A3V s pressi—y

258 2 § -175 $

q L] , , ]
s -500ms 0ths 500ms 1s 155 2s 255

I

I

-l ufmm/“x_pf O B B

i T = e G 1 e ™

107 BEEEE bt

H077

11539ms 1811ms

Pimax(C3)

o . =

,,,,, s Pl B Ll [ V- | —

12283ms 12655ms 13027ms 13399ms

PLman(C1) PImar(C) PALICY Pi-- P6-- Pl PB-..-

20.0Vidiy
32600V
S0mv|,
483 mv|

Rl S0

12505 2504
Xi= 1265088 ms
Xi= 128402ms 1 0Bk

Fig. 9 Measured UVW phase voltage

3.4 Current sampling

1685V

| I A\ TELEDYNE LECRUYI
| ! Everywhereyoulook™ |
1485V | ; |
i L
Lt THHHH T e —
cl ri R I
™ u LS o o 1 (i o m g
1085V} ! |
sa5 i LH= —]
sasmy | -} |
|
ABEmV‘ Fg v] nvl T l ], R A lw‘ o Yl "“" I vlm H R AP Y l l 1 I g
| i { |
265y |
asd o |
-1.136ms 936 T36ps 536 s 336 136 s s %45 464 s 664 ps 864 s
Measure P1:max(C3) P2:max(C4) P3:max(C2) PAfal(CA) P5--- Pg--- PRz Pg---
value 2mv 254mV 200V 922.641846 us
status v

s v

Xi= 120000
X0 2000w U=~

Fig. 10 Measured U phase voltage,U phase current and EA out
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3.5 Motor Short Circuit Protection

3.5.1 U-V phase short circuit

) e meprarab R peepo rTrTeT s CTELEDYNE LECROY
j ‘ A ‘ Byl
e O '

ey~ ——— ——

I I I
e ——

Measure Pimax(C3) P2max(C4) P3max(C2) PAfallCH Po-- P:--- PI. Pg:--
value 53V 1462V 208V 2314167 s
v

st ‘o — ,
5.00Vidiy | [di 455Vidiv] 910 mVidi
550 my s/ S 10.0psldiv]  10.0ps/dvg : L
14.04 V|-~ t Xt= -112000us  AX=0ns
""" i : X2= 12000 ps 1AX= —

1.00Vidiv| — 20.0Vidivj

Fig. 11 Measured U-phase voltage, V-phase voltage, Bus voltage, phase current @ battery

voltage = 21V

3.5.2 U-W phase short circuit

! N TELEDYNE LECR
el O et 2 T o ] o D Ao ettt - AP ooy

Measure P1:max(C3) P2:max(C4) P3:max(C2) P4:fall(C4) P5: P6: PT- P8
value 5.2V 46mv B3IV 423.516675 s
v v v &

status

1.00 Vidivi
49750V

430V]
X2= 120000 1AX= —

Fig. 12 Measured U-phase voltage, W-phase voltage, Bus voltage, phase current @ battery

voltage = 21V
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3.5.3 V-W phase short circuit

—
|

h
|
|

|

= a3 e = =
,‘
Measure Pimax(C3) P2max(C4) P3max(C2) P4:fall(CAl Py--- Pg--- PT--- Pg---
valug 54V B0mv 15V 931672283 s
v

=B Q00ms s S

Xi= -1120000us  AX= 0.0ns
X2= 4120000us YAX= -

Fig. 13 Measured V-phase voltage, W-phase voltage, Bus voltage, phase current @ battery

voltage = 21V

3.6 Wrench Test

3.6.1 Phase Voltage & Current waveforms in 30A system

Measure _PLmax(C1) P2:max(C2) P3max(C3) Pmax(CA) P5--- Pee Plioe: (=25
value 638 mV 24V 286V 270V
status v

C1 3 0.00 [fbx
Roll 500 ms/div}
125MS 25MSls|i8
X1= 112008
Xe= A120us UAX= -

Fig. 14 Measured V-phase voltage, V-phase voltage, W-phase voltage, phase current @
battery voltage = 22V
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3.6.2 Phase Voltage & Current waveforms in 34A system

Il ! | i | :“_‘hH\Jj\g‘uww\‘ . il m
g Y Wﬁn i [(W
] \“ i it

PR

WW

KV VYW NN VY N g
] VATAVATAVAYS lk kﬂ\ N\f TAYAV ?\P%

Measure P1:max(C1) P2:max(C2) P3:max(C3) P4:max(C4) P5:-- - PE:-- -
value 01 mv BV 85V 296V
status

Xi= 41200 A 005
X2= M20us 1A= —

Fig. 15 Measured V-phase voltage, V-phase voltage, W-phase voltage, phase current @

battery voltage = 22V

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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