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Three Phases BLDC Motor Controller

1. Overview

1.1. General Description

The EMT1042 integrates the 8051 core with peripheral
circuits to perform sine-wave motor control. For rotor
position detection, it can support sensorless motor or
Hall latch IC input.  In addition, system level peripheral
functions, such as ADC, OPAMP, Comparator,
communication interface, SVPWM, watchdog fimer,
current sensing, undervoltage-lockout (UVLO), over
current protection (OCP) and locked-rotor protection
are integrated to reduce component count, PCB size

and system cost.

1.2. Features
® Operation Frequency 24MHz
® High-performance 8051 Microcontroller
® Vector Interrupt Controller, 12 Interrupt Sources
® Operating Voltage Range: 4.5V to 5.5V
® Memory size :
- 32KB Flash Program Memory
- 256 x 8bit IRAM
- 4K x 8bit XRAM
® Up to 19 General-Purpose Input / Output(GPIO) Pins
® Two Timers

® Watchdog (WD) Timer

Deep Sleep Mode Current Less than 200uA

Support

- Sensorless + 1 or 3 shunts

= 3HalllCs + 1 or 3 shunts

= 1 HallIC + 1 shunt

Space Vector PWM (SVPWM)
Current Phase Compensator

Initial Position Detection (IPD)

Built in 3 OPAs (PGA, Max gain:20)

Built in 5 Comparators (with 4-channel Ref. Max 1.0V)

ADCO~5 Support Auto Convert
1 Channel 12-bit PWMIN
1 Channel Capture

Protections: OCP, OVP, UVLO, Lock Protection and Phase

Unconnected Protection

1.3. Package Type

TSSOP-28L TQFN4x4-28L

> %

1.4. Applications

® 8 Channels 12-bit ADC Converter ® 3phases BLDC fan motor
® 1 UART Serial Channel ® Pedestal fan
- Support CRC-8 ® Ventilation fan
- 40 bytes Transmit and Receive Data Buffers ® Exhaust fan
® 14-bit PWM generator with Dead Time Control ® Aircleaner
® 16-bit PWM_DAC generator ® Humidifiers
® MDU : Signed/unsigned 32x32 ~ 16x16 - 32/16~ 16/16 | ® Rangehood
® Code Protection for Flash
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1.5. Typical Application Circuit

Sensorless + 3 Shunts

C6 O vBUS
VsV 0 V5V 10nF qyp 1%
c1 [ c2 P1_3/AD3
100 g4 0.1uF
S S vss 1%
V1P5 IS 0
C3 C4 S
1uF 0.1uF
Is s
RSTN
C5
0.1uF
Is PO_5/PWMAH
ISP_SCL ISP_SCL
. © VWV - PO_4/PWMAL
ISP_SDA O A ISP_SDA
UART_TX O VAVAYA PO_6/UARTO_TX/AD7 PO_3/PWMBH Gate Driver
UART_RX PO_7/UARTO_RX/AD6 +
-0 W - - PO_2/PWMBL Power Devices
PO_1/PWMCH
EG PO_O/PWMCL
O0——=2-{ P1_0IFG
V5V VP b1 _upwminaDs cr =
10pF 100R 1%
P2_5/0PAOP —¢—~ A\
—— 100R 1%
P2_4/OPAON = p
S
ZTP P2_3/0pA1P (LB AR
V5V D =
© NAA P1_2/AD4 100R 1%
1% P2_2/OPAIN o o P
100R 1%
< p2_1/0PA2p |LORE
100R 1%
P2_0/OPA2N/HALL1 P
1%
P1_7/CMP3P/HALL3A _L VN — —Ou
%1%
TV_SVS 1%
P1_6/CMP3N/HALL3B _L VVW—0V
1%
P1 5/CMP4P/HALL3C T%
vsvs 1%
P1 _4/CMP4N w
1%
Note:
1. C1,C2, C3, C4, and C5 shall be placed as close to the controller as possible.
2. Value InF ~ 10nF is recommended for Cé.
3. C7 1o C9 and six 100R resistors shall be placed as close to the confroller as possible.
4, Current sensing wirings shall be differential pairs for each phase from the shunt resistor to the controller.
5. Value 10pF ~ 1nFis recommended for C7 to C9.
6. The Power ground(P) and Signal ground(S) are connected by a single point.
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Sensorless + 1 Shunt

C6 O vBUS

VBV 0

c1 | [ ¢

10uF w.
S S

C3 C4
1uF 0.1uF
Is vs

C5 |
IO.luF
S
ISP_SCL O VAN
ISP_SDA O VAVAVA
Master_ TX O NAVAVA'
Master_RX O NAVAVA
o—FG 1
VBV VSP
Vs
TP
1%
S

V5V

VSS
V1P5

RSTN

ISP_SCL
ISP_SDA
PO_6/UARTO_RX/AD7
PO_7/UARTO_TX/AD6

P1_O/FG

+P1_1/PWMIN/AD5

P1_2/AD4

P1_3/AD3

PO_5/PWMAH
PO_4/PWMAL
PO_3/PWMBH
PO_2/PWMBL
PO_1/PWMCH

PO_0/PWMCL

P2_5/0OPAOP
P2_4/OPAON
P2_3/0OPA1P
P2_2/OPAIN
P2_1/OPA2P

P2_0/OPA2N/HALL1

10nF OVP 1%

Ls

1%

S

Gate Driver
+

Power Devices

c7
10pF 100R 1%

100R 1%

AR R

P1_7/CMP3P/HALL3A _L VN — —O U
%l%
P1_6/CMP3N/HALL3B _L VA — —0V
1%
P1 5/CMP4P/HALL3C T
vgvs 1%
P1_4/CMP4N w
1%
VSV
Note:
1. C1,C2, C3, C4, and C5 shall be placed as close to the controller as possible.
Value 1nF ~ 10nF is recommended for Cé.
C7 and two 100R resistors shall be placed as close to the controller as possible.
Current sensing wirings shall be differential pairs for each phase from the shunt resistor to the controller.
Value 10pF ~ 1nF is recommended for C7.
The Power ground(P) and Signal ground(S) are connected by a single point.
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3 Hall ICs + 3 shunts

C6 O vBUS
VSV 0 V5V 10nF qyp 1%
c1 | | c2 P1_3/AD3
100F 3 L RN L
S vS I 1%
V1P5 S
cs c4 s
1uF 0.1uF
s s
RSTN
C5
Iso'lu': PO_5/PWMAH
ISP_SCL ISP_SCL
- © YV - PO_4/PWMAL
ISP_SDA O WA ISP_SDA -
Master_TX O NAVAVA PO_6/UARTO_RX/AD7 PO_3/PWMBH Gate Driver
Master RX O A PO_7/UARTO_TX/AD6 +
PO_2/PWMBL Power Devices
PO_1/PWMCH
FG PO_0/PWMCL
O0——= P1_0/FG
V5V o0— vSP P1_1/PWMIN/AD5 c7
10pF 100R 1%
P2_5/0PAOP —e—~AA/
100R 1%
P2_4/OPAON p
S S8 0R1%
10pF 0
oTP P2_3/0PA1P i\/\/\»
VBV 0 A P1_2/AD4 -
WO — 100R 1%
1% P2_2/0PAIN o p
100R 1%
s p2_1/0PA2P |1ORF
100R 1%
P2_0/OPA2N/HALL1 p
V5V v(_[5)v
P1_7/CMP3PHALL3A % out vee
GND
+S
V5V v(_Is)v
P1_6/CMP3N/HALL3B out Vee
GND
+S
V5V Vﬁ5>V
Vcc
P1_5/CMP4P/HALL3C ouT GND
P1_4/CMP4N s
Note:
1. C1,C2, C3, C4, and C5 shall be placed as close to the controller as possible.
2. Value 1nF ~ 10nF is recommended for Cé.
3. C7to C9 and six 100R resistors shall be placed as close to the controller as possible.
4. Current sensing wirings shall be differential pairs for each phase from the shunt resistor to the confroller.
5. Value 10pF ~ 1nFis recommended for C7 to C9.
6. The Power ground(P) and Signal ground(S) are connected by a single point.
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3 Hall ICs + 1 shunt

VBV O

C'1_L_L 2

10uF —H‘“'L.
s 5
c3 I | c4

1uF 0.4uF
Is 5

C5
0.1uF
5
ISP_SCL o L
ISP_SDA S
Master TX o AT AT
Master RX O SN
o_FG |
VEV VP
5
oTP
VBV AR
© AV
1%
5

VeV

Vi35
ViP5

RSTN

ISP_SCL
ISP_SDA

PO_G/UARTO_RX/ADT
PO_TIARTO TXIADS

r P1_VFG

FP1_T/PWHIN/ ADS

P1_2/AD4

P1_3/AD3

PO_S/PWMAH
PO_d4/PWMAL
PO_3/PWMEH
PO_Z/PWMB L
PO_1/PWMCH

PO_0/PWMCL

PZ_S/OPAOP
P2_4/0PAON
P2_3i0PATP
P2_2/0PA1N
P2_1/0FAZP

P2_INOPAZN/HALLY

P1_TICMP3P/MHALL3A

P1_S/ICMP3N/HALL3B

P1_S/CMP4P/MHALLIC
P1_4iCWMP 4N

C& O VBUS
100F gyp 1%
T, 3
s
5
Gate Driver
+
Power Devices
Cr
10pF  100R 1% |
1
R 1% P
VBV VBV
Veo
ouT
GND
+5
VBV \I'%V
% Veo
ouT
GND
+5
VBV ‘u$‘u’
% Veo
ouT GND
-5

Note:

1. C1,C2, C3, C4, and C5 shall be placed as close to the controller as possible.

ARSI S

Value 1nF ~ 10nF is recommended for Cé.

Value 10pF ~ 1nF is recommended for C7.

C7 and two 100R resistors shall be placed as close to the confroller as possible.

The Power ground(P) and Signal ground(S) are connected by a single point.

Current sensing wirings shall be differential pairs for each phase from the shunt resistor to the controller.
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1 Hall IC + 1 shunt

C6 O vBUS
VBV O V5V 10nF ovp 1%
¢1 | | c2 P1_3/AD3 T
10uF % VSs
S +S 1’ 1%
L V1P5 S
C3 C4 S
1uF 0.1uF
Is s
L RSTN
C5
ISM”F PO_5/PWMAH
ISP_SCL ISP_SCL
- © YV - PO_4/PWMAL
ISP_SDA 0 A ISP_SDA
Master_TX O SN PO_6/UARTO_RX/AD7 PO_3/PWMBH Gate Driver
Master_RX O Y PO_7/UARTO_TX/AD6 +
PO_2/PWMBL Power Devices
PO_1/PWMCH
EG PO_0/PWMCL
O0———=— P1_0/FG
V5V vSP L P1_1/PWMIN/ADS c7
10pF 1Q0R 1%
P2_5/0OPAOP
P2_4/0OPAON p
vSs 100R 1%
OTP P2_3/0OPA1P
V5V D =
o \Wﬁ P1_2/AD4
1% P2_2/0OPAIN
V5V V5V
S P2_1/OPA2P % ?
Vce
P2_0/OPA2N/HALL1 ouT GND
1% ST
P1_7/CMP3P/HALL3A _L V\N— —OuU
Tv_s vs 1%
P1_6/CMP3N/HALL3B _L VW——0V
P1_5/CMP4P/HALL3C H T %1%
v svs 1%
P1_4/CMP4N w
1%
vS+¥vS
Note:
1. C1,C2, C3, C4, and C5 shall be placed as close to the controller as possible.
2. Value InF ~ 10nF is recommended for Cé.
3. C7 and two 100R resistors shall be placed as close to the conftroller as possible.
4. Current sensing wirings shall be differential pairs for each phase from the shunt resistor to the controller.
5. Value 10pF ~ 1nFis recommended for C7.
6. The Power ground(P) and Signal ground(S) are connected by a single point.
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1.6. Pinouts and pin description

[ TSSOP-28L ]

RSIN[|1 @ 28 [ ] P2_5/OPAOP
ViP5 ]2 27 [ P2_4/OPAON
vss [ 3 26 ] P2_3/OPA1P
VsV [ 4 25 [ P2_2/OPAIN
ISP_SCL []5 24 [] P2_1/OPA2P/CMP2P
ISP_SDA [ 6 23 ] P2_0/OPA2N/CMP2N/HALL1
PO_6/UARTO_RX/AD7 |7  cyriore 22 [1 PO_S/PWMAH
PO_7/UARTO_TX/AD6 [ 8  TSSOP-BL 31 ] po_4/PWMAL
P1_O/FG/PWM_DAC [] 9 20 ] PO_3/PWMBH
P1_1/PWMIN/AD5 [] 10 19 [] PO_2/PWMBL
P1_2/AD4 |11 18 [—] PO_1/PWMCH
P1_3/AD3 [ 12 17 [ PO_0/PWMCL
P1_4/CMP4N [] 13 16 [ P1_7/CMP3P/HALL3A
P1 5/CMP4P/HALL3C [ 14 15 P1_6/CMP3NHALL3B
Top View
[ TQFN4x4-28L ]
—
-
-
<
I
o =2
N N
o Qo
s =
09 I
A Z2a 20 2 g
O O € «+ N « s
I < << <<
A adaaono o =
00000 09L&
RN DI
N N NN N NSO
[ I« D a M o N o I o IR o
s 5| 5] 8] 5] |§ ]
RSIN[ T ]1e® [21] PO_4/PWMAL
V1P5 [z PO_3/PWMBH
VSS (o] PO_2/PWMBL
EMT1042
V5V | TQFN4xa-28L (=] PO_1/PWMCH
ISP_SCL 7] PO_O/PWMCL
ISP_SDA [&] [36] P1_7/CMP3P/HALL3A
29
PO_6/UARTO_RX/AD7 =] P1_6/CMP3N/HALL3B
of lof o] 2| |9 |8 |s
80838 ZQ
S R O
X I 8 ®» = =
R =< ) 1o £
| ; S A F =
o ; o o | @
= & o - <
x =
< @ = -
2 BI — o
o © 2
a g
Top View
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1.7. Functional Pin Description

Pin Name Type Pin Function
1 RSTN DI Low active reset pin.
2 | VIPS PO Core power LDO 1.5V output pin. (for core use only)
3 | VSS GND | Ground.
4 | V5V Pl SV power input pin.
5 ISP_SCL DI ISP clock pin.
6 | ISP_SDA DIO | ISP data pin.
PO_6 DIO Pin 6 of GPIO port O.
7 UARTO_RX DO UARTO receiving pin.
AD7 Al ADC Channel 7 input pin.
PO_7 DIO Pin 7 of GPIO port 0.
8 UARTO_TX DI UARTO transmitting pin.
ADé6 Al ADC Channel 6 input pin.
P1_0 DIO Pin 0 of GPIO port 1.
? FG DO Fs?ggg?lssgé%g glanARTO fransmitting pin]
PWM_DAC DO PWM_DAC signal output pin
P1_1 DIO Pin 1 of GPIO port 1.
10| PWMIN DI I[DSVF\)/QAC?!:?I ZS;DISE:;TQF?TJ.ARTO receiving pin]
ADS Al ADC Channel 5 input pin.
P1_2 DIO Pin 2 of GPIO port 1.
! AD4 Al ADC Channel 4 input pin.
P13 DIO Pin 3 of GPIO port 1.
2 AD3 Al ADC Channel 3 input pin.
P1 4 DIO Pin 4 of GPIO port 1.
0 CMP4N Al CMP4 N input pin
14 | P1_5 DIO Pin 5 of GPIO port 1.

Elite Semiconductor Microelectronics Technology Inc.

Revision: 1.0
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CMP4P Al CMP4 P input pin
HALL3C DI HALL C input pin(3 HALL MODE)
P1_6 DIO Pin 6 of GPIO port 1.

15 | CMP3N Al CMP3 N input pin
HALL3B DI HALL B input pin(3 HALL MODE)
P1_7 DIO | Pin7 of GPIO port 1.

16 | CMP3P Al CMP3 P input pin
HALL3A DI HALL A input pin(3 HALL MODE)
PO_0O DIO Pin O of GPIO port 0.

v PWMCL DO PWM output, low side gate driver signal of phase C.
PO_1 DIO Pin 1 of GPIO port 0.

' PWMCH DO PWM output, high side gate driver signal of phase C.
PO_2 DIO Pin 2 of GPIO port 0.

v PWMBL DO PWM output, low side gate driver signal of phase B.
PO_3 DIO Pin 3 of GPIO port 0.

2 PWMBH DO PWM output, high side gate driver signal of phase B.
PO_4 DIO Pin 4 of GPIO port 0.

2 PWMAL DO PWM output, low side gate driver signal of phase A.
PO_5 DIO Pin 5 of GPIO port 0.

2 PWMAH DO PWM output, high side gate driver signal of phase A.
P2 0 DIO Pin O of GPIO port 2
OPA2N Al OPA2 N input pin

2 CMP2N Al CMP2 N input pin
HALL1 DI HALL input pin(1 HALL MODE)
P2_1 DI Pin 1 of GPI port 2. (only input)

24 | OPA2P Al OPA2 & CMP2 P- input pin
CMP2P Al CMP3 P input pin

Elite Semiconductor Microelectronics Technology Inc.
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P2 2 DIO Pin 2 of GPIO port 2.
2 OPAIN Al OPA1 N- input pin
P2_3 DI Pin 3 of GPI port 2. (only input)
2 OPAITP Al OPA1 & CMP1 P-input pin
P2 4 DIO Pin 4 of GPIO port 2
2 OPAON Al OPAO N- input pin
P2_5 DI Pin 5 of GPI port 2. (only input)
2 OPAOP Al OPAO & CMPO P- input pin
29 | Exposed Pad GND | Connected to Ground. [Only for TQFN]

IO Type Definition :
DIO : Digital input/output pin.
DI : Digital input pin.

DO : Digital output pin.

Al : Analog input pin.
Pl : Power Input pin.

PO : Power output pin.

1.8. Ordering Information

Product ID Package Type Packing / MPQ Comments
EMT1042-TS28NBR TSSOP-28L 2500 Units / Reel Green
2500 Units / Small Box
EMT1042-NC28NBR TQFN4x4-28L 3000 Unifs / Reel Green
6000 Units / Small Box
1.9. Marking Information
EMH 042 ESMT
Line 1 : LOGO EMT1042
Line 2 : Product No. Tracking Code

Line 3 : Tracking Code

,—}.

PIN1 MARK

Elite Semiconductor Microelectronics Technology Inc. Publication D

Revision: 1.0

ate: Dec. 2024
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1.10. EMT1042 Block Diagram

RSTN h » RESET_GEN

PO_0/PWMCL
1 w™DU -
UvL PO_1/PWMCH
4> PO_2/PWMBL
.| Watchdog boreo [T PO_3/PWMBH
] Timer_ ort PO_4/PWMAL
8051 Core ( ) —
AR PO_5/PWMAH
ISP_SCL |l - -
< =‘ | ICE(12¢) A n| Timer0 P0O_6/UARTO_RX/AD7
1SP_SDA il > s V] 16ebit «—»-Jl PO_7/UARTO_TX/AD6
256x8 — P1_0/FG/PWM_DAC
IRAM ' limer
| et P1_1/PWMIN/AD5
SRS P1_2/AD4
AKx8 —p| P1_3/AD3
K—) - Port1
XRAM [NV N INTC P1_4/CMP4N
P1_5/CMPA4P/HALL3C
P1_6/CMP3N/HALL3B
cRc16 K= FmMC K> -
NV NV — l«—»J P1_7/CMP3P/HALL3A
@ g P2_0/OPA2N/CMP2N/HALL1
32kx8 |
Fladh b P2_1/OPA2P/CMP2P
HALL1, P2_2/OPAIN
HALL3A, HALL3B,HALL3C Port 2 P2_3/OPA1P
FG < Motor RN iy P2_4/OPAON
PWMIN ———p Algorithm N—] P2_5/OPAOP
| SIRC
svm K N 32KHz
PWMAH, PWMAL Clock «—{ HIRC
PWMBH, PWMBL < — ;’;"’b"_’l K—> controller |~ 12MHz
PWMCH, PWMCL oIt K—]
j 6 Channel {}
S B T
ADC N 24MHz
AD3~7 [y 12-bit (| ) ADC CTRL K—>
8 Channel
ADO~2 . ] WakeUp [¢— P11
OPAOP, OAPON NV controller
OPA1P, OPAIN ora (T
OPA2P, OPA2N — UARTO_TX
PWM_DAC +— DAC ()} "> UARTO -
L - NV N l«—— UARTO_RX
OPAOP ——»CMPOP—
OPAIP —»CMPIP—»  CMP &
OPA2P ——» CMIP2P—>
CRC-8
—
CMP2P, CMP2N g P11 —¥ Capture(
CMP3P, CMP3N
CMP4P, CMP4N EMT1042
Elite Semiconductor Microelectronics Technology Inc. Publication Date: Dec. 2024
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FOH

E8H

EOH

D8H

DOH

C8H

COH

B8H

BOH

A8H

AOH

98H

90H

88H

80H
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1.11.

SFRs Memory Map:

Memory Map

MD_CTRL MD4 MDS5 MDé MD7
B MDO MD1 MD2 MD3
RX_DATA_35 RX_DATA_36 RX_DATA_37 RX_DATA_38 RX_DATA_39
ACC RX_DATA_28 RX_DATA_29 RX_DATA_30 RX_DATA_31 RX_DATA_32 RX_DATA_33 RX_DATA_34
RX_DATA_21 RX_DATA_22 RX_DATA_23 RX_DATA_24 RX_DATA_25 RX_DATA_26 RX_DATA_27
PSW RX_DATA_14 RX_DATA_15 RX_DATA_16 RX_DATA_17 RX_DATA_18 RX_DATA_19 RX_DATA_20
RX_DATA_7 RX_DATA_8 RX_DATA_9 RX_DATA_10 RX_DATA_11 RX_DATA_12 RX_DATA_13
RX_ATA_O RX_DATA_1 RX_DATA_2 RX_DATA_3 RX_DATA_4 RX_DATA_S RX_DATA_6
TX_DATA_35 TX_DATA_36 TX_DATA_37 TX_DATA_38 TX_DATA_39
TX_DATA_28 TX_DATA_29 TX_DATA_30 TX_DATA_31 TX_DATA_32 TX_DATA_33 TX_DATA_34
TX_DATA_21 TX_DATA_22 TX_DATA_23 TX_DATA_24 TX_DATA_25 TX_DATA_26 TX_DATA_27
P2 TX_DATA_14 TX_DATA_15 TX_DATA_16 TX_DATA_17 TX_DATA_18 TX_DATA_19 TX_DATA_20
TX_DATA_7 TX_DATA_8 TX_DATA_9 TX_DATA_10 TX_DATA_11 TX_DATA_12 TX_DATA_13
P1 TX_DATA_O TX_DATA_1 TX_DATA_2 TX_DATA_3 TX_DATA_4 TX_DATA_S TX_DATA_6
DPPL DPPH
PO SP DPL DPH
Note: No reserved for user define.
Elite Semiconductor Microelectronics Technology Inc. Publication Date: Dec. 2024
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XSFRs Memory Map:

0xE000

0xDC00

0xD800

0xD400

0xD000

0xCC00

0xC800

0xC400

0xBC00

0xB800

0xB400

0xA000

0x9000

0x8200

0x8000

0x0000

CAPTUREOD

UARTO

TIMERO/M1

GPIO

INTC

SMu

FMC

ADC

Motor PWM

Motor FSM

Reserved

XRAM

Reserved

SYSTEM_Config

User Program Area

:I:-'-l KB

32KB

g
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2. Electrical Specifications

2.1. Absolute Maximum Ratings (Note1,2)

Supply Input Voltage, V5V -0.3V to +5.8V
PAD P2_1,P2_3,P2_5 -1.2V to +5.8V
I/O Pins -0.3V to 5.8V
Lead Temperature (Soldering, 10 sec.) 260°C

Storage Temperature Range -55°C to 150 °C

2.2. Recommended Operating Conditions (Note1,2)

Supply Input Voltage, V5V 4.5V to 5.5V
Input Capacitor on V5V 10uF+0.1UF
LDO Output Capacitor on V1P5 TuF+0.1UF

Voltage of I/O and RSTN to GND
Analog Input Voltage

-0.3V to Vvsv+0.3V
-0.3V to Vvsy+0.3V

2.3. Electrical Characteristics
Vysv=5V, Ta=257C, unless otherwise specified

Junction Temperature (T)) 150°C
ESD Rating (Note3)

Human Body Model 2KV
Minimum Time Period of RSTN 100us

-40°C to 125 °C
-40°C to 105 °C

Junction Temperature Range
Ambient Temperature Range

Parameter Symbol Test Conditions Min Typ | Max Units
Clock Section
System Frequency fsyscik 12 24 - MHz
Internal RC Oscillator
Internal High RC Oscillator frire 11.76 12 12.24 | MHz
Internal Slow RC Oscillator fsirc 20 32 48 KHz
PLL Section
PLL 24MHz Clock fPLL24M 23.52 24 24.48 MHz
Power Management Section
Supply Input of V&V Vvsy 4.5 5.0 5.5 \%
According to LVR or v
UVLO configuration HR
Turn-On Voltage of V5V Vvsv_oN . ! - or - \%
maximum between Vivr
and Vuvio Vuvio
Turn-off voltage
V5V On-Off Hysteresis (Note5) Vvsv_Hys v v 9 - 0.05 - \Y
= Vvsv_oN - Vv5v_hys
Typ. Typ.
LVR (Note4,5) VivR 3% 2.8 3% \Y
UVL_LEVEL: -
00: 2.7V 2.7
. Typ. Typ.
UVLO Level (4 level select) (Notes) Vuvio | 01:3.0V 3.0 \
-3% +3%
10: 3.7V 3.7
11: 4.3V 4.3
Elite Semiconductor Microelectronics Technology Inc. Publication Date: Dec. 2024
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Parameter Symbol Test Conditions Min | Typ | Max | Units
V5V Current at Operation Mode lvsv_OPER Typical sensorless mofor - 18 - mA
control mode
V5V Current at Deep Sleep Mode Ivsv_pstp - 200 - MA
Internal 1.5V LDO (for core use only)
LDO Voltage for Internal Operation Vvips CL=1.1uF, IL=0mA - 1.55 - \
Line Regulation - CL=1.1uF, IL=0mA - - 10 mV
Support Current - -- -- 30 mA
ADC Section (0V to 5V, 12-Bit, Single End Mode, Gain =1) (Note5)
ADC Input Voltage Range VADCIN 0 -- Vvsy Vv
Clock faoc_cik | ADC_CLK=SYSCLK/2 - 12 - MHz
Conversion Rate - 15T ADC CLK @12MHz - 0.8 - MSPS
Channel - - 8 -
Current Limit Comparator Section (CMPO/CMP1/CMP2, CMP3 option) (Note5)
Input Range ViN 0.1 - Vvsy \Y
Comparator Offset V OFFsET -15 - 15 mV
0.125
0.250
0.375
CMPxN is selected as Typ. | 0.500 | Typ.
C tor Ref 8 level Vv \
omparator Reference (8 levels) CMPREF | . il Verpres 20mv | 0.625 |+20mv
0.750
0.875
1.000
General Purposed Comparator (CMP2/CMP3/CMP4) (Note5)
Input Range VIN 0 - Vvsv \
Comparator Offset Vorrser -15 -- 15 mV
OPAMP (internal) (Note5)
Input Range VIN 0 - 4.3
Output Range - 0.05 - 495
Input Offset Vorrser | Vout=2.5V - - 10 mV
Vvsv/2
Offset Bias Adjust Vorrsias | Vvsv = 5V - Vvsv/4| - \Y
0
1/0 of PO_Oto PO_7,P1_0~P1_7,P2_0, P2_2, P2_4 section
0.7 \
Input High Voltage ViH - - X
Vvsy
0.3 x
Input Low Voltage ViL - - \
Vvsy
Pull-Up Resistor Rep 20 - 100 kQ
Pull-Down Resistor Roown 20 - 100 kQ
High Level Output Current lo @ 0.8 x Vvsv - 15 - mA
Low Level Output Current lol @ 0.2 x Vvsy - 15 - mA
Elite Semiconductor Microelectronics Technology Inc. Publication Date: Dec. 2024
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Parameter Symbol Test Conditions Min | Typ | Max | Units

1/0 of P2_1, P2_3, P2_5 section

. Without internal Pull-up 0.7 x \
Input High Voltage Vi and Pull-down resistor B B Vvsv

Without internal Pull-up 0.3 x

Input Low Voltage Vi and Pull-down resistor Vvsv a a v
Pull-Up Resistor Rep 20 -- 100 kQ
Pull-Down Resistor Roown 20 -- 100 kQ
High Level Output Current lon @ 0.8 x Vvsv - 15 - mA

Note 1: Absolute maximum ratings indicate limits beyond which damage may occur. Electrical specifications do not apply
when operating the device out of its rated operating conditions.

Note 2: All voltages are with respect to the potential at the ground pin.

Note 3: Devices are ESD sensitive. Handling precaution is recommended.

Note 4: Only default as 2.8V for LVR.

Note 5: Characterized, not tested at manufacturing.

Note é: Those parameters are achieved by the design characterization by measuring a statistically relevant sample size

across process variations.
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2.4. Typical Operating Characteristics

PLL24 vs. Temperature

#1 —#2 —#3

LIRC Clock vs. Temperature

——SIRC

1.03
1.04
1.02
1.02
c 1.01
o <
= 2 100
%8 3§
© = 100 g%
~ £ goes
[s} 2
Z 099
0.96
0.98
0.94
0.97 .
-50 -25 0 25 50 75 100 125 -50 25 0 25 50 75 100 125
Temperature(C ) Temperature (C)
LVR (on) vs. Temperature LVR (off) vs. Temperature
—2.8V —2.8V
1.03 1.02
1.015
1.02 101
c 1.01 c 1.005
[¢] <]
= = o B 1
58 o 8
P TEU 1 ; TEU 0.995
=> >
—'g —'(23 0.99
0.99 0.085
098 0.98
0.975
0.97 0.97
50 25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
Temperature Temperature
UVLO (on) vs. Temperature UVLO (off) vs. Temperature
—43V —3.7V 3.0V 2.7V —43V —3.7V 3.0V 2.7V
1.03 1.03
1.02 1.02
c 1.01 c 1.01 /
-~ 0 = 9
o = B
C] A
:: - i
S5 25 =
Z 099 Z099 =
0.98 0.98
0.97 0.97
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Temprerature Temprerature
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3. Device Description

3.1. Core

The core of the EMT1042 is the high-performance 8051 processor, and capable of running at speed
up to 24MHz.

3.2. Flash and RAM

The EMT1042 embedded 32KB Flash program memory, 256B of IRAM, and 4KB of XRAM memory for
storing user application code and data.

3.3. Code Protection

The EMT1042 provides users with the ability fo enable flash protection to protect the code area. This
can be enabled by call function from Library or the ESMT link tool.

3.4. Cyclic Redundancy Check (CRC)

CRC is a calculation method that divides this message polynomial by a constant called the
generating polynomial. (the polynomial F(x) = X16 + X2+ X5+ 1 given in ISO/IEC13239,
CRC16-CCITT-False). It offers a mechanism only for validating storage errors in flash memory with
CRC-16.

UART module provides an encoding mode and a check mode with CRC-8, and users can define the
polynomial function.

3.5. Power Supply

The supply voltage Vvsv of EMT1042 ranges from 4.5V to 5.5V. All input/output (I/O) and internall
voltage regulators are powered via the Vvsy pin externally.

3.6. LVR/POR/UVL

The EMT1042 integrates the Power-On Reset (POR) and Low-Voltage Reset (LVR) functions to ensure
the system stability and initiates a reset when the voltage exceeds a threshold of 2.8V. Additionally,
to prevent frequency reduction or erroneous data registration in low-voltage scenarios, the
Under-Voltage Lockout (UVLO) feature employs programmable software to monitor voltage levels. It
interrupts the system operation when the voltage drops below the preset threshold, providing the
software with an opportunity to address the voltage anomaly.

3.7.  Unique ID(UID)

The EMT1042 has an unique and read-only chip identification register that is a constant read from
address 0xC818.

Elite Semiconductor Microelectronics Technology Inc. Publication Date: Dec. 2024
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3.8. Vectored Interrupt Controller (VIC)

s - Default Vector Flag Software | Enable

IS/ SO Priority Address bit Clear bit
Reset Highest 0x0000 N/A N/A Keep on
PWM period interrupt
[INT_PWM_RELOAD] 0 0x0003 IFO[O] Y IEOQ[O]
OCP detect, PWM braked interrupt
[INT_PWM_BREAK] (notel) ] 0x0008 IFor] Y IEOLT]
la/Ib/lc phase current convert done interrupt
[INT_ADC_CURRENT] 2 0x0013 IFO[2] Y I[EO[2]
ADO~ADS5 auto convert done interrupt
[INT_ADC_SEQ] (note2) 3 Ox001B IFO[3] Y IEO[3]
INT_UARTO_TX 4 0x0023 IFO[4] Y IEO[4]
INT_UARTO_RX 5 0x0028 IFO[5] Y IEO[5]
TIMERO interrupt [INT_TIMERO] 6 0x0033 IFO[6] Y I[EQ[6]
TIMER1 interrupt [INT_TIMERT] 7 0x003B IFO[7] Y I[EQ[7]
CMP3 interrupt [INT_CMP3] 8 0x0043 IF1[0] Y [E1[0]
CMP4 interrupt [INT_CMP4] 9 0x004B [F1[1] Y [E1[1]
Capture Module interrupt
[INT_CAPTURE_PULSE] 10 0x0053 IF1[2] Y [E1[2]
Reserved 11 0x005B IF1[3] Y IET1[3]
Under Voltage Lock-out interrupt
[INT_UVL_ACTIVE] 12 0x0063 IF1[4] Y IE1[4]
Reserved 13 Ox006B IF1[5] Y [E1[5]
Reserved 14 0x0073 IF1[6] N/A IE1[6]
Reserved 15 0x007B IF1[7] N/A I[E1[7]

The EMT1042 provides 12 interrupt sources as shown in the table above. In this table, lower priority

number indicates higher priority.

Notel: S/W Coil OCP protected event or H/W shunt OCP protected event.

Note2: Only one channel converted in one PWM period.

Dec. 2024
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3.9. System Reset

The EMT1042 has 5 reset sources: external reset (RSTN), low-voltage reset (LVR), power-on reset (POR),
under-voltage lockout reset (UVLR), and watchdog timer reset (WDT). Reset enable references
related configuration registers, where the EN_AUVLRST and WDT_ON control bits respectively enable
the UVLR and WDT reset sources.

3.10. Clock

- 12MHz internal High RC Oscillator (HIRC)

- 20~48KHz internal Slow RC Oscillator (SIRC)

- 24MHzinternal PLL (PLL)

While system reset and startup, the internal High RC Oscillator is selected as default system clock.

3.11. Voltage Regulator

The voltage regulator powers the internal circuitry and the external VCAP capacitors are required.

3.12. Power Mode

The EMT1042 supports 2 working modes:

- Operation mode: the CPU core and peripheral modules continue to operate.

- Deep-sleep mode: the main clock is turned off. The CPU core is halted. The peripheral modules
shall be powered down manually by selecting the appropriate function before entering deep
sleep.

While in the Deep-sleep mode, the EMT1042 can be awakened via a specific pin. During normal
operation, users have options to operate in different config based on user: such as turn off the clock,
or power down the unused peripherals, allowing for flexible switching between power consumption
and performance.

Elite Semiconductor Microelectronics Technology Inc. Publication Date: Dec. 2024
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3.13. Universal Asynchronous Receiver/Transmitter (UARTO)

The UARTO is a computer hardware device designed for asynchronous serial communication with
configurable data format and fransmission speed. It fransmits data bit by bit individually, starts from
the least significant bit(LSB) to the most significant bit(MSB), and be framed by a start and a stop bit
to ensure precise timing management by the communication channel. The EMT1042 controller has
one UART module (UARTO).

- Half-Duplex/Full-Duplex support

- 40byte TX data buffers

- 40byte RX data buffers

- CRC-8 check support, and 0x00 or OxFF as initial value
- Tx or Rx signal invert Support

- No parity bit support

3.14. Multiplication Division Unit (MDU)

The EMT1042 integrates a hardware multiplication and division unit(MDU). The MDU supports signed
and unsigned four kinds of operations: 32bit x 32bit, 16bit x 16bit, 32bit / 16bit, and 16bit / 16bit. MDU
can be either signed or unsigned. The mode of MDU can be selected by MD_MODE register.

3.15. Timers and Watchdog

The EMT1042 includes 2 basic fimer and 1 watchdog timer.

Timer and Watchdogs

Clock Pre- Counting Capture
Timer Type | Name Counter . Interrupt PWM Compare
src scaler Dir.
Channel
Basic TimerQ | Sysclk 16 bits 8 bits Inc. Yes No No
Basic Timerl SIRC 8 bits No Inc. Yes No No
Watchdog WDT | Sysclk 16 bits 8 bits Inc. Yes No No

-Basic Timer (Timer0)

Timer0 is a 16-bit fimer comprised of two 8-bit registers: TO_CNT_H (high byte) and TO_CNT_L (low byte).
It operates in a flexible 16-bit auto-reload mode, utilizing two 8-bit registers: TO_PERIOD_H (high byte)
and TO_PERIOD_L (low byte). Timer0 can be clocked by the system clock and divided by an 8-bit
pre-scaler: TO_PRESCALE.
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-Basic Timer (Timer1)
Timer1 is a 8-bit timer comprised of an 8-bit register: T1_CNT. It operates in a flexible 8-bit auto-reload
mode, utilizing an 8-bit register: T1_PERIOD.

-Watchdog Timer (WDT)

The WDT is a 16-bit up counter driven by the WDT_CLK. The WDT_CLK operates independently of the
main clock, and continues counting even in shutdown and standby modes. This watchdog can
function as a safety mechanism to reset the device in case of CPU malfunctions, or function as a
free-running timer for timeout management.

WDT_CLK = SYS_CLK/(4n+1), n=0~255

3.16. General Purpose Input/Output (GPIO)

1. The PO[7:0], P1[7:0], and P2[5:0] registers are mapping to I/O pins PO_0~P0O_7, P1_0~P1_7, and
P2_0~P2_5 respectively.

2. PORTO_OE, PORT1_OE, and PORT2_OE registers are used to configure the logic output enable
settings of PO_0~P0_7, P1_0~P1_7, and P2_0~P2_5. However, for P2_1, P2_3, and P2_5, if sef as
output enable, they support source output function only and cannot support sink output.

3. PORTO_OD, PORT1_OD, and PORT2_OD registers are used to configure the output open-drain
mode for PO_0~P0O_7, P1_0~P1_7, and P2_0, P2_2, P2_4. By default, they operate in push-pull
mode. For P2_1, P2_3, and P2_5 pins, there are no output open-drain mode.

4, PORTO_IE, PORTI_IE, and PORT2_IE registers are used to configure the logic input enable settings
for PO_O~PO_7, P1_0~P1_7, and P2_0~P2_5. By default, they are enabled.

5. All ports can be enabled weak pull-up via PORTO_PU, PORTI_PU and PORT2_PU.

6. All ports can be enabled weak pull-down via PORTO_PD, PORT1_PD, and PORT2_PD. Upon system
startup, weak pull-down is the default setting.

7. P0O_6,P0_7,P1_0~P1_7, and P2_0~P2_5 pins are multi-function pins with analog input of ADC,
OPAMP, and comparator. Each analog module has an Enable register to enable the function or
not.

8. The PWM_HL_EN register conftrols the three-phase outputs AH/BH/CH and AL/BL/CL. These
outputs are from PO_0 to PO_5.
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3.

17. Analog to Digital Converter (ADC)

In the EMT1042, there is a 12-bit 8 channels SAR ADC. ADO/AD1/AD2 are connected to the outputs of
internal operational amplifiers.

For sofftware ADC sampling, FW_ADC_START_EN must be set to 1.

Set the FW_ADC_START_EN bit to 1 to launch one time of ADC sampling and conversion. Once
the conversion is done, the FW_ADC_START_EN bit will be cleared automatically.

Set the FW_ADC_START to 1 to initiate continuous ADC sampling and conversion.

Configure the FW_ADC_SEL[2:0] to select different input channels for sampling. The ADC result is
stored in the FW_ADC_RESULT[11:0] after each AD conversion.

15 ADC_CLK is needed for each ADC sampling conversion. (15T ADC_CLK = 30T SYS_CLK, system
clock)

When the SVM Mode function is activated, it is important to set the FW_ADC_START_EN bit to 0
to prevent interference with the real-time automatic frigger mode of the internal circuitry,
especially during the motor drive timing sequences operation.

ADO 0

AD1 1
_—
V5V

AD2 )

DONE —— FW_ADC_DONE

P1_3/AD3 gi» 3

SIH 12bit ADC  RESULT |— FW_ADC_RESULT[11:0]

A4

P1_2/AD4 [R—224 3l 4

H/WEN FWEN Convert

AD5

P1_1/PWMIN/AD5 [XF————>] 5
ADS AD_EN
PO_7/UARTO_TX/ADE [XF—————> ¢ FW_ADC_START_EN

AD7 FW_ADC_START
PO_6/UARTO_RX/AD7 XF—————— 7

FW_ADC_SEL[2:0] 1
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3.18. OPAMP(OPA)

The EMT1042 has 3 independent operational amplifiers, OPAO, OPA1, and OPA2. Each OPA has its
own power-down bit, PD_OPAMPx. PD_OPAMPx=1 indicates that the OPAx is powered down,
oppositely setting it to 0 indicates that the OPAx is powered on. The same bias voltage (Vbias) for all
OPAs can be selected as 0V, V5V/4, or V5V/2 by configuring the settings of CMV_GND and SRVOP.

oPAxP [X] \
OPAXx ¢ » ADx
oPAxN [X] ==
OPAx_Gain[2:0]
V5V/4 PD_OPAMPx
0
V5V/2 Vo
oV 1 1as
SVROP
CMV_GND

The output (Vo) of the operational amplifier is connected to the ADx interface internaly(2) and given
by Vo = Vin x Gain + Vbias.

3.19. Comparator (CMP)

The EMT1042 provides 5 independent analog comparators. Three of them (CMPO/CMP1/CMP2) are
primarily used for over-current sensing. CMP3 and CMP4 are primarily used for Back-EMF feedback
and speed detection. Each comparator has its own power-down bit, PDCMPx. PDCMPx=1 indicates
that the comparator is powered down, oppositely setting it to 0 indicates that the comparator is

powered on.

Additionally, the sampling division (CMPx_Bounce_Div) and digital signal filtering (CMPx_Filter)
functions are available. (Noted: When using the CMP module, it is important to set HW_EN=1 to

enable the module.)

CMP2 and CMP3 have either the configurable internal reference voltage or the external input.
CMPO/CMP1/CMP2/CMP4 have configurable negative inputs as internal reference configurable

voltage.
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P2_5/0PAOP/CMPOP &

(0.025 x V5V x N)
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Y
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§ PDCMPO
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)
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]

CMP_HYS_SELO[1:0]

o
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-
o
3 CMP_HYS_SEL1[1:0]
a
e CMPx_Bounce_Div[7:0]
. [CMP4, CMP3,
P2_1/0PA2P/CMP2P [X] =+ Sampling CMP2,CMP1,CMPO]
78 » & [—————> CMP_STATUS[4:0]
P2_o/opA2N/cMP2N [X] P Filter
SVR2[2:0] ~ )
o CMPx_Filter[3:0]
(0.025 x V5V xN) 2 CMP_HYS_SEL2[1:0]
SCP2N o
P1_7/cMP3P [X] +
P1_6/CMP3N [X] P
SVR3[2:0] w
P o
(0.025 x V5V X N) 2 CMP_HYS_SEL3[10]
SCP3N o
P1_5/CMP4P [X] > -
Pol
P1_4/CMP4N [X] > —
<
o
3 CMP_HYS_SEL4[1:0]
[a]
o

3.20. PWMIN(h_SPD)

The duty cycle comparator input is connected to a specific pin, PWMIN. The frequency range of
PWM input signal for detection is Tk to 100kHz. Duty cycle result(0 to 4095) is obtained from the
combination of two 8-bit registers: h_SPD_H (high byte) and h_SPD_L (low byte).

3.21. CAPTURE(CAP)

The capture module operates with an 8MHz clock source. It's responsible for measuring the durations
of both the pulse high and pulse low signals.

- The pulse high duration is recorded using three 8-bit registers: Positive_Pulse_H (high byte),
Positive_Pulse_M (middle byte), and Positive_Pulse_L (low byte).

- Similarly, the pulse low duration is captured with three 8-bit registers: Negative_Pulse_H (high byte),

Negative_Pulse_M (middle byte), and Negative_Pulse_L (low byte).
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3.22. Pulse Width Modulation (PWM)

The motor control Pulse width modulated (PWM) output on its specific-pin. The frequency of the
output is dependent on the time base for the PWM_CNT, and the setting of the PWM cycle length
(16-bits). It is important to note that all channels configured for 16-bit PWM mode will use the same
cycle length. It is not possible to configure one channel for different cycle length. However, the PWM
timer composed of two 8-bit registers: PWM_CNT_H (high byte) and PWM_CNT_L (low byte). PWM
timer may be clocked by the system clock. The cycle length composed of two 8-bit registers:
REG_PWM_PRD_H (high byte) and REG_PWM_PRD_L (low byte).

3.23. Digital to Analogs (PWM_DAC)

EMT1042 provides a digital DAC out module, the frequency is the same as PWM carrier frequency.
Writing a 16-bit value to the PWM_DA register to change the duty. PWM_DA is formed of 8-bit

registers.

REG_PWM_PRD - PWM_DA
REG_PWM_PRD

Duty =

3.24. Motor Arithmetic Unit (MAU)

EMT1042 provided a sine-wave motor control method with a built-in SVPWM digital circuit to drive a
BLDC motor. This MAU also supported the sensorless and Hall ICs driving algorithm to control the BLDC
motor rotating smoothly. In order to cover the complex BLDC application and motor driving situation
this MAU infegrated many digital circuit modules about the motor driving algorithm shown as below.
1. Speed loop PID module,

2. current zero crossing detection module,
3. Initial position detection module,
4. SVPWM module,

5. Phase adjusting module,
6. ADC LPF module,

7. High PWM resolution algorithm module,

8. Voltage feedforward compensation module,
9

. Hall sensor speed and back EMF speed calculation module
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4. Package Outline Drawing
TSSOP-28L (173 mil)
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TQFN4x4-28L (Pitch:0.45mm)
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5. Revision History

Revision Date Description
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Important Notice

All rights reserved.

No part of this document may be reproduced or duplicated in any form or
by any means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at
the fime of publication. ESMT assumes no responsibility for any error in this
document, and reserves the right to change the products or specification
in this document without noftice.

The information contained herein is presented only as a guide or examples
for the application of our products. The resources are available for
professional developers to design and utilize ESMT products. You will solely
bear all responsibility for the following actions: (1) Selecting the appropriate
products of ESMT for your application; (2) Designing, verifying, and festfing
your application; (3) Ensuring that your application complies with relevant
standards and any other safety, security, or other requirements. No
responsibility is assumed by ESMT for any infringement of patents,
copyrights, or other intellectual property rights of third parties which may
result from its use. No license, either express, implied or otherwise, is granted
under any patents, copyrights or other intellectual property rights of ESMT
or others.

Any semiconductor devices may have inherently a certain rate of failure.
To minimize risks associated with customer's application, adequate design
and operating safeguards against injury, damage, or loss from such failure,
should be provided by the customer when making application designs.

ESMT's products are not authorized for use in critical applications such as,
but not limited to, life support devices or system, where failure or abnormal
operation may directly affect human lives or cause physical injury or
property damage. If products described here are to be used for such kinds
of application, purchaser must do its own quality assurance testing
appropriate to such applications.
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