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Design and Implementation of a Sensorless Control Chip for a Small
Three-Phase Brushless DC Fan Motor

Student : Meng-Hsun Hsieh Advisor : Dr. Shir-Kuan Lin
Department of Electrical and Control Engineering

National Chiao Tung University

ABSTRACT

This paper presents the development of a sensorless control chip for a small three-
phase brushless DC(BLDC) fan motor2The fan metors mostly adopt the single-phase
design now. And they need a sensor to detect the rotor position. For various products
applied to the fan motor, such as notebook, there is a trend to miniaturize. It is un-
avoidable to make fan motor miniattrization, light quantization, high performance and
high precision. Therefore, in this thesis; & FPGA (Field Programmable Gate Array)-
based chip design is taken to implement a sensorless control chip conceptual core for
three-phase BLDC fan motor drive, utilizing VHDL (Very High Speed Integrated Cir-
cuit(VHSIC) Hardware Description Language) modulation techniques and competence
from system planning level opinion, improving the single-phase characteristic reached

of fan motor at present.

The proposed sensorless drive scheme is verified with the Visual C++ simulation
first, and then is realized with FPGA-based chip collocating with voltage sensing cir-
cuit, motor drive and peripheral circuit for constructing a sensorless control system for

a three-phase BLDC fan motor.
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10a +4b =Ty + Ty +Ts + T ’
g Bt 37 5 R 0B AT A5 2 R 5 R R B
_ 3T+ T 43T (3.4)
10
b— 2Ty + 52 — T, (3.5)
B FELAS Y R AR B(5, Ts) AR AN (3.1) B AT 75 7 A 0 A4 i
nz_ﬂ+§+ﬂh (3.6)

NG > A BUz/ZINB 5 5 A A I G 22 BE 5 A 30 REIRF » 2 NI R PY R I

X i i 7 A A 60 FEFTAERVIRE [ (10 ~ Ty) B8 - B 20 iR ny 2 e R 0 1k
S 25— K OFG 2 e e SR A 60 5 HY B A o 1T d /N AR T R 2 R TR DY X

it
J6 3 Jie PR Sa A 60 FEHY B A o DA I die /N AP 7 AR A R 0 ZEUHE AL ARG B DY KT
R R T 60 Y E AN - INILAR T B B MRS 2D ik 2 (I U AH A7 2 (Ry
~ Ry) > IMAEE A RS R > HORF 7 s B fER6 20 B8 — K
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/NS T B I RO SR A

/NS 5 2R T 5 1 BB 5 25 DL DU A 3 S 32 B 5 30 FEERE
VIEFEEAR (3.6) - I 3.1 R 0 3 By B4 T IRELCREL b T C, T
BTG A S0 60 FE RN IE IS (a B b FTAEIOIER ) o BLIEES C, MYAEAE A
Ry (Ry ~ Ry EVEGAD S T A= 756 32 e T 5071 60 FEIO IR ) o #2350 Ry ~
Ry AR A (3.6) 19 T ~ Ty > SO (E (T5) BRBL 3 7EA C, 0 Rk C, B tA
S O RPN EL O, B R AR TR o 3 W R B i
FHT (Ri=Ry ~ Ro=Ry ~ Ry=Ry) H C, W{EIGE - i C, M8 BRI 5
AR > FUR R O, 2% S e T8 5374 60 FEROIERT (b 51 ¢ AT AERTIERT ) -
O, FULEF S0t 07550 1 352 6 5 79 30 FE PROIE )+ DU JEHE ok oy LR A 2
B (C, ~ C) SN B ERIVUE W 1758 (R ~ Ra) BBLE/NE 5581 -

FH P I 5 35 A D S i B 20 PH AL R o sBL Ry ~ Ry HOMEE R ANEY - G
A D 308 % U) 2 PH A B 1% 0 e /N AR T B il TR DL S D T Ak TR A R -
Ry ~ Rs {17 7 = R B3 [ie 4 78 Sy 60 J& By Bl th ik 2 (8 H & 0 ik Al =
R ) wE ] DABE F e /NB SRR GETE -

3.1.3 Ty s gk e

A5 25 B g B P R & 52 28 S 7R ) B A 35 A BB (DI - DA I R 2
B SR sl ) HEA R TR G T T i R I AR 0 U PR R BHOE Y s - ) A
ERH A 2R Y IR IR 20 IS TR i — e B S - B 3.3 AR R BB T I u — w )
v — w RSB F I > AE (a) W E A E 5T T B2 B S R u A R w A
16 15 2 R dE A e i v AR 2 w AHIBE R - a2 u AH LR R R AL S T 55
OFF » v A1 L §f Tos 3 ON WWBERE] - 75 3R & H1 w AH B 0 i i — e i 0 it -
KIELAE (b) R » Vi, S BF R S Low WYMEAT » ILEWE — 2] u A1E R
Koo FHRY B AN 1 A1 & 8 21 TR i — W S8 - AT G AE i A IR AR AT
FE AR R - o BEGH S B I B e e -
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v ||

Ve

0° 60° 120° 180° 240° 300° 360°

(©)

[E 3.3: R T H v — w YA E] v — w REESEE TP
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S R R R /N T 7 i A AR o R (S VR B A Y 3 A R
PG 33 JE A A 30 JEMYAEE - DURTG e (R AV #R AL IF ARG > Al 2 E BRI
ﬁ%ﬁﬁwﬂfm A AR IR A AT YR RERR R EE 2 > A LR

ENEREN B A B 2OV & Wk G S D A i /NP T R R TR IR
ﬁ’ﬁ% 5y 7R U A RERH 2 Y B B g A5 ) - 8 B b Ry B SR 2
B a8 a1 s (G~ C) TE— 2R 2 1 -

il 3.4 £y B ATk D Re 0y AL AR RE RS > FLrh By B oA B30 AH A o JBE Bl
HhOE R R LR R Y BT AR SR 0 C, B O, BRET SR - B B AT B By MEAT
£ high F1 low HYIRF[E] » S, FEHAFHEASE - & S, HEAT ot MR AE ARy B 1
O FoIHEM TRy o R IR R s SUE R 2 B IR i KA % -
Eg SEE AT AR G > 1 7 RS Ay s B o ] DURE R8s C,
Cr 80— M A RF R k o A Cp, B G, 7 B Y il 21 100 00 ik 15y [
Fi B EHEA T HIERFE G - NIERESUEE A K ol /NP T R AR R
ATE o GE S B R SR A 30 FEHY AR IE BB R 5T 8 A TR SR ARy B
G2 o BLIF 0 ZHGRE BT BB B 1 2 B 2 B e et B e B PR S A 60 FE R R B AR
E o EEC, B G GBS EE BRI k(A HIERY SR AR ) -

[l 3.4: 5L B D e HY £ 0o i e
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HA 52 D RE A SR AU LR A HL R PER WA T

fBei% H A 5 B R SR A R 60 J& - 5T 8dR C) e B WSIRTEE U B a wE P 46 51 3L

Eq #ERLEY high HYIFRA] - DR F R — Mk s SSCME Y 52 %8¢ - INIIEL By e 2F THIRTE K
580 ¢ o ILIE Cp 12 1EGH 0 C, B IGET > R G FRETBE K EM#EE T
ARTE RS d - DAk o] DU 5% 58 28 1 835 238 > 10 G, 3T BT fE7 AR AE 1 5 Jie
PETE SR 60 JERYRERIA > FTEL O, BERZHRINE C, £ AR G, B35 - #2
+ Cp MEfE st 18] By A TIRTESCE R b > JLIF O, (S 1EEHE > C, B daaT
Yoo E C, RTECET K EES - iR O (ESE D R B /N G 3R A2 R B B B
H C, #HGHE > =2 C, SHEEE O, E— KR - B8R R HHEAHEASE -
i Cp BUME 55 (A5 60 ) e /N1 5 a2 TR 28 RF T - BECHT ) > DUBE 2 - ok
DR B B D E  /NE TR T -

3.2 A fE

T R I Bl A o ) A QB R R U2 R Visual C++ ARSI R > T A Y
,%éiﬁ%&@%ﬁﬁﬂ/‘l%ﬁé%ﬁ$§gi& ( %ﬁ%i’% 2.1)  DIEHET R BEAS B 8L - S5 3
M SRR AN B B A —E AR ¢ (1) B L 5 (2) BHAEES R ED ¢ (3) PHAE ES AT
PE - IR AE R SO BB B SRR b o (R IR ot — (1 o T B S 0 s B A o

12 LR FE R T RS I T ISR S v o BRI R £ 0.5
o VTR YOS A 1 B vow o R 0.1 B IS O G RE S - 72
S e T T R W TR v > FSE RIS 0.08 B 0 BB IR R
A A o A I ] o B S RN R BT 0 S SR A T
25 200rpm H1 52 5 B3 1 T B R P+ S 4 A B T2 o 2 oL e L )
SR £ o R T B 5 2 A A o FLAE P SE R G
i 30 JE (I BV ES 4 UM o T S S T 1 30 Y S T R 4 1
/N R -

A 3.5 B[ 3.6 5255 25 1R I B IR+ T LU BB 1S 3 R SR 30 T
S T DA 2545 BB 0750 S A0 0 M 7 S B 8 AT 2 R o ok
= FR B -

+ "
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Change Fhase
= i

-1
95 950059 5'0‘1 95015 2502 95025 9503 95035 9504 35045 9505
timelsec)

/\/\/\/\/\/\/\/\/\/\/\/\/\/\
VUV

4] 95005 9.501 9.5015 9.502 9.5026 9503 9.5035 9.504 9.5045 800
timeisec)

Bemf
@(L)N‘JIADAMOJ

fiEl 3.5: J 3 7R S, Fn30 AL 3 — 55 40 1k

10000
8000 |-
6000 - .
4000 |- ]
2000 |- s

speed(rpm)

1
0 5 10 15 20 25 30
time(sec)

L
0 5 10 15 20 25 30
time(sec)

3.6: J& 2 W BT P el — 5 2k

3.7 BilfE 3.8 )& fe /NP G R R IR B B AL R o nT DU S E R R
30 5% B 4E 3 w] DUFS e /NS 5 ARG TR i o (o A JG 522 ol 1y St £ P S0 I 9 R 42 1
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inl

&

Pl

o vhois R £ T 2
R 3 T A1 B S 4D R B RS BRE A AR A ()

speed(rpm)

FRREEOH > fy H 5y LT (rising time) DL K 3 RE

30 7% 2£ 18
N
3 i
(N
2 T
g —
= ]
. !
[=)) 1
§ 0 i 8
= .-
[ 1
i
_1 | III | | | | | | |
95 95005 950 95015 9502 95025 9503 95035 9504 95045 9505
X time(sec)
3 T mT T T T T T T T
2 . J
i
E o :
m )
-1k i \
I
_% 5 9 5605 9 5lb'1 9 5IO15 9 5;02 9 5I025 9 503 9 5I035 9 5IO4 9 5645 9505
time(sec)
3 T = N =t = SN
] 3.7: J5E T R 30 BEAESE— i NP TR AR
10000 |- 8
8000 - |
6000 - g
4000 - 8
2000 - 8
0 I | I 1 1 B
0 5 10 15 20 25 30
time(sec)
x 10
15+ 8
g
5 10F R
o}
S
9
2 5t .
©
O [ | | | |
0 5 10 15 20 25 30
time(sec)
==Y
3.8: Mg WU b TP e — e /NP T AR AR R
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i

3.3 O RE AL

R SO T B SE P A O AR B PWM (S SR A - 8 bl s PWM
{5 B 19 S AL 1] (duty ratio) W] DL 5 il b 16 2 AU (I 45 PR AR > AT IEE E Sy i 1
EMEH B BRI B Bl -

B 5 IR I E T §E 2 B Gl (pulse-width modulation » PWM) /E— &R HH @ Ik
I JEE A e ey A S A — A Ve (R RS — A ) B A B AN Viontron(
% 55 IE5Z I B E i )+ RE WAl 38 T A8 ER R /NI B 28 AR B B 1 Y HGH R
3.9 FIT 7 57 Ik 962 T e 23 45 1R i B 09 Voot 4 Ve KIRF > LL L A5 IR RS e HE
{25 B B 3505 > A DTS 0K HE 0 8 D) B R o A0 B B o ) 9 50 O Bl ik [ £
T o

ifcj’i fon i
e —
) I: \

3.9: Ik I8 L JEE i Ak 15 1 i P

DB U < BATE T D E &R

tOTL
D= (3.7)
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i AR R R P (VAT DAHERS

Vz%*m:Dw@ (3.8)
R B LR S TR SR D R TE L - DL D BT - S R A -

& BB/ o FH = A T AR B BT LAHE T Vioneror F11 V2 IO RRAR K

niro tOn_Ts 2)/2 ton
Veontrat _ /2/2 g len 4 _9up_q (3.9)
V. T./4 T,

HH 2 (3.8) B (3.9) HT LAFS HITHE FHOURE Vil HY A/ T LA D Y AN
DAL ok st 51 Ak i 1 S VR R B /Y B IR O L S A A Al

Ji\ B3 1 22 B ] PWM {5 37 1% A 280 £ 3t — 0 F B 1Y Jet B 6E 52 215
i S U BE MR 0 H 1y > [ 3.10 FME] 3. 1549l R B 78 i A MR I -5 O R R
Mgt o Hot o PWM E5E & K PHRBAEES CIHATETH] PMOS » JRw] { [ Bipolar
Junction Transistor 2 X ) EYJHR - (I dara Lk BEaH 5 DLRR R Y R YL - 6 #
FH B Bl BE % £ 118 )2 Sy A o o DABIm ARG 5 > DRl 7R It s 2B Z IR AH I i AR
W—EFE R E S (HATRaT 5 ROYEW s - 2 n) R 0 e & e
it A B AEGH B8 1C) K PWM {5 B I8 45 - P {5 21AY (5 57 5% — (6 DC # B fE
It — DC & B EHIFE 4t 1 F6 52 1Y B B B AR
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I
| 0
:
|
|

LT
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Switching Circuit

3.10: b I #6 %

Pulse-DC Voltage Converter

TUUHL

Pulse Signal



JY &

i

dn o D EE AR &1 s i R S

4.1 Quartus IT 5 5T #ds B2 5 7P §H

Altera Y Quartus IT 3% G R 3 £ (8 0 JF 5 25 2 0 JE 3 8 251 T 7 241y
TS PR > v - EARE TSR - B 41 BUR
Quartus IT AR 5T U2 » FI ) Quartus IT RS B 22 3 51 B AE v K 20 73 75 3%
Bl A~ RS MR R AR~ RERE AT~ R R S N L o
QuartusIl #R S ] DLSE EEC G IRAR Y FiT A WS B - /& — Tl 58 28 H 45 5 i 9 e 07
il k&

QuartusIT ¥k #8407 QuartusIl [8 2 F = /1Al ~ EDA T H /A& fs 570 m
A AE A A g Hrf AR S A o T DATE R R R N R B
B N BB AN R 5 o QuartusIl & JE2 A 7= 7 1155 8% 3 1 Ui AR 1Y 15 18 B 2
LR Th BB B A1 2% 4.1 FToR -

41
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- » l Design Entry/RTL Coding
- Behavioral or Structural Description of Design
'l' RTL Simulation

- Functional Simulation (Modelsim®, Quartus II)
- Verify Logic Model & Data Flow
(No Timing Delays)
LE M512
- Synthesis
- Translate Design into Device Specific Primitives
M4K - Optimization to Meet Required Area & Performance Constraints
. < [I—>3 - Precision, Synplify, Quartus II
L
Place & Route
- Map Primitives to Specific Locations inside
& Target Technology with Reference to Area &
Performance Constraints
QU \ RT - Specify Routing Resources to Be Used

Y 4

Timing Analysis
- Verify Performance Specifications Were Met

J - Static Timing Analysis

Gate Level Simulation
- Timing Simulation
- Verify Design Will Work in Target Technology

S|gnarl'cp

4.1: Quartus IT K % 52 5T AR
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2 4.1 Quartus T1[EE FH 5 A1 11 5% R 5 TR Y 4181 B B B2 k19 T E

Design flow Graphical User Interface

Design Entry | Text Editor » Block & Symbol Editor » MigaWizard Plug-In

Manager > Assignment Editor » Floorplan Editor

Synthesis Analysis & Synthesis * VHDL verilog HDL

& AHDL » Design Assistant * RTL Viewer

Place & Route Fitter » Assignment Editor > Floorplan Editor
Timing Analysis Timing Analyzer * Report Window
Simulation Simulator > Waveform Editor
Programming Assembler » Rrogramer > Convert Programming Files

BAF 25 B3 Quartus 11 S5 Rt i o (BRI 15 (1 5 BE 9 55 0 7

U ENIQERSE IS e Pl S EE e SUE JESs O

. B L 77 3% B File—New project Wizard 2 V7T 8 230 45 & H R IC 7 50T

FR 41

. {8 Fi] Text Editor £ 17, Verilog HDL ~ VHDL 5, Altera i it 35 = (AHDL) 3%

Al o ATLLEE ] Block Editor #4374 5 2 HoAth s R 2 77 T B9 5 R [l B
FEE AT R[]

. {5 FH i 5 322 B Assignments > Assignment Editor ~ Setting ¥} 55 HE ~ Floorplan

Editor ~ LogicLock LJfie 5 & #) da ikt PRI -

. 8 F Analysis & Synthesis {5 % 5% 5T °
. P Simulator B2 BATT S RERLE -

-l Fitter ¥ 5 at 01T B & AT AR -
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7. {f A Timing Analysis ¥f e 5T TR 00T -

8. {8 A Simulator ¥} 5% 51 #E 17 ¢ o i e -

9. {8 FH B #55  (Physical Synthesis) ~ If e B & 4P 1H i i & © (Timing Closure
floorplan) ~ LogicLock LJHE ~ i i (Settings) ¥ 5L HEHI Assign Editor i 17 IKf
5 & HE -

10. {5 A Assembler £ 5% 51 44 37 5 B2 A %8 (Programmer files) ©

11. {5 H #e P24 2 ~ Programmer 25 [f] FlT Altera fiffi i ( 1401 Byteblaster IT) ¥} 7T
P AETT SR AL (program) B 6 f P2 R < 155 L A 2% =0 DA iR A =X
o Bl i S LAt R A

4.2 Ff R 5% Quartus 1T [ JB JHFF 7 [_o QuartusIT ¥ #E AL 15 FPGA f1 CPLD
T A P B R R 5 2¢ 0 PR S ReE T TR B S H R T R
st s DIMHE Rl 56 5 (Hardware Description Language ) fitf ft 5 #7t J&F # 5%
gb o G SR R MR B o BRI ER T AR T AR OB T R N L Y
EHEBLIAE o

i T I < E NG Y R i O e S ST & i - L A= v o L
BB 5 U B S VHDL 5% 51 KL 1 31l 20 s 25 {18 4 17 1Y 6 S SR B D e R Al - DA
25 A5 B A [ A D e i M 85 AR A8 A B B SE T - I 1R T S S A5 B B AR
AT RS S~ BUR 5 R RS M 2 e R M AT B LR 5 - I > R
ELRT S 0 2% A A AT R (o P B o v TR RS L T M -
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nsorless - sensorless

View Project Asignments Processing Took Window Help

DS | & LU e LA A=
alx ¥ ~
{3 Files LIBRARY ieee; al:| BB18us  Start End
=123 Devire Design Files USE ieee.std_logie_1164.ALL:
[ elosed hd USE ieee.std logic_arith.ALL;
[ s _controlvhd USE ieee.std_logie_signed.ALL:
[ align_open.vhi USE ieee.numeric_std.ALL; -
[ pwm.vhd
[A sensoress vhd ENTITY sensorless IS
[ ... quatns/lbreriest PORT{
[3) 4.4 hywartnsflibraviest clk : IN STD_LOGIC: --50MHz
(20 Software Files 5w, swZ, Su3 : IN STD_LOGIC:
=23 Other Files reset : IN  STD_LOGIC:
B snsodessvwt ahb,c : IN STD_LOGIC:
[E Stplstp FGs, pmm_o : OUT  STD_LOGIC;
[&) ... fyvartusflibrasiest fault : OUT  STD_LOGIC:
g #.4 dyartng/libraviest finish : OUT  STD_LOGIC:
.4 duartusflibrasies) see : OUT  STD_LOGIC: S
[E .. dmartoslibraviest X : OUT  STD_LOGIC_VECTOR(1 downto Dj: s
[& .24 dyvarms/libraries! six_out : OUT STD_LOGIC_VECTOR (& downto 1)):
[&1 4.4 duartos/libraviest END sensorless:
[ 4. dquartus/lbreriest
BT el << sensorless Compilation Report
et~ —
[ 4.4 quatns/librasiest S Legl Notice z
[ 4. dquartus/libreriest ST Flow Summary
[ ... dquatns/libraiest SR Flow Settings
[& /.4 Jyuartusflibrariest &= Flow Elapsed Tine downto 0] ;
S Foulos downto 0): STD_LOGIC
¢ I S &) Analysis & Synthesis wnto 0 ; o STD_LOGIC:
@ Bs — = &0 Fiter L) STD_LOGIC:
e oS0 stk Flow Status Successtul - Wed Apr 27 14:40:12 2005 = B AE
1 || S0 Timing Analyzer - s FG ¢ STD_LOGIC:
led STD_LOGIC:
Top-level Entity Name  sensorlsss e § STD LOGICS
Full Compiletion Family Stratizc flagz : STD_LOGIC
Analysis & Symthesis Device EP1S10F780CE END clased; B i 1
Fitter Tatal lngic elements 1,554 /10,570 (14 %) ARCHITECTURE structure OF closed IS
Assennhler Total pins 217427 (4 %) L T P T
Timing Analyzer Total mernory bits 0/920,448 (0 %) signal zero,noise_t STD_LOGIC_V
DSP block O-bitelements 0748 (0 %) signal t1,t2,t3,t4,t5,L6,t9 STD_LOGIC_W
Totl PLLs 0/6{0%) signal ta,th,t_b STD_LOGIC_V
Totel DLLs 0/2(0%) signal mode STD_LOGIC V. v v
| > —
< ) >
~
Found holi. time violation between source pin o register sw_controLeektort-regl) snd destination pin or register slign_open:aslp[0] for clock clk (Hold time is 2.226 ns) 1
t50 for ve gister alizn_open:aatllag [1]-regf) (data pin = reset, clock pin = clk) is 6.679 ns
10 from clock elk to destination pin mux(0] through register align_open-satlag! [2]-regl is 14.146 ns
th for vegister closed e G _c~re20 (ata pin = reset, clock pin = clk) is -1.075 ns
Minimum teo from clock clk o destination pin pwm_o throngh register pwm:bblpwm_o~regf) is 7.208 ns
Quartus I1 Toming Anclyzer was suceessful, [ enors, 3 wernings
‘&2 Info: Quartus IT Full Compilation was succsssful. 0 ervors, 79 wamings v
< | >
Pracessing £, Systern
For Help, press F1 hwl ke NUM

: Quartus II
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4.2 FPGA FEHIEL Fr & A Al i 285

A1 M S P Py B Gt R AR T PRI O 5 — G O AT B R
i B S TR - 53 ALTERA Nios Development Board( f&j#fi Nios #% i ) & & R
MR I ~ TG MR B J OB RS - DI — B 50 B S S P R A -

& 4.3 Fr R o S IE FPGA PERIA, Fr ATTRAY R AR 2808 & WA ATt & 1Yy
A S AT

PWM signal FG T Tr2 T3 TraTrs Trs

1

lSic Six_bridge output
Duty1 >
¥ PWM Flag
Duty2 > 3
Flag_Select
Reset * restart |« 1A
Ao_flag Cl_flag y
3 « u
Rs 2 Cl en 5,| Bemf | vd
Switch | Align and =" Closeloop [¢ Select [ g
Start Ao_en i W,
Control openloop
| 2

Start_led State_led Mux_c

[l 4.3: FPGA i Fr P ESEY 2 /7t A A



4 EE G D hE R ] a A e 47
[ B B 2 AL A ]
A LI fE

L. K1 Nios 28 Jee the b #Y B [l 228 i) 16 e JHE R 1 4 Wl ol 8 ol 25 3 R 42 1b ¢ %
N SWO g ] DU 8y 15 So S8 S0 s Bl B B8 AT > (] R 42 £ SWO Bl SWL ] DA
15 1b F T ik S s Bl e A A

2. W H Nios % A1 46 775 5 (LED) DO 5 22 11 R ) 25 B 5 446 1 R
3 DO HE T 5 52 B A o F5 8 208 k1) 5 R 181 0 ) 55 B IR T > 9 DO B
T 7 E1X 25 1 S22 40 1 25 0 1 B o) 5 - P R T -

2% 4.2 Fr o 15 Dl B 422 AR AEL I (52 3R 558 1€ 22 it I

2 4.2: B B 2RISR A A2 A E R AW 3%

HIRVAZE I K AT SR E &
clk INPUT | “Lbit FM R (50MHz)
Start INPUT 1 bit T AR
Reset INPUT 1 bit HE AR
Aoen | OUTPUT | 1bit | &L s Bl 00 B 15 A0 15 5 GH 9%

I

HREE I

i FH Nios 25 JEH 1Y BA B SWO FITSW1 43 BIHE I Start SH 5% Al Reset fH A% (
DH R 42 {5 155 FLRASE 5 low) - G aET— (8 P9I 47 4% Reg > (115 SWO 2 MR
P A S s el 0 ) 9K R B Bl 1SR RE

' clle 58 A I Rk Ml 2% 1 T DO RITE T 7 D B A R A B SRR > AT 4.4 FToR o

v
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H
I

P

StartzFEEH1 Yes Ao_en=0"
ResetZAE & 75 A &
I Elow Reg=0’
Start YR Beenl
fhigh%# B low Reg="1"
Ao_en='0’ Ao_en='T"

4.4: Bl Bl 22 1] A5 AL U7 A% |

B P Start 1 Reset x& 75 [rliE 5 low (Gl 42 3 SW0 A1 SW1 ) » 45 Start
1 Reset [F]1RF £ low HIIEF Ao_en J N FREFF- i Reg 8% 0 1% low » 45 RLABRAIF AN BT
HIJ 8 %8 P BT Start J& 75 FH high % low( {Z T SW0 v #5 E I RE HIEE Ao_en Sz N HIS
W17 2% Reg 5% € [ high » .2 HI 6 #6 PIE PA A0 87 77 28 Reg J2& 75 1% high » #5
AW 17 %% Reg £% high IR Ao_en 3¢ %€ 3 high » S .2 HIIEF Ao_en 3¢ %€ 3 low = H
HH Ao_en MR R £5 high IRF » ({2 fiik 2 I 2 Bl 5 B% 11 55 15 @ IR 38 - PRI Nios
Pe IR EWIFE R DO BR £ 58 5 B I 3R S R i Bl 38 % 11 5% 42 1 Ik
€ > [LIF Nios #% i IR /RS DO BUR B -

DEFE RS

4.5 Pt o 55 B B 428 R A A0 AL B A S > [l v e DL R PRE Start HH high 2
5 low Z % > Ao_en B 5% 2 £ high MY H¥EQT » [T 4E Reset FI Start [A] R 5% low HYJIK
&N > B Ao_en 3¢ 7E [ low MY HEAT o

b

J

%

poe BLg2us 16384 us 24576 us 3R s 4096 us 491 3 us 57344 us £55.35 us 7378 us 8192 us 90112 vs

36304 0

Naime BT

elk —

St PTTTTLLL L Lt

Reset 1 |
Lo en 1

[e[e]efs

4.5 i B 12 A AL R JR A6 2R
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[ A AV e B AL
A LI fE

L AR Mt S 0 Il B 8 T o S 5 o D 8% R B R P - AR 3 T E 7 R B
o AL A e A

2. 32 it g A SR B OB T LS RE 67 K B Al i R Bl AR 45 1k e E R R D

3. A H1 Nios # @M F 98588 (LED) D1 #5122 2 75 T 5% 58 i 2 A7 k% B %
REEHFE Y 5 D1 BN B 2 DI 2 U 58 1 B 7 b Bl B # f2 /e > & D1
S S I B 3 i R 58 B a8 07 S B S i S R e -

2 4.3 Fit R B 78 A7 R B 30l e A AH IR G2 GH 5 aE Ze it ]

2% 4.3 € AL S B A A AR AT TE 22 R 1 2%

WG48 | B | A2Jn SHR T 7
clk_ao INPUT 1 bit TEAE e B 0l A5 AH HF A
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hee 8L

FH A AE 78 A7 ke D 3l % % B8l B9 B2 e v 6 ZHEG T S30E0m IR ] > TR G o6 ZEU )
I IRF I 20 - B8 ] > 328 e Nios 28 Jre i P B Y SR AfE IRF IR (clke) - L2 B BER
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TS 10 A 58 B AL S B B R B AL e o DRI DL o0 28 F TG A A v P B 1) S 2 R
W17 SRR IA LI B PE - 6§ Clflag 3558 15 71107 DU 52 50 B I &2 -

FEL B A O -
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BE I EASR o A PR B B T B RS T R T A IR T o RS S A
DL 205 B8 B Sl 55 5H BE S o IR 25 A2 10 B B A€ 5 6 5 B R 8 30 R B RT -

FHY Bg 55— EGE IR EY 05 B A 5% - IR 8 3 3R <5 20 vk B i /N1 5
R IR R A e R A A Y -

Pos 4056 v 8192 12288 m 16384 us 2048 5760 /67208 327680 |
Name
R N O O O P S A O O O A O O A T I
L clen
O A 6 01 A B 0 0 0 s R I
Eod CLikg {110 101 oo 001 01d 01t 100 101 [] 001 i1} 011 yiooy 130 % 101 [ 001 (1] 011

4.9: B PP ASL AR AR 1t SR

55 1 B At de /N U AR TR B B S TRNRE Eg a5 — {18 5 5B 5 AR
R E AR 7R S D RE IS RE S B BLAY - IAT L A T P RH 5 B B ST 3 AN 45 7
IRF [T A IR DAGE B %2 > [ 4.10 Bl 4.11 4351 535 55 0 vk Bl i /NP JT AR 22 TR E B
A S0 it A A A s L+ ] DA SO 5 ] 80 AT B8 3 1 72 A

7 0192 s 163,04 15 24576 us 32768 v 4095 us 49152 us 57344 us 655,36 1 73728 v 8192 90112 us 99304 v
Naims EAEETLE™
A
w| e e
i clen
= Ed S TR
B Cl flag TI0 Yoy 000 01 010y 01 ¥ 100 Y 101 ) o000 01 ol0 i} 100 10l 300,
=R . A :ﬁiﬁﬁi N E G H B ey, 4
4.10: S5 40 vk B B P A B AR AH BT A
[ps BL32 s 16384 us M5 s 768 s 400 £ us 491 2 us 57344 655 36 us 7372 81931 90112 us 99304 uq
Waime 75300 e
4
=  okd -
;Q'; ol el
= Ed T R
|2 Clflag 100y oo 001 3 010 011 ) 100 101 7y 000 001 (0] 8] 1m0 101 (]

AT /NP 7 R 1 T B A 1 A LA £ s R



Jepe

=5 4

B Ak D Re B e B a i g 54

[ A 338 AR

A LI fE
L A4 et 0 S 3 i 5 T 6 T P IR TG 3R T R IR TB 1Y X A i 8 AR

e

2% 4.5 o s R i 158 B AH IR 2 5RR o2 e it Y]

2 4.5: JHORE R SR AR A A2 A B T R AR 3%

HIRVACZE S I - E R VIR AR E £
clk INPUT | 1 bit N SSHIR
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Z————N Board

Voltage Sensing Circuit

Gate Driver
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% 5.1: EP1S10F780C6 &% Fr #i#%

FH AR Feature EP1S10F780C6
LEs 10,570
M512 RAM blocks (32 x 18 bits) 94
M4K RAM blocks (128 x 36 bits) 60
M-RAM blocks (4K x 144 bits) 1
Total RAM bits 920,448
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Embedded multipliers 48
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