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NAIPO (NORTH AMERICA 
INTERNATIONAL PATENT OFFICE) A scanner has a housing, a scanning module for scanning a 
P_()_ BOX 506 document, a driving module for driving the scanning mod 
MERRIFIELD, VA 22116 (Us) ule, and a control circuit for controlling the scanner. The 

driving module comprises a stepping motor for driving the 
scanning module forward and backward so that the scanning 

(21) Appl, N()_j 09/740,897 module is able to scan the entire area of the document. The 
control circuit controls the stepping motor to generate dif 
ferent torque so that the scanning module can scan the 

(22) Filed: Dec. 21, 2000 document at different speeds. 

20\\ 
Scanner 

28/1 Scanning module 

30/ Driving module 

32/ Stepping motor 

34/ Driving circuit 

Control circuit 



Patent Application Publication Jun. 27, 2002 Sheet 1 of 6 US 2002/0079858 A1 

Scanner 

12 /'\ Scanning module 

16 /”\ Stepping motor 

18 /_\ Control circuit 

Fig. 1 Prior art 

Control circuit 

Scanning 
module 

Fig. 2 Prior art 



Patent Application Publication Jun. 27, 2002 Sheet 2 0f 6 US 2002/0079858 A1 

Fig. 3 

20\ 

1m b m u n 

d u t u u 

r 0 d O C C 

n m m C C 

n g 

a mo 2. n g 10. 

.1 p 1 t 

S m v P .w n 

a .n m r 0 mm D S D C 
_ K A A a 

/ / / / / 

2 4 
8 O 3 3 6 

2 3 3 

Fig. 4 



Patent Application Publication Jun. 27, 2002 Sheet 3 0f 6 US 2002/0079858 A1 

Scanning 
module 

|_ 

__| 1 |_ _ _" R n _ 

__ ,>>>\|_ . . . . . J _ 
__ 2 _ _ _ _ 

I W R n _, alga?“ " u__ "_ |\||/\/>\/\|_ k. u 

__ 3 _ 

_" W R n 3 n __ />\/>\ _ _ 
_ _ 

__|_|l||||ll|| IIIIHIIIINHHIIIIIIIIIIIH | I I | | | III“ 

)5 0O 

3 

.m m m m 

l C 6 do 

3 3 

Fig. 5 

III 

IV 

(mA) 

T (msec ) 
Fig. 6 



Patent Application Publication Jun. 27, 2002 Sheet 4 0f 6 US 2002/0079858 A1 

\1 .5 

E?moa mar/CD H586 @m/\\b2w> 25.5% //wm mar/Cw EH02 
h??mwm 2:? 268% 

8/.\\ .6 $260 //@m SEE mEQQBw 
H 2:? 258% 

$/\\ <\Q , 236E mar/CG 22E 25.6% ,//@m 

mw/k\ powmwooi //vm 

\CQEQZ 236E mcEcwum 

p526 Bbcow //wm 

oml\\ 

bccmum 

I. 

1/2 





Patent Application Publication Jun. 27, 2002 Sheet 6 0f 6 US 2002/0079858 A1 

I 
(mA) A 

- I 

- II 

- III 

9 

T(msec) 

Fig. 9 



US 2002/0079858 A1 

SCANNER THAT CONTROLS STEPPING MOTOR 
TORQUE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to scanner. More 
speci?cally, the present invention relates to a scanner that 
controls stepping motor torque. 

[0003] 2. Description of the Prior Art 

[0004] Computers have become increasingly ubiquitous in 
almost all aspects of life, from home to office. With the 
groWth of computers, the requirements of personal image 
processing are increasing. Scanners are therefore becoming 
more and more popular. And, for catering to the various 
image requirements of users, scanners have to offer the users 
various resolution options. When using a scanner, users can 
choose a suitable resolution to scan documents or pictures. 
For example, When a user generates icons for a homepage, 
he or she Will choose a loWer scanning resolution. For high 
quality digital images, a higher resolution Will be chosen. 

[0005] Please refer to FIG. 1 and FIG. 2. FIG. 1 is a 
function block diagram of a prior art scanner 10. FIG. 2 is 
a schematic circuit diagram of the scanner 10 of FIG. 1. The 
scanner 10 comprises a scanning module 12, a stepping 
motor 16, and a control circuit 18. The scanning module 12 
is used to scan a document and generate image data. The 
control circuit 18 controls the stepping motor 16 to generate 
a torque for driving the scanning module 12. As shoWn in 
FIG. 2, When control circuit 18 drives the scanning module 
12, it applies a voltage to the stepping motor 16, activating 
the stepping motor 16. When the stepping motor 16 operates 
in a steady-state condition, the current of the stepping motor 
16 is ?xed, and the torque of the stepping motor 16, thus, is 
?xed. A consequence of this is that, When the scanning 
module 12 scans the document at a high resolution, the 
stepping motor 16 generates a surplus torque that causes 
excessive noise and shock. This excessive noise and shock 
in?uences the quality of the image generated by the scanner 
10. 

SUMMARY OF THE INVENTION 

[0006] It is therefore a primary objective of the present 
invention to provide a scanner that controls the torque of the 
stepping motor. The scanner uses a suitable torque When 
scanning a document. 

[0007] In a ?rst embodiment of the present invention, the 
scanner comprises a scanning module for scanning a docu 
ment, a driving module for driving the scanning module, and 
a control circuit for controlling the scanner. The driving 
module comprises a stepping motor for driving the scanning 
module forWard and backWard. The control circuit controls 
the current of the stepping motor and thus controls the torque 
that the stepping motor produces. 

[0008] In a second embodiment of the present invention, 
the control circuit further comprises a driving program, a 
processor for executing the driving program, and a memory 
for storing a torque table. The torque table records a plurality 
of torque values. Each of the torque values corresponds to a 
predetermined condition When the stepping motor produces 
a torque. When the driving program is executed, the driving 
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program chooses one of the torque values according to the 
predetermined condition, and transmits a driving signal to 
the driving module. The stepping motor of the driving 
module generates a suitable torque according to the driving 
signal, and then drives the scanning module. 

[0009] It is an advantage of the present invention that the 
stepping motor of the scanner generates a suitable torque to 
drive the scanning module according to a resolution that the 
scanning module uses. Therefore, the stepping motor does 
not generate excessive torque. 

[0010] These and other objectives of the present invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment, Which is illustrated in the various 
?gures and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 
scanner. 

FIG. 1 is a function block diagram of a prior art 

[0012] FIG. 2 is a schematic circuit diagram of the scan 
ner in FIG. 1. 

[0013] FIG. 3 is a perspective vieW of a ?rst embodiment 
scanner of the present invention. 

[0014] FIG. 4 is a function block diagram of the scanner 
in FIG. 3. 

[0015] FIG. 5 is a schematic circuit diagram of the scan 
ner in FIG. 3. 

[0016] FIG. 6 is a current vs. time diagram shoWing the 
current of the stepping motor of the scanner in FIG. 3. 

[0017] FIG. 7 is a function block diagram of second 
embodiment scanner of the present invention. 

[0018] FIG. 8 is a schematic circuit diagram of the scan 
ner in FIG. 7. 

[0019] FIG. 9 is a current vs. time diagram shoWing the 
current of the stepping motor of the scanner in FIG. 7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] Please refer to FIG. 3 and FIG. 4. FIG. 3 is a 
perspective vieW of a ?rst embodiment scanner 20 of the 
present invention. FIG. 4 is a function block diagram of the 
scanner 20 in FIG. 3. The scanner 20 comprises a housing 
22 that has a transparent platform 24, a scanning module 28 
installed inside the housing 22 for scanning a document 26 
placed on the transparent platform 24, a driving module 30 
installed inside the housing 22 for driving the scanning 
module 28, and a control circuit 36 for controlling the 
operations of the scanner 20. The driving module 30 com 
prises a stepping motor 32, and a motor driving circuit 34. 
The stepping motor 32 drives the scanning module 28 
forWard and backWard so that the scanning module 28 is able 
to scan the entire area of the document 26. The motor driving 
circuit 34 is used to poWer the stepping motor 32 to generate 
a torque. 

[0021] Please refer to FIG. 5 and FIG. 6. FIG. 5 is a 
schematic circuit diagram of the scanner 20 shoWn in FIG. 
3. FIG. 6 is a current vs. time diagram shoWing the current 
of the stepping motor 32 of the scanner 20. The horiZontal 
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axis of FIG. 6 indicates time, and the vertical axis indicates 
the current of the stepping motor 32. As shoWn is FIG. 5, the 
driving circuit 34 comprises tWo transistors M1 and M2, and 
three resistors R1, R2, and R3. With a poWer line 31, the 
control circuit 36 is electrically connected to the resistor R1 
and the collectors of the tWo transistors M1, M2. With a ?rst 
signal line 33 and a second signal line 35, the control circuit 
36 is respectively electrically connected to the bases of the 
tWo transistors M1, M2. The control circuit 36 outputs 
driving signals respectively to the tWo transistors M1, M2 to 
control on/off states of the tWo transistors M1, M2. 

[0022] When the scanning module 28 scans the document 
26 in the loWest resolution, control circuit 36 Will apply a 
high voltage both on the ?rst and the second signal lines 33 
and 35 to sWitch on the tWo transistors M1 and M2 so that 
the stepping motor 32 generates the greatest torque for 
driving the scanning module 28 at the highest speed. When 
the scanning module 28 scans the document 26 in a normal 
resolution, control circuit 36 Will apply a high voltage on 
one of the ?rst or the second signal lines 33 and 35 and apply 
a loW voltage on the other signal line 33, 35 so that one of 
the tWo transistors M1 and M2 is sWitched on and the other 
transistor M1, M2 is sWitched off. The current of stepping 
motor 32 is thus decreased, and the stepping motor 32 
generates a normal torque to drive the scanning module 28 
at a normal speed. When the scanning module 28 scans the 
document 26 in the highest resolution, the control circuit 36 
Will apply a loW voltage on both the ?rst and the second 
signal lines 33 and 35 to switch off the tWo transistors M1 
and M2 so that the current of the stepping motor 32 is again 
decreased, and the stepping motor 32 generates a minimal 
torque to drive the scanning module 28 at a loW speed. 
Furthermore, if the resistance of the tWo resistors R2 and R3 
are different, the control circuit 36 can control the on/off 
states of the tWo transistor M1 and M2 to drive the scanning 
module 28 With even more speed options. For eXample, 
suppose the resistance of the resistor R2 is less than the 
resistance of the resistor R3. When the transistor M1 is 
sWitched on and the transistor M2 is sWitched off, the current 
of the stepping motor 32 is greater than the current of the 
stepping motor 32 When the transistor M1 is sWitched off 
and the transistor M2 is sWitched on. The three resistors R1, 
R2 and R3, thus, could be designed to have different 
resistances so that the control circuit 36 is able to control the 
stepping motor 32 to generate various torques. 

[0023] As shoWn in FIG. 6, a curve I indicates the current 
of the stepping motor 32 When the tWo transistor are both 
sWitched on and the scanning module 28 scans the document 
26 in the loWest resolution. TWo curves II and III indicate the 
current of the stepping motor 32 When the scanning module 
28 scans the document 26 in normal resolutions. The curve 
II indicates the current of the stepping motor 32 When the 
transistor M1 is sWitched on and the transistor M2 is 
sWitched off. The curve III indicates the current of the 
stepping motor 32 When the transistor M1 is sWitched off 
and the transistor M2 is sWitched on. Acurve W indicates the 
current of the stepping motor 32 When the tWo transistor are 
both sWitched off and the scanning module 28 scans the 
document 26 at the highest resolution. With the ?rst and the 
second signal lines 33 and 35, the control circuit 36 outputs 
a corresponding driving signal to the motor driving circuit 
34. Therefore, the control circuit 36 controls the on/off states 
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of the tWo transistors M1, M2 and changes the current of the 
stepping motor 32 to alloW the stepping motor 32 to generate 
a corresponding torque. 

[0024] Please refer to FIG. 7. FIG. 7 is a function block 
diagram of second embodiment scanner 40 of the present 
invention. The scanner 40 comprises a scanning module 42 
for scanning a document and generating corresponding 
image data, a driving module 44 for driving the scanning 
module 42, and a control circuit 50 for controlling the 
operations of the scanner 40. The driving module 44 com 
prises a stepping motor 46 for driving the scanning module 
42 forWard and backWard so that the scanning module 42 is 
able to scan the entire area of the document, and a motor 
driving circuit 48 for driving the stepping motor 46 to 
generate a torque. 

[0025] The control circuit 50 comprises a memory 52 for 
storing a torque table 54 and a driving program 58, a 
processor 62 for executing the driving program 58, and a 
digital to analog (D/A) converter 64 for converting a digital 
signal received from the processor 62 to an analog driving 
signal and transmitting the analog driving signal to the 
motor driving circuit 48. The torque table 54 records a 
plurality of torque values 56. The torque values 56 record the 
most suitable currents or voltages for the scanner 40 When 
scanning the document at different resolutions. Each of the 
torque values 56 corresponds a predetermined condition for 
the stepping motor 46 to produce a corresponding torque. 
The driving program 58 chooses one of the torque values 56 
according to the predetermined condition and transmits the 
torque value 56 to the D/A converter 64. The D/A converter 
64 then transmits a corresponding analog driving signal to 
the motor driving circuit 48 according to the torque value 56 
received from the driving program 58. The motor driving 
circuit 48 generates a corresponding torque according to the 
analog driving signal, and drives the scanning module 42 
forWard and backWard. 

[0026] Please refer to FIG. 8. FIG. 8 is a schematic circuit 
diagram of the scanner 40 in FIG. 7. The control circuit 50 
further comprises a register 66. The driving program 58 
chooses one of the torque values 56 according to the desired 
resolution requested of the scanner 40, and then stores the 
torque value 56 in the register 66. The D/A converter 64 
converts the torque value 56 stored in the register 66 to a 
corresponding analog driving signal, and transmits the ana 
log driving signal to the motor driving circuit 48 to handle 
the stepping motor 46. The stepping motor 46, thus, gener 
ates a corresponding torque to drive the scanning module 42. 

[0027] Please refer to FIG. 9. FIG. 9 is a current vs. time 
diagram shoWing the current of the stepping motor 46 of the 
scanner 40 in FIG. 7. The horiZontal aXis of FIG. 9 indicates 
time, and the vertical aXis indicates the current of the 
stepping motor 46. As shoWn in FIG. 8, the motor driving 
circuit 48 is electrically connected to four transistors M3, 
M4, M5, and M6. The motor driving circuit 48 applies 
different voltages to the bases of the four transistors M3, M4, 
M5, and M6 to control the on/off states of the four transistors 
M3, M4, Ms, and M6 and change the current to the stepping 
motor 46. As shoWn in FIG. 9, three curves I, II and III 
indicate the current of the stepping motor 46 according to 
different on/off states of the four transistors M3, M4, M5, 
and M6. Therefore, the control circuit 50 controls the on/off 
states of the four transistors M3, M4, M5, and M6 to change 
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the current to the stepping motor 46 and to control the torque 
the stepping motor 46 produces. 

[0028] In contrast to the prior art scanner that uses a ?xed 
torque to drive its scanning module at any resolution, the 
scanner of the present invention controls the current to the 
stepping motor to generate various suitable torques accord 
ing to the resolution required of the scanning module. The 
stepping motor, thus, produces less noise and shock. The 
image quality generated by the scanner is therefore 
improved. 
[0029] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device may be 
made While retaining the teachings of the invention. Accord 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 

What is claimed is: 
1. A scanner comprising: 

a housing having a transparent platform, a document to be 
scanned being placed on the transparent platform; 

a scanning module movably installed inside the housing 
for scanning the document; 

a driving module installed inside the housing for driving 
the scanning module, the driving module comprising a 
stepping motor for driving the scanning module for 
Ward and backWard so that the scanning module scans 
the document; and 

a control circuit for controlling the operations of the 
scanner, 

Wherein the control circuit controls the stepping motor to 
generate different torque so that the scanning module 
scans the document at different speeds. 

2. The scanner of claim 1 Wherein the driving module 
further comprises a motor driving circuit, the control circuit 
outputting a driving signal to the motor driving circuit so 
that the stepping motor generates a torque according to the 
driving signal. 
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3. The scanner of claim 2 Wherein the control circuit 
comprises a memory, the memory storing a torque table and 
a driving program, the torque table recording a plurality of 
torque values, each of the torque values corresponding a 
predetermined condition When the stepping motor produces 
the corresponding torque, and the driving program chooses 
one of the torque values according to the predetermined 
condition, the motor driving circuit receiving the corre 
sponding driving signal according to the torque value chosen 
by the driving program. 

4. The scanner of claim 3 Wherein the control circuit 
comprises a processor and a digital to analog (D/A) con 
verter, the processor being used to eXecute the driving 
program, the D/A converter being used to convert a digital 
signal received from the processor to an analog driving 
signal, the analog driving signal being transmitted to the 
motor driving circuit, and the driving program transmits the 
torque value to the D/A converter, the D/A converter then 
transmitting the analog driving signal to the motor driving 
circuit. 

5. The scanner of claim 4 Wherein the control circuit 
further comprises a register for storing the torque value 
chosen by the driving program, and the D/A converter 
converts the torque value stored in the register to the 
corresponding analog driving signal. 

6. The scanner of claim 1 Wherein the control circuit 
controls the current of the stepping motor so that the 
stepping motor generates different torque. 

7. The scanner of claim 1 Wherein the control circuit 
controls the stepping motor to generate different torque 
according to a resolution that the scanning module uses 
When scanning the document. 

8. The scanner of claim 7 Wherein a higher resolution used 
by the scanning module requires a loWer torque generated by 
the stepping motor. 

9. The scanner of claim 7 Wherein a loWer resolution used 
by the scanning module requires a higher torque generated 
by the stepping motor. 

* * * * * 


