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1.1 Bipolar Stepping Motors i~ Bhe-ge
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*  There are two winding with no center taps.

«  The drive circuitry requires an H-bridge control circuit for each winding, as the drive circuit need to
change the polarity of each pair of motor poles.

* The current sequences are shown below.

 Full Step + Half Step

100%
-100%

o®) T ]
-100% i H H :

- time

lo(A)

- time
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1.2 Torque vs. Speed ral Bee
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«  The inductance of the motor winding determines the rise and fall time of the current through the
winding.

*  The current-vs-time function through each winding depend on the drive circuitry and the motor
characteristics.

« Therise time is determined by the drive voltage, while the fall time depends on the circuitry used
to dissipate the stored energy in the motor winding (fast or slow decay).

» The effect of the inductance of the motor windings is to reduce the available torque, as shown in
the Torque-vs-Speed curve.
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1.3 Bipolar Operating Mode
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+  These figure show how TB62206FG switches the current in each motor winding on and off, and

controlling its direction, in three different modes.
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1.3 Bipolar Operating Mode i~ Bes

« Charge mode, the H-bridge forward state to allow current to flow from the supply
through the motor winding and onward to ground.

+ Slow decay mode, in this mode, winding current is re-circulated by enabling both of
the low-side FETs in the bridge.

« Fast decay mode, the H-bridge reverses state to allow winding current to flow in a
reverse direction.

U1 U2 L1 L2
Slow OFF OFF ON ON

* In TB62206FG, three modes as shown above are automatically switched to control the
constant current
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2. Application Circuit
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Rosc 3.6kohm

U1

CR TORQUE
VDD ouT B1 —=<K0_B1

Cosc 560pF

JIH

| VREF_A ENABLE_B
VREF_B ENABLE_A -
VW RSB out B —K0_B
RRSB 0.50hm
RRSA 0.50hm FINT
MWy RS_A oUT A F—6—K0_A
VM PHASE_B —; Hi\
ICCP.C  PHASE A ——>)Ph_
tCCP B ouT A1 F——=K0_A1
CCP_A  STANDBY
L
VDD —— n CvrefAB f Cecp_2 TB62206FG = 24 V5
5vdc T Cc1 Vref AB— 1uF . 0.022uF == Cccp_1 COSC = 560PF @
10uF 1.25VdeT VM1 — 0.22uF ROSC = 3.6K
24V - CVM1 CCP1=0.22UF
1 1 100uF CCP2 = 0.01UF
<o "0 -0 -0 -0 "0 "0 -0 -0
ﬁ‘ ﬁl
250Hz Full Ste
AR P
V_PHASE_A V_PHASE_B PARAMETERS:
V1=0 V1=0V fphase = 250Hz
V2 = 5V V2 =5 _
D=0 TD = {tphase/4} tphase = {1/fphase}
TR = {trphase} TR = {trphase} tdphase = {trphase+pwphase/2}
TF = {tfphase} TF = {tfphase} — [o*
PW = {pwphase} PW = {pwphase} pwphase = {-2*trphase+tphase/2}
PER = {tphase} PER = {tphase} trphase = 100n
0? 0? tfphase = {trphase}
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2.1 Specification

Operating Conditions

R WEREE_SI T U

e Bee
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Characteristics Symbol Value Unit
Power supply voltage Voo 5 V
Motor supply voltage Vi 24 V
Reference voltage Vree 1.25 Vv
Logic input voltage VN 5 V
Output current lout 0.5 A
Phase signal input frequency fonase 250 Hz
Chopping frequency fohop 101 kHz
Oscillation frequency for 813 kHz
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2.1 Specification
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4.0V
3. 0v L4
1
1 1
1 1
2.0v U T \
1 1 1
[ 1
[ 1
1! 1
1.0v : : :
o V(UL:CR) Lo .
540mA —H | T
| 1 : 1
1 =
b o= 101kHZ !
Charge mode o .
N 1 I
500mA \ 7 : ; T — IO[TT = O.5A
1 1
"\\\/ \ ! ,/ / ‘\ /
[ 1
! 1
1 1 1
}' !
1 1
Slow decay mode |,/:r 1
1
SEL>> Fast decay mode | !
420mA T T !
2.540ms 2.544ms 2.548ms 2.552ms 2.556ms 2.560ms 2.564ms 2.568ms 2.572ms 2.576ms 2.580ms

o I(ULl:0UT A)
Time

This figure shows the output current 1, ,the oscillation frequency f; ,and the

chopping frequency

chop-*
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2.2 Calculating Equations i~ Bee

«  The output current value (set current value) can be determined by setting the sensing
resistor (Rrs) and reference voltage (Vief).

[OUT: l X Vrefx Torque(T()rque: 100,71%)
5 Rrsx100%

(1)

« The oscillation frequency is calculated as follows:

1
0.523x (Coscx Rosc+600 x ()

fer

«  The chopping frequency fchop is calculated as follows:
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3.1 Full Step Switching Sequence
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Rosc 3.6kohm

U1
Cosc. 560pF T CR TORQUE .
— VDD OUT_B1 <0_B1
-0 [ | VREF_A ENABLE B
VREF_B ENABLE_A
VW RS_B oUT B <o_B
RRSB 0.50hm
RRSA 0.50hm FIN ™
ANV RS_A ouT A —8—<K0
VM PHASE_B

A7
X
>mw>

| CCP_C  PHASE_A

| cCP B OUT_A1 <0o_A1
CCP'A  STANDBY
J
VDD == 1 CvrefAB 1 Cecp_2 TBE2206FG = 24 V5
svde T L 1uF 0.0220F == Cecp_1 COSC = 560PF

ROSC =3.6K
CCP1=0.22UF
100uF CCP2 =0.01UF

E C1  VrefAB=
10uF  1.25Vdc
0

5 —

o
'
o

O'I||—|||
—
Bs
- IF
(@]
s
|
o
N
(=
g
J—E

Ph_A
Ph_B

250Hz Full Step

AN
V_PHASE_A V_PHASE_B PARAMETERS:
z; = gv x; = gV fphase = 250Hz
D = {tphase/4} D = {tphase/2} tphase = {1/fphase}
TR = {trphase} TR = {trphase} tdphase = {trphase+pwphase/2}
T Analysis
_L_PER ={tphase} _| PER ={tphase) !rohase =100 Time Domain (Transient)
0~ 0~ tfphase = {trphase} .
Run to time: 8ms
Start saving data after: Oms

Maximum step size: -
Full-step sequences
control signals
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RSA
7.90hm

.Options
RELTOL: 0.01
VNTOL: 1.0m
ABSTOL: 1.0n
CHGTOL: 1p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITL4: 100
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3.1 Full Step Switching Sequence 4™ Techndlogies
Phase A T & -
ov
o V(PH_A)
Phase B B = =
oy i
o V(PH_B)
Enable A ® : 5 : .
ov
O V(Ul:ENABLE A)
= = = = =
EnableB  ser>>
ov
o V(Ul:ENABLE B)
1.0A
&
IOUT A 02 = - = N
-1.0A
o I(Ul:0UT_Al)
1.0A
f- &= ‘,1-""“- &
IOUT B 0r T - > — - .
-1.0A
O0s 4.0ms 8.0ms
o I(U1:0UT_B1)
Time

«  This figure shows the simulation result of the circuit with Full-step switching sequence.
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3.2 Half Step Switching Sequence
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Rosc  3.6kohm

U1
Cosc 560pF
T CR TORQUE
— VDD OUT B1 —<><ON_B§ 0_ALK:-
-0 [ VREF_A ENABLE B ———2kN_| .
VREF_B ENABLE_A _}—} N_A O_A1K-
VW RS_B ouT B <oB
RRSB 0.50hm
RRSA 0.50hm FINT
MWV RS_A ouT A —0—<K0_A RSB 7'9°hm1
VM PHASE B [—— Q;Hi O,B«W
| CCP_C  PHASE_A [——)Ph_ .
| ccP B OUT A1 [——<K0_A1 0_B1K- )
] CCP_A  STANDBY 9.15mH g
IC=-0.5
VDD == n CvrefAB 1 Ceep.2 TB62206FG  \/\1 = 24 V5
5vdc T C1 Vref AB/—— 1uF . 0.022uF Ccep_1 COSC = 560PF 2
10uF  1.25Vdcs i— 0.22uF ROSC = 3.6K
24V CcVM1 CCP1=0.22UF
| 100uF CCP2 =0.01UF
0 ~To =0 =0 0 "o =0 =0
<, @, < @, 250Hz Half Step
P4 z i i
w w
N N N N PARAMETERS:
V_ENABLE_A V_ENABLE_B V_PHASE_A V_PHASE_B1 fphase = 250Hz
V1 =0 V1 =5V V1 = V1 =0V _
V2 =5V V2=0 V2 =5V V2=5 tphase = {1/fphase}
D=0 D = {tphase/8} D=0 D = {tphase/4; tdphase = {trphase+pwphase/2}
TR = {trphase} TR = {trphase} TR = {trphase; TR = {trphase; = [o*
TF = {tfphase} TF = {tfphase} TF = {if phase TF = {if phase pwphase = {-2"trphase+tphase/2}
PW| = {3*pwphase/4} PW|= {1*pwphase/4} PW = {pwphase; PW = {pwphase; trphase = 100n
ER = {tphase/2} ER = {tphase/2} PER = {tphase PER = {tphase

_IE tfphase = {trphase}

0 0 0 o Analysis
Time Domain (Transient)
Run to time: 8ms
Start saving data after: Oms

Maximum step size: -

Half-step sequences
control signals
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L1
9.15mH
IC =-0.5

RSA
7.90hm

.Options
RELTOL: 0.01
VNTOL: 1.0m
ABSTOL: 1.0n
CHGTOL: 1p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITL4: 100
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3.2 Half Step Switching Sequence Po=A

e e | e Tl e ——

Phase A = =
m
ov
u] V(Ul:PHASEiA)
Phase B = = =
ov
o V(Ul:PHASE B)
B—i —& =) =)
Enable A T
ov
[} V(Ul:ENABLEiA)
FE— : = = =) 5+
Enable B spiss T
ov
[n] V(Ul:ENABLEiB)
1.0A 7 H
0A ™ E""“--.. B..\_‘\
IOUT A = . - .
-1.0a
o I(Ul:0UT_Al)
1.0A
IOUT B e - = - o
-1.0A T 1
Os 2 .0ms 4.0ms 6.0ms 8.0ms
o I(U1:0UT_B1)
Time

«  This figure shows the simulation result of the circuit with Half-step switching sequence.
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4.1 STANDBY =cBee

e -

Rosc  3.6kohm

u1
Cosc 560pF CR TORQUE
l: VDD OUT_B1
-0 [—| VREF_A ENABLE B
VREF_B ENABLE_A
YW RS_B OUT_B n RSA
RRSB 0.50hm =0 7.90hm
RRSA 0.50hm FIN =0
ANV RS_A OUT A Zon y 4
VM PHASE_B O_BLK:
| CCP_C  PHASE_A .
|CCP_B OUT A1 0_B1KK 23
] CCP_A  STANDBY o.15mH g
. V5 IC=0
VDD = n CurefAB | Cecp_2 TBE2206FG /1= 04 T1=0 V1=0
5vdc T C1  VrefAB=— 1uF . 0.022uF == Ccep_1 COSC = 560PF T2=2000u V2=0 2
10uF  1.25Vde — 0.22uF ROSC = 3.6K T3=2000.1u V3=5
24V cvmi CCP1=0.22UF
. 100uF CCP2 =0.01UF

STANBY turn on
250Hz Full Step (L->H) at 2ms

V_PHASE_B PARAMETERS:
x; = gV fphase = 250Hz
D _= {tphase/4} tphase = {1/fphase}
TR = {trphase} TR = {trphase} tdphase = {trphase+pwphase/2} . .
;’\:/V=={t(fprwpar?aes)e) ;5V=={t(fp'w:hsaes)e} pwphase = {-2*trphase+tphase/2} Ana|ySIS .Opt|0ns
_| PER ={tphase} _| PER ={tphase}  (rphase =100n Time Domain (Transient) RELTOL: 0.01
0~ 0~ e Run to time: 8ms VNTOL: 1.0m
Start saving data after: Oms ABSTOL: 1.0n
Maximum step size: - CHGTOL: 10p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITL4: 100

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009 15



4.1 STANDBY

STANDBY

Ccp1

Phase A

Phase B

Enable A

Enable B

IOUT A

IOUT B

S

e T

e Bee

4 ﬂ‘ Technologies

=2 =2 =] = |
o 05V |
o V(Ul:STANDBY) |
30V I./?\lm-.......E Do o = = = i
20V | = = y wITdirgc T Uty otart |
o V(Ul:CCP_A) |
= | =
. I |
o V(PH_A) :
= B = |
ov
o V(PH_B) :
=2 =2 = =2 =2 i
ov
o V(ULl:ENABLE A) :
= = = = = i
ov |
o V(Ul:ENABLE_ B) I
CSTANNDRY TLIRN _ONMN
J TN ( TOUTNIY \Jl‘ii = |
0A —j= = —— = ,,.,-"'E— = I
o I(Ul:0UT_Al) :
1.0A
SEL>> |= - — = e B
-1.0a
O0s 4.0ms 8.0ms
o I(Ul:0UT B1)
Time
This figure shows the simulation result of the circuit when V(STANDBY) changes from
L->H.
All Rights Reserved Copyright (C) Bee Technologies Corporation 2009 16



4.2 TORQUE

VDD
5Vdc

->> Ph_B

S
d |

TR = {trphase}
TF = {tfphase}
PW = {pwphase}
PER = {tphase}

o
.||

e

e Bee

¥4 i\ Technologies

TORQUE (H-L) at

Rosc 3.6kohm 4mS
u1
Cosc 560pF _—I__ CR TORQUE VTRQ
I Bo M oe b Dt %12
"0 [T VREF A ENABLEB T3 =4000.1u V3=0
VREF_B ENABLE_A e
VWA RS_B ouT B [——<K0_B —
-0 L
RRSA 0.35mm FIN [ 0_AK
AWV RS_A OUT A o §POh,AB O_AKK; U
VM PHASE_B |
lCCP_C  PHASE_A ;?Ph} ?61 ET 5 ;a 20Ahm
CCP B OUT_A1 <o_A1 . .
CCP_A  STANDBY RSB 7.90hm 7
: ! v < 1
.| 1 Cvreins __I_ Cecp_2 TB62206FG  \= 24 Lo Oj«ﬂ
C1  VrefAB—— 1uF . 0.022uF == Cccp_1 COSC = 560PF vVi=0 .
10uF 1.r§5VdQ_ ‘ VM1 —=— ‘ oZZ’ﬂF ROSC = 3.6K @ T2=0.1u OB 2 D
l 24V CVM1 CCP1 = 0.22UF V2=5 9.15mH D
| 1 l _L10ouF [ CCP2 = 0.01UF J__ IC=-05)
o To ) =0 =0 2
V_PHASE B PARAMETERS:
V1 =0v fphase = 250Hz
V2=5
TD = {tphase/4} tphase = {1/fphase}
TR = {trphase} tdphase = {trphase+pwphase/2} i .
;5V=={t{fpw:hs:s)e) pwphase = {-2*trphase+tphase/2} AnalySIS .Opt|0ns
_L_PER = {tphase} :;P”:se: LOOE } Time Domain (Transient) RELTOL: 0.01
- phase = {trphase] .
0 Run to time: 8ms VNTOL: 1.0m
Start saving data after: Oms ABSTOL: 1.0n
Maximum step size: - CHGTOL: 1p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITL4: 100

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009
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4.2 TORQUE

TORQUE

Phase A

Phase B

Enable A

Enable B

IOUT A

IOUT B

S

e

i

=Bee
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&= =)
5t OV
ov
0 V(Ul:TORQUE) :
=) i =
ov i
o V(PH_A) :
5 = =
ov :
o V(PH_B) I
B =) B B =)
ov
o V(Ul:ENABLE A) :
=) 1= =) =) 1=
ov
o V(ULl:ENABLE_B) IOUT =100% = 70%
i =
0a — %
= — =
1
o I(Ul:0UT Al) 1
500mA _
ik =
sEL>> 166% 74% N
-500mA A4 e
Os 4.0ms 8.0ms
o I(Ul:0UT B1)
Time

This figure shows the simulation result of the circuit when V(TORQUE) changes from H->L

,then the output current changes from 100% to 71%.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009
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4.3 Phase A Over-current Protection
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RRSA (1.2 > 0.15Q),

e

RS is a small value to test

IOUT(0.5>4A) at 1ms

Rosc  3.6kohm

over current condition.

O_AKK

y I/
Cosc 560pF CR TORQUE O*A1<< L1
l: VDD ouT_B1 [——K0_B1 16255 T 5s0m
=0 | VREF_A ENABLE B ’ :
57 VREF_B ENABLE_A RSB 3.50hm
e YW RS_B ouT B ——=Ko0_B o Bec : ]
VOFF =0.0 RRSB 1.20hm B YWy
VON = 1.0 FIN 1 0_BIKK:
Vs N RS_A OUT A =<0 A B 9 15n';f4 %
vi=o| T1=0 @ M PHASE B 2 Hﬁ IC=-0.5D
v2=0| T2=1200 ROFF = 1.2) | GCP_C  PHASE A ;- )
Va-5| T3- 12001 ul RON = 0.15] | 822-2 ST%{‘E—QQ KO_AT 2
1 "o » Ven
VDD == T b Cecp 2 TB62206FG /1= o4 TM=0
5vde T C1 —=VrefAB . 0.022uF == Ccep_1 COSC = 560PF @ V1=0
10uF —T-3Vvdc CvrefAB VM1 — 0.22uF ROSC = 3.6K T2=0.1u
1uF 24V cvM1 CCP1 = 0.22UF v2=5
4 L _L 1 | _l1oowF | CCP2 = 0.01UF s
<m "0 "0 -0 -0 "0 "0 -0 -0
£5
AA 250Hz Full Step
. - V_PHASE_B PARAMETERS:
V1 =0v fphase = 250Hz
V2=5 -
TD = {tphase/4} TD = {tphase/2} tphase = {1/fphase}
TR = {trphase} TR = {trphase} tdphase = {trphase+pwphase/2}
gsvzz(t(fp"w:;:ge) EEV:Jt{pr\’lC;hs:s)e) pwphase = {-2*trphase+tphase/2} Analysis .Options
PER = {tphase} PER = {tphase} trphase = 100n . . . X
= = tfphase = {trphase) Time Domgln (Transient) RELTOL: 0.01
Run to time: 4.5ms VNTOL: 1.0m
Start saving data after: Oms ABSTOL: 1.0n
Maximum step size: - CHGTOL: 1p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITL4: 100

All Rights Reserved Copyright (C) Bee
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4.3 Phase A Over-current Protection
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STANDBY

Phase A

Phase B

IOUT A

IOUT B

S e T

7.5V :
l
ov :
o V(Ul:STANDBY) 1
7.5V :
§
1
ov T
o V(PH_A) !
7.5v :
=) ! =) &
l
|
ov :
o V(PH_B) :A/IO > |SD (3A)
_,_—r~—"_'_ad_’_F_:Hﬁh_‘“‘“-*—ﬁ—h___
2.0A —
N ] POUTPUTTURNED OFF |~ 7
o T(U1:0UT A1) :
0.75a ;
~ I e =
SEL>> |, _ . T >OUTPUT SHUT DOWN ]
-0.75A :
Os 2.0ms ' 4.0ms 4 .5ms

o I(Ul:0UT Bl1)

Time

This figure shows the simulation result of the circuit when Phase A output current exceeds
the ISD(3A), then OCP shutdowns the output.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009
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4.4 Phase B Over-current Protection

e Bee
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RRSB (1.2 = 0.15Q) ] :

e

RS is a small value to test

Rosc  3.6kohm

IOUT(0.5>4A) at 1ms

over current condition.

O_AK V
U1
S1Cosc 560pF CR TORQUE O*A1<< L1
S e — VDD ouT B1 ——K0_B1 9.15mH RSA
VOFF = 0.0V = | IC=-05 3.50hm
_ 0 [ VREF_A ENABLE B
VON = 1.0V VREF_B ENABLE_A
N RSB OUTB[—=KOB RSB ssomm
0_BK-
ROFF = 1.2 RRSA 1.20hm FIN/ 0_BIKK:
V5 RON = 0.1 = - L2 2
MWV RS_A OUT_A —6—<KO0_A 915mH D
vi=o0| T1=0 M PHASE'B [——2Fh.B IC=-05)
- - | CCP_C  PHASE_A ——))Ph_ :
VAol TRz |CCPB OUT A1 [——<KO_A1 SR
i CCP_A  STANDBY
b -0
Ven
VDD = I b Cecp 2 TBB2206FG )\ = o4 =0
5vde T C1 —VrefAB . 0.022uF == Ccep_1 COSC = 560PF @ V1=0
10uF —T-3Vvdc CvrefAB VM1 — 0.22uF ROSC = 3.6K T2=0.1u
1uF 24V cvM1 CCP1=0.22UF V2=5
. 100uF CCP2 =0.01UF
<m "0 "0 -0 -0 "0 "0 -0 -0
&I EI
250Hz Full Ste
AR P
| ¥ V_PHASE_B PARAMETERS:
V1 =0V fphase = 250Hz
v2=2 hase = {1/fph
TD = {tphase/4} TD = {tphase/2} tphase = {1/fphase}
TR = {trphase} TR = {trphase} tdphase = {trphase+pwphase/2}
TF = {tfphase} TF = {tfphase} ~ [o* . .
PW = {pwphase} PW = {pwphase} lpwshase 1;5 trphase+tphase/2} AnalySIS .Opt|0ns
PER = {tphase} PER = {tphase} rphase = n . . . .
= = {fphase = {trphase) Time Domain (Transient) RELTOL: 0.01
Run to time: 6ms VNTOL: 1.0m

Start saving data after: Oms
Maximum step size: -
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ABSTOL: 1.0n
CHGTOL: 1p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITL4: 100
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4.4 Phase B Over-current Protection

STANDBY

Phase A

Phase B

IOUT A

IOUT B

T 7.5V

e Bee

4 ﬂ‘ Technologies

e e | e Tl e ——

‘g A

ov

o V(ULl:STANDBY)

T
I
]
1
1
i
|
7.5V
1
1 =
% i ’
|
ov
o V(PH_A) I
7.5V : .
- L
|
1
ov
o V(PH_B) :
& = SOUTPUT SHUT DOWN
0A ’/#E \u\\ : — =
1
]
o I(U1:0UT A1) .«—10>1SD (3A)
—
2.0a fi e —————
sEL>> | / POUTPUT SHUT DOWN
el :
Os 2.0ms 4.0ms 6.0ms

o I(U1l:0UT B1)

Time

This figure shows the simulation result of the circuit when Phase B output current exceeds
the ISD(3A), then OCP shutdowns the output.
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5 Output Ripple Current

e Bee

4 ﬂ‘ Technologies

IOUT A

IOUT B

"600mA

S RS SR

SEL>>
400mA

o I(Ul:0UT Al)

600mA

400mA

f

chop

=101kHz

. i Ry

Y

I = 0.5A
Charge mode out

Slow decay mode Fast decay mode

2.54ms
o I(Ul:0UT B1)

2.58ms

Time

«  This figure shows the output ripple current of the Mixed Decay Mode ,which consist of
Charge ,Slow decay ,and Fast decay mode ,with 101kHz chopping frequency.
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5.1 Stepping Motor Phase Inductance at The Chopping Frequency — #§% technologies

e — e e e e

Stepping Motor Phase Inductance

0.012

0.01

0.008

Ls(H)

0.006

0.004

0.002

1.E+02

1.E+03 1.E+04

Frequency (Hz)

els
Ls=1.7mH @
f h0p=1OOkHz

 Ls(H) vs. Frequency(Hz) is shown in figure above. Ls value at the chopping frequency
(approximately 100kHz) will be used as stepping motor phase inductance.
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5.2 Ripple Current Simulation =:cBee

¥4 ﬁ\ Technologies

e -

Ls =1.7mH is input as

? the stepping motor
Rosc 3.6kohm phase inductance value
u1
Cosc 560pF
CR TORQUE )
; VDD ouT Bt ——X0_B1
=0 [ VREF_A ENABLE B
VREF_B ENABLE_A - RSA
YW RS_B ouT B ——<K0_B 7.90hm
RRSB 1.20hm
RRSA 1.20hm FINTT RSB 7.90hm
ANV RS_A OUT A =8—<K0_A 0_BK- !
VM PHASE B —>;§hﬁ .
|CCP_.C PHASE_A ——>)Ph_A O_BKKK: 23
|CCP B OUT A1 [——<KO_A1 17mA S
J CCP_A  STANDBY 6053
VDD —— n CvrefAB | Ccep_2 TB62206FG /1= 4 V5 2
5vdc T C1  VrefAB—=— 1uF . 0.022uF == Ccep_1 COSC = 560PF @
10uF 3Vde - i 0.22uF ROSC = 3.6K
l 24V cvM1 CCP1 = 0.22UF
L L 1 L | _loowr | CCP2 = 0.01UF |
0 ~To 0o To 0 ~To =0 =0
<):I mI
£&
AA 250Hz Full Step
V_PHASE_A V_PHASE_B PARAMETERS:
V1=0 V1 =0V fphase = 250Hz
V2 = 5V V2 =5 -
TD = {tphase/4} D = {tphase/2} tphase = {1/fphase}
TR = {trphase} TR = {trphase} tdphase = {trphase+pwphase/2} Ana|ysis .OptiOnS
TF = {tfphase} TF = {tfphase} — o . . .
PW - pupnase) | FW - Guptase) e e Time Domain (Transient) RELTOL: 0.01
= {tphase = {{phase - .
0= o= {fphase = {trphase) Run to time: 4ms VNTOL: 1.0m
Start saving data after: Oms ABSTOL: 1.0n
Maximum step size: - CHGTOL: 1p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITL4: 100
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5.2 Ripple Current Simulation

Simulation

Measurement

e

e

e Bee

4 ﬁ‘ Technologies

ent ripple

700mA
600mA
SmMA s S s s s s s e ===
= > 1 _Cun
iy S NSRS S g IV SN NS NS S = S 0 A
400mA
300mA
2.593ms 2.595ms 2.597ms 2.599ms 2.601lms 2.603ms
o I(Ul:0UT Al)
Time
[ = 1
Tek PrevVu | [ | T —
: ' :
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The simulation result shows the current ripple that agrees to the measurement data.
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6. The Current Changing Rate

e Bee

4 ﬂ‘ Technologies

e e ™ i, e Tl el

. 800mA

100%-

0A

-100% 1

Rise time:
1

«—>
Fall time,

-800mA
Os
o I(ULl:OUT_Al)

Time

4.0ms

This figure shows the current changing rate (rise and fall time) that is determined by

the phase inductance value.
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6.1 Stepping Motor Phase Inductance at The Phase Frequency i~ ﬁe'sue

e — e e e e ——

Stepping Motor Phase Inductance
( A
0.012
J Ls =9.15mH @
0.01 fphase=250HZ
0.008
E:w« 0.006 ols
-l
0.004
0.002
0
1.E+02 1.E+03 1.E+04 1.E+05
Frequency (Hz)

* Ls(H) vs. Frequency(Hz) is shown in figure above. Ls value at the phase frequency (250
Hz) will be used as stepping motor phase inductance.
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6.2 Current Changing Rate Simulation

e

e Bee

¥4 ﬁ\ Technologies

=

Ls = 9.15mH is input as

T the stepping motor
Rosc 3.6kohm phase inductance value.
u1 \
Cosc 560pF
CR TORQUE
; VDD ouT B1 ——<X0_B1 O_AK g
=0 [—| VREF_A ENABLE B -
VREF_B ENABLE_A O_ANKK: 1
YW RS_B ouT B ——<K0_B 9.15mH RSA
RRSB 0.50hm IC=-0.5 [ 7.90hm
RRSA 0.50hm FINT
AN RS_A ouT A [—0—<K0_A - RSB 7.90hm
M~ PHASE_B [——>»Ph_B 0_BK: 1
| CCP_C  PHASE_A —>)Ph_A .
|CCP B OUT A1 KO A1 0_B1KK 2 3
| CCP_A  STANDBY 9(':15mH g
. o i IC =-0.5
VDD == . CvrefAB Ccep_2 TBE2206FG /1= 24 V5
5Vdc T C1  VrefAB— 1uF . 0.022uF == Cccp_1 COSC = 560PF @ 2
10uF  1.25VdeT VM — 0.22uF ROSC = 3.6K
l 24V CVM1 CCP1 = 0.22UF
L L 1 _L | _l100uF CCP2 = 0.01UF 1
o ~o o o o0 ~o 0 =0
< o
£&
AN 250Hz Full Step
V_PHASE_A V_PHASE_B PARAMETERS:
V1=0 V1 =0V fphase = 250Hz
V2 = 5V V2=5 -
D=0 TD = {tphase/4} tphase = {1/fphase} . .
TR = {trphase} TR = {trphase} tdphase = {trphase+pwphase/2} Ana|yS|S .OptlonS
TF = {tfph TF = {tfph o . . .
PW - (ouphase) | PW - (ovphace} puplase = {2 pheseriphesel?) Time Domain (Transient) RELTOL: 0.01
= = rphase = n .
O?PER {tphase} O?PER {tphase} ”zhase IR Run to time: 4ms VNTOL: 1.0m
Start saving data after: Oms ABSTOL: 1.0n
Maximum step size: - CHGTOL: 1p
GMIN: 1.0E-12
ITL1: 500
ITL2: 200
ITL4: 100
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6.2 Current Changing Rate Simulation

i

D Q e

Bee

¥4 ﬁ\ Technologies

e

TekStop |

-

b ant

7.5V
ov
o V(PH A)
7.5V
SEL>>
ov
o V(PH_B)
0.75A r Hl
/ VM=24Y/
0A L
/ X
-0.75A
Os 1.0ms 2.0ms 3.0ms 4.0ms
o I(Ul:0UT Al)
Time
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Chil 5.00V  |Ch2| 5.00V

Ch3| s500mAQ

|

S00maA

400ps [+~ [0.00000s |

““M[@0ops| A Ch1 v 2.70V

The simulation result shows the current changing rate (rise and fall time) that agrees to the
measurement data.
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7. Optimization of The Drive Voltage VM =cBee

¥4 ﬁ\ Technologies

e

Rosc 3.6kohm
u1
Cosc 560pF
CR TORQUE
; VDD ouT B1 ——<X0_B1 O_ALK:
-0 [—| VREF_A ENABLE B -
VREF_B ENABLE_A O_ANKK: 1
YW RS_B ouT B ——<Ko0_B 9.15mH RSA
RRSB 0.50hm IC=-0.5 7.90hm
7~ RRSA 0.50hm FIN :l_
i AN RS_A ouT A [—0—<K0_A y RSB 7.90hm
The Drive Voltage AT ) e e oﬁB(_(evv\,—g
. | CCP_.C  PHASE_A ——>)Ph_ .
L Source: VM icCP B OUT A1 ——=KO_A1 0_BHKK 3
\X CCP_A  STANDBY 9.15mH d
| : 5
. o i IC =-0.5
VDD = . Cvra Cecp. 2 TB62206FG )y = o4 V5
5vdc T S=C1  VrefAB— 1uF 0.022uF == Cccp_1 COSC = 560PF @ 2
10uF  1.25VdeT VM — 0.22uF ROSC = 3.6K
24 cvMi CCP1=0.22UF J_
L _L | _l100uF | CCP2 = 0.01UF i
250Hz Full Step
V_PHASE_B PARAMETERS:
g; = gV fphase = 250Hz
D = {tphase/a}  tPhase = {1/fphase} .
TR = {trphase} TR = {trphase} tdphase = {trphase+pwphase/2} AnaIySiS ,Opt|0ns
TF = {tfphase} TF = {tfphase} pwphase = {-2*trphase-+tphase/2} . . . .
PW = {pwphase} PW = fpuphase} """ 7 Time Domain (Transient) RELTOL: 0.01
= = rphase = n .
= PER = {tphase} = PER = {tphase} ”’;hase ~ uphase) Run to time: 4.5ms VNTOL: 1.0m
Start saving data after: Oms ABSTOL: 1.0n
Maximum step size: 1u CHGTOL: 10p
M (SKIPBP) GMIN: 1.0E-12
Parametric Sweep ITL1: 500
@ Voltage source ITL2: 200
Name: VM ITL4: 100

@ Value list: 12, 18, 24
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7. Optimization of The Drive Voltage VM

e -

7.5V Tekstop |

b ant
-

o ¢ v V(PH_A)

ov
o ¢ v V(PH_B)

, e VM=24V
o ///w VM=18V
/ & VM=12V
SEL>> - y
chi 5.00v  [Ch2[ 500V  M[400us| A Chl L 2.70V|
Os 4.0ms Ch3[ 00mAQ
@ ¢ v I(UL:0UT_AL) [ 500mA 400ps |+~ [0.00000s |

« These figures show that the current changing rates (rise and fall time) depend on the drive voltage
(VM). The higher current changing rate means higher phase frequency is available.
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