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SONY

CX20036

Capstan Motor Drive

Description

The CX200386 is a bipolar IC designed for the
brushless motor drive of a 3-phase bidirectional
conducting system and has the following
components:

Hole element amp., Conducting angle switching
circuit, Motor driver, Hole element power supply input
amp., Control amp., PWM control circuit, Current
limiter circuit, Voltage limiter circuit, Power saving
circuit and Rotational direction switching circuit.

Features

* Low power consumption

* Maximum motor current: 850 mA

* PWM control circuit incorporated

= Operating power supply voltage: 4 to 9V
» Built-in current limiter

« Built-in hole element power supply

» Power saving function incorporated

Structure
Bipolar silicon monglithic iC

Absolute Maximum Ratings (Ta=25"C)

+ Power supply voltage Vce 10 vV
» Operating temperature Topr —20to+75 'C
» Storage temperature Tstg -55t0 +150 °C
» Allowable power dissipation Po 1.0 W

Recommended Operating Condition
4109 Vv

28 pin SOP (Plastic)

Sonyreserves the right to change products and specifications without prior notice. This informaticn does not convey any license by
any implication or otherwise under any patents or other right. Application circuits shown, if any, are typical examples illustrating the
operation of the devices. Sony cannot assume responsibility for any problems arising out of the use of these circuits.
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Pin Description and Equivalent Circuit

No. Name Function

1 HE a*

2 HE a~

3 HE bt

p HE b Hole element amplifier input terminal with 3-phase differential input

5 HE ¢t

6 HE ¢~

7 HC Hysterisis cancelling terminal. Cancel by connecting to Vcc. Usually set to open.

8 Veo

9 HE POWER Hole element power §upply. It switches off in the power saving mode (Pin 26 —
GND). Current limiter incorporated.

10 QUTPUT A

11 OUTPUT B Terminal for motor connection

12 OUTPUT C

13 | COM Monitor terminal for the motor current
Voltage for setting the base current of power Tr, and current limiter

14 B SET Terminal for setting the base current of power Tr.

Ri1a = 1,35X10* REF’, RNF’: Pin 13 external resistor +50 mQ (IC internal resistance)

15 Vs Motor input voltage terminal. Voltage after passing the PWM output through LPF is
added.

16 PWMCONT Oulput terminal of the PWM control signal. Power control Tr is input externally.
Capacitor connection terminal for setting the oscillation frequency of a PWM
oscillator. Oscillation range: 50 to 200 kHz.

17 OSC 1 o

c= —E Xe.8X10° (pF) fs = Oscillation frequency

18 SYNC Input/output terminal for synchronizing the PWM oscillation frequency with an
external signal or oscillation frequency

19 CONT OUT
Input/output terminal for setting the PWM loop gain with an external resistor

20 CONT IN

21 GND

22 vV OouT

23 VINT Servo signal buffer to set the servo gain with an external resistor

24 VIN™
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No. Name Function
Maximum motor current setting terminal to input voltage externally
o cL VoL = Rnf' Im Vcr  » Input voltage
5 RnF' e Pin-13 external resistor + 50 m&2
IMe = Maximum motor current
Usually connected to Vcc for normal circuit operation.
26 REMORT
When connected to GND, the standby mode saves power.
o7 DIR Motor rotational direction control terminal. When connected to GND, the motor turns
in reverse. Usually kept open.
Brake terminal. Current only flows in one phase and is locked.
28 BRAKE

Operates when the input is at the high level. Set so that about 50 pA is input.
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Electrical Characteristics

(Ta=25"C, Vecc = 6V. See Measurement Circuit Diagram.)

No. | Measuring item Symbol Measuwring contents Min. | Typ. { Max. | Unit
1 Circuit current 1 lect Current when REMOTE 26 is set to High, 3.8 52 6.6 mA
2 | Standby current oL Standby current when REMOTE 26 is set to 0 6.0 LA

Low
3 | Circuit current 2 lece Circuit current when output Tris in operation 22 33 45 mA
Quiput saturation Output characteristics when one of the three
4 voltage 1U Vsatiu phases is in operation 300 410 my
Output saturation
5 : P VsatiL (19=—¥S  substitute for 250 | 350 | mV
voltage 1L (@) motor coil.
>
6 | Output current 1 lours —(D-wy 420 | 470 | 515 | mA
7 | Leakage current 1 [LEAK ® 0 1.6 A
1 . m
8 | Common current 1 Icomi 460 | 500 | 540 mA
5 OQutput saturation Vsat Output characteristics when another phase is
voltage 2U S#2Y° 1 in operation after input signal switching 300 | 410 | mV
10 VOO‘::;’;; oation VsataL s 250 | 350 | mV
11 | QOutput current 2 lourz Oa ) i 420 470 515 mA
(12)
12 | Leakage current 2 ILEAK2 0 1.6 mA
13 | Common current 2 lcomz 460 | 500 | 540 mA
14 Output saturation Vsalau Characteristics for each combination are as 300 | 410 mv
voltage 3U follows:
Output saturation ——(D—vs
15 | votage 3L VsalsL ®W, 250 | 350 | mV
16 | Output current 3 louts © 9 ' 420 { 470 | 515 | mA
——"‘®—’W\r"“
17 | Leakage current 3 ILEAKS __._®_} 0 16 mA
18 | Common current 3 lcoms 460 500 540 mA
19 Output saturation Vsatau 100 410 mv
voltage 4U
(i5}=—vs
Output saturation

20 Vollde 4L Vsata © E 250 | 350 | mv

21 | Output current 4 louTa 12) 420 | 470 | 515 mA
:2

22 | Leakage current 4 lLenKa 0 1.6 | mA

23 { Common current 4 lcoms 460 | 500 | 540 mA
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No. | Measuring item Symbol Measuring contents Min. | Typ. | Max. | Unit
Output saturation
24 | yoltage 5U Vsatsu 300 | 410 | mv
S _ —®—vs
utput saturation )
25 | voltage 5L VsatsL O“W*_:,‘ 250 | 350 | mv
26 | Output current 5 louTs @ 420 | 470 | 515 | mA
27 | Leakage current 5 ILEAKS " 0 1.6 mA
28 | Common current 5 lcoms 460 | 500 | 540 mA
Output saturation
29 voltage 6U Vsatsu 300 410 mV
s
Cutput saturation @
30 voltgge 6L VsatsL © 250 | 350 | mv
{1 D——e
o
31 | Outpul current 6 louts —(D-wm— 420 | 470 | 515 | mA
32 | Leakage current & ILEAKS 0 1.6 mA
33 | Common current 6 lcome 460 | 500 | 540 mA
Qutput saturation
34 — — mv
voltage difference 1 AVsal Vsatiu - Vsatz 20 7 +30
Output saturation ¥,
35 voltage difference 2 AVsatz | Vsatau — Vsatau -20 13 [ 430 | m
a6 Output saturation AV 13 a0 mv
voltage difference 3 sats | Vsata — Vsati —20 *
Output saturation
- \Y
37 voltage difference 4 AVsals | Vsati — Vsatal 20 7 +30 | m
Output saturation With DIR terminal 27 set low, check the
38 | yoltage 7U Vsatru | mode when the direction of rotation 300 | 410 | mV
reverses.
Output saturation Input condition is Br=—vs
\
39 voltage 7L Veatn same as T24 to 28 @©) 250 | 350 | m
20 | Output 17 lout but the current is o) P R "
utput curren ! reversed. :: [ 420 m
41 | Leak t7 [LEAK 0 1.6 mA
eakage curren 7 —-® .
42 | Common current 7 leom? 460 | 500 | 540 | mA
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No. | Measuring item Symbol Measuring contents Min. | Typ. | Max. | Unit
Output saturation As above.
43 \}ollage 8uU Vsatgu Input condition same 300 410 my
as T29 to 33.
44 Output saturation v v 050 | 350 v
voltage 8L salel & m
45 { Output current 8 loute _"@‘“"“‘D ' 420 | 470 | 515 | mA
m—
46 | Leakage current 8 ILEAKS ) 0| 1.6 | mA
47 | Common current 8 lcoma 460 | 500 | 540 | mA
Qutput saturation As above.
48 voltage 9U Vsatsu Input condition same 300 | 410 | mV
as T19to 23.
Qutput saturation —(——vs
49 voltage 9L Vsatst = 250 | 350 mYy
50 | Output current 9 louts D 420 | 470 | 515 mA
O
51 | Leakage current 9 ILeAks ___@_ﬂl” 0 1.6 mA
52 | Common current 9 Icoma 460 | 500 | 540 | mA
Output saturation When BRAKE terminal pin-28 is set to Low,
53 voltage 10UB Vsatious | cyrrent only flows in one phase in any input 300 | 410 | mV
condition.
Output saturation
54 | votage 10LB Vsatios @-—vs 250 | 350 | mv
° @
o
55 | Output current 10B louT108 \_‘-®—‘\M—< 420 | 470 | 515 | mA
56 | Leakage current 10B ILEAKI0B @ o 1.6 | mA
57 | Common current 10B lcomion 460 | 500 540 mA
Output saturation v As above.
58 | voltage 11UB SAMUE | DIR terminal low. 300 | 410 | mv
Qutput saturation (B vs
59 voltage 11LB Vsatiie & 250 350 mv
-
60 | Output current 11B loutiie (D¢ 420 | 470 | 515 mA
61 | Leak t 11B | 0 6 A
eakage curren LEAK11B ___@_n‘” 1. m
62 | Common current 11B lcomrie 460 | 500 | 540 ! mA
63 | PWM amp test 1 TPt | PwM amplifier DC gain 0.90 | 1.00 | 110 | V
64 | PWM amp test 2 Tewme 270 | 3.00 | 3.40 1
65 | PWMamp test 3 Tewns 200 | 2.20 | 2.45 v
66 | PWMamp test 4 Trwmar 1.60 | 1.87 | 2.10 v
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No. | Measuring item Symbol Measuring contents Min. | Typ. | Max. | Unit
67 | PWM amp test 5 Trwms 180 | 200 | 220 |mvp-p
68 | PWM amp test 6 Trwwe 0OSC2 100 Hz 200 mVp-p AC gain 1.90 | 210 | 2.30 | Vpp
69 | PWM amp test 7 Trwmz 360 | 410 | 440 [mVp-p
70 | PWM drive current 1 I PWM maximum drive current 31 40 58 mA
71 | PWM drive current 2 Ip2 PWM drive off 0 10 HA
72 | PWM drive current 3 08 gheck the protection circuit when the external o 10 A
is shorted.
- PWM oscillation .
frequency Isw Check OSC frequency. 70 85 110 kHz
74 | Current limiter oL Check the current limiter operation (maximum 033 | 385 | 423 A
motor current).
75 | Volage limiter VL Check the voltage limiter (when Vs is higher 515 | 550 | 5.90 v
than Vcc).
Check the saluration voltage of hole element
76 gat;uprgrivoer: \Srzﬁglgye Vhisat power supply. ° 135 | 210 | mV
77 Sﬁi‘:}:“":r;;:?pw el gzizt‘tges:sé;?t limiter when the hole 95 16 o1 A
78 | Bias current 26 IH2s Pin-26 remote terminal drive current 240 305 | 400 pA
79 | Bias current 28 ILog Pin-28 brake terminal maximum current 0.75 1.0 1.4 mA,
80 | Bias current 27 IL27 Pin-27 DIR drive current -81 | 62 | 42 | uA
81 | Bias current 25 lHzs Pin-25 current limiter leakage current —-2.0 0 20 HA
82 | Hysteresis current A 1HA Hole element amplifier hysteresis current A 7.8 8.7 [ 125 | uA
83 | Hysteresis current B 1HB Hole element amplifier hysteresis current B 7.8 B2 | 125 A
B4 | Hysteresis current Ci 1HCA Hole element amplifier hysteresis current C 7.8 8.2 1256 | pA
85 | Hysteresis current Gz 1HC2 Hysteresis cancel operation check C -2.0 o 2.0 HA
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Item| Measuring item Symbol Measuring contents Min. | Typ. | Max. | Unit
Phase characteristics
86 | AF tAF -15 15 | uS
Phase characteristics
87 l1cr tuCR -15 15 us
Phase characteristics
88 2BF 1BF 40 70 100 ps
T T T T T T T
89 Phase characleristics CR I"'im : : m Lo s
2CR tz . 1 I ! 1 40 70 100 H
R~
Phase characteristics ;\L—:/' [ ; F"—
%0 13aR LAR S o B B ~15 15 | us
T T 1 T T
Lo T
Phase characteristics s ¢ p & B :
9 |45k t:BF omg; N ! { ~15 15 | uS
N {nAFI | Loy !
Phase characteristics b ——= ——
%2 |aaR AR vs 1o : ! 40 | 70 | 100 | ns
outc! T I P!
1 T T
93 Phase characteristics ;o | | : !
4CF ldCF 1 oCR ' | I 40 70 100 HS
0-—-}"-"'-—- ,J 1 Il
94 Phase characteristics
5BR t:BR T1AF is the delay time against t1. -15 15 HS
Phase characteristics
% |scr CF 15 15 | nS
Phase characteristics
% lear teAF 4 | 70 | 100 | ps
Phase characteristics
97 |eBE tsBF 40 | 70 | 100 | pS
Phase characteristics Phase characteristics when reversed with DIR
98 AR tiAR terminal Pin-27 set low. -15 +15 | uS
TIME CHART will be changed as follows by
Phase characteristics the output veltage of T86 to 97.
9 2AR AR 40 70 100 us
Phase characteristics
100 | 4pF taBF -15 +15 | 18
VS L Ls VS t ts
Phase characteristics
101 1 4aF WAF 40 | 70 | 100 | uS
0
DIR Hi DIR Lo
Phase characteristics
102 | o\ tsAF -15 15 | u8
Phase characteristics
103 tsBR 40 70 | 100 | uS

6BR
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Electrical Characteristics Measurement Condition

SW condition Bias voltage Mea-
No. | Symbol mert
P12 (3456|789 ([10]11]12]13]|14([15]16|Et|E2|Eas|Es|Es |pon
1 Icc b(b{b|b}lblalb|blajalaf{alalt|al|b|IV|[OV;OV]|-]|-1ln
2 | Iec Ldbpe bbb el el bbbt l
3  falev Vlaf b bbb e b dpeblal bl {
4 Vsatiu ~ T M Vi
5 VsaliL Vs
6 TouT) Vi
7 ILEAK! Io
8 Icomi 1 Is
9 Vsatay b|b|a V2
10 | Vsata, R Vs
11 lout2 Ig
12 'll_EAKZ Ir
13 Icomz 1 Is
14 | Vsatw a|bl|b Vs
15 | Vsatw h M | Vi
16 louTs e
17 | IEakz Is
18 | lcomy Y Is
19 | Vsataw b|la|a Vi
20 | Vsata e Vs
21 Tout4 I7
22 | Ireaks is
23 Teom4 1 Is
24 | Vsalsu a|b|a Va2
25 | Vsats e Vi
26 | louts Is
27 | lLeaks Is
28 | Icoms ¥ Is
29 | Vsatsu afla|b Vi
30 | VsateL i M Vs
3 Touts Iy
32 | lLeaxs [7
33 Icoms 1 Is

—_ e —
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SW condition Bias voltage Mear

No- | Symbel F TS 5 7 9 {10 [ 11| 12|13 |14 |15 |16 |Er [ Ez | Es | Bs | Es |point

34 | AVsal \agb b c aaa\t:abah‘“l_OOV-—

35 | AYsan

36 | AVsata

37 AVsaty 1 '

38 | Vsatw a|b|a a

39 | Vsatn T

40 | lout?

41 ILEAK?

42 | lcom? 1

43 | Vsatsu alal|b

44 | VsatsL v

45 louts

46 | lLeaxs

47 | Icoms

48 | Vsatw b|laja

49 | VsatoL T

50 | lours

51 ILEAKY

52 | Icome L]

53 { Vsatwus b|lb|b b VIOV |5V - | -

54 | Vsatioun M

55 Tourien ]

56 | lLeakien

57 | Icomion Y Y

58 | Vsative b|b|b a 3%

59 | Vsatis M

60 | loutna

61 ILEAKTID

62 | Icomus 1 ' ' ]

63 | Trwm b|b|b b a ajalalalalblala 2V [0V | 0.8 Vio

64 | Trwma —T Vi

65 | Trwma 1 * !» Ve

66 | Trwms Y | a / b b ' ' _ V7
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SW condition Bias voltage Mea-
No. Symbol e
1 314 789 (1011121314 ]15|16 |Ei | E2(Ea|E4]| Es |point
67 | Tewwms b l; b albjlajala|b|lal|b ?‘ E IV |2V | OV oavl T [vie
68 | Trwms * ‘ Vi
69 Trwms a | 1 | b ] | RS
70 | Im b b d a|a OV 5375mv| o
71 Tp2 1 2V Tie
72 | Ipa a ov Lo
73 | fsw 1 Y b | 1) 0.8Y| y |TP4
74 | la a a 1 a | ¥ b [02Vi4V - | =11
75 | VoL * b|bib y v ‘ Vi
76 | Vnsat b b alala a ov Vy
77 luce c In
78 IH26 b 1
79 | I 5V
80 | Iz ov
81 Ig2s '
82 | IHA a
83 1HB b 1
84 | IHCI a
g5 | IHC2 1 1 a ,
86 UAF c ¢ | b a KAY TP1
87 t2CR TP3
88 | wBF TP2
89 13CR TP3
90 | wAR TP1
91 | tBF TP2
92 | AR TP]
93 | tCF TP3
94 | BR TP2
95 t«CF TP3
96 | 6AF TP1
97 | uBF ¥ TP2
98 AR - | = |TP]
99 | BAR !
100 | BF TP2
101 | tsAF TP1
102 | AR !
103 | WBR r 1] 2RAR ARAEERARAREERRAEEE TP2
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Standard Circuit Design Reference Truth Table
HE input HE input HE input DIR CUTPUT OouTPUT QUTPUT
a b c A 8 c
H L H H L H OFF
H L L H L OFF H
H H L H OFF L H
L H L H H L OFF
L H H H H OFF L
L L H H OFF H L
H L H L H L OFF
H L L L H OFF L
H H L L OFF H L
L H L L L H OFF
L H H L L OFF H
L L H L OFF L H
Standard Terminal Voltage *External input
Pin No. Pin Voltage Pin No. Pin Voltage
1 0.3 10 Vee-1.5V 15 * 1o Vco
2 0.3 10 Vee-1.5V 6 110 Vee
3 0.3 10 Vee- 1.5V 17
4 0.3 to Veo-1.5V 18
5 0.3 10 Vee- 1.5V 19 1o Vee-1V
6 0.3 to Vee-1.5V 20 * Oto Vee-2V
7 Vee-0.7 21 GND
8 Ve 22 * 0.1510 Vec-0.7
9 Vee-0.25 23 * 0.3t0 Vee-1.5
10 0o Vs 24 * 0.3 10 Vec-1.5
11 Oto Vs 25 * (1o Vee-2Y
12 Oto Vs 26 ¥ Qor Ve
13 0t 04 27 * Qor 1V {open)
4| owos I R
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Application Circuit Example
Input VIM maximum voltage
voi
Sel the currenl limiter valua.
Cr=y-B.8% 107 (pF) o
fs =50k~ 200kHz
QVCC
‘ eV
Ri to Rs determing tha servo . 4--9V)
Decoupl = ~
gain and control amp. gain. capa;z):ng t"gg cl J5 = S0k~ 200kH2
Set a proper vallue, ;E ¥ GBDpF;E
ce ost-evac
e 3001k
CX-20036 T |
= -—— | = 1A class ~
t
Controp O + 9 16 gfrm' | Sl °
Input = (O— - 5 PWM —0 L
= 100K
R3 2k ¥ Rz _ _J+
4 - ol (ol
R4 2k 3 $
POWEROCFF Lij CURRENT CL REF
5v) O SOURCE ) 25’)—-—-—-————
POWEROFF 5.8VIHE POWER ]S
(GND)
HALL
ELEMENT

MOTER COIL

B80~120 | |
LoGic :> DRIVER

LT
T

3
[}
L1 1 CONT [~t0NX3 RB~10
a=Vp=0.63/R+5700 4747 Fi}
Break is applied when 18 is set Lo 1 21 27 l Mator current
to around 50 4 A. Usually (NOR) O=— O 19 In
connecled 1o GND, GND DIRECTION 18 SET
—Vie=la ¥ (R +50m0)
RI4 FRI3OZ~IN
nn mr
Ruu=1.35x10' RNF' RNF =Ru+5mQ
Control of

rolaticnal direction

HI IREVI LiCe

Details on Pin-18 sync. Vec-Vs
Li= =

+ Sync. from external Fumax

® TC {H)
| I ” TG POWER ON lime

) I B50 mA max.
]

[}

'
e ' Cy = SHmax To+ hoan T
B f =
I~ 10uA H Vripple

Sync. ta external Licurrent
Te: discharge time

. Ok @ 2.4v
&
0.6V T igling lime

TeTo T V ripple: Culput ripple voltage
Cutput 0 I “

LO{NOR)

]
1
'

Application circuits shown are typical examples illustrating the operation of the devices. Sony cannot assume responsibility for
any problems arising out of the use of these circuits or for any infringement of third party patent and other right due to same.
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Output Saturation Voltage vs. Circuit Current vs. [eset Resistance
Isser Resistance

50 Ty 100 Vee=6V
= Im=500mA R@=0.5Q
E R®=0.5Q
@ 400 —
E | U E
o - —
- — o L -
ey
S 300 _,/"/ "] @
5 T S 50
g 5 N\
3 O §
? 100 2 \\\w_:‘__ In=500mA
[ I ——
2 Tv=200mA
0 S S
4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28
R 14 leseT resistance (kQ) R 13 leseT resistance (kQ)
Circuit Current vs. Output Saturation Voltage vs.
Power Supply Voltage Output Current
10 _u 500 I i r4
Im=0mA < RO =7.5kQ //’/
E R®=0.5Q
400 4/
< o A
E = y. /
:g S U //
9.:) 5 300 4
3 5 e W © // L
= -~ e |
2 5 /
5 o 200 7
. H v
O 3
= © 100 ‘4/
I /
o
in
0 =
0 2 q & B 9 10 0 200 400 600 800
Vee — Power supply voltage (V) lout — Qutput current (mA)
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Circuit Current vs. Output Saturation Voltage vs.
Ambient Temperature Ambient Temperature
. - Tu=0mA _ A Tn=200mA
> R@=7.5kQ
E RB=0.5Q
Z o
<
E £ U
= > ——g
2 S L
3 j— —
S S € 100
5 o
E w
z g
| =
j
: 2
w
L
=
0 0
—20 ) 20 40 60 80 —20 0 20 40 60 80
Ta — Ambient temperature ("C) Ta — Ambient temperature ("C)
PWM Oscillation Frequency vs. PWM Oscillation Frequency vs.
Power Supply Voltage Ambient Temperature
109 100
N N L
g’ E ’______.-—--—"——
3 ] : ’_/———"‘
c 2 1 Vee=6V
S5 z C=680pF
=3 o
o C=680pF ©
c c
o]
5 50 2 50
= = —
& g
! !
2 g
Yy e, 0
0 2 4 6 8 9 10 —20 0 20 40 60 80
Vce — Power supply voltage (V) Ta — Ambient temperature ("C)
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PWM Oscillation Frequency vs. C 17 Transit Thermal Resistance vs. Time
200
N
I
<
o
g ‘ S 1.6
= S 1.4
g \ 2
= 8 1.2
c %21
o 2 90
& 10 © o \\ free air
T [
3 z 0.8 Y
S 8 0.6
= .
< ™ ! ~ <
A e £ 0.4
| e N
2 0.2 -
A 0 N
C17 (pF) Ta — Ambient temperature {°C)
Allowable Power Dissipation Decrement Curve
=T
o A
8 &
c
Q
R
@ 60 //
= |
E 40 zal
£ 1]
T g el
o
}_
[
& 0 I 10 100 1000

t -- Time (sec.)
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Package Outline Unit : mm

28PIN SOP (PLASTIC) 375MIL

188°01 ) 23815
28 15
AAAARARRAAAAAR e
o 01*.8;%5
S I
:
O " b
i . g e
E’HHHHHHH HEEH &
045201 || 1,27 o.2+-g'.235
& -t —_—
-
PACKAGE STRUCTURE
PACKAGE MATERIAL | EPOXY RESIN
SONY CODE | SOP-28P-L04 LEAD TREATMENT | SOLDER PLATING
EIAJCODE | *SOP028-P-0375-D LEAD MATERIAL 42 ALLOY
JEDEC CODE | — = PACKAGE WEIGHT | 0.7g




