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Thick Film Hybrid IC

No. 4570 / [

STK6215

Unidirectional DC Motor Driver with

Constant-Speed Digital Servo Controller

(output current: 5 A)

Overview

The STK6215 is a hybrid IC that combines in a single
package a unidirectional DC motor driver, a PLL
constant-speed controller (the LC7991) and associated
peripheral components, including a separately excited
oscillator, a comparator, and an FG amplifier, The
motor controller uses a PLL circuit for precise motor
control. The wide range of the STK6215's FG lock
frequency allows it to handle a wide range of
applications. Since the motor driver block uses
MOSFET devices as power elements, it features high
output currents (rush current) and low loss,

Applications

» Plain paper copier DC motor drivers
» FAX paper transport motor drivers

» Other DC motor applications

Features

<Motor Controller Block>

« High FG frequency upper limit (locking range: 200 to
2500 Hz) .

« Built-in FG divider (FG lock upper limit with divider
in use: 5000 Hz)

+ Speed lock indicator output dlrectly drives an external
LED.

» TTL level compatible ROT input

<Motor Driver Block>

= MOSFET power elements prov1de high output
currents {rush current).

* Low loss PWM speed controller (bu1It-1n extemally
excited oscillator: 25 kHz)

* Wide power supply voltage range (Vg5 =60 V)

» Built-in motor startup overcurrent limiter function
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Specifications
Absolute Maximum Ratings at Ta = 25°C

Parameter Symbol Condition Rating Unit
Maximum supply voltage 1 Vegl1 max | No signal 52 v
Maximum supply voltage 2 Vo2 max | No signal 7 v
Maximum moter rush current io peak maxi Duty 1%, period £ 100 msec 12 A
Maximum input voltage Vg max 7 v
Storage temperature T,,g 4010 +125 °C
Junction temperalure Tj max 150 °C
Operating case temperature Tc max 105 °C
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Allowable Operating Ranges at Ta = 25°C

Parameter Symbol Condition Rating Unit
Qperating supply voltage 1 Veet Input active 101042 v
Opoerating supply voltage 2 Ve Input active 5+5% v
Motor output current la DC (Te = 25°C) 5 A
FET withstand voltage Vpss 60 min v
Input voltage Vi Vec2 v
Operating Characteristics at Ta = 25°C, Vel =24 V, V2 =50V
Rating
Parametar Symbol Condition - Unit
min typ max
V2 current digsipation lec When the ROT input is used 10 15 mA
Output FET saturalion voltage Vsar R =450 0.85 1.2 v
Built-in osciltator frequency fo 21 25 3 kHz
OSC output ampliiude Vopp 19 2.3 2.7 Vp-p
QOSC output effective amplitude Vorms | Pin 7 output voltage 0.54 0.66 0.80 Vrms
Common mode inpul voltage range Vicm ::;i?:!?ggzmphﬂer and FG amplifier 0 Voe2-15 v
FG amplitier leadback resistance Ry 95 100 105 kQ
High input level voltage V.H a::msm DIV3, PR1, PR2 and ROT 0.7 Vg2 Veo2 Vv
Low input level voltage viL ¢ 03 Vo2 v
High input level current IH DIV1 to DIV3, PRt and PR2 inputs 1 LA
Low input level current I -1 A
High output level current lon Lockinput Vo = Vg2 =04 V -2 mA
Low output level current loL Lock input Vg = 0.4 V 2 mA
Input frequency range o Xl input 0.1 105 MHz
frg FGlinput 50 kHz
FG lock frequency lrLock | FG Input divider off 200 2500 Hz
frock | FGinput divider on 400 5000 Hz
Oulput cut voltage Vocut Pin 5 input voltage 4] 25 mv
Pin Functions
PinNo.| Symbol Functicn
; ouT Motor output
: Vrs Current detection resistor connection
5 Vref4 Motor startup curreni control reference vollage
6 Veo2 Power supply voltage input (+5 V)
7 Vref1 H/IC built-in oscillator bias voltage setling
8 Vrel2 Intagrating amplifier reference voltage setting
9 Vrel3 FG input reference voltage setting
30 FG FG input
11 Ry Integrating amplifier output
12 Mix in Integrating amplifier input
13 Mixout | PO and FO sum output (PO and FO each have a 100 k(2 output resistance.)
14 Xl Crystal oscillator connection (input)
15 %o Crystal osdillator connection {output)
16 Div1 -
17 DIV2 Variable divider setting
18 DivVa
9 il Phase comparison range select
20 PR2
21 ROT Motor rotate/stop input; H: stop, L: rotate
22 {ock Lock output; Outpuls a low level when locked
23 SG Ground
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/O Formats

Pin No. ’ Format

16,17,18,19

14,15
AfsiMa
X1 X0
21
22
13

Unit (resistance: Q)

Nn 487111
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Equivalent Circuit

Vocce 6O
osc
25kHz
! ouy
——02
vrefi 70 H
k_
Rf 410 H
vrefz BO * o2 ¥rs
Mix in 120 - | G4
[——————CO5 vref4
Mix out 130 - i0 FG
1 L t——o09 vrefs
- PLL IC
SG 23
Q l

i4 15 16 17 18 19 20 ®E1 282
X1 Xo DIV1DIV20IVAa PA1 PR2 AOT (ock

o

Unit (resistance: ri) :

Application Circult Example

—+Vece —+Vcci

+
iDn
4703

Vi

5
az
11
WL
FEak
!
iz vccz
3.9k
Vcoe l— 13 9
390k 2.7k
7
270k 5TKE215
veee T Vcce
3,9k £6.8k
[} 5
2,7k ' j??sn
Vece
I_— 16. 17
1@. 19. 20
H[ 21 .
14 15 3 4 23 lm=5A
On: Rotate . DC motor; R402-011E17
a3p 330
I I 0.1
B.2MHZ

' Unit {resistance: Q, capacitance: F)

The circuit shown above locks at an FG frequency ot 2000 Hz.

Reference frequency: 8.2 MHz
Variable divider: 1/2
FG divider: Off
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Operating Principles
1. Overview

Figure 1 shows the block diagram for the STK6215. The PLL control block compares the frequencies and phases of the
FG signal frequency fed back from the motor with a reference clock, which is formed by dividing a reference signal.
When they agree, the frequency is locked with a 50% duty. The control signals consist of two systems with D/A
converted outputs: FO, which is the frequency controt output and PO, which is the phase control output. Since PLL
control provides a motor speed that is synchronized with a reference clock frequency fref, which is created by dividing a
reference signal, the stability of fref directly influences the stability of the rotation. Therefore, quartz precision digital
control is possible by using a crystal oscillator for reference signal generation. The control signals are added by an
integration circuit, which also functions as an active filter. It is here that the servo sysiem gain and phase compensation
are performed. The output of this system is sent to the PWM conversion block and a PWM signal, which is based on the
period of an associated oscillator circuit, i input to the unidirectional driver of the final stage, which drives the DC
motor.

2. Motor Speed, Resonant Frequency, and Encoder Pulse Count

The frequency fg of the signal generated by the encoder is given by:

frg (Hz) = l(rp_m)

Where, N: Motor speed (rpm)
P: Number of pulses per encoder rotation

Formula () can be ransformed as follows:

60 x fFG
N T PIY ) = o ettt ea e s e e b et ee b e ek R b e
(rpm) = — /R @
Alternatively,
60 x [ ‘
P (P/R) = 'Tm e ee ettt e er e et s er et ere e o ©)
Here, the relationship with the oscillator resonant frequency is given by:
N N 60 y fx1al @
(rpm) = P DIV 5 2050 (1025 "
Alternatively,
60 fxtal
P (P/R) = 26

Here, DIV: Variable divider ratio
See item 3-1, subsection (3).
The value (1025) is used when the frg input frequency is divided by 2 (as determined by DIV setting).
See item 3-1, subsection (3).

Note that the following three methods for increasing the stabiliﬁy of the motor speed can be considered,

(D Increasing the number of encoder output pulses for a given motor speed.
@ Not using the FG divider if at all possible, since using it decreases the precision of the rotation data.
@ Setting the divider ratio to as low a value as possible, so that the oscillator precision is not reduced.

No 4570-5/11
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control input
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Figure 1 STK6215 Block Diagram
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Figure 2 PLL IC Block Diagram

Frequency system

Phase system

FG or encoder
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3. Block Functional Descriptions
3-1 Reference Signal Generation Block
(1) Crystal oscillator circuit

The controller block generates a reference clock using a crystal oscillator and a capacitor connected to the X1 and
X0 pins, It is also possible to leave the XO pin open and input an external clock to the XI pin.

(2) Crystal resonant frequency calculation

Reference oscillator circuit External dock input

\ AL i >
- - |

[ [}
2 3 .
: ' XI X0
Osaillator _ The external clock should 2 2
] ":" i be a square wave with an T
4 €L - amplitude of 5 V and a duty :
c1 ca of approximately 50%. OPEN
I Vop=5V.

After determining the FG frequency to be locked, use the following formula to derive the required crystal frequency.

a) With the FG divider off
fxtal = frgrow X PIV x 2050 (Hz)

b) With the FG divider on
fxtal = fpgr ook X DIV x 1025 (Hz)

Where:
fxtal:  Crystal resonant frequency
frGLock: The FG frequency to be locked
DIV:  The variable divider ratio

(3) Variable divider and the FG divider

The controller block includes a 6-setting variable divider and an FG divider (divide-by-2, by-passable) to expand the
range of input FG frequencies. These dividers are controlled by the three pins DIV1, DIV2 and DIV3 as shown in
table 1.

Table 1 Dlvider Control

Control input Variable divider ratio FG divider
DIva Div2 Div1
High level High lavel High leve! 20 OFF
High level High level Low level 10 ' OFF
High level Low level High level 6 OFF
High level Low level Low level 3 OFF
Low fevel High level High level 2 OFF
Low level High level Low level 1 OFF
[~ Lowtevel | Lowlevel | Highlevel | 2 T T e T

Low level Low lavel Low level 1 ON

ar aErTr P e 4
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3-2 Servo Control Block

The servo block compares the reference clock generated by the reference signal generation block with the FGI input (the
FG signal input from the motor) and generates three output signals: FO (frequency system control output), PO (phase
system control output) and Lock (the Jock indicator output). The FO and PO outputs are 8-bit D/A converter outputs.
The motor drive signal is created from these two outputs. The Lock output indicates whether the motor is within the lock
range. :

(1) Servo Operation

Control system operation is divided into the following three aspects depending on the input FG frequency: drive,
tracking (locked), and brake.

FG Input fraquency Operation Lock output FO output PO output
> feGLock +6% Brake High level . Low level Low leve!
Overspeed '
fraLock 6% Tracking tow level DA output (frequency- DA output {phase-
Lock range voltage conversion) voltage conversion)
> trgLock —6% Drive High level High level High level
Underspeed
Notes fxtal ) ) .

fFGlok=——————— (H®) Caution: The value in parentheses is used when the FG divider is on.
DIV x 2050 (1025}

fratodk: FG frequency when locked; txtal: Crystal resonant frequency; DIV: Variable divider ratio

» The drive operation is performed at startup (under speed) time.

»  When the FO and PO outputs are set to the high level, the motor is driven at full speed.

» Braking operation is performed when the motor is in over speed range. '

= When the FO and PO outputs are set to the low level, the motor brake is applied.

= The servo control block controls the motor by using these two operations (0 pull the motor speed into the lock range.
(Note that the operations described up 1o this point are the rough adjustments performed by the frequency system.)

{2) FO and PO outputs (frequency system control output and phase system control output)

When the FG input frequency enters the lock range, the servo control switches (o tracking operation. Frequency system
fine control and phase system control starts, and the FO and PO outputs are switched to voltage outputs from internal
D/A converters. Since the internal D/A converters are 8-bit converters, these output voltages have 256 possible levels,
The figures below show the FO and PO output characteristics. '

® FO Output Characteristics .

(driva) (tracking) " (brake)

. Under speed : Lock range 1 Over speed
FO cutput + : -+

High level

S S R, / Enlarged view

{DA step output}

Low level :
—8% [FG Lorx +5% fre
(FG input frequency)

® PO Output Characteristics (during tracking)

PO output . :

High lgvel {------m-mmmmmmmmmmemeremeeeeeeg

T f
Low level : .
o 180 360 Phase difference

)
- ' o . {the phase difference beween the phase
Caution; These characteristics are for units in the standard comparison range.

reference signal and the FG signal)

WT_ AT O511
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3-3 Accessory Functions
(1) ROT input {rotate/stop)

The ROT input turns the motor on or off.

ROT input State FO output PO output
High level Stop Low level Low level
Low level Operate : L] .

=: Determined by the motor control function,

(2) PRS1 and PRS2 inputs (phase comparison range selection)
The phase system comparison range can be switched using the PRS1 and PRS2 inputs.

Phase System Comparison Range Selection

PRS2 input PRS1 input Range name Comparison range Phase output frequency
Low level Low level Standard range 2= Once every FG input

LOW |eve| ngh '9V9l TeS[ mude vemmrmrns 1 smrasrsssanssssssenns

High level Low levet Double range 6x Onee svery two FG inputs
High level High level Quadruple range Y Once avery four FG Inputs

Cauticn: The phasa range becomes more than twa and four times the normal range due o the operation of a built-
in limiter. These phase output frequency values are divided by two when the FG divider is used.

® Phase Output Characteristics

Standard -
{comparison range 2 1)

Phase difference

i
—

Double range
{comparison range 6 m)

Phase difference ——|

——

Quadruple range
{comparison range 14 &)

JENE P SOOI DNPEP -1

¥
'
1
+
H
'
N
]
]
v
'

Caution: The “phase difference” is the phase difference in the FG signal input with respect to the Internal reference signal. The double and quadruple ranges
have hysteresis,

@ FG Clock Frequencies (examples)

X . . . Oacillator resonant lrequency (MH2)
Variable divider ratio FG divider Unit
2.05 4.1 6.15 8.2 10.25

20 50 100 150 200 250 Hz
10 100 200 300 400 500 Hz
6 OFF 116 333 500 6567 833 Hz
3 333 B67 1000 1333 1667 Hz
2 500 1000 1500 2000 2500 Hz

ON 1000 2000 3000 4000 5000 Hz

The following two ceramic oscillators, which are available as commercial products, can be used.
CSA6.14MT (Murata) ... Handles FG frequencies of 500, 1000 and 1500 Hz.
CSAB.20MT (Murata) ... Handles en FG frequency of 2000 Hz.

Am ATTITNA DM Y
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4. Rush Current Limiter Circuit

4-1

4-2

Circuit Purpose

The STK6215 provides a function that can limit the current when the motor starts {or brakes}). This function allows
the extemal current (peak) output capacity to be reduced. The rush current limit value can be changed arbitrarily by
adjusting the value of an external resistor.

Setting the Limit Value

Figure 3 shows the method for setting the limit value. The Vref voltage is adjusted by changing the value of RO2.
Formula 6 is the formula for the limit value, Iy 1.

RO2 . 1
ILINI (A) = m X VCC2 X FS PR FTIY ....@
1 |
d
Vref
ROL: 6.8 kQ (fixed)
RO2: Variable
VCCZ: 5V
Rs:  Current detection resistance (£2)
7 V-cci
: I
1.2 ILim
STK6210s T
=RO1 t
5 vref
3.4 v
23 ZRo2 veet
As
t

Figure 3 External Peripheral Circuit and Motor Startup Timing Chart

Caution: » Here, the Vref voltage must be set in a range that fulfills the following condition.

4-3

Vref 2 0.025 V (However, Vo2 = 5 V £5% is the alteration condition.)
The limiter function will not operate if the above condition is not met.

-« Although formula @ can be used as a rough formula for setting the output current, the actual value will
differ due to the influence of voltage drops due to the ground pattern design external to the hybrid IC,
Therefore we recommend that I p final confirmation be performed in a circuit that has a form close to that
of the PCB final pattern.

Value of the Current Detection Resistor (Rs)

Rs detects current flowing from the motor, and the voltage drop across Rs is sensed by an internal comparator,
When an external Rs is connected to the STK6215, a resistor with a value that fulfills the following condition must
be used.

RSX I € 0.5 Voot rsesssssssssesmsmessssssssssssassssssssssssssssssassssissossces

Also, the PCB pattern should be designed so that Rs, RO2 and the STK6215's ground pin (pin 23} are connected to
a single ground point as close as possible to the STK6215 in the pattern, In particular, Rs and the STK6215’s pins 3
and 4 must not be located any significant distance from the IC.

wT AFfErs GSAPR L
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5. MOSFET Drain-Source Overvoltage

When using the STK6215, a diode is connected in parallel with the DC motor as a regenerative diode for the motor, This
also functions as a protective measure against excessive MOSFET flyback voltage. Flyback voltage is due to the
influence of circuit factors such as lead inductances, and will remain when the MOSFET turns off. {(In general, these
voltages are a few volts for periods of up to 0.5 ps.) Therefore, as a final circuit operation check, confirm that the flyback
voltage does not exceed Vgs.

6. Thermal Design

Applications must be designed so that the temperature of the STK6215’s aluminum substrate side never exceeds 105°C
in any situation. The remainder of this section discusses thermal design for the STK62135.

6-1 Hybrid IC Average Inlernal Loss Derivation
The main component of the average internal loss occurs in the MOSFET, which is the PWM element.
The MOSFET loss is expressed as follows:

Pd (W) = VSAT X IM X fp XK AON eeerermrenrranns [T T T PO

Vga7: FET saturation voltage

Iy Motor output peak current

tg:  FET ontime

fp: IC internal oscillator frequency
6-2 Deriving the heat sink size

Formula @ shows the thermal resistance of the required heat sink.

Tc max —Ta
ec_a (OCIW) = T B T T e T R T T R R R P P P L TP R T L E Y R e YR T TP TP PR @

A heat sink that is appropriate for 6c-a must be selected. (Note that 8c-a for the STK6215 is 18.5°C/W.)

W No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

M Anyone purchasing any products described or contained herein for an above-menticned use shall:

D Accept full responsibility and indemnify and defend SANYO ELECTRIC CO, LTD, its affilates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYQ ELECTRIC CO, LTD, its affiiates, subsidiaries and distributors or any of
their officers and employses jointly or severally.

M Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eod for volume production. SANYQ believes information hersin is accurate and refiable, but no guarantees
are made or implied regarding its use or any infringements of intellectual property rights or other rights of
third parties.
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