Si9990ACS

TEMIC

Semiconductors

5-V VCM Driver/Spindle Motor Driver

For 1.8- and 2.5-Hard Disk Drives

Features

@ On-Board Half-Bridge Drivers
~— Spindle =23 Q Total at 1 A
- VCM =33 Q Towal at 0.3 A

® Spindle Driver Features:
— Back EMF Commutation
-~ Linear Current Control
—Internal Current Sense Resistor

Benefits

® Single 5-V Supply
® Rail-to-Rail Qutput Voltage Swing
® VCM Driver Features:
— Class AB Linear Operation
— Externally Programmable Gain
and Bandwidth
— Programmable Retract Current
and Fixed Voltage Clamp

Applications

Over-Temperature Protection
Systemn Voltage Monitor
Undervoltage Head Retract
Sleep Mode and [dle Mode
Reference Generator

Two Uncommitted Amplifiers

— Start-Up Current Limit (10%
Accurate)

Description

The Si9990ACS has a 3-phase brushiess dc (spindle)
motor driver and a linear transconductance amplifier
suitable for driving a voice coil motor (head actuator).

Spindle Motor Driver

The spindle driver features three 1-A, 2.3-€ (total) all
n-channel MOSFET half-bridge output stages. The
spindle driver uses internal back EMF sensing circuitry
that eliminates the need for hall sensors. An internal
charge pump allows rail-to-rail output voltage swing with
a nominal 5-V supply. A unique output structure
eliminates the need for an external Schottky diode to
isolate the system 5-V supply if it fails during operation.
This makes the output half-bridge drive capability
equivalent to drivers with 1-A. 1.9-Q specifications in
series with the required Schottky diode.

VCM Driver

The VCM driver provides all necessary functions
including a motor current sense amplifier, a loop
compensation amplifier and a 300-mA power amplifier
featuring four MOSFETs in an H-bridge configuration.
The output crossover protection ensures  no

cross-conducting current and Class AB operation during
linear tracking. Externally programmable gain switching
at the input summing junction increases the resolution
and dynamic range for a given DAC. The head retract
circuitry can be activated by either an undervoltage
condition or an external command. An external resistor
is required to set the VCM current during retract. The
retract voltage clamp is set at 0.44 V.

A reference generator and two uncommitted amplifiers
are also provided for analog interface.

In sleep mode, internal logic initiates a head retract
operation followed by spindle brake and shutdown of all
analog circuitry except the supply monitor. The standby
power dissipation is less than 6 mW. The VCM may also
be disabled without disabling spindle operation (idle
mode).  All controls from the microprocessor are
communicated via the serial interface. Additional
housekeeping functions of the driver include thermal
shutdown and undervoltage lockout.

The Si9990ACS is manufactured using a self-isolated
BiC/DMOS process and is available in a 64-pin SQFP
package for operation over the commercial (0 to 70°C)
temperature range.

Updates to this data sheet may be obtained via facsimile by calling Siliconix FaxBack, [-408-970-5600. Please request FaxBack document #70655.
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Functional Block Diagram

Gain

e LSl
| _____ |
! j V¢ LAMPI
0OA3 0—— / Flyback ]
| Clamp |
[A4 O—— = +—0 Vv
] . HIA AN f MOT
| Loop Compartson I
0AtO— YR Amplfer o ClssaB [ — L l——- |
uffer | -y
| % xr— I
Voac W Verave 0
! VR Disable/ I__
Iper 0% Heud L — !
VCM N Reuuct I 1 g GND
AGND ' Corntml.x Control Class AB r 1 o 8%8
' v CLAI,\AP ™ AlG Buffer - ; -0 GND
—
I |_I / / |
OW A
l Voltage Vi ke ;/l:/SZ\' !
| Monitor ' AAA O Vap
Vpp 00—t N 125V 1 36 ka 36 k€ | ADIN
| 5 QOver Temp {7 Bandgap o o vy
rake Sense Reterence
Cpry ] Dclay — T N -*——O CP1
arge -'-—O CPIH
DAT. I VCM Driver v Pump CP2
ATA O———————— :} C Bits R ]:-g P2
CLK System ontro) Bits VeLame ) — l CP2H
s o—fp——— Controller Spindle Driver t e 0 CHS
FAULTO—I'_— Control Bits ¥ —+—o VMOT
S t J | .
Mode Test B k__,l IE] | Ve
Spindle :>C ion 1 lgi\\;fcll I = = !
Controls Logic & - {0 OUTPUT
l urrent Limi I
| 'r
]
Feom O—r—'— |!‘—| x |
b 4 —
0A2 c—r e l__:,._ ’
1A20———] 1 ]
[ '
VR = -0
¢ OUTPUT
OAl - Voltage | T
Al O Iy Swing — |
Lumit — J % |
+, B
l Spindle Loap Mux Lot ‘
| v Compensation A7 3 |
R Amplifier
Rgprv G—r: 285 l I p |
Pour o Spindle [ I |
PLO ‘ PWM -J Current = | o TPUT
v Sense ou '
Pp G—II Decoder 10k Amplifier . {
¥
| e % |
| =1 ]
CSTO—— =
CWD o Back [ g |
CDi EMF Sense 023Q |
CD2 o—}— I Ry |
N N o e e A
T Y
GND
Siliconix 3.75

P-32291—Rev. B, 29-Nov-93

(o)

Motor Control



Si9990A CS

TEMIC

Semiconductors

Absolute Maximum Ratings

Voltages Referenced to Commeon Pin

Vop SupplyRange ... ... ... ... ... ... ... ... -03Vio7V
Pin (OQutpwt A,BandC) ............ .. —03VioVeiamp+03V
Pin(Cutput+and~}............ ... ...... -.3to Vpor+03 V
Pin (CHS.CPIH,CP2H) . ............... ....... 03VwleV

Maximum Output Current}

Output A,Band C (Peak) ............. ... ..........

Output A, B, and C (Continuous) .

Qutput + and - (Peak) ................. .

Output + and ~ (Continuous) . ........................
Pin (AliOthers) ........................

Maximum Clamp Current?

Output A, Band C ... ... .. ... ........ .. ... L x12A
Output+and— ... .. ... .. ... ... . ... +05A
tPulsed 10 ms at 10% duty cycle)

AllOtherPins ... ... ... oL £20 mA

VMot to Vepamp Diode (Peak) ... ... . L .... 100 mA
Vumort to Veramp Diode (Continuous) ... ... .. S0 mA
Vmor to CHS Diode (Peak) ............... . ..... .. 50mA
Vmort to CHS Diode (Continuous) . .. ........... .. 25 mA
Storage Temperature . .............. ... .. ... -65 to 150°C
Operating Temperature .. ...... . Oto 70°C
Junction Temperature (Ty) ........... .. ... ........... 150°C
Power Dissipation?
64-PinSQFP ... ... .. ... 20W
Thermal Impedance (8)4)}
64-PinSQFP . ... .. 62.5°CrwW
Notes

1. Output current rating is dependent on the system duty cycle,
start-up timing and heat dissipation capability.

2. Diode currents depend on power supply start-up transient and
bypass capacitor values.

3. Device mounted with all leads soldcred or welded to PC board

Specifications
Test Conditions Limits
Unless Otherwise Specified
VapiN=Vpp = Vmor =5V £10%
Rg(VCM) = 1.67 Q
Parameter Symbol Rgpin = 17kQ Ta=0t070°C Min | Typ | Max | Unit

Supply

Static, No Load, Sleep Mode 09 1.2
Supply Current i;[()); Static, No Load, Normal Operation 20 41 mA

Static, No Load, Idle Mode 14 19
Vpp. VMot Operating Range \\’/MDST 4.5 5 55 v
Control Logic
(Lé)/v;.lg?:{‘xogﬁz. TS, p. Pp) Vi 03 15 v
High Input Voltage Vin 35 5.3
Low Input Current I Vin=0V -1
High Input Current Iin Vig=5V ! nA
Mode Pin Pull Down Current Ipp ViN=5V 5 100
Low Output Voltage (Fcom, FAULT. Poyt) VoL oyt = 500 pA 05 v
High Output Voltage Vou Ioyt =500 uA 4
Pyt Off-State Leakage Current Vour=25V -1 | uA
EMF Comparator Offset Vos 20 40 70 mVy
Maximum EMF Comparator input Common 43 v
Mode Voltage .
3-76 Siliconix
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Specifications (Cont’d)

Test Cont?itions ) Limits
Unless Otherwise Specified
VADIN = Vpp = VMoT =5 V £ 10%
Rg(VCM) = 1.67 Q
Parameter Symbol Rspin = 17k Ta =010 70°C Min | Typ | Max | Unit
Control Logic (Cont’d)
CST Current Iest Charging or Discharging 5
CD Current (CD1 or CD2) I?D‘ or ?hargirfg o nA
CD2 Discharging -20
I¢p (Discharging)/Icp (Charging) Cpj orCp2 2.0
Charging 5
CWD Current Icwp pA
Discharging -25
VL 0.5
CWD Threshold Voltage Y
Vi 2.50
Spindle Transconductance Amplifier (A}
Voltage Gain O B P Vi 0 a
Gain-Bandwidth F, Rioap = S0k Cioap = 100 pFto Vg 1 MHz
Slew Rate SR 0.5 V/us
Output Voltage Swing Vout IEI{[OSAS);D?LI((% t[(()’ \11;1 0.8 3.1 v
Input Bias Current Iy 50 nA
Offset Voltage Vos 10 mv
Power Supply PSRR f=10kHz 50 dB
Spindle Transconductance Amplifier (A and A,)
Transconductance Gy Rioap =4 Qto Vyor 0.4 0.5 0.6 AV
Output Current Limit Accuracy =20 20 %
-3 dB Bandwidth F, Rioap =4 € to Vot CLoap = 100 pF 70 kHz
Slew Rate SR 1 Vius
Output Current Cutoff Voltage Measured at OA 1 with respect to GND 2.70 2.85 3.0 v
Spindle Half-Bridge
lour=-1 A 0.6
On Resistance (Sink or Source) IDSton) lout =1 A including 0.23 Q Rg 0.7 Q
(Sink + Source), loyr=1 A 23
Ouptut Leakage Current Ipsiott Vour = Vmor 1 nA
Vour=0V ~100
Clamp Diode Vion loyr=1A -1.5 v
Siliconix 3-77
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Specifications (Cont’d)

Test Conditions Limits
Unless Otherwise Specified ”
VapIN= VDD = VMoT =5 V £ 10%
Rs(VCM) = 1.67 Q
Parameter Symbol Rgpin = 17k Ta = 010 70°C Min | Typ | Max | Unit
VCM Transconductance Amplifier (A3, A4, Az, Ag, Ajp and DMOS FETs)
Gumvh Gain Select = High, loyt = +300 mA 142 150 158
Transconductance mA/V
GumvL Guin Select = Low. [our = £75 mA 356 | 375 | 3904
Output Offset Current, High Gain lops, HG Gain Select = High -5 0 +5
mA
Output Offset Current, Low Gain fos. LG Ios (G/Sel = High)-[gs (G/Sel = Low) -5 0 +5
Vou Ion=03A, Vmor=4.5 V. £ Ouput 3.9 4.2
Output Compliance
Vor Tor. = 0.3 A, VMot = 4.5 V. & Output 0.2 0.4 v
Clamp Diode Voltage Veo lg=03A 1.5
Feedback Resistance RF From IgensgouT) to 1A4 10 kQ
Ag. As t
3 dB Bandwidth MHz
Ay, Ao 0.4
PSRR @ 10kHz 50 dB
As A RioAD = 50kQ 10 V 0.2 Voo
Az As LOAD = R = 0.2
Qutput Swing v
_ , 5 Vpp
Ay RLoap = 50kQ 1o Vg 1.2 i
Reference Generator (Ag)
Input Resistance Measured at Vapn Pin 72 kG
Output Voltage Ve IouT= 2 mA 237 25 263 v
Power Supply Monitor
Vpp Undervoltage Threshold 37 39 4.1 \Y%
Hysteresis 70 mV
Overtemperature Protection
Trip Point 165
°C
Hystersts 20
Head Retract Function (Undervoltage Or Sleep Mode; Cpyy tied to Ve avp)
. Vrer 5 ,
Izt Bias Voltage VRET Ipet = R_ Ioyr = —(200 x Iggp) 0.25 v
ET
Retract Output Current Limit lout+ RreT=23kQ Vouts =02V 14 20 26 mA
Retract Qutput Voltage Limit Vour- foyt- =-20 mA 0.31 0.44 0.5 v
Veramp =3 V.RReT = 2.5kQ
Emergency Retract Supply Current IcLamp Vip = 0V, Static. No Load 2 4 mA
Retract Supply Voltage Range VeLamp 1.41 5 55 A%
CHS Leakage IcHs Vpp =0 V. Vepamp=3 V. Veus = 10V 2 pA
de to dc Converter (Charge Pump)
Output Voltage l CHS I Ieys = -5 MA, Vpp = Vmor =45 V | 1 l I l v
3-78 Siliconix
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. .
Specifications
Test Conditions Limits
Unless Otherwise Specified
VADIN=Vpp=VMor =3V £ 10%
Rg(VCM) = 1.67 Q
Parameter Symbol Rspiy = 17k, Ta = 010 70°C Min | Typ | Max | Unit
Flyback Clamp
Flyback Clamp Switch Resistance Normal Mode, Icpamp=0.1 A 4 Q
Clamp Zener Voltage Vz Teramp =01 A 9.1 v
Uncommitted Amplifier (A3 )
Input Offset Voltage Vos -15 4 +15 mV
Input Bias Current Ig 50 nA
Unity Gain Bandwidth Rpoap = 50 k2, Croap = 100 pF to Vg i MHz
Siew Rate SR 1 Vius
Power Supply Rejection Ratio PSRR @ 10 kHz 50
, Rpoap = 50 kQ to Vg, dB
Open Loop Voltage Gain Avol, Méfsﬁn[')ed at Vg j:ol,SRV 60
ol ; Vop -
Output Voltage Swing Vo RpLoap = 50kRQ to Vg 0.2 he! v
Timing
Chip Select to Clock Setup Time ics 160
Data Setup Time tps See Timing Diagram, Figure { 160 s
Data Hold Time tDH 160
i . . tpLy =514k x CpLy, Cpry = 0.18 uF. .
Head Retract Time-Out (Brake Delay) LY VoD =0V, Voramp = 141 0 5.5 V 55 100 240 ms
Notes

a.  50-kQ load is in addition 10 the Rgpjy load.

Detailed Description

Serial Port

A 6-bit word at the serial port DATA pin is used to
program basic operating conditions. The function of each
bit is shown in Tables 3 and 2. To write data to the serial
port, C§ is pulled low during CLOCK low. This holds the
existing word while new data is written into the shift
registers on a positive CLOCK edge. The new data

becomes valid on the rising edge of C5. When CS is high,
CLOCK is disabled and data cannot be shifted.

DO is the last bit written to the serial port. It enters sleep
mode (DO = 0) upon power up. When DO is written “0”,
a head retract is automatically initiated and tpry applies
following the next CS rising edge.

The Mode pin is used for production testing only. It
should be tied low during normal operation.

Siliconix
P-3229{—Rev. B, 29-Nov-93
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Detailed Description (Cont’d)

Table 3: Serial Port Definitions

Function
Bit Name 0 1
Sleep Mode: VCM retracted, spindie and VCM .
DO Sleep Mode/System Enable brake applied after period tppy Normal Operation
. . Spindle Disabled and Brake Applied, VCM
D1 Spindle Brake Normal Operation Enabled
D2 Spindle Current Limit See Table 2
D3 Spindle Current Limit See Table 2
Idle: VCM Disabled and Brake Applied, . i .
b4 Idie Mode/VCM Enable Spindle Running Normal Operation
D5 Spindle Step Mode Normal Operation Test Pin Becomes Sclr;gcli Step Commutation
Table 4: Spindle Current Limit
Current Limit Current Limit
D2 D3 Current Limit (Rspin = 17 kQ) (Rspin = 15.7 kQ)
0 0 1.85V e Gy 925 mA TA
0 1 145V * Gpye 725 mA 780 mA
1 0 1.05V » G 525 mA 570 mA
1 i 0.65V % Gpyy 325 mA 350 mA

G = Transconductance (Refer to (1)VCM Design Equations, page 3-84)

Chip Select ————\

e

e
- Bon

ths T IpH

A N N e

Data m D5 Data Vatid >< D4 QC : : :

Figure 1.

Motor Shutdown Sequence

The Si9990ACS executes a motor shutdown sequence
whenever Vpp drops below 3.9 V (emergency retract), or
serial bit DO is set low (sleep mode). The shutdown
sequence is terminated by a programmable one-shot
(brake delay). During the time-out (tpry), both the
spindle and VCM outputs are turned off. Simultaneously,
a separate VCM retract circuit is activated. As shown in
Figure 2, the all-bipolar design enables retract function all

Write Cycle Timing Diagram

the way down to a supply of 1.41 V at Ve amp pin. The
retract current typically is 20 mA, adjustable with an
external resistor, RrReT. To limit retract velocity, a fixed
clamp limits the voltage across VCM to no more than
440 mV. After the time-out, the retract circuitry is shut
off while the spindie motor and VCM brake is activated
by turning on all low-side DMOS drivers. To brake faster
(i.e., with lower impedance short across the motor
windings) the low-side drivers are powered by the
residual charges on the CHS bypass capacitor.

3-80
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Detailed Description (Cont’d)

Verame

(Uouts =200 x IRgT)
OUT+

LoV

Irer

‘ RrET (VRETZ 025 V)

Figure 2. Simplified Retract Circuit

Spindle Driver
Table 5: Spindie PWM Speed Control (Double Integrator)
System State Py Pp Pout State
Run 0 0 1 Decel
Run 0 1 Z Hold
Run 1 4] z Hold
Run 1 ! 4] Accel
Spindle Brake/Sleep X X 0 Accel
Table 6: Spindle Commutation Sequence
Sequencer State OUT, OUTy OUT¢
Reser* Z z z
1 High Low Z
2 High z Low
3 z High Low
4 Low High 4
5 Low z High
6 zZ Low High
*Reset is the state after exiting sleep or spindle brake mode.
Note: X = Don’t Care, Z = High Impedance
Siliconix 3-81
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Pin Description

Power Supplies

Function Pin Number Description
Vbp 61 +5-V supply for VCM and spindle controller logic.
Vmor 7.8,57.58 +5-V supply for VCM and spindle motor drivers.
Inductive flyback clamp and emergency head retract power supply. This pin is shorted to Vyor
VeLaMmp 53 by an on-chip switch during normal operation. The switch eliminates the need for an external
Schottky diode.
AGND 24 Low noise ground return tor critical analog functions.
34,01, 12 Ground return for the entire chip. All ground pins are connected to each other through the die
GND 36.37.38,39 substrate and lead frame. The large number of direct connections to the lead frame lowers
42,43 therma! impedance and improves power dissipation.
Output of the dc-to-de converter, used o power VCM and spindle drive MOSFETs. The
CHS 36 converter is a 3X charge pump capabic of sourcing 5 mA. An external > 0.1 uF capacitor
between Pin 56 and ground is necessary.
CP2H 59 Positive side of the external 3X charge pump capacitor.
CPIH 60 Positive side of the external 2X charge pump capacitor.
cp2 54 500-kHz oscillator output, used to drive the 3X charge pump.
CPI 55 Inverted output of the on-chip 500-kH7 oscillator, used to drive the external 2X charge pump
o capacitor.
Vapin 23 Low noise +5-V supply pin for the on-chip reference generator.
vV o Qutput of the on-chip reference generator: Vg = Vapn / 2. This is used as the de reference level
R - for all analog signals.

Voice Coil Motor Driver

Function Pin Number Description
GAIN N Input pin used to select VCM transconductance. A high input sets the gain to the maximum and
SELECT - 1 low input sets the gain to be 4 of the maximum.
Vpac 16 Inverting input of servo PWM filter amplifier.
0A3 '5 Output of servo PWM filter amplifier. Connect Re network from this pin to Vpac to set filter
e v bandwidth. A positive OA3 relative to Vg will set Vg output current positive.
1A4 14 Inverting input of V-, loop compensation amplifier,
OQutput of Ve loop compensation amplifier. Connect lead-lag network from this pin to 1A4 to
OA4 13 ) - ) .
set desired loop bandwidth.
Positive input terminal for Vy current sense amplifier. This pin connects to external sense
Isense IN+ 62 o . .
resistor and Vem.
Topnsp IN o3 Negative input terminal for Ve current sense amplifier. This pin connects to the other side of
SENSE LY - sense resistor and QUT+ pin.
Isensg OUT 64 Qutput terminal of ¥y current sense amplifier.
OuUT+ 5.6 Vem power amplifier positive output terminal. Current from OUT+ is positive.
. Vu power amplitier negative output terminal. During head retract, V-p output current will be
OUT- 9,10 ! - negaive oul !
negative, or flowing from this pin into the Ve load.
I | Control pin for head retract current (nominally 0.25 V). An external resistor is connected to this
RET pin. The current is arplified 200 times at the Vcy driver.
An external capacitor is connected to this pin to set the maximum head retract time. t(pLy =
Cpry 21 514 kQ x Cpry. At the end of the delay, the spindle motor is set 10 brake. A head retract may
also be forced, by asserting this pin low.
3-82 Siliconix
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Pin Description (Cont’d)

Microcontroller Interface

Function Pin Number Description
DATA 13 Data input for the senal port.
CLK 19 Clock input for serial port data.
cs 20 Strobe input for data word. System commands are executed al the rising edge of CS.
FAULT 7 Undervoltage flag output, Forced low if 5-V supply drops below 3.9 V. or the internal power-on

reset timer (approximately 0.5 ms) is timing out.

Diagnostic Functions

Function Pin Number Description
MODE Si Control input used for manufacture testing only. Grounded or left open during normal operation.
TEST 52 Used as temperature test or siep mode clock input. Controlled by serial port.

Spindle Motor Driver

Function Pin Number Description
Spindle commutation clock output. A positive going pulse is generated whenever a valid back
Fer 29 EMF zero crossing is detected. The external speed control, working in either phase or frequency
CoM - domain, compares this signal against a reference clock and feedbacks a PWM servo signal to the
spindle driver via the PWM decoder and low-pass filter (A3).
Py 49 Pulse width modulation pull-up command from speed control.
Pp 50 Pulse width modulation pull-down command from speed control.
Pulse width modulation output from speed control. This pin is connected to the external integrating
Pout 48 resistor of Ay. Popr is low, ot accelerating. it Py = high and Pp = high. Poyt is bigh. or
decelerating, if Py = low und Ppy = low. Popr is tri-state. or holding, otherwise.
1A2 25 Inverting input of spindie PWM low-pass filter amplifier.
OA2 2% Output of spindie PWM low-pass filter amplificr. Connect RC network from this pin to [A2 to set
- “ desired cutoff frequency.
1Al 35 Inverting input of spindle loop compensation amplificr.
OAL 34 Qutput of spindle loop compensation amplifier. Connect RC lead-lag network from this pin to 1A 1
: to set compensation,
Re 1 Connect an accurate external resistor from this pin to QA1 to set spindle transconductance and
SPIN o current limit. The recommended resistance is 17 k€.
OUTy 46.47 Spindle phase A outpul terminal.
OUTy 44,45 Spindle phase B output terminal.
OUT¢ 40, 41 Spindle phase C output terminal.
ST 31 An external capacitor connected to this pin will generate commutation pulses to start up the
N spindle motor.
CWD 30 An external capacitor connected to this pin will disable the back EMF comparators during diode
N recirculation, detect incorrect motor rotation or stal.
Dbl 29 Connect at this pin one of the two external capacitors used to generate the ideal commutation point
i - from the back EMF zero crossing points.
D2 28 Connect 4 second capacitor identical to CD1 at this pin to generate the optimum commutation
- - delay.
CT 32 Spindle motor center tap input for back EMF sensing.
Siliconix 3-83
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Si9990ACS TEMIC

Application

64-Pin SQFP test board for typical 2!/, or smaller HDD (shown with external phase detector for
spindle speed control and external PWM for VCM DAC)

Vee
-
Cl2 Ch3 | +
T cw
22 55 60 54 59 61 757 858
Vi CPl  CPIH CP? CP2H Vpp Vmor Vmar out- P
o Lo
PWM OUT+ P
) vem|™
il N T Ru
Isense IN- TS
62 L>“ R\g RM‘ RIS J
Isense IN+ =
<+
s+, C2l
CHS i}
2 53 +,C20
P { T ;. 1L
mP | GAIN SELEC SI9990ACS Verasp it
6 5-¥ VCM Driver/Spindle Driver 1C 21 c22
——] Isensg OUT 64-Pin SQFP Cory f—A—
5 -
23 AGND I Rt
! FAULT [—w WP
18 RiE
—| DATA i A
mi —_— =
CLK out. |84
Y A = =pyrs
4444 RIB
OUTg
==C17
51 Ri7
N/C MODE oute (A2
==Cli6
32 Ri€
N/C 32 TEST CcT
CWD CD2 Py — Pou 0OA2 OA
CsT CDI Feom -~ Pp OVl 1A2 1Al GND o
i} 30) 29 28 27 449 50 {48 {25 34 3 34,11,12.36.37
=F = = _rs, 38393243
ca fes oo Jor co i
L R7 R9
VE
Phase
mP Q Detector BCV46
RID or =
, R BCP2S
CLK Cti
VCM Design Equations:
(11 Transconductance {Gp.) (3)  Transconductance Loop Compensation
! 4 (16) Ry
— High Gain = ;. G/SEL = High . S
gl IR+ G/ ¢ Closed-Loop BW = 3 7 (T0 Ry T, Ry T R,
. ! e 4 Re A
— Low Gain = TgR; : G/SEL = Low 64 S
S CL = m(UK BW | R, * R, )
or Ryt = Motor Resistance
(2)  Output Retract Current Ly Ly = Motor Inductance
025V R = ®y F Ry
s L 1 Ry + Ry

lour = 200 X lggp = 200 x R

8700

Spindle Design Equation: Transconductance (G = m (4) Refer to AN93-1 for all servo equations.

3-84 Siliconix
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Application
Table 7: Components for Test Board
Name Value Comments Name Value Comments
Rl 100 k VCM PWM Low Pass Filter C4 27 nF Spindle Start-Up Capacitor
R2 100 k VCM PWM Low Pass Filter Cs 680 pF Spindle Watch-Dog Capacitor
R3 100k VCM PWM Low Pass Filter Ccé6 1.8 oF Spindle Commutation Detay
R4 261k VCM Transconductance Amplifier Capacitor #1
Compensator c7 1.8 nF Spindle Commutation Delay
R6 39k Spindle PWM Low Pass Filter Capacitor #2
R? 110k Spindle PWM Low Pass Filter C8 0.22nF Spindle Loop ‘Zero’ Capacitor
R8 5.6 M Spindle Speed Control Lead-Lag (o] 2.70F Spindle PWM Low Pass Filter
Compensator Cl0 2.20F Spindle Speed Control Lead-Lag
R9 910k Spindle Speed Control Lead-Lag Compensator
Compensator Cil 10 nF Spindle Speed Control Lead-Lag
RI0 470k Spindle Speed Control Lead-Lag Compensator
Compensator ci2 82 nF Charge Pump Capacitor #1
RIl 17k Rspin Resistor Cl3 82 aF Charge Pump Capacitor #2
R12 1.67 VCM Sense Resistor Cl4 100 nF VCM Snubber Capacitor
R13 25k VCM Retract Bias Resistor (Rrgt) Cis 100 nF VCM Snubber Capacitor
R14 30 VCM Snubber Resistor Cié6 {80 nF Spindle Snubber Capacitor
R15 30 VCM Snubber Resistor cy7 180 nF Spindle Snubber Capacitor
Ri6 62 Spindle Snubber Resistor Ci8 180 nF Spindle Snubber Capacitor
R17 62 Spindle Snubber Resistor Ci19 2 0.1 yF Bypass Capacitor
RIS 62 Spindle Snubber Resistor C20 z 0.1 uF Bypass Capacitor
Ci 1.2 nF VCM PWM Low Pass Filter C21 2 0.1 yF Bypass Capacitor
C2 100 pF VCM PWM Low Pass Filter c22 180 nF Brake Delay Capacitor (Cpry)
c3 18 nF VCM Transconductance Amplifier Note: These values are entirely dependent on motor
Compensator characteristics.
.
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