
BA6589K 

The BA6589K IC incorporates read, write, 
and erase circuits for use with 3 in., 3.5 in., 
and 5 in. floppy disk drives. 

It can be operated at either 5 V or 12 V. It 
has a power save mode which ensures 
the IC has a very low average current 
draw. 

Features 

• available in a QFP44 package 

• low power consumption, typically 

read mode is 250 mW 

write mode is 90 mW 

standby (power save) mode is 
12mW 

• preamplifier differential voltage gain is 
47.5 dB (5 V operation) 

• includes a capacitor to set up the read 
data time constant and the pulse 
width 

• includes a switching differential 
constant circuit 

• write current is selectable as follows: 

double density inner track 

double density outer track 

high density inner track 

high density outer track 

• selectable two-stage time domain 
filter 

• includes a low voltage sensing circuit 
to avoid miswrites due to voltage 
fluctuations 

Applications 

• 3 in., 3.5 in., and 5 in. high- or double 
density floppy disk drives 

Read/write amplifier 

Dimensions (Units : mm) 

BA6589K (QFP44) 
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BA6589K Floppy disk drives: Read/write amplifier 

Block diagram and external circuit 
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Note: Depending on the read/write head 
characteristics, when the write current switches, the 
current waveform may tend to cause oscillation 
(especially if the phase inverts at a frequency 
approaching 2 MHz). In this situation, use a circuit such 
as the one shown to the right, and check for 
oscillations. 
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Floppy disk drives: Read/write amplifier BA6589K 

Table 1 Pin functions 

Function Pin no. Symbol Description 
Head 12, 13 RWOO, RW01 Connections for side 0 read/write head 
switching 

14, 15 RW10, RW11 Connections for side 1 read/write head count 

Read 9,8 GCO, GC1 Gain adjust pins 
preamp 6,5 PREO Preamplifier differential outputs 

4,3 DIF1 Differentiator differential inputs 

Different-
2 DIFCO 

iator 
1 DIFC1 Connections for external differentiator circuit constant components 

44 DIFC2 

43,42 DIFO Differentiator differential outputs 

Comparator 41,40 C1 Comparator differential inputs 

37 TDR2 Connection point for time domain filter time constant 
Time 36 TDR1 Pin to set time domain filter 
domain 
filter 34 RDR Pin to set read data output pulse width 

32 RD Read data output 

22 wcso Pin to set write current 
23 WCS1 Write current correction pin 1 (Valid when LC pin is HIGH) 

Write circuit 24 WCS2 Write current correction pin 2 (Valid when HD pin is HIGH) 

16, 17 WT Connection point for write damping resistor 

18 EDO Side O erase output 
Erase 

19 ED1 Side 1 erase output circuit 
21 ECS Pin to set erase current 

25 HD 
Standard density- to-high density switching pin (see note 1 on 
page 250). 

26 LC Track inner/outer switching pin (see note 1 on page 250). 

27 WD Write data input 

Control 8 WG Write enable input 
logic input 29 EG Erase enable input 

30 S1 Input to switch head side I 
33 PS Power save mode input 

38 TDFC •3 Input to switch time domain filter constants (see note 2 on 
page 250). 

Power- 31 PD Power down sense output down sense 

11 HVCC Preamplifier supply voltage 

7 AVCC Analog circuit supply voltage 
Power 39 DVCC Digital circuit supply voltage 
supply 10 AGND Analog circuit ground 

35 DGND Digital circuit ground 

20 NC Not used 
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BA6589K Floppy disk drives: Read/write amplifier 

Note 1: 

HD LC Write current Differentiator constants 

HIGH Current set by pins 22, 23, 
Circuit constants between pins 44 and 2 are in 

HIGH and 24 
effect. 

LOW Current set by pins 22 and 24 

HIGH Current set by pins 22 and 23 Circuit constants between pins 1 and 2 are in 
LOW 

LOW Current set by pin 22 effect. 

Note 2: Correction applied when pin is HIGH. External correction resistors are placed in 
parallel with the primary resistances to set the values. 

Absolute maximum ratings (Ta = 25°C) 

Parameter Symbol Limits Unit 

AV cc +7 v 
Power supply voltage DVcc +7 v 

HVcc +16 v 
Digital circuit input voltage V1 -0.3 - DVcc +-0.3 v 
AW pin voltage VAw +25 v 
PD pin output voltage Vpo +16 v 
Erase drive current IER 100 mA 

EO pin voltage VEA +25 v 
Operating temperature Topr 0-+70 oc 
Storage temperature Tstg -55 - +125 oc 
Recommended operating conditions (Ta= 0°c - 70°C) 

Parameter Symbol Min Typical Max Unit 

AV cc 4.4 5.0 6.0 v 
Power supply voltage DVcc 4.4 5.0 6.0 v 

HVcc 10.8 12.0 13.2 v 
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Floppy disk drives: Read/write amplifier BA6589K 

Electrical characteristics (unless otherwise noted, T8 = 25°C, AVcc = DVcc = 5 V, 
HVcc = 12 V) (Sheet 1 of 5) 

Parameter Symbol Min Typical Max Unit Conditions 

Supply current 

lccHs 0.33 0.80 mA @ HVcc 

Supply current, standby lccos 0.82 1.3 mA @ DVcc 

lccAs 0.8 1.3 mA @AVcc 

lccHR 5.80 8.10 mA @ HVcc 

Supply current, read lccoR 20.0 28.0 mA @ DVcc 

lccAR 17 23.5 mA @ AVcc 

lccHw 0.60 1.20 mA @ HVcc. lwR = IER = 0 mA 

Supply current, write lccow 10 18 mA @ DVcc. lwR = IER = 0 mA 

lccAw 7.0 10 mA @AV cc. lwR = IER = 0 mA 

Low voltage sensing circuit 

Threshold voltage VTH 3.5 3.9 4.2 v LVS@ AVcc 

Hysteresis voltage VH 50 mV 

Output low level voltage Vol 0.4 v Vcc=2V, loL=0.5mA 

Output leakage current loH I µA 

Recovery time 

Invoked by PS: With O.QI µF 
coupling capacitors between 

Power save ~ read ty1 I ms differentiator and comparator, 
and <I µF capacitors from 
differentiator input to GND 

Invoked by WG: Circuit 
Read~ write ~ 4 µs constant capacitors (pin 44H2 

& pin 1H2) are <0.01 µF 

ly3w 300 µs Invoked by WG 
Write~ read 

ly3E 20 µs Invoked by EG 
SideO HSide1 ¥ 40 µs Invoked by ST 
Preamplifier 

Diff. output voltage gain Gvo 46 49 52 dB f = 250 kHz, V1N = 2.5 mV pk-pk 

Frequency characteristic BW 3 mHz 250 kHz= 0 dB, -3 dB 

Crosstalk sideO H side1 GcTLK 50 dB I= 250 kHz 

Diff. input resistance Rio 20 kn 
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Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 
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BA6589K Floppy disk drives: Read/write amplifier 

Electrical characteristics (unless otherwise noted, Ta= 25°C, AV cc= DVcc = 5 V, 
HVcc = 12 V) (Sheet 2 of 5) 

Parameter Symbol Min Typical Max Unit Conditions 

Input conversion noise 
VN1 4.5 8 µVrms f=400- I MHz 

voltage (1) 

f = 400- I MHz. Measured with 

Input conversion noise I V pk-pk• 250 kHz signal 
VN2 5 10 µVrms applied to differentiator input. 

voltage (2) TDF pulse width = 1.2 µs; 
RD pulse width = 0.5 µs 

Input sink current lstNK 100 200 µA 

Diff. input voltage max Includes measurements made 
V1Nmax 15 mVpk-pk with correction resistor 

amplitude between pins 8 & 9 

Diff. output voltage 
Voo 2 Vpk-pk Distortion rate = 5% 

amplitude 

Diff. output resistance Rao 120 Q 

Diff. output current 
loo 5.8 7.4 mApk-pk amplitude 

Common mode rejection CMRR 50 dB 
L = 330 µH, f = 250 kHz, 

ratio v,N = 100 mvpk-pk• 

Power supply rejection 60 dB L = 330 µH, f = 125 kHz 
PSRR ratio 40 dB V1N = 100 mVpk-pk f = 400 kHz 

Differentiator 

Voltage gain Gvo 14 16 18 dB f = 250 kHz, Re = 510 n 
Frequency characteristic BW 3 MHz 250 kHz= 0 dB, -3 dB 

Crosstalk DIFC1 H 
GcrLK 45 dB f = 250 kHz 

DIFC2 

Differentiator input 
Rio 30 kQ 

resistance 

Differentiator constants 
setting pin output Rco 100 Q 
resistance 

Differentiator constants 
lstNK 0.5 0.75 mA 

setting pin current 

Diff. output resistance Rao 50 Q 

Diff. output voltage 
Voo 2 Vpk-pk Distortion rate= 5% 

amplitude 

Output sink current los1NK 1.8 2.8 mA 

Test 
circuit 

Fig. 8 

Fig. 9 

Fig. 6 

Fig.10 

Fig. 11 

Fig. 12 

Fig.13 

Fig. 12 

Fig. 14 

Fig. 12 

Fig. 14 
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Floppy disk drives: Read/write amplifier BA6589K 

Electrical characteristics (unless otherwise noted, T8 == 25°C, AVcc == DVcc == 5 V, 
HV cc == 12 V) (Sheet 3 of 5) 

Parameter Symbol Min Typical Max Unit Conditions 

Comparator and pulse shaper 

Differential input 
Rio 10 kn resistance 

Max differential input 
V1N max 4 vpk-pk voltage 

TD monostable 
multivibrator pulse width tro 500 3000 ns 
adjustment range 

TD monostable Ern1 -20 +20 % RTD = 200 kQ, *(ITD ~ 2.35 µs) 
multivibrator pulse width 
accuracy Ern2 -12 +12 % 

RTD = 40 kQ, CTD = 100 pF, 
(With Pin 37 (TDR2) open) (ITD ~ 2.35 µs) 

TD monostable PStro1 -12 -5 +4 %/V RTD = 200 kn, (tTD ~ 2.35 µs) 
multivibrator pulse width 
voltage dependency PStro2 -6 -1 +4 %/V RTD = 40 kQ, CTD = 100 pF 
With Pin 37 (TDR2) open 

RD monostable 
multivibrator pulse width !Ro 125 1500 ns 
adjustment range 

RD monostable 
multivibrator pulse width ERo -20 +20 % RRo = 36 kn, tRo "' 0.5 µs 
accuracy 

RD monostable 
multivibrator pulse width PStRO -12 -2 +12 %/V RRo = 36 kn, IRo "'0.5 µs 
voltage dependency 

Rise time ITLH 70 ns 

Fall time ITHL 25 ns 

Peak shift PS 1 % V1N =0.15 - 2 Vpk-pk 

Low level output voltage Vol 0.5 v IOL = 2 mA 

High level output voltage VoH 2.7 v loH = -0.4 mA 
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Fig. 15 

Fig. 17 

Fig. 16 
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BA6589K Floppy disk drives: Read/write amplifier 

Electrical characteristics (unless otherwise noted, T8 = 25°C, AV cc= DVcc = 5 V, 
HVcc = 12 V) (Sheet 4 of 5) 

Parameter Symbol Min Typical Max Unit Conditions 

Write circuit 

Write current adjustment Includes LC and HD pin 
IWR 2 20 mA correction currents. 

range See note 1 on page 250 

Corrected write current 
IWC 5 mA At LC and HD pin 

adjustment range 

Write current accuracy AClw -7 +7 % lwR=6 mA, Rwcso= 1.9 kQ 

Write current mismatch i'!lwR -2 +2 % Rwcso = 1. 9 kQ 

Write current supply 
PSlw -4 -2 +I %/V Rwcso = 1.9 kQ voltage dependency 

Output saturation voltage VsATRW 1.3 1.8 v With Pin 37 (TDR2) open 

ILKRW1 20 µA Deselected side, VRw = 14 V. 
With Pin 37 (TDR2) open 

Off state leakage current Selected side, VRw = 14 V 

ILKRW2 50 µA V RW pin when output voltage 
set for lw of 12 mA and 
decreased slowly lo 10.8 mA 

Write data min pulse width two 70 ns 

Timing balance i'!lw 0.5 % f = 500 kHz 

Erase output 

Erase current adjustment 
IER 5 100 mA 

range 

Output saturation voltage VsATER 0.8 1.4 v Im= 100 mA, RECSO = 1.8 kn 

Output leakage current loH 100 µA VoH =20 V 

Test 
circuit 

Fig.18 

Fig.18 

Fig. 19 

Fig. 18 

Fig.20 
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Floppy disk drives: Read/write amplifier BA6589K 

Electrical characteristics (unless otherwise noted, T8 = 25°C, AV cc= DVcc = 5 V, 
HVcc = 12 V) {Sheet 5 of 5) 

Parameter Symbol Min Typical Max Unit Conditions 

Logic Inputs 

High level input voltage 1 V1H1 2 v LC, HD, TDFC, PS 

Low level input voltage 2 V1u 0.8 v LC, HD, TDFC, PS 

High level input voltage 1 V1H2 2 v WG,EG,Sf 

Low level input voltage 2 V1l2 0.8 v WG,EG,Sf 

Input volt hysteresis 2 VH2 0.2 v WG, EG, Sf 

High level input voltage 3 VIH3 2 v WO 
Low level input voltage 3 Vll3 0.7 v WD 

Input volt hysteresis 3 VH3 0.2 v WO 

High level input current 1 l1H1 10 µA LC, HD, TDFC, PS 
VoH =2.8 V 

Low level input current 1 l1u 40 µA LC, HD, TDFC, PS 
Vol=0.4V 

High level input current 2 l1H2 10 µA WG, EG, Sf, VoH = 2.8 v 
Low level input current 2 l1L2 40 µA WG, EG, Sf, Vol= 0.4 V 

High level input current 3 llH3 10 µA WD, VoH = 2.8 V 

Low level input current 3 lll3 400 µA WD, Vol =0.4 V 

Test 
circuit 

Fig. 21 

The pin used to set the time domain filter TD monostable multivibrator pulse width (TDR 1) has 
an internal capacitance of 15 pF. Therefore, the TD monostable multivibrator pulse width can 
be set using Rrn only. (Rrn is the external resistor used to pull-up the TDR1 pin to AVCC). 

If this method is used, when TDFC is HIGH (no correction), the TD monostable multivibrator I 
pulse width will have frequency characteristics due to the internal capacitance of the TDR2 
pin. 

The effect of the internal capacitance of pin TDR2 can be reduced by inserting a 100 pF 
capacitor, Crn. between the TDR1 pin and GND, to adjust the time constant. This will ensure 
that the TD monostable multivibrator pulse width does not vary with frequency. It will also 
reduce the influence of the 15 pF internal capacitance at TDR1, thus improving the accuracy 
of the TD monostable multivibrator pulse width timing. 
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BA6589K Floppy disk drives: Read/write amplifier 

Figure 2 shows the TD min/max pulse width against comparator input frequency when the 
value of CTD is 100 pF, and when it is not in the circuit. 
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Figure 3 Supply current: lccHS• lccHR• lccHW• lccos. lccoR• lccow• lccAS• lccAR• lccAw test 
circuit 

256 ftDHrn Industrial ICs 



Industrial ICs 

Floppy disk drives: Read/write amplifier BA6589K 
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Figure 4 Power down (LVS at AV cc): VTH• VH, Vol• loH test circuit 

ftBHlll 257 

I 



BA6589K Floppy disk drives: Read/write amplifier 

258 
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Figure 5 Recovery time: Tr1, Tr2, Tr3w,TraE• Tr4 test circuit 
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Floppy disk drives: Read/write amplifier BA6589K 
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Figure 6 Preamplifier: Gy0, BW, GcTLK• ViNmax• V00, R00 test circuit 
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ovo1i--~ ......... ~~~~-.. 

( 
10·•GVDa/20 10·•GVD0/'20 ) 

R,o= 1-10·•GVDa/20 + 1-10·•GVD•l'20 X 10 (kO] 

4 GVDa = GVD (indB) when S, and S, are in the "a" position 
11.GVDb = GVD (1nd8) when 8 1 and S2 are in the "b" posltion 

Figure 7 Differential input resistance test circuit 
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BA6589K Floppy disk drives: Read/write amplifier 

HVcc 

0.1µF 

OdB 
Differential 

Probe 

DVcc 

Note Measure VN, with no input signal to comparator 

37 

L.P.F 

1MHz 

TOP Pulse Width= 1.2µs 
RO Pulse Width= 0.5 µs 

Measure v,, with input signal to comparator and circuit outputting read data 

Figure 8 Input conversion noise voltage: VN1, VN2 test circuit 
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Figure 9 Input sink current lsiNKand diff output current amplitude 100 test circuit 
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HVcc 

OdB 
D1fferent1al 

Probe 

0.1 µF CMRR = -20 log { V0 u1 I ( V,. x Gvo)) [dB] 

Figure 10 Common mode rejection ratio (CMRR) test circuit 
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Floppy disk drives: Read/write amplifier BA6589K 

OdB 
D1fferent1al 

Probe 

PSRR = -20 log { Vour /( V" x Gvo)) [dB] 

Figure 11 Power supply rejection ratio (PSRR) test circuit 
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A, 
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S, TO TEST Gvo R. = 510 n 
TO TEST Rco R, = 100 n 

Figure 12 Differentiator: GVD, BW, GcTLK• Rco• Vo0 . Roo test circuit 
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6 GVDa = GVD (1ndB) when S6 and S7 are in the "a" pos1t1on 
6 GVDb = GVD (indB) when S. and s, are in the "b" pos1t1on 

Figure 13 Differential input resistance Rio test circuit 
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BA6589K Floppy disk drives: Read/write amplifier 

AVcc A Vee 

Figure 14 Differentiator constant, pin current & output sink current test circuit 

Figure 15 Comparator: Diff input resistance (Rio) test circuit 
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41 Cl 

O.lµf l 
Figure 16 Comparator time domain filter: VoH• Vol test circuit 
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Floppy disk drives: Read/write amplifier BA6589K 

DVcc 

Closed for test 
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34 4k0 
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TD troo 
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Figure 17 Comparator time domain filter: ViNmax• trn, ETD• tRD• ERO• and PS test circuit 

I 
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BA6589K Floppy disk drives: Read/write amplifier 

AVcc 

l HVcc 

RWOSO 

Write current equation 

lwR =I lwoo - lwo1 I (SI= H) 

I lw10 - lw11 I (SI = L) 

Equation for setting write current 

I 
_ 1.22V 

WRO - RWCSO X 9.6 

Jj jl tv,. 4-330.uF (lllllt•• v,..,, .. 
13 111 Used during test 

24 0 ~ ::: 
~ ~ ~ 

a: a: 

WOSO 
22 

Equations for setting write correction current 

1.22v-vwos 
lwc10- RWCS, X9.6 

1.22v-Vwo~ 
lwc20= RWCS2 X9.6 

Vwcs1 : Voltage between AVcc - WCS1 
controlled by (LC) 

Vwcs2: Voltage between AVcc - WCS2 
controlled by (HD) 

AClw=- lw~(!i~A) x100 Rwcso=191kO 

_ 2 11w,.-lw11 I XlOO 
11w,0+1w11 I 

PSIW= 2 I lwH-IWL I X _
1

1.
6 I lwH+lwL I 

Definition of selected side offset current 
lwH : Write current at AVoc=6.0V 

264 

Currents other than the write current flowing equally in the RW pins of the selected side 
(for activating write-terminate circuits.) lwL : Write current at AVcc=4.4V 

Figure 18 Write circuit: lwR• AClw. ti.lwR• VsATRW• ILKRW• lwc. LRWOFF test circuit 

______ QmA 

l, t, Al _Lt,=.!tJ x 100 
w 11 +t, 

Figure 19 Write circuit: ti.lw, two waveforms 
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Floppy disk drives: Read/write amplifier BA6589K 

AV cc 
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lU 
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lU 

Erase current IER: 5 - 100 mA 
To provide drive capability in excess of the set erase 
current, use graph to determine value of REcs 
The erase current is determined as follows: 

where: 

V CC- ( V SATER+ V EHEAD) 
I ER ::: --------

RED 

V EHEAD = voltage drop across erase head 

RE0 = REDO (when E00 is selected) 

RE0 = REDI (when E01 is selected) 

Figure 20' Erase circuit: IER• loH• VsATER test circuit 
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Figure 21 Control logic: V1H, VIL• VH, 11H, & 11L test circuit 
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