BA6589K Read/write amplifier

The BA6589K IC incorporates read, write, Dimensions (Units : mm)
and erase circuits for use with 3in., 3.5 in.,
and 5 in. floppy disk drives. BA6589K (QFP44)

14.0£0.3
It can be operated at either 5V or 12 V. It 10.0£0.2
has a power save mode which ensures
the IC has a very low average current

14.0£0.3
10.0+0.2

draw.
Features l_
* available in a QFP44 package E:‘E—T_* .
* low power consumption, typically L —

— read mode is 250 mW
— write mode is 90 mW

— standby (power save) mode is
12 mW

+ 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
* 3in,3.5in., and 5 in. high- or double
density floppy disk drives
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BA6589K Floppy disk drives: Read/write amplifier

Block diagram and external circuit

o~ -
(23 [723
L 2R Klg EE 9 2 § €
30 28| |27] |26] |256] 24| |23
AOR ] l ‘i l ij—z}-—w»—b-; WCS0
Write/Erase
DGND Contral Current 2—w—>  ECS
g Source I 5v
TOR1 —— 20] NG
TOR2 Dower Erass L—w}—/wvw— ED?
Sense Drwver
T5F6 F_E]-wv—m/—- EDO
D T
ovee — —17 v
Internat Write
cl L] Power Drver | ] 16 wT
i 'J """ RW 1
{ r 15
Cl 41
= % l| Amp I: RW 10
DIFO 001 4F 42 : 1 14
0014F Diff ol | ; Awor
0IFO L] L 13
mp| 1
DIFC2 I—Ww—E —\H 12 RWO0O0
T T
% 5v 122v
T
- =] - o) Q Q woe o «Q
Note: Dependlng on the reqd/wrlte head wr |5
characteristics, when the write current switches, the 7} )
current waveform may tend to cause oscillation wr [5h— 1
(especially if the phase inverts at a frequency 2
approaching 2 MHz). In thi.s situation, use a circuit such rwn [
as the one shown to the right, and check for '3
oscillations. e
RWO1 E—,:
— Aqxox- 10k ) terminators
(5k{l < 2)
248 ROHM Industrial ICs



Floppy disk drives: Read/write amplifier BA6589K

Table 1 Pin functions

Function | Pin no. Symbol Description
Head 12,13 RWO0O0, RW01 [Connections for side O read/write head
switchin
count 8 14,15 RW10, RW11 |Connections for side 1 read/write head
Read 9,8 GCO0, 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
gg'rfain 36 TDR1 Pin to set time domain filter
filter 34 RDR Pin to set read data output pulse width
32 RD Read data output
22 WCSo Pin to set write current
L 23 WCSH1 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 0 erase output
Erase 19 ED1 Side 1 erase output
circuit
21 ECS Pin to set erase current
o5 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 81 Input to switch head side
33 PS Power save mode input
3 Input to switch time domain filter constants (see note 2 on
38 TDFC page 250).
Power- 55
down sense 31 PD Power down sense output
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

Current set by pins 22, 23,
HIGH HIGH and 24

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 |[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.

Circuit constants between pins 44 and 2 are in
effect.

LOW

Absolute maximum ratings (T, = 25°C)

Parameter Symbol Limits Unit
AVee +7 Vv
Power supply voltage DVec +7 v
HVee +16 A
Digital circuit input voltage|  V, —0.3~DVg+0.3 \
RW pin voltage Vaw +25 \
PD pin output voltage Vep +16 \
Erase drive current ler 100 mA
EO pin voltage VeR +25 Y
Operating temperature Topr 0~ +70 °C
Storage temperature Tstg ~55~+125 °C
Recommended operating conditions (T, = 0°C ~ 70°C)
Parameter Symbol| Min |Typical| Max Unit
AVce 4.4 5.0 6.0 \
Power supply voltage DVcc 4.4 5.0 6.0 \'
HVee 10.8 12.0 132 Vv
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Floppy disk drives: Read/write amplifier BA6589K

Electrical characteristics (unless otherwise noted, T, = 25°C, AVge =DVee =5V,
HVge =12 V) (Sheet 1 of 5)

Parameter Symbol| Min |Typical| Max Unit Conditions c.il;?:sutlt
Supply current
lecHs 033 0.80 mA |@ HVgc
Supply current, standby lecos 0.82 1.3 mA |@ DVge
lccas 0.8 1.3 mA (@ AV
lecHr 5.80 8.10 mA (@ HV¢e
Supply current, read lccor 20.0 28.0 mA | @ DV¢c Fig. 3
lccar 17 235 mA (@ AV
lecHw 0.60 1.20 mA | @ HVee, lwp = lgr =0 mA
Supply current, write lccow 10 18 mA | @ DVee, lwp=lgr=0mA
lccaw 7.0 10 mA @ AVcc, lwg = lgg =0 mA
Low voltage sensing circuit
Threshold voltage V1u 35 39 42 V  |LVS @ AV
Hysteresis voltage VH 50 mv Fig. 4
Output low level voltage Vou 0.4 V. |Vec=2V,lgL=05mA
Output leakage current lon 1 pnA
Recovery time
Invoked by PS: With 0.01 pF
coupling capacitors between
Power save — read L 1 ms |differentiator and comparator,
and <1 pF capacitors from
differentiator input to GND
Invoked by WG: Circuit .
Read — write te 4 us  |constant capacitors (pin 44¢>2 | Fig- 5
& pin 1€32) are <0.01 uF
Write — read taw 300 us |Invoked by WG
tae 20 us |Invoked by EG
Side0 «>Sidef ta 40 us  |[Invoked by 81
Preamplifier
Diff. output voltage gain Gvp 46 49 52 dB  |f=250kHz, Viy=2.5mV p o
Frequency characteristic BW 3 mHz (250kHz=0dB, -3 dB Fig. 6
Crosstalk side0 « sidel | Gorik 50 dB |f=250kHz
Diff. input resistance Rip 20 kQ Fig. 7
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BAG6589K Floppy disk drives: Read/write amplifier

Electrical characteristics (unless otherwise noted, T, = 25°C, AVgc =DV =5V,
HVCC =12V) (Sheet 2 of 5)

Parameter Symbol| Min |Typical| Max Unit Conditions J;:f‘t"

input conversion noise _ _
voltage (1) Vi1 45 8 Wi |f =400~ 1 MHz

f=400~ 1 MHz. Measured with Fig. 8

; : 1 Vpi.pie 250 kHz signal '

InF')tUt con2v ersion noise Ve 5 10 UVims ap;?lie% to differentiator input.
voltage (2) TDF pulse width = 1.2 ps;

RD pulse width =0.5 us
Input sink current Isink 100 200 pA Fig. 9

e Includes measurements made

Diff. I'.?pé"t voltage max ViNmax 15 |mMVpy.pk |With correction resistor
amplitude between pins 8 & 9
Diff. output voltage I _
amplitude Voo 2 Vpk-pk | Distortion rate = 5% Fig. 6
Diff. output resistance Rop 120 Q
Diff. output current
amplitude loo 58 74 MAsk-pk
Common mode rejection L =330 pH, f = 250 kHz, .
ratio CMRR | 50 dB Vin = 100 MVie i Fig. 10
Power supply rejection PSAR 60 dB |L=330puH, f=125kHz Fig. 11
ratio 40 dB  [ViN=100mVp p f=400KkHZ |~
Differentiator
Voltage gain Gyp 14 16 18 dB [f=250kHz, Rg=510Q
Frequency characteristic BW 3 MHz [250 kHz=0dB, -3 dB Fig. 12
Crosstalk DIFC1 & B
DIFC2 GeTik 45 dB |f=250kHz
Difterentiator input :
resistance RlD 30 kQ Flg 13
Differentiator constants
setting pin output Rco 100 Q Fig. 12
resistance
Differentiator constants 1
setting pin current ISINK 0.5 0.75 mA Flg. 14
Diff. output resistance Rop 50 Q
Diff. output voltage e _ Fig. 12
amplitude Vop 2 Vpk-pk | Distortion rate = 5%
Output sink current losink 1.8 2.8 mA Fig. 14
252 RONM Industrial ICs




Floppy disk drives: Read/write amplifier BA6589K

Electrical characteristics (unless otherwise noted, T, = 25°C, AV =DV =5V,
HVee =12 V) (Sheet 3 of 5)

Parameter Symbol| Min |Typical| Max Unit Conditions c.il;'ifjtit

Comparator and pulse shaper

Differential input .

resistance Rp 10 kQ Fig. 15

Max differential input

voltage VIN max 4 Vpk-pk

TD monostable

multivibrator pulse width to 500 3000 ns

adjustment range

TD monostable Etpy -20 +20 % Ryp = 200 k€, *(typ = 2.35 ps)

multivibrator pulse width A 0. G .

accuracy E -12 +12 % R0 =30 K2 Cro=100pF,

(With Pin 37 (TDR2) open)| ' 02 ° |tro=235us)

TD monostable PStpy | -12 -5 +4 %/ |Rrp =200 kQ, (trp = 2.35 ps)

muiltivibrator pulse width

voltage dependency PSt -6 -1 +4 %N |Ryp =40 kQ, Crp = 100 pF

With Pin 37 (TDR2) open 2 v 0 0 fi 17
ig.

RD monostable S

multivibrator pulse width trD 125 1500 ns

adjustment range

RD monostable

multivibrator pulse width Erp -20 +20 % |Rpp=36kQ, tgp =05 ps

accuracy

RD monostable

multivibrator pulse width | PS,pp -12 -2 +12 %/ |Rpp =36 KQ, tgp = 0.5 us

voltage dependency

Rise time trin 70 ns

Fall time tTHL 25 ns

Peak shift PS 1 % |ViN=0.15~2 Vpepk

Low level output voltage Voo 0.5 \ lo=2mA Fig. 16
ig.

High level output voltage VoH 2.7 \ lon =—0.4 mA
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BAB6589K Floppy disk drives: Read/write amplifier

Electrical characteristics (unless otherwise noted, T, = 25°C, AVoe =DVge =5V,
HVce =12 V) (Sheet 4 of 5)

Parameter Symbol| Min |Typical| Max Unit Conditions c.ll::sutlt
Write circuit
. . Includes LC and HD pin
Write current adjustment IWR 2 20 mA  [correction currents.
range See note 1 on page 250
Corrected write current .
adjustment range IwC 5 mA |At LC and HD pin
Write current accuracy ACly -7 +7 % |lwr=6MA, Rycso=19 kQ |Fig. 18
Wirite current mismatch Alwg -2 +2 % |Rwcso =19kQ
Write current supply _
voltage dependency PSly —4 -2 +1 %!V RWCSO =19kQ
Output saturation voltage | Vgatrw 1.3 1.8 V  |With Pin 37 (TDR2) open
Deselected side, Ve =14 V.
ILkRw? 20 HA | With Pin 37 (TDR2) open
Off state leakage current \Sle'GCted i:dev Vrtawt= 1‘:tV Fig. 18
AW pin When output voltage
hkRw2 30 WA leet fopr"iw of 12 mA and
decreased slowly to 10.8 mA
Write data min pulse width| typ 70 ns Fig. 19
Timing balance Alyy 0.5 % |f=3500kHz Fig. 18
Erase output
Erase current adjustment
range leR 5 100 mA
- Fig. 20
Output saturation voltage | Vgater 0.8 14 V  llgg =100 mA, Rgcgo = 1.8 kQ
Output leakage current lon 100 pA  (Voy=20V
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Floppy disk drives: Read/write amplifier BA6589K

Electrical characteristics (unless otherwise noted, T, = 25°C, AVge =DV =5V,
HVcc =12 V) (Sheet 5 of 5)

Parameter Symbol| Min ([Typical| Max Unit Conditions c.il;::ztit
Logic inputs
High level input voltage 1 | V|, 2 V  |LC, HD, TDFC, PS
Low level input voltage 2 Vi 0.8 V |LC, HD, TDFC, PS
High level input voltage 1 | V4o 2 vV |WG EG, ST
Low level input voltage 2 | V), 038 v |WGEG ST
Input volt hysteresis 2 Vio 0.2 v |WG EG, 51
High level input voltage 3 | V3 2 v |WD
Low level input voltage 3 | V.3 0.7 VvV |WD
Input volt hysteresis 3 7 0.2 v |WD Fig. 21
High level input current 1 I 10 HA I\-/(;HiDz;- \[/)FC‘ PS
Low level input current 1 liq 40 HA I\_Ing?)tziT\?FCl PS
High level input current 2 | |0 10 uA (WG, EG, ST, Vo =28V
Low level input current 2 lo 40 uA |WG, EG, ST,V =04V
High level input current 3 | liys 10 MA  |WD,Vpy=28V
Low level input current 3 s 400 pA  [WD, Vo =04V

The pin used to set the time domain filter TD monostable multivibrator pulse width (TDR1) has
an internal capacitance of 15 pF. Therefore, the TD monostable multivibrator pulse width can
be set using Ryp only. (Ryp 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
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, Ctp, 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. 1t 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.

Industrial ICs
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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 Ctp is 100 pF, and when it is not in the circuit.

5 | — TOM/M Pusewdh 500ns ~ 3000ns
E | == RDM/M Pusawidh 128ns~ 1500ns
2000 :
g [T7¢: " 1000F /C,.,=OPEN
|
s 1000 “
< n
2 P,
g o n
§ 200 n il
-3 14T Vs apply wih TDFC Hgh
2 100 —1+ 8no conection resisior
o between TDR1 and TDR2
| _
5 0 20 56 100 200 500

TDR, RDRA RESTRANCE VALUE (

k)

Values are for TDFC = HIGH and no resistor between

TDRt1 and TDR2

Figure 1 Time domain filter
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s T Re - 3600
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-
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Values are for TDFC = HIGH

Figure 2

READ WG = EG =20V

—H® ] Hvee
'—-' DVce
O,

B WRITE WG = EG = 0.8V

EG O
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e

Figure 3 Supply current: Iccys, Icchrs Icchws Iceps: lccors Iccow: Iccas: lccars Iccaw test

circuit
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Floppy disk drives: Read/write amplifier BA6589K

AVee
12 1;114 16
\L T HVcee 1lmA
.——QL———GOFDVCC -
K 71" %ano DGND o (&) Va
0 )

”

MONITOR lwr (RW 00, RW 01, RW 10, RW 11)
Ign (Eq0. Eol)

Avcc voltage BV [

Threshold

v}
ov

Svi-

PD output

ov

Figure 4 Power down (LVS at AV¢c): Vin, Vi Voo, low test circuit
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BA6589K Floppy disk drives: Read/write ampilifier

HVCC
1 4 (44)
o o - 7 o o
IZXE TR
£33s & ¥ L3 g &
a a 43
12 woo DIFO @
13 DFoF 1 2-001 uF
RW 01 41 Rt
14 aft T
RW 10 oy L.
199 Rw 11

. POWER SAVE —READ The reference for all measurements is the time required for the dc

voltage to return to within +15% of the normal state operation value,

PS and the amplitude of return to at least 30%
of the normal operation state amplitude
¢t —t
Ty
+ WRITE ~READ
WG —
EG N— —
o | |
T,
T,
RD Tl
] TII!
+ SIDE 0~SIDE 1
51— h—
a I, A
Tvl [£]

Figure 5 Recovery time: T,q, T2, T,aw: Tr3g, Tr4 test circuit
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Floppy disk drives: Read/write amplifier BA6589K

HVce
s 2
503 sSs0
1
BUSY ore 2 DIFFEO:I?NTIAL
> 100uF < PROBE
l—O R 12(14),@? JR LY
9
V)V =
01 uF " 0.1 uF
“ ? o 1000
S,

Figure 6 Preamplifier: Gyp, BW, Gerii, Vinmax: Yops Rop test circuit

503 5q:
o0dB
Ditterential
Probe @ Vour
L ° GvD .
S, S,”ON
AGVD /
0.1 4F avoo! Y
QvD1
S,. 5,"0FF"
4

10~ 4avowz 10 - 40vDbr0
RID=(1 —10- a0v0ar0 1_10-mvumo) x10 (k@]

AGVDa = GVD (indB) when S, and S, are in the "a” position
AGVDb = GVD (indB) when S, and S, are in the "b" position

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

0dB
Differential
Probe

LPF
1MHz

DVcc

Note: Measure Vi with no input signal fo comparator

4
39
Comp

ViN=VouT/GVD

Vour

TDP Pulse Width= 12 us

RD Pulse Width= 05us
37 36
TOR

Measure Vyz with input signal to comparator and circuit outputting read data.

Figure 8 Input conversion noise voltage: Vy, V2 test circuit

Hvce

o

13(15)

AVco

Lun (BpI)
'll!ll (69‘")

Foo = hymx (BPIN) + g (Bpin)

Figure 9 Input sink current Ig;ykand diff output current amplitude Igp test circuit

0d8
Ditfersntial
Probe

]

Vour

é 014F  CMRR =~20 log { Vour /( Vix X Gyo)} [dB]

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

0dB
Differential
Probe

Vour

0.1 ufF
PSRA =-20 log { Vour/( Vix X Gyp) ) [dB]

Figure 11 Power supply rejection ratio (PSRR) test circuit

0‘1:": 4 M2
W 0d8
Dift > Differential
Probe
— 1T~
“l100.F
0. uF
1 10001
o—!
S,

TOTEST Gyy Re =510Q
TOTEST Rgp, Re =100 Q2

Figure 12 Differentiator: GVD, BW, Gk, Rcp: Vob: Rop test circuit

Sl
Vin b 008
Ditterential
8 Probe
< b O S7 VOU'

o1 “Fé l 0.1 uF

Gvo 8, S, "ON"

AGVD
QVD H
GvD1
S, S¢"OFF~

10-AGVDARO 10‘AGVDb/20

Rxn:(1 10~ s6vos0 1_10-AGVD(:/20) x1Q [ka)

AGVDa = GVD (indB) when Sy and S; are in the "a" position
AGVDb = GVD (indB) when Sg and S, are in the "b" position

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

AVeo AVce

-6 ¢

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

v, Vs
Wad Ro=y Sy-x20 (ko)
?}i” o

20k 40

Figure 15 Comparator: Diff input resistance (R,p) test circuit

OvVee DVge
> V..
100k0 $ 38k $ ON FOR TEST
< 2mA
o | H Vo
TDR ROR
4 o
32
RD |—O=——
ﬁ Cl

0.1 uF

0.1 uF
I 04mA Von

Figure 16 Comparator time domain filter: Vo, Vg test circuit
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Floppy disk drives: Read/write amplifier BA6589K

DVcce
Closed for test
Eroz, PStroa . sV
Rvn< tr
0.1 uF lmpF 36 ton 4k}
' ] ROR ON for test
“ RDfz5
OluF
ol Et,,:(:“ -1)x100 (%)
DO
Etw=(= —l)xloo (%)
L1
1 ta—
e |0 P
PS 3 % th x 100 (%)
Measurement Poirt ’_. ] —l
15V I
t too
1y 1,
T
28V
RO B _t!,,__4
04V

Figure 17 Comparator time domain filter: Viymaxs ttos ETp: trps Erp» @and PS test circuit
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BA6589K Floppy disk drives: Read/write amplifier

1 Hvce
Qe
! 3 - I Vaw
- ‘% _‘% -1% _.lé 4-3304F Uik Viaraw
RWCSO 012 13 o“ ‘_15 Used during test
=3 1 2 -

WCS2 E ; g g

weSs)

WCS0
Write current equation Equations for setting write correction current

wr =|lwoo —lwo1] (SI=H)
1.22V—=V
[twio = twai| (SI=L) lwcio= —RWCS‘:’CS X96 Vwcs : Voltage between AV ~ WCSH
controlled by (LC)
) T2V YWCS1 %96 Vwcsz : Voltage betwesn AV — WOS2
; . . WC20= —Rwesz | 1% wcs2 : Voltage betwesn AVec —
Equation for setting write current controlled by (HD)
1.22V
| = — 6 Iwr—6(mA)
WRO RWCSO ACIw= T B(mA) X100 Rwcso=181kQ

2 | Iwge—lwy, | %100

AIwR= T Fwer

2| lwyp—lwy, |
- X100
| twotHiwg, |

_2llwh—tw | 1
PSIW= k- iwL | 186

lwh © Write current at Avge=6.0v
Definition of selected side offset current:
Currents other than the write current flowing equally in the RW pins of the selected side

(for activating write-terminate circuits.) wL : Write current at AvVec=4.4V

Figure 18 Write circuit: IWH! AC'w, Alwn, VSATRW’ ILKRW’ |wc, LRWOFF test circuit

I U -

'_!'7‘(|
Al ey x 100

Figure 19 Write circuit: Aly, typ waveforms
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Floppy disk drives: Read/write amplifier BA6589K

Hvee

(UsadfaT% )

AVce Ve
R e R(M

18 19

RECSO

EDO
ED1

2Uecs

Erase current gg: 5 ~ 100 mA
100 To provide drive capability in excess of the set erase
/ current, use graph to determine value of Rggg
/ The erase current is determined as follows:

8
\

Vee™ Wsarer * Venean)

/ IER ) RED

where:
/ VE HEAD = voltage drop across erase head

/ Repp= Rppg(when E, is selected)

RED= REDl {when E , is selected)

2
N

3
AN

ERASE CURRENT DRIVE CAPABILITY (mA )
8

OO
—_

3 4 5 -]
1/Ryes (1/01 1074)
Figure 20" Erase circuit: IR, lon, Vsater test circuit

LG HD TDFC PS
'INI
v
" IILI
vl"'
WG EG ST WD T
vm‘ VINI
Vl.l' VII

Figure 21 Control logic: Viy, Vi, Vi, i, & I test circuit
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