NEC 4PB9201
FLOPPY DISK
NEC Electronics Inc. INTERFACE
PRELIMINARY INFORMATION
Description Pin Configuration
The uPB9201 floppy disk interface (FDI) is an LSI
device that provides a wide range of functions com- “:;TE ; : g Vee
monly needed in a floppy disk controlier design. A Pcs:[: 3 38 [ :Z:K
floppy disk controller design using the uPD765A and mini & 37 0 NDTO
the uPB9201 requires only four to five chips, depending PSg ] 5 36 [] HOL
on individual requirements. PsiQ 6 35 1 oraout
HSg [ 7 34 [7 DRQIN
The digital phase lock loop implemented in the FDI As, [ 8 33 [] WDAOUT
simulates the function of an analog PLL. i higher H;0 e 200%
resolution is required, the device provides for the W20 g 31QDS
P . . . WDAIN [] 11 o 30 ] DS,
addition of an external VCO chip. This essentially o1z 3 2005
converts the digital PLL to an analog one. The external us; O 13 28 1 READY
VCO is seldom required, however, due to the excellent DX [] 14 27 [1 RDDAT
performance of the digital PLL. MFM E 15 26 [1 LDCR
vCo 16 25 ] NC
The FDI generates the write clock and processor clock RD ] 17 24 [1 veLK
forthe uPD765A. The clocks are automatically switched RDWOUT [} 18 23 [ VCTAL
in frequency when the 8" or 5-1/4" mode is selected. wekout g 19 22 1] CLKIN
GND [] 20 21 [1 cLKouT
These clocks are changed synchronously so that e5-0000508
random clock edges are not generated. -
The FDlincludes a precompensation circuit that allows Pin Identification
delays of O ns, 125 ns, 187.5 ns, and 250 ns.
No. Symhol Function
The on-chip drive select logic combined wlith thehead 4 RESET Reset input
load (HDL) signal eliminates the normally required - -
selection logic. The on-chip buffers allow direct con- 23 PCSo, PCS+ Precompensation sefect input
nections from DSy-DS3 and HSy-HS;3 to the FDD. 4 MINI Made select
The FDI provides the designer with the ability to delay 5.6 EO' E] Precompensation input
the DRQ signal that normally goes fromthe FDGtothe 710 HSg-HS; Head select
host DMA controller. The minimum delay is either 0.75 1 WDAIN Write data input
ps or 1.5 us, depending on the selection of B” or 5-1/4" 15 43 USg. US; Unit select input
mode. This allows the use of fast DMA controllers such 1 X nd ot
as the uPD8237A-5. ndex outpu
15 MFM MFM mode input
Features 16 VGO VCO sync input
O Programmable digital write precompensation v RD Read data output
[0 Write clock generation for 5-1/4" and 8" drives 18 RDWOUT Read data window output
O Data separation 19 WCKOUT Write clock output
[ 5-1/4" and B" drives select 2 GND Ground
0 External VCO hook-up provision (optional) roun
O Processor clock generation 21 CLKOUT Clack output
O Internai buffers capable of sinking 24 mA 22 CLKIN Clock input
U TTL-compatible 23 VCTRL VCO control
O Drive select logic 2 VCLK VCO clock input
[0 Head select logic
O DRQ delay 25 NC No connect
O No data time out 2% LDCR Load control register input
. . 27 RDDAT Read data input
Ordering Information - P
28 READY Ready input
Part Number Package Type 29-32 D_S‘:g,[fo Drive select outputs
uPB9201C 40-pin plastic DIP
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Pin Identification (cont)

No. Symbol Function

33 WDAOUT Write data output

34 DRQIN DMA request input

35 DRQOUT DMA request output

36 HOL Head load input

37 NDTO No data time out input/output
38 TCLK Test clock output

39 RDY Ready output

40 Vee Power supply

Pin Functions
RESET

When RESET is low, the FDIl internal logic is reset. This
feature is used mainly for text purposes. Normally this
pin is pulled high.

HSo-HS3

These head select outputs are derived from the head
load and the USp - US signals from the uPD765A. Each
of these open collector output sinks 24 mA.

PCSq, PCS+

These inputs select the precompensation delay ac-
cording to the following table:

PCS; PCSy Delay
0 0 Ons
0 1 125 ns
1 0 187.5 ns
1 1 250 ns
PSgq, PS4

These are the precompensation input signals from the
uPD765A.
WDAIN

Write data from the yuPD765A is input at this pin. It
passes through the circuitry which is controlled by
PSg, PS1and the FDI control register to provide various
precompensation levels.

MINI

When this input is high, 5-1/4” mode is selected. When
it is low, 8” mode is selected.
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USp, US4

These are the unitselectinput pins. The uPD765A uses
them to select up to four double-sided drives.

IDX
The FDI uses this signal to generate index pulses to the

uPD765A when there is no data coming from the disk
drive.

MFM

This signal controls the read data window to conform
to MFM (double density) or FM (single density) record-
ing modes. It also controls the frequency of the
WCKOUT signal. MFM is input from the uPD765A.

vCoO

This isthe VCO syncinput from the uPD765A. It is used
for internal control.

RD

The read data output signal is the same as the data
coming from the FDD but it has been shaped and
synchronized to the 16 MHz clock. RD is directly
connected to the RD signal of the uPD765A.

RDWOUT

This signal is generated by the FDI PLL circuitry. it is
controlled by the MFM signal from the uPD765A and by
the selection of 5-1/4” or 8” mode.

WCKOUT

This write clock output signal is output to the WCK pin
of the uPD765A.

CLKOUT

This signal provides the processor clock for the
uPD765A and is programmable via the FDI control
register foran 8 MHz or 4 MHz square wave output. The
switching between 4 MHz and 8 MHz is synchronous.

CLKIN

This input signal should be a 16 MHz TTL-compatible
square wave. All timing for the FDI is derived from this
signal.

VCLK

If an external VCO chip is used, this pin should be
connected to the output of the VCO. If an external VCO
is not used, then this pin should be connected to the 16
MHz clock input.
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VCTRL

This three-state signai controls the external VCO
frequency. It is the equivalent of combined pump-up
and pump-down signals.

TCLK

This signal is used to test different modes of the FDI.
Depending upon the mode, this pin outputs a4 MHz, 8
MHz or 16 MHz square wave. Itis not used in controller
design.

LDCR

This input signat is level triggered. When LDCR is low,
PSCgp, PSC+, and MINI are transferred to the internal
control register. When LDCR goes high, the data on
pins 6-8 will remain latched. Pins 6-8 may be connected
to a data bus and LDCR may be used as a strobe, or

they may be driven from external latches by connecting
LDCR to GND.

RDDAT

This input is directly connected to the read data signal
from the floppy disk interface.

READY

This input signal is connected through an inverter to
the FDD. The RDY output signal is generated by this
signal.

RDY

This output signal is directly connected to the RDY pin
of the uPD765A. When the 8” mode is selected, the
READY signals from the floppy disk drive is sent
directly to the uPD765A. When the FDI is in the 5-1/4”
mode, RDY is set to 1 at all times.

DRQIN

Thisis an input from the uPD765A. DRQIN is delayed 3
to 4 clock pulses before being output (DRQQOUT). This
achieves the DRQ to RD delay that is required by the
uPD765A.

DRQOUT
This is the output of the delayed DRQIN signal.

WDAOUT

This open collector output is directly connected to the
floppy disk drive and writes data to it. WDAOUT sinks
24 mA.

NDTO

The FDI uses this pin to generate a time out when there
is no data coming from the floppy disk drive. External
RC components are required for the timing.

HDL

The head load input is used in conjunction with the US4
and USg signals from the uPD765A 1o generate the
drive and head select signals.

Block Diagram

DRGIN Detay }-—
Network bRaouT
RDDAT RD
MFM Digital |-——= RDWOUT
VCLK PLL —— vcTRL
Processor |~ WCKOUT
CLKIN Clockand [——+ CLKOUT
Write Ciock
| .| Generation
PSp |—— WDAGUT
PSq
WDAIN
Wwrite
PSC, p
PSCy Control
MINI Register
LDCR —
vco No-Data BY
NDTO | Time out 16X
us,
0 Drive Select DSo- D53
usy and b il
HDL Head Select HSg - HSy
READY Ready Gating '—» ADY
83-000051A

Absolute Maximum Ratings
Ta=+25°C

Operating temperature, Tgpy 0to +70°C
Storage temperature, Tgyg —65 to +150°C
All output voitages, Vg —5to+55V
All input voltages, V; ~5to+7V
Power supply voltage, Vgg —S5to+7V
Power dissipation, Pp 156W

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damange. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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DC Characteristics
Ta =010 +70°C; Voo = +5 V £10% unless otherwise specified

AC Characteristics
Ta =0to +70°C; Voo = 15 V £10% unless otherwise specified

Limits Test Limits Test

Parameter Symbel Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Low level ViL 08 Vv CLKIN high and  tckw 20 ns
input voltage low width
High level ViH 20 v CLKIN period toy 55 625 ns
input voltage CLKIN rise time  tgg 10 ns
Input clamp Vic 15 V Vge=45V -
voltage I = —18 mA CLKIN fall time  tcp 10 ns
Low level VoL 03 05 V Vgg=45V WCK cycletime  twcy ; us y.s
output voltage lop =12mA 2 g MFiVI 5.1/4"
High level Vo 25 34 V V=45V 4 us FM,5-1/4
output voltage loy = 1 mA (1) CLKIN = 16 MHz
Short circuit los —100 -25 mA Vgg=55V WCK high width  tww 250 ns
Output current Vo=0V WCK rise time  twp 20 ns
Low level i —100 pA Veg=55V -
input current V=04V WCK fall time twr 20 ns
High level I 0 A Voo =55V PCSo. PCSt, MINI tps 10 ns
input current =27V LDT{P
High level loH 100 pA Vgg=45V
output current V=45V (2 :gﬁjoii?es;r‘ohrﬂm tLoH 10 ns
Off state output LDCR
current -

Three state  lpzy ~ —20 uA Vgg=55V WorNhigh - twow 2 ns

output Vo=04V/27V

e o : WDAOUT low twow Aoy twow = 250 ns

Bidirectional lgzo 100 +40 pA (VCO CNTRL pin) width where CLKIN —
Ve supply lec 170 296 mA Tp=+25°C 6 MHz
current RDDAT high thoow 25 ns
Note: width
(1) Does not apply to open collector outputs. RD high width  trpw EICY mm: = [1)
(2) Far open collector outputs only. - oy

RDWOUT width  trpww 1 us MFM, 8"

H 2 FM, 8”
Capacitance 2 ﬁ MFM, 5-1/4"
Tp = +25°C; fc = 1 MHz 4 us FM,5-1/4"

Limits Tost CLKIN = 16 MHz
Parameter Symbol Min Typ Max Unit  Conditions DRQOUT delay  tp1y 0.75 1 ws MINI=0
- - time from DRQIN 15 2 us MINI=1
Clock input Cin (¢} 20  pF Al pins except
those under test DRQOUT low tRLL 30 ns
Input Cin 10 pF . from DRQIN low
tied to AC GND
Output Gour 15 pf RESET low width tgsty 250 ns
VCLK period toy 55 625 ns
VCLK high and  tokw 20 ns
low width
Note:
The FDI is designed to run at 16 MHz, and all of the test conditions for
signals generated by the FDI are at 16 MHz.
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Timing Waveforms
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Interfacing

Figure 1 shows all the required interconnections
between the FDI and a typical FDC chip such as the
HPD765A. An external 16 MHz clock input to the CLKIN
pinis required. The FDI generates all the internal timing
from this input clock.

An alternate method of utilizing the uPB9201 is shown
in figure 2. This method minimizes the parts count and
fully utilizes all of the FDI features.

The type of the drive can be selected by setting the
value of the MINI pin; ie, MINI = 0: 8" and MINI = 1:
5-1/4”. This can be achieved by either a jumper or a
peripheral port.

The PCSp and PCS, pins are used to program the
device for a desired amount of precompensation. The
PSg and PS; signals from the uPD765A inform the FDI
whether the bit shift is late, normal, or early.

The LDCR (load control register) pin can be used as a
strobe to latch the values of MINI, PCS4, and PCSg into
the control register of the FDI. Whenever LDCR is low,
the control register is updated. If the strobing of LCRC
is not preferred, then LDCR should be connected to
ground and MINI, PCS,, and PCSg should be connected
either to logic 1 or 0, depending upon the desired mode
of operation.

The FDI uses the US,, USp, and HDSL signals from the
uPD765A to generate the DSp-DS;3 (drive select) and
the HSp-HS3 (head select) signals. All these output
signals are capable of sinking 24 mA and can be
directly connected to the corresponding FDD signals.
{This assumes that the FDD contains 220/330 termin-
ation resistors. Some drives contain 150-ohm pull-up
resistors, which will require the use of a buffer external
to the uPB9201.) The designer has two options available
when using the head select signals. The first option is
to connect all the head select signals together to the
HEAD LOAD O signal of the FDD interface. This
method generates one common “head load” signal for
all drives. The second option is to add external delay
circuits to each head select signal. This causes the
head for the particular drive to stay loaded for the
amount of specified time delay when the drive is
deselected. The advantage of this method, as compared
to the former one, is that it eliminates redundant head
loading and unloading when copying diskettes from
one to another.
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Typical Personal Computer Application of the uPB9201

Figure 1.
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Figure2. Typical 8” Floppy Disk Controller; Minimum Parts Count
1K K DMA Request
t P
ta Host CPU Disk Connector
LS04 {001 LS04 LS04 0Odd Pins are Grounded
Intesrupt to
Host GPU 7408 —
WRITE ENABLE
LS4, 7'><’\ o) WS
—it <p %—|zo! oEx
16 MHz 100 pF &) 46| READ BATA
LS4~ |:>_Ex§ 22| READY
s oL {Soree [14] soE seiEeT
N - 3 —
“’: #PB820" 53, ; [26] DRIVE sELECT O
veLk B3, 5 28] DRIVE SELECT 1
1 CLKIN D}g 29 2‘ DRIVE SELECT 2
PD7265/uPOTESA Lt Reser B8, |- 32| DRIVE SELECT 3
15 21 HS, a3 18} HEAD LOAD 0
DACK HOD 17 PE: 9 24| HEAD LOAD 1
L3 [ iox | " 83 [0 48| HEADLOAD 2
1 INT 2 19 HDL H_3q 12 50] HEAD LOAD 3
RST wek Jg | WCKOUT INDEX [ i 38| READ WRITE DATA
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s, | 22 1z] sy oK
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Note:
“Required 1o maintain propar phase relationship.

830001928

Optionally, an external VCO chip can be added to
achieve better performance. As an example, figure 3
illustrates the necessary interconnections between the
741.5624 VCO chip and the FDI. The input frequency
control of the VCO is connected to the VCTRL pin of
the FDI through an integrator (a simple RC circuit). The
VCTRL signal is the output of the internal digital phase
comparator. When there is no data bit coming in, this
pin stays at approximately 2.0 volts (high impedance
state). Since the frequency control pin of 74LS624 is
also at 2.0 volts (adjusted by R2), the voltage across R1
will be 0 volts. As a resuit of this, C1 is neither charged
nor discharged and the VCO will be running at its
nominal frequency (16 MHz).

When a data bit occurs, the VCTRL pin goes first to a
high state, then to a low state, and finally back to the
high impedance state. The high and low states cor-
respond to ramp-up and ramp-down respectively. The
duration of ramp-up and ramp-down are determined
by the position of the data bit in the read window.

If the data always arrives early, then ramp-up will have
a longer pericd than ramp-down, causing an increase
in VCO frequency. If the data arrives late, the converse
istrue. The integrator averages the frequency changes
of the signal coming from the VCTRL pin. The values of
R1 and C1 determine the time constant for the inter-
grator. These values can be selected so that the VCO
follows the slow speed variations of the disk drive. The
VCLK pin should be connected to the output of the
VCO when using the external VCO. If the VCO is not
used, then the VCLK pin should be connected to the 16
MHz input clock.

The uPD765A requires a fairly long delay from DRQ
going high to the issuance of a READ pulse to the chip.
It is usually necessary to delay the DRQ signal going to
the host DMA controller so that the READ pulse does
not arrive early. The FDI is capable of delaying the
DRQ from the uPD765A controller for approximately 1
ps (8” drive), or 2 us for a 5-1/4” drive. In figure 1, the
DRQ from the uPD765A is connected to the DRQIN pin
of the FDI and the DRQOUT is connected to the host
DMA controller. DRQGUT is automatically reset when
DRQIN goes low.
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The FDI provides the necessary logic for the READY
signal when the uPD765A is in mini-floppy mode.
When the 8’ mode is selected, the FDI passes the
READY signal from the FDD interface directly to the
uPD765A. When 5-1/4" mode is selected, it sets the
RDY pin of the uPD765A high. If you have 5” drives that
have a ready signal, it is not necessary to use this
signal.

Figure 3. Using the uPB9201 with an External VCO

The FDI is capable of correcting a rare hang-up
condition that occurs when there is no data coming
from the disk drive to the uPD765A. When no data is
coming from the FDD, the FDI waits for the time
determined by the RC circuit connected to the NDTO
pin. Once the time-outsignal occurs, the FDI generates
index puises to the uPD765A. This causes the controller
to leave the hang-up condition (see figure 4).

Figure 4. Implementing the No-Data Time Out
Function
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Additional Application Information

The logic diagram, shown in figure 1, illustrates a
floppy disk controller as implemented on a personal
computer. It is compatible with the existing controllers,
but has the ability to control 8” drives and single and
double density as well.
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