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Description

The uPD9306 and uPD9306A hard-disk interface (HDI)
chips are unigue CMOS single-chip support devices in-
tended for use with the uPD7261A hard-disk controller.
The uPD9306/A includes a high-performance, digital
phase-locked loop (DPLL), write precompensation
logic, and uPD7261A CLK and R/W CLK generation. The
uPD9306/A requires only two inexpensive passive delay
lines and a crystal for the self-contained oscillator. it
provides a simple but effective solution to the design of
support circuitry for typical hard-disk controllers utiliz-
ing the ST-506 type interface. Due to its fast acquisition
time, the uPD9306/A can actually provide increased
storage by allowing for a size reduction in the sync field
areas. The HDI also significantly reduces board areare-
quirements and overalt design time. The schematic
examples included in this data sheet can be used to re-
duce the ST-506 interface design time to a few hours.

Features

Unique digital phase-locked loop (no adjustments)
Precompensation logic

5-MHz MFM data rate

Internal crystal oscillator

CMOS technology

Single +5V power supply
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Ordering Information

uPD9306/A
CMOS HARD-DISK

INTERFACE

Pin Identification

No. Symbol Function

1 OLCLK Delay line clack output

2-10 DC1-DCS Delay clock inputs

1 RGATE Read gate input

12 X1 Crystal clock input

13 X2 Crystal clock output

14 GND Ground

15 R/W CLK Read / write clock output

16 R/W DATA Read / write data input / output

17 PCEN Precompensation enable input

18 PCE Precompensation early input

19 PCL Precompensation late input

20-24 DD1-DD5 Delayed data inputs

25 WDATA Write data output

26 RDATA Read data input

27 DLDATA Delay line data output

28 Voo +5V power supply

Part
Number Package Type
uPD9306C / uPDI30D6AC 28-pin plastic DIP
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Pin Functions
DC1-DC9 (Delayed Clock)

These nine inputs receive clock signals delayed relative
to DLCLK. The delays for pins DC1-DC9 are 10ns to
90 ns in 10 ns increments.

DD1-DD5 (Delayed Data)

These five inputs receive the input data signals, delayed
relative to DLDATA. The delays for pins DD1-DD5 are 40,
60, 80, 90, and 100 ns respectively. As an option, DD1and
DD2 may be connected to the 30-ns and 70-ns taps, re-
spectively, of delay line 1. Comparative performance
data is shown in table 1.

DLDATA (Delay Line Data)

This output supplies the external delay line with proc-
essed read data from the disk or processed write data
from the host.

DLCLK (Delay Line Clock)

This pin is used for the output clock of the on-chip oscil-
lator and to supply clocks for both the delay line and the
uPD7261A.
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RGATE (Read Gate)

When this input is active, the digital phase-locked loop
(DPLL) circuit generates a read/write clock that is syn-
chronized o the phase of the read data from the disk.
R/W CLK (Read/Write Clock)

When RGATE is active, the DPLL selects one clock
input from DLCLK or DG1-DC9. The clock input is syn-
chronized with the read data at the R/W DATA pin and
output via R/W CLK. When RGATE is inactive, the DPLL
outputs the previously selected clock.

R/W DATA (Read/Write Data)

This pin outputs read data that has been synchronized
with R/W CLK when RGATE is high. This pin inputs
write data when RGATE is low.

RDATA (Read Data)

Input for read data from the hard-disk drive.

WDATA (Write Data)

Output for write data to the hard-disk drive. Precompen-
sation is according to PCE, PCL, and PCEN states.
PCEN (Precompensation Enable)

Write precompensation is performed when this input
signal is active.

PCE (Precompensation Early)

When PCE and PCEN are active, write data is advanced
in phase from its nominal position and output on the
WDATA pin. External delay lines determine the amount
of time advance.

PCL (Precompensation Late)

When PCL and PCEN are active, write data is delayed in
phase from its nominal position and output on the
WDATA pin. External delay lines determine the amount
of time delay.

X1, X2 (Crystal)

These two pins connect the crystal to the on-chip oscil-
lator and clock generator.

Vpp (Power Supply)
+5V power supply input.

GND (Ground)
Ground.
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Absolute Maximum Ratings
Ta=25°C

Power supply voltage, Vpp

—~0.51t0 +7.0V (Note 1)
—0.5t0 +7.0V (Note 1)
Output current, lg 10mA

0°Cto +70°C
—65°C to +150°C

Input voitage, V,

Operating temperature, Topt

Storage temperature, Tsrg

Note:
(1) With respect to ground.

Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is
not meant to be operated under conditions outside the limits de-
scribed in the operational sections of the specification. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

DC Characteristics
Ta=0°Cto +70°C, Vpp = +5.0V £10% uniess otherwise specified
Limits Test
Parameter Symbol Min Typ Max  Unit Conditions
Input voltage Viy 2.0 Vpp+0.5 V 9306 only
high Vi 2.0 Vpp+0.5 V  (Note 3)
Vine 0.7Vpp Vpp+0.5 V. (Note 4)
Input voltage viL -0.5 +0.8 V9306 only
low Vg -05 +08 V  (Note3)
ViL2 0 0.3Vpp V  (Noted)
Output voltage  Von1 Vpp—0.4 vV  lgy=-1.0mA
high (Note 1)
Voy2 Vpp—0.4 V  loy=-2.0mA
(Note 2)
Output voltage VL1 +0.4 V  lgL=3.2mA
low (Note 1)
VoL2 +0.4 v lop=6.4mA
(Note 2)
Input leakage I *10 wA 0OVSV|SVpp
current
Qutput leakage loL =10 uA 0V<Vgo<Vpp
current
Supply current  Ipp 10 30 mA
Note:

(1) All pins except DLCLK, DLDATA and R/W CLK.
(2) DLCLK, DLDATA, and R/W CLK pins only.

(3) 9306A only: all inputs except X1.

(4) 9308A only: X1input.
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uPD9306/A
Capacitance
Ta=25°C, fc=1MHz Limits Test
Limits Tost Parameter Symbol Min Typ Max Unit Conditions
Parameter Symbol Min  Typ Max Unit Conditions Crystal IxTAL 10 0.5 MHz
f
Input C 0 oF (Note 1) requency
capacitance DLCLK 4 to DC9 1ppcy 85 30 95 ns (Note 3)
+ detay time
Output Co B pF {Note 1) i
capacitance DCn tto DCn+1 tppc2 8 10 12 ns (Note 3)
1 delay time
1/0 capacitance Cig 15 pF {Note 1) (n=1y2 .. 8)
Note: ] DLDATAtto  tpppy 95 100 105  ns (Note 3)
(1) Allunmeasured pins returned to ground. DD5 * delay time
DDn tto topp2 8 10 12 ns (Note 3)
AC Characteristics DDn +1 1 delay
Ta=0°C to +70°C, Vpp = +5.0V £10% (Note 1) time
Limits Tost {n=2,3,4)
Parameter  Symbol Min Typ Max  Unit Conditions :; 3"./ gk;(Af to tpgw 10 20 45 ns RGATE =1
DLCLK, DLDATA tpig 20 ns (Note 2) delay time
rise time
Note:
DLCLK, DLDATA tpif 20 ns (Note 2) () Croap=30pF
fall time .
0 (2) When delay line is driven
?ir';}zLK cyce feypik 1 ns (3) Delay line specs used:
Delay time step = 10 + 2 ns; total delay time =100 £5ns
DLCLK high twoLkH 40 50 60 ns
level width Table 1. uPD9306/A Performance
DLCLKlow  twpike 40 50 60 ns Connection Bit ditter Spoed Variation
level width {Note 1) Margin Tolerance
FLDIATA dh;\gh twpi 85 70 100 ns DD1 to 40-ns delay line tap and +30ns +2% (Note 2)
evel widt DD2 to 60-ns delay line tap
gg}'gcg' ) toR 30 ns DD to 30-ns delay line tap and +35ns +1.5% (Nate 2)
tirne_ D5 rise DD2 to 70-ns delay line tap
Note:
DC1-DCS, tor 30 ns (1) Performance depends on precision of externally connected delay
DD1-DD5 fall line
time )
(2) Modern Winchester drives setdom exceed 0.5% speed variation.
DC1-DCY cycle tgype 100 ns
time
AC Test Points
DC1-DC9 high  twpcH 40 50 60 ns
level width 2.4V
20V Test 20V
DCI-DCYlow twpc, 40 50 60  ns oBy = pomts <<+ osv
level width 0.45V
83-002909A
DD1-DD5 high  twpH 55 70 100 ns
level width
R/WCLKrise trRwR 10 ns
time
R/WCLKfall  tawr 10 ns
time
R/WCLKcycle toyrw 83 100 ns
time
R/WCLKhigh twrwH 30 ns
level width
R/WCLKlow twpwL 30 ns
level width
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Timing Waveforms

Controller Interface Timing (Read Operation Only) Delay Line Inputs
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X X
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Delay Line Timing Requirements
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Functional Description
System Configuration

The schematic diagram in figure 1illustrates the use of
the uPD9306/A in conjunction with active delay lines.
Active delay lines are the easiest to use in any applica-
tion, but generally cost twice as much as the passive
type. The uPD9306/ A is capable of driving passive delay
lines with 200 Q or higher impedance. A circuit example
is shown in figure 2. Passive delay lines will perform very
well when provided with good grounds and proper
termination.

Figure1. System Configuration with Passive
Delay Lines
+5V
IN Delay 1
l 40 60 80 90 100 R1
27 20 21 22 23 24
DLDATA DD1 DD2 DD3 DOD4 DDS R2
«PDI306/A = Ri1=16+Z

DC2 DC4 DCé  DC8
OLCLK _ DC1 | DC3 | DC5 | DC7 | DCY +5V

1 2[3afa]s |6 |7 |8 |8 [1©
R1
10 20 30 40 50 60 70 80 90
7

IN Delay 2 100

Charactaristic Impedance = Zg (1) for Delay 1and 2

83-003571A

Note:

() Aninternal terminating resistor provided with the delay line should not
be used. The delay line should be terminated at the last stage output
(100ns) as shown.

Precompensation Circuit

Write precompensation is a technique that reduces the
bit jitter present in read data, thereby increasing reliabil-
ity. It is typically used only on the inner cylinders. When
data is written to the disk, pulse crowding takes place
on the higher-numbered inner cylinders where the same
amount of data is compressed into less space than on
the outer cylinders. A high percentage of the bit jitter
present in the read data is due to magnetic effects caus-
ing flux transitions to occur displaced from their nomi-
nal position. These effects are predictable based on the
pattern of data being recorded. Precompensation re-
duces bit jitter by writing the data slightly before or
slightly after the nominal pulse transition time in a
direction opposite to the expected jitter.

Various manufacturers of many ST-506 style Winchester
disk drives use delay values of 10-12ns. The uPD7261A
generates the two precompensation control signals,
precompensation early (PCE) and precompensation
late (PCL), to direct the write data through one of three
delay pathways. There is circuitry within the uPDS306/A
allowing it to operate with PCE/L and R/W DATA
skewed from each other by as much as 50 ns. This elimi-
nates the need for synchronizing the precompensation
and write data signals externally.

The uPD9306/A utilizes the data path delay line for both
the precompensation and the phase-comparator cir-
cuit. When RGATE is low, data appearing on the R/W
DATA line is written to the drive. The write data is passed
through delay line 1, and the 80-, 90- and 100-ns taps are
used for the early, nominal and late signals.

Digital Phase-Locked Loop

The uPD9306/A employs unique circuitry to accomplish
the phase-locked loop (PLL) function, which simplifies
the overall design and provides very low error rate data
recovery.

The raw read data from the ST-506 Winchester is MFM
encoded and consists of clock and data pulses. The
data format on the disk is broken into sectors with each
sector containing sync fields, address marks, ID fields,
and data fields. The different fields each have specific
functions. For an in-depth explanation of each of these,
refer to the uPD7261A user’s manual.

Typically, a Winchester controller will have a data sepa-
rator that recovers data from the MFM data stream.
Within the data separator are several functional blocks
that include a sync field detector, phase-locked loop
(consisting of a phase comparator, error amplifier, low-
pass filter, voltage-controlled oscillator, and pulse syn-
chronizing logic), reference oscillator, and address
mark detector. The uPD9306/A eliminates the need for
many of these functional blocks. It acquires “lock”
within 4 bit times in a sync field, yet it is incapable of
locking to a harmonic, as analog PLL circuits are prone
to do. The uPD9306/A is also immune to the high-
frequency bursts that may occur during the write splice
areas of the disk.
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Figure 2. .PD9306 with Passive Delay Line
31, ST506 Interface
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The xPD9306/A simulates the function of an analog
VCO by using a digital phase-shift network. One of the
external delay lines is used to generate ten phase-
shifted reference clocks. These clocks have a frequency
of 10 MHz and are phase shifted in equal degree incre-
ments. The total delay line time is 100 ns, which is the
same as the period of the clock, providing a complete
360° phase shift. The xPD9306/A synthesizes the VCO
signal by internally selecting one of the phase-shifted
clock signals. The rate at which the clock is phase-
shifted in one direction or the other corresponds to an
increase or decrease in the resulting frequency.

The internal phase comparator uses the data delay line
(Delay 1) to divide the data window into ten slices. De-
pending on where the sampling edge of the recovery
clock falls within the data window, a proprietary
algorithm changes the phase of the recovery clock. The
uPD9306/A has the same jitter rejection abilities that
you would expect from a well-designed analog PLL. it
can accept disk data with jitter in excess of plus or mi-
nus 30 ns. As an option, delay line 1taps DD1and DD2
may be connected to the 30-ns and the 70-ns tap respec-
tively. Due to this option, the uPD3306/A performance is
affected by its immunity to bit jitter and its tolerance to
speed variation as shown in table 1.
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