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SINGLE WRITER INTERLACED MAGNETIC 
RECORDING 

BACKGROUND 

As requirements for data storage density increase for 
magnetic media, cell size decreases. A commensurate 
decrease in the size of a writer is difficult because, in many 
systems, a strong write field gradient is needed to shift the 
polarity of cells on a magnetized medium. As a result, 
writing data to Smaller cells on the magnetized medium 
using the relatively larger write pole may affect the polar 
ization of adjacent cells (e.g., overwriting the adjacent cells). 
One technique for adapting the magnetic medium to utilize 
Smaller cells while preventing adjacent data from being 
overwritten during a write operation is interlaced magnetic 
recording (IMR). 

SUMMARY 

Implementations disclosed herein provide a storage 
device including a storage medium, a magnetic recording 
head, and a controller that writes a series of consecutive data 
tracks to have a uniform written track width. The controller 
writes data to alternating data tracks in the series prior to 
writing data to at least one track interlaced with the alter 
nating data tracks. 

This Summary is provided to introduce a selection of 
concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used to limit 
the scope of the claimed subject matter. These and various 
other features and advantages will be apparent from a 
reading of the following Detailed Description. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 illustrates a data storage device including a trans 
ducer head assembly for writing data on a magnetic storage 
medium. 

FIG. 2 illustrates an example storage system for imple 
menting an interlaced magnetic recording (IMR) technique. 

FIG. 3 illustrates an example plot illustrating a percentage 
gain in areal density capacity resulting from implementation 
of an IMR technique. 

FIG. 4 illustrates example operations for writing data 
according to another example IMR technique. 

DETAILED DESCRIPTION 

IMR systems utilize alternating data tracks of different 
written track widths and linear densities arranged with 
slightly overlapping edges. For example, tracks of different 
write widths can be created by using multiple differently 
sized write elements or, in Heat-Assisted Magnetic Record 
ing (HAMR) devices, by varying laser power on alternating 
data tracks. However, these techniques have shortcomings. 
For example, manufacturing processes for multi-writer 
heads are inherently more complex than manufacturing 
processes for single-writer transducer heads. Moreover, 
operating a laser continually at high power levels and/or 
varied power levels can significantly shorten the functional 
lifetime of a laser. 

FIG. 1 illustrates a data storage device 100 including a 
transducer head assembly 120 for writing data on a magnetic 
storage medium 108. Although other implementations are 
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2 
contemplated, the storage medium 108 is, in FIG. 1, a 
magnetic storage disc on which data bits can be recorded 
using a magnetic write pole (e.g., a write pole 130) and from 
which data bits can be read using a magnetoresistive element 
(not shown). As illustrated in View A, the storage medium 
108 rotates about a spindle center or a disc axis of rotation 
112 during rotation and includes an inner diameter 104 and 
an outer diameter 102 between which are a number of 
concentric data tracks 110. Information may be written to 
and read from data bit locations in the data tracks on the 
storage medium 108. 
The transducer head assembly 120 is mounted on an 

actuator assembly 109 at an end distal to an actuator axis of 
rotation 114 and flies in close proximity above the surface of 
the storage medium 108 during disc rotation. The actuator 
assembly 109 rotates during a seek operation about the 
actuator axis of rotation 112 to position the transducer head 
assembly 120 over a target data track for each read and write 
operation. 
The transducer head assembly 120 includes a writer (not 

shown) further including a write pole for converting a series 
of electrical pulses sent from a controller 106 into a series of 
magnetic pulses of commensurate magnitude and length. 
The magnetic pulses of the write pole selectively magnetize 
magnetic grains of the storage medium 108 as they pass 
below the pulsating writer. In some implementations, the 
transducer head assembly 120 includes a conventional per 
pendicular magnetic recording (CPMR) head. In other 
implementations, the transducer head assembly 120 includes 
a heat-assisted magnetic recording (HAMR) head that 
includes a heat source (e.g., a laser) that performs localized 
heating of the storage medium 108 to reduce the coercivity 
while recording data. This localized heating may allow an 
applied magnetic field of the writer to more easily affect 
magnetization of the storage medium 108. 
View B illustrates magnified views 150 and 152 of a same 

Surface portion of the storage media 108 according to 
different write methodologies. Specifically, the magnified 
views 150 and 152 include a number of magnetically 
polarized regions, also referred to herein as “data bits.” 
along the data tracks of the storage media 108. Each of the 
data bits (e.g., a data bit 128) represents one or more 
individual data bits of a same state (e.g., is or OS). For 
example, the data bit 128 is a magnetically polarized region 
representing multiple bits of a first state (e.g., “000), while 
an adjacent data bit 127 is an oppositely polarized region 
representing one or more bits of a second state (e.g., a single 
“1”). The data bits in each of the magnified views 150 and 
152 are not necessarily illustrative of the actual shapes or 
separations of the bits within an individual system configu 
ration. 
The magnified view 150 illustrates magnetic transitions 

recorded according to a conventional magnetic recording 
(CMR) technique. Under CMR, all written data tracks have 
a written track width equal to a defined track pitch (e.g., a 
center-to-center distance between directly adjacent data 
tracks). “Written track width” refers to, for example, a width 
of a data track measured in a cross-track direction of the 
storage medium 108. In CMR, each of the individual data 
tracks is randomly writeable, which means that the data 
tracks can each be individually re-written multiple times 
without significantly degrading data on other adjacent data 
tracks. With CMR, a maximum attainable areal storage 
density (ADC) is reduced as compared to an interlaced 
magnetic recording (IMR) technique illustrated in magnified 
view 152, described below. 
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The magnified view 152 illustrates magnetic transitions 
recorded according to an IMR technique that entails manipu 
lating a write order of the data tracks and increasing linear 
density on select data tracks of the storage medium 108. As 
used herein, linear density refers to a density of recorded 
data bits in a down-track (DT) direction (e.g., “kilobits per 
inch” or KBPI). 

Like the data tracks recorded using the CMR technique of 
magnified view 150, the data tracks of the magnified view 
152 each are defined by a same written track width. In one 
implementation, a track pitch (e.g., center-to-center distance 
between adjacent data tracks) is defined Such that adjacent 
written data tracks slightly overlap one another. In another 
implementation, a track pitch is selected Such that there is 
little or no overlap between adjacent data tracks. In either of 
these implementations, consecutive data tracks are written 
according to a non-consecutive order and according to one 
or more prioritized write rules. For example, data may be 
written to according to a prioritized write rule whereby data 
is directed to each data track in a first series of alternating 
tracks (e.g., tracks 158, 160, and 162) before any data is 
written to any data tracks of a second series of alternating 
tracks (e.g., data tracks 164, 166, etc.). In another imple 
mentation, data is written according to a similar prioritized 
write rule whereby a data track of a second series of 
alternating data tracks (e.g., 164, 166, etc.) may not receive 
and store data unless the two immediately adjacent tracks of 
the first series of alternating data tracks already store data. 

In one implementation, each of the data tracks 158, 160, 
162, 164, 166, etc. has a written track width that slightly 
exceeds a defined track pitch. That is, the track pitch or 
center-to-center distance between two adjacent data tracks is 
slightly less than a written track width of any individual 
track. Consequently, each data track of the second series of 
alternating data tracks (e.g., 164, 166, etc.) has edges that 
slightly overlap the directly adjacent and previously-written 
data tracks of the first series of alternating data tracks (e.g., 
tracks 158, 160, and 162). Due to careful selection of the 
written track width and track pitch, data remains readable on 
all of the data tracks of the storage medium 108. For 
simplicity, tracks of the first series of alternating data tracks 
(e.g., data tracks 158, 160, 162, etc.) are also referred to 
herein as “bottom tracks,” while tracks of the second series 
of alternating data tracks (e.g., 164, 166, etc.) are also 
referred to herein as “top tracks.” 

In one implementation, the top data tracks are randomly 
writable but the bottom tracks are not. For example, a top 
track can be written and re-written without re-writing any 
adjacent tracks, while a re-write or modification of a bottom 
track, such as the track 160, may entail reading and/or 
re-writing of multiple tracks. For example, re-writing the 
data track 160 may entail the following operations in the 
following order (1) reading the top data tracks 164 and 166 
into memory; (2) writing the data track 160; and (3) re 
writing data of the top data tracks 164 and 166 from the 
memory. Other data management techniques may be used in 
other implementations. 
When the above-described prioritized write order is 

implemented, a risk of adjacent track interference (ATI) is 
eliminated for the top data tracks on the storage medium 
108. As used herein, “ATI' refers to data degradation that 
may occur on tracks adjacent to a target data track on a 
magnetic recording medium when the target data track is 
written a large number of times without writes or re-writes 
of the adjacent tracks. ATI is effectively eliminated for the 
top data tracks because a top data track is written or 
re-written following each write to an adjacent bottom track. 
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4 
When ATI is reduced or eliminated for the top data tracks 
164, 166, etc. as described above, the linear density of these 
tracks can be increased without a corresponding decrease in 
system performance. 

According to one implementation, all data tracks of the 
magnified view 152 are written by a single writer and 
according to a same set of write current parameters. “Write 
current parameters' are parameters affecting the shape of 
each electrical current pulse provided to a write coil of the 
writer on the transducer head 120. For example, write 
current parameters may include steady state write current, 
overshoot amplitude, overshoot duration, rise time, and fall 
time. In implementations where the transducer head assem 
bly 120 includes a HAMR head, the data tracks of the 
magnified view 152 may each receive data while a heat 
Source (e.g., a laser) is operated at a same power level. 

In general, the above-described write technique of view 
152 generates a grouping of consecutive tracks having 
Substantially equal written track width and an increased 
linear density on every-other track (e.g., the top tracks). By 
writing the data tracks of the system 100 according to a 
prioritized write order (as described above) but with a single 
writer and a uniform set of write current parameters, 
increases in ADC can be attained without the consequential 
drawbacks of other current IMR solutions that use variable 
width data tracks. For example, some IMR solutions 
manipulate laser power or write current parameters for 
alternating tracks generate alternating tracks of different 
written widths. However, varying HAMR laser power can 
reduce the overall lifetime of the transducer head assembly 
120 and multi-writer solutions are costlier to implement than 
single-writer solutions. Notably, some implementations of 
the disclosed technology may not provide for any actual 
overlap between adjacent data tracks. For example, some 
systems may define the track pitch to be equal to the written 
track width rather than less than the written track width. 
These systems may also achieve linear density gains for the 
top data tracks. 

FIG. 2 illustrates a storage system 200 implementing an 
example IMR technique. The illustrated technique provides 
for data tracks of equal written track width but variable 
linear densities (e.g., high/low linear densities for alternating 
data tracks). The storage medium 212 is shown divided into 
different radial Zones A, B, and C, but other implementations 
may include greater than three radial Zones. As illustrated in 
an expanded view 220, each radial Zone contains a number 
of data tracks (e.g., tracks 202-210) defined by a single, 
uniform track pitch 216 (e.g., a center-to-center distance 
between each pair of directly adjacent data tracks). Although 
the track pitch 216 is constant within each radial Zone A, B, 
and C, the track pitch 216 may, in Some implementations, 
vary from one radial Zone to another. 

Each of the data tracks 202-210 is initially written to have 
a same written track width W1 (e.g., an area on the storage 
medium 212 magnetized by a single pass of a write ele 
ment). In FIG. 2, the written track width W1 is slightly larger 
than the track pitch 216 and, consequently, there exists some 
edge overlap between adjacent data tracks. In addition, data 
is written to the data tracks 202-210 according to a priori 
tized write order such that top tracks 204, 206, and 208 are 
written or re-written subsequent to each write to one of the 
immediately-adjacent bottom tracks 203, 205, 207 or 209. 
Due to the illustrated overlap scheme, the top tracks 204, 

206, 208, etc. are randomly writable but the bottom tracks 
203, 205, 207, 209, etc. are not randomly writable. For 
example, a re-write of the data track 204 can be performed 
without re-writing any other data track, while a re-write of 
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the data track 205 entails the following operations: (1) 
reading the data tracks 204 and 206 into memory; (2) 
re-writing the data track 205; and (3) subsequently re 
writing the data tracks 204 and 206 from memory. Notably, 
data writes to the top tracks 204, 206, or 208 may, over time, 5 
cause adjacent track interference (ATI) on the adjacent 
bottom data tracks (e.g., 203, 205, 207 and/or 209). How 
ever, the reverse situation is not true. For example, re 
writing a bottom data track 205 does not cause ATI to any 
other tracks because the immediately adjacent top tracks 204 10 
and 206 are also re-written each time that the bottom track 
205 is re-written. 

Since data degradation due to ATI is not a concern on the 
top tracks 204, 206, 208, etc., the top tracks can be written 
with a higher linear density than the bottom tracks, while 15 
still yielding an acceptable signal-to-noise ratio (SNR). Such 
as a ratio that is above a predefined threshold. As a result, the 
illustrated IMR technique yields an increase in ADC as 
compared to conventional magnetic recording systems. 
Although different implementations of the disclosed tech- 20 
nology may implement different prioritized write rules, FIG. 
2 includes example annotations (e.g., write 1, write 2, write 
3 . . . write 7) illustrating one prioritized write order that 
yields that above-described increases in ADC. 

Each of the different radial Zones A, B, and C may store 25 
data written according to a different set of write current 
parameters. For example, a factory formatting process may 
populate a Zone table (not shown) that stores a set of write 
current parameters (e.g., write current amplitude, write 
current overshoot, write current rise time, fall time, etc.) in 30 
association with each different radial Zone on the storage 
medium 212. The Zone table is used during operation of of 
the storage device 200 to select write current parameters for 
each data write to the storage medium 212. However, within 
any one radial Zone (e.g., A, B, or C), data tracks are written 35 
according to a same set of write current parameters and at a 
uniform track width. In HAMR systems, the Zone table may 
further store a laser power in association with each of the 
radial Zones A, B, and C. A same (uniform) laser power may 
be used to write data to each data track in a same radial Zone. 40 
In at least one implementation, the storage system 200 
includes a single writer that writes data to all data tracks on 
the storage medium 212 or all of the data tracks on a same 
surface of the storage medium 212. Thus, the above-de 
scribed ADC gains are achieved without costly manufactur- 45 
ing changes to a structure of the head including the writer 
(e.g., multiple writers, coils, heaters, etc.). 

FIG. 3 illustrates an example plot 300 illustrating per 
centage gain in ADC observed in a system implementing the 
herein-disclosed IMR techniques as compared to a system 50 
implementing conventional magnetic recording techniques. 
Specifically, the plot 300 is based on a single-writer storage 
drive that writes data to a series of consecutive data tracks 
according to IMR prioritized write order. For instance, the 
prioritized write order designates a first series of alternating 55 
tracks as “bottom tracks' and a series of interlaced tracks as 
“top tracks. Each bottom track receives data before any 
data is written to the immediately adjacent top tracks, and 
top tracks are written with a higher linear density than the 
bottom tracks. 60 

The single-writer storage drive on which the plot 300 is 
based includes a controller that selects a single set of write 
current parameters to generate adjacent, consecutive data 
tracks of equal written track width. For example, write 
current amplitude, write current overshoot, write current rise 65 
time may be kept at constant values for data writes to each 
track in a series of adjacent data tracks. This written track 

6 
width may be slightly larger than a track pitch selected for 
use in a corresponding radial Zone, as described and shown 
with respect to FIG. 2. As seen from the plot 300, ADC gains 
are on the order of 2-5% when a media signal to noise (SNR) 
requirement is varied between 10.5 and 13.5 decibels (dB). 

FIG. 4 illustrates example operations 400 for writing data 
according to an IMR technique that writes data tracks of 
equal width according to a non-consecutive prioritized write 
order. In one implementation, the example write operations 
400 are performed by a storage device that includes a single 
writer for writing to a surface of a storage medium. 
A selection operation 402 selects a radial Zone on the 

storage medium for receiving incoming data. A retrieving 
operation 404 retrieves a set of write current parameters for 
executing data writes within the selected radial Zone. For 
example, the write current parameters may include a write 
current amplitude, a write current overshoot, a write current 
rise time, a write current fall time, etc. In implementations 
where the storage device is a HAMR device, the retrieving 
operation 404 may further retrieve a power level for oper 
ating the laser within the selected radial Zone. The write 
current parameters and/or HAMR laser power are, in one 
implementation, pre-selected so as to generate data tracks 
with a written track width that slightly exceeds a defined 
track pitch on the storage medium. In another implementa 
tion, the retrieved write current parameters and/or HAMR 
laser power are pre-selected to generate data tracks with a 
written track width that is equal to a defined track pitch. 

Another retrieving operation 406 retrieves a first linear 
density corresponding to a first series of alternating data 
tracks in the radial Zone. Thereafter, a write operation 408 
writes the incoming data to a first series of alternating data 
tracks in the radial Zone according to the retrieved set of 
write current parameters and the first linear density. If the 
device is a HAMR device, the writing operation may further 
write the data according to the retrieved laser power level. 

Another retrieving operation 410 retrieves a second linear 
density that corresponds to a second series of alternating 
data tracks in the radial Zone. The second linear density is 
higher than the first linear density. In one implementation, 
the first series of alternating tracks includes every other data 
track in the radial Zone and the second series of alternating 
data tracks includes the tracks interlaced with the alternating 
data tracks. 

Subsequent to the data write to one or more of the first 
series of alternating data tracks, another write operation 412 
writes incoming data to one or more data tracks of the 
second series of alternating data tracks within the radial 
Zone. The write operation 412 writes the data according to 
the same set of write current parameters and HAMR laser 
power (if applicable) as the write operation 408. However, 
the write operation 412 writes the data at the second linear 
density, which is higher than the first linear density. As as 
result, all written data tracks within the radial Zone have a 
same written track width, slightly overlapping track edges, 
and the data tracks of the second series store data at higher 
linear density than the data tracks of the first series. 
The embodiments of the disclosed technology described 

herein are implemented as logical steps in one or more 
computer systems. The logical operations of the presently 
disclosed technology are implemented (1) as a sequence of 
processor-implemented steps executing in one or more com 
puter systems and (2) as interconnected machine or circuit 
modules within one or more computer systems. The imple 
mentation is a matter of choice, dependent on the perfor 
mance requirements of the computer system implementing 
the disclosed technology. Accordingly, the logical opera 
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tions making up the embodiments of the disclosed technol 
ogy described herein are referred to variously as operations, 
steps, objects, or modules. Furthermore, it should be under 
stood that logical operations may be performed in any order, 
adding and omitting as desired, unless explicitly claimed 
otherwise or a specific order is inherently necessitated by the 
claim language. 
The above specification, examples, and data provide a 

complete description of the structure and use of exemplary 
embodiments of the disclosed technology. Since many 
embodiments of the disclosed technology can be made 
without departing from the spirit and scope of the disclosed 
technology, the disclosed technology resides in the claims 
hereinafter appended. Furthermore, structural features of the 
different embodiments may be combined in yet another 
embodiment without departing from the recited claims. 
What is claimed is: 
1. A system comprising: 
a storage medium; 
a magnetic recording head; and 
a storage device controller configured to operate the 

magnetic recording head to write consecutive data 
tracks on the storage medium at a uniform written track 
width and further configured to write data to alternating 
data tracks of the consecutive data tracks prior to 
Writing data to at least one interlaced data track 
between the alternating data tracks. 

2. The system of claim 1, wherein the alternating data 
tracks and the at least one interlaced data track are written 
according to a same set of write current parameters. 

3. The system of claim 2, wherein the write current 
parameters include write current overshoot, write current 
amplitude, and rise time. 

4. The system of claim 1, wherein the alternating data 
tracks and the at least one interlaced data track have a same 
track pitch that is less than the written track width. 

5. The apparatus of claim 1, wherein the data of the at 
least one interlaced data track is of a higher linear density 
than a linear density of data of the alternating data tracks. 

6. The system of claim 1, wherein the at least one 
interlaced data track is directly adjacent to two of the 
alternating data tracks. 

7. The system of claim 1, wherein the magnetic recording 
head is a Heat-Assisted Magnetic Recording (HAMR) head 
and the controller operates a laser of the HAMR head at a 
same power when writing data to the alternating tracks as 
when writing data to the at least one interlaced track. 

8. A method comprising: 
writing data of a first linear density with a writer to a first 

set of alternating data tracks on a storage medium; 
Subsequent to the data write to the first set of alternating 

data tracks, writing data of a second linear density with 
the Writer to a second set of alternating data tracks 
interlaced with the first set of alternating data tracks, 
wherein the second linear density is higher than the first 
linear density. 

9. The method of claim 8, wherein the first set of 
alternating data tracks and the second set of alternating data 
tracks are written according to a same set of write current 
parameters. 
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10. The method of claim 9, wherein the magnetic record 

ing head is a Heat-Assisted Magnetic Recording (HAMR) 
head and the controller operates a laser of the HAMR head 
at a same power when writing data to the alternating tracks 
as when writing data to the at least one interlaced track. 

11. The method of claim 8, wherein the first set of 
alternating data tracks and the second set of alternating data 
tracks have equal written track width. 

12. The method of claim 8, wherein each data track of the 
Second set of alternating data tracks is directly adjacent to 
two data tracks of the first set of alternating data tracks. 

13. The method of claim 8, further comprising: 
receiving a command to re-write data of a target track of 

the first set of alternating data tracks; 
Writing the data to the target track; and 
Subsequently re-writing data of two data tracks of the 

second set of alternating tracks directly adjacent to the 
target track. 

14. The method of claim 8, further comprising: 
receiving a command to re-write data of a target data track 

of the second set of alternating data tracks; and 
executing the command by writing the data to the target 

data track without re-writing any directly adjacent data 
tracks. 

15. One or more non-transitory computer-readable stor 
age media encoding computer-executable instructions for 
executing on a computer system a computer process, the 
computer process comprising: 

Writing data with a writer to a first set of alternating data 
tracks on a storage medium; 

Subsequent to the data write to the first set of alternating 
data tracks, writing data with the writer to a second set 
of alternating data tracks interlaced with the first set of 
alternating data tracks, wherein the first set of alternat 
ing data tracks and the second set of alternating data 
tracks are of a same written track width. 

16. The one or more non-transitory computer-readable 
storage media of claim 15, wherein the first set of alternating 
data tracks and the second set of alternating data tracks are 
Written according to a same set of write current parameters. 

17. The one or more non-transitory computer-readable 
storage media of claim 16, wherein the write current param 
eters include write current overshoot, write current ampli 
tude, and rise time. 

18. The one or more non-transitory computer-readable 
storage media of claim 15, wherein each data track of the 
second set of alternating data tracks is directly adjacent to 
two data tracks of the first set of alternating data tracks. 

19. The one or more non-transitory computer-readable 
storage media of claim 15, wherein the magnetic recording 
head is a Heat-Assisted Magnetic Recording (HAMR) head 
and the controller operates a laser of the HAMR head at a 
same power when writing data to the alternating tracks as 
when Writing data to the at least one interlaced track. 

20. The one or more non-transitory computer-readable 
storage media of claim 15, wherein a linear density of the 
data stored on the second set of alternating data tracks is 
higher than a linear density of data stored on the first set of 
alternating data tracks. 


