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POLYMER BUMPS FOR TRACE AND SHOCK PROTECTION 

Technical Fieid 

This invention relates in general to suspension assemblies in a hard disk drive 

and in particular to preventing a suspension assembly from damaging a magnetic 

disk in a hard disk drive and protecting conductor traces in the head stack assembly 

process. 

Background Art 

Magnetic recording files such as hard di3k drives are commonly known in the 

art. Hard disk drives typically employ a plurality of magnetic read/write heads on the 
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end of movable suspension actuator arms to interact with magnetic disks. As the 

demand for higher capacity disk drives increases, the disk-to-disk spacing has been 

reduced. Hence, the suspensions are getting closer ~o the disks. 

Because of these close-fitting requirements, hard disk drives must be able to 

withstand some shock vibration such as that experienced during handling .. In some 

applications, hard disk drives must also be able to survive hig~ G-force impacts. 

Shock vibration can cause the stainless steel actuator a~s to come into contact 

with the magnetic disks and scratch them, or produce· contamination particles. 

These particles can damage the disks and cause slider crashes. During the head 

stack assembly process, a separator clip is inserted between each of the 

suspensions. The insertion and removal of the separator generates particles due 

to the sharp edges of the flexure stainless steel. The separator also touches the 

conductive traces and may damage the gold coating, thereby creating reliability 

concerns. 

One way to reduce the_ risk of particle generation is to add flanges on the 
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flexure sides of the suspension. Unfortunately, this will add extra material to the 

suspension and one more forming process step to its manufacture. These 

disadvantages would add additional cost to the disk drive: An inexpensive device 

or feature .is needed to eliminate contamination during the head separation process 

and to protect the traces and disks in high shock environments. 

Disclosure of the Invention 

A hard disk drive has actuator arms with a load beam or suspension 

extending from one end. Each suspension carries an integrated lead layer with 

electrical traces which are connected to a magnetic read/write heads for interacting 

with magnetic disks in the disk drive_ Each suspension also has a pair of pads on 

each side of the traces. The pads may be formed from polyamide or some other 

preferred polymer. Each pad has a series of bumps which give the pads a greater 

thickness than the lead layer for preventing contact between the traces, suspensions 

and magnetic disks during shock vibration_ The pads also prevent contact between 
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the trace conductors and the head separator during the separation process. 

Brief Description of the Dra~ings 

Figure 1 is a schematic top view of a hard disk drive. 

Figure 2 is a plan view of a suspension in the hard disk drive of Figure 1. 

Figure 3 is a plan view of an integrated gimbal suspension in the hard disk 

drive of Figure 1. 

Figure 4 is a sectional side view of the suspension of Figure 2 taken along the 

line 4-4 of Figure 2, and showing a first embodiment of a protective pad constructed 

in accordance with the invention. 

Figure 5 is a sectional side view of the suspension of Figure 2 showing a 

second embodiment of the protective pad. 

Figure 6 is a sectional side view of the suspension of Figure 2 showing a third 

embodiment of the protective pad. 

Figure 7 is a sectional end vi_ew of the suspension of Figure 2 taken along the 
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line 7-7 of Figure 2 and showing a fourth embodiment of the protective pad. 
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Best Mode for Carrying Out the Invention 

Referring to Figure 1, a schematic drawing of an information storage system 

comprising a magnetic hard disk qrive 11 is shown. Drive 1 _1_ has an outer housing 

or base 13 containing a plurality of stacked, parallel magnetic disks 15 {one shown) 

which are closely spaced apart. Disks 15 are rotated by a motor located therebelow 

-about a central drive hub 17. A plurality_ of stacked, parallel actuator arms 21 (one 

shown) are pivotally mounted to base 13 about a pivot assembly 23. A controller 19 

is mounted to the base for selectively moving arms 21 as will be described below. 

As shown in Figures 1 and 2, each arm 21 comprises a mounting support 25, 

a cantilevered stainless steel load beams 27 and flexures 28 extending from 

mounting plate or support 25. Each arm 21 also has a head gimbal assembly 29 

having at least one magnetic read/write head welded to it for magnetically reading 

data from or magnetically writing data to disks 15. Together, these elements form 

weldment or suspension 81. An alternative suspension design also known as a 

weldment or integrated gimbal suspension 82 is shown in Figure 3. Each 
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suspension 82 ~as a mounting support 25, a pair of load beams 27, a head gimbal 

assembly 29 with at least one head. Suspensions 82 do not have flexures 28. 

Suspensions 82 should be considered interchangeable with suspensions 81 

throughout the remainder of this specification. 

Suspensions 81 have a spring-like quality which biases or maintains them in 

parallel relationship relative to one another. A motor assembly 31 having·a 

conventional voice coil motor is also mounted to pivot assembly 23 opposite head 

gimbal assemblies 29. Movement of an actuator drive arm 33 (indicated by arrow 

35) moves head gimbal assemblies 29 radially across tracks on the disks 15 until th~ 

heads on assemblies 29 settle on the target tracks. 

Referring now to Figures 2 and 3, one surface of each arm 21 carries a thin 

integrated lead layer 41 having an insulative substrate 43 beneath a plurality of 

electrically conductive traces 45. In the preferred embodiment, substrate 43 is 

formed from polyamide or another polymer and traces 45 are formed from copper. 

Lead fayer 41 extends from magnetic heads 29 along the length of arm 21 and is 
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connected to controller 19. As shown in Figure 4, lead layer 41 has a thickness or 

height 47 which is measured from a lower surface of flexure 28 to an upper surface 

of traces 45. Each arm 21 also has a pair of insulative pads 51, 53 mounted to 

flexure 28 on each side of traces 45. In the preferred embodiment, pads 51, 53 are 

formed from polyamide or another polymer. Each pad 51 has a plurality of 

protrusions or bumps 55 extending therefrom for providing additional height. With 

bumps 55, pads 51 have a height 57 which is greater than height 47 of lead layer 41 

for preventing contact between traces 45 and magnetic disks 15 when hard disk 

drive 11 is exposed to shock vibration. Bumps 55 also prevent contact between 

traces 45 and insertion tools ·such as a head separator. Bumps 55 may be formed 

on the trace side of flexure 28 by a local heat process such as a hot plate or laser 

1 texturing. Jn an alternate embodiment (Figwe 5), flexure 28 can be formed with 

protuberances or humps 71 and then coated with a polyamide layer 73 or other 

polymer on top of humps 71 to form bumps 55. Bumps 55 extend above conductor 

45. A third embodiment is shown in Figure 6. This version is similar to Figure 5, but 



---- ....................... - ............................................ . 

9 

humps 71 are replaced by holes or voids 75. A polymer layer 77 is e~~_nds across 

voids 75 and is treated to form bumps 55. Alternatively, stainless steel may be 

etched ontO the back of the polyamide on flexure 28 before a heat process is used 

to make bumps.55 from the load beam side. In Figure 7, a fourth alternative shows 

stand-alone polymer guard rails or bumpers 85 on each side of traces 45. Pads 53 

may also be formed with bumps 55 in any of these embodiments. 

In Figures 2 and 3, a flange or side portion 61 of each pad 51 extends beyond 

a side edge 63 of flexure 28. Side portions 61 are provided to prevent contact 

') 

bet¥leen the ;harp stainless steel edges of flexure 28 and a plastic head separator 

clip (not shown) for preventing the generation of particles from the separator clip. 

In operation, disks 15 are rotated by the motor at a high speed about central 

drive hub 17. Arms 21 are pivoted along arrows 35 to place the heads on head 

gimbal assemblies 29 into various operational positions (Figure 1) within an 

operational range on disks 15. The two head gimbal assemblies 29 mounted to the 

end of each arm 21 operate in a conventional manner and always move in unison 
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with one another on opposite sides of a single disk 15. 

If drive 11 is subjected to shock vibration, suspensions 81 will have a-

tendency to flex and oscillate into physical centact with disks 15. With pads. 51, 53 

installed, disks 15 will not be touched by the metal portions of suspensions 81 such 

as side edges 63 and traces 45, thereby reducing the possibility of scratching or 

damaging drive 11. Only the soft tips of bumps 55 will contact the disks 15. 

The side portions 61 of pads 51 prevent a head separator clip (not shown) 

from touching the sharp .stainless steel edges 63 of flexure 28 during the head 

separator insertion process. If contact between these elements was aMowed, small 

particles of.plastic from the separator clip would be generated which could potentially· 

damage magnetic disks 15 and copper traces 45, and would create reliability 
. . 

problems for the hard disk drive. 

The invention has several advantages. The polymer (e.g. polyamide) pads 

and bumps prevent contact between the disks, suspensions and traces to reduce 

the possibility of damage to the hard disk drive during shock vibration. They also 
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protect the copper traces from touching the head separator during t~~ assembly 

process. The side portions of the pads also prevent damage during head separator 

insertion and removal. This solution is also inexpensi~e compared to other options 

such as adding ·flanges to the suspension assembly. 

While the invention has been shown or described in only some of its forms, 

it should be apparent to those skilled in the art that it is not so limited, but is 

susceptible to various changes without departing from the scope of the invention. 
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This Sh~et Has Been Replaced 

I lllWI 11161I11 I claim: 

1. An integrated lead suspension fo~ a hard disk drive having a rotatable 

magnetic disk and an actuator comb with a mount plate for pivotal interaction with 

the magnetic disk,· comprising: 

a weldment mounted to and extending from the mount plate; 

an integrated lead layer mounted to the weldment and having a magnetic 

head with traces extending therefrom mounted on an insulative substrate, the lead 

layer having a height which is measured from a surface of the weldrnent to an outer 

I 
surface of the traces; and 

a protrusion -on the weldment adjacent to at least one lateral side of the 

traces." the protrusion having a height which is greater than the height of the 

,; integrated lead layer for preventing contact between the traces and a magnetic disk; 

and wherein 

·the protrusion is formed from a material that is softer than the magnetic disk. 

··: --
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2. The suspension of Claim 1 wherein the protrusion is formed from a polymer. 

3. The suspension of claim 1, further comprising an elastomeric edge guard 

mounted to and extending beyond at least one lateral side edge of the weldment, the 

edge guard being adapted to prevent contact between a sharp edge of the weldment 

and a head separator. 

4. The suspension of claim· 1 wherein the protrusion has at least one bump 

extending therefrom. 

5. The suspension of claim 4 wherein the protrusion comprises at least one pad 

adjacent to each lateral side of the traces. 

6. The suspension of claim 1 wherein the protrusion comprises a protuberance 

formed In the weldment and an elastomeric coating on the protuberance. 

This Sheet Has Been Replaced 
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7. The suspension of claim 1, 'further comprising a second prq~rusion on the 

weldment adjacent to at least one lateral side of the traces. 

8. The suspension of claim 11 further comprising a flexure on the weldment, and 

wherein the lead layer and the protrusion are mounted on the flexure. 

9. An integrated lead suspension for a hard disk drive having a rotatable 

magnetic disk and an actuator comb with a mount plate for pivotal interaction with 

the magnetic disk, comprising: 

a weld merit having a longitudinal axis and mounted to and extending from the 

mount plate; 

an integrated lead layer mounted to the weldment and having a magnetic 

head with traces extending therefrom mounted on an insulative substrate, the lead 

layer having a height which is measured from a surface of the weldment to an outer 

surface of the traces; an elastomeric protrusion on the weldment on each 
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lateral side of its axis, the protrusions having a height which is gr~?ter than the 

height of the integrated lead layer for preventing contact between the traces and a 

magnetic ·disk; and 

at least one bump extending from each of the protrusions. 

1 O. The suspension of claim 9 wherein the protrusions are formed from a 

polymer. 

11. The suspension of claim 9, furt~er comprising elastomeric -edge guards 

mounted to and extending beyond lateral side edges of the weldment, the edge 

guards being adapted to prevent contact between a sharp edge of the weldment and 

a head separator. 

12. The suspension of claim 9 wherein the protrusions comprise protuberances 

formed in the weldment and an elastomeric co3ting on ~1e protu'.Jerances. 
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13. The suspension of claim 9, further comprising a second set of ~~astomeric 

protrusions on the weldment on each lateral side of the axis, the second set of 

protrusions being axially spaced apart from said protrusions. 

14. The suspension of claim 9, further comprising a flexure on the weldment, and 

wherein the lead layer and the protrusion are mounted on the flexure. 

15. An integrated lead suspension for a hard disk drive having a rotatable 

magnetic disk and an actuator comb with a mount plate for pivotal interaction with 

the magnetic disk, comprising: 

a weldment having a longitudinal axis and mounted to and extending from the 

mount plate; 

'I' 

an integrated lead layer mounted to the weldment and having a magnetic 

head with traces extending therefrom mounted on polyamide, the lead layer having 

a thickness which is measured from a surface of the weldment to an outer surface 

of the traces; 
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a first set of polymer protrusions on the weldment on each lateral side of its 

axis; 

a second set of polymer protrusions on the weldment on each lateral side of 

its axis, the secbnd set of protrusions being axially spaced apart from the first set of 

protrusions; and 

elastomeric edge guards mounted to and extending beyond lateral side edges 

of the weldment, the edge guards being adapted to prevent contact between a sharp 

edge of the weldment and a head separator; and wherein 

at least some of the protrusions have a plurality of bumps extending therefrom 

and a thickness which is greater than the thickness of the integrated lead layer for 

preventing contact between the traces and a magnetic disk. 

16. The suspension of claim 15 wherein each of the protrusions comprise 

protuberances formed in the we\dment with a polymer coating on the protuberances. 
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17. The suspens}on of claim 15, further comprising a flexure on th~~ ~eldment, 

and wherein the lead layer, the sets of polymer protrusions and the edge guards are 

mounted on the flexure. 


