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This document combines the three previous documents specifying the construction of the VLBI head-
stacks written by MIT Haystack Observatory, NRAO and JPL. The original document was written by the 
Haystack Observatory to describe a set of rules to manufacture the Mk3A/VLBA stepped head-stacks [1]. 
This document has recently been updated by NRAO [2] based on the changes that occurred in thin tape 
and VLBA recording. Specs for the manufacturing of the triple-cap head-stacks was written by JPL [3] 
based on the new general specs given by NRAO [2] and a Haystack-drawing [4]. The current 
specification is written based on consensus of the institutions mentioned above and the two manufacturers 
Metrum-Datatape, Inc. and Spin Physics, Inc. 
 
 
 
 



 
 DRAWINGS: 
 

Figure 1: VLBA drawing number C54330M030 Rev-D   : Stepped headstack. 
Figure 2: Haystack drawing number 54330K001 Rev-D : Triplecap contour. 
Figure 3: Haystack drawing number 6310-117 Rev-A      : AMP connector 
Figure 4: Haystack drawing number 6311-24-Rev-D      : Contour inspection block. 
Figure 5:  Haystack drawing number 54330K003-Rev-A : Triple cap contour (square slot) 

 
INSPECTION SHEETS: 
 

1) Optical inspection sheets of the head profiles: 
a) for the stepped headstack (two required for complete inspection at the heads 2 and 33), 
b) for the triple cap headstack (two required for complete inspection at the heads 2 and 33), 

2) Head edge location measurement sheet for compliance with Spec 1.4, 
3) Initial depth of gap measurement sheet. 
4) Electrical performance documentation sheet. 

 
SPECIFICATIONS: 
 
1. MECHANICAL: 
  

1.1 HEADS PER STACK: 36 
 
1.2 HEAD PITCH: 0.0275” (0.6985 mm) 
 
1.3 HEAD WIDTH: 0 .0015” (0.0381mm) 
 
1.4 HEAD EDGE LOCATION TOLERANCE: +/- 0.00012” (3 µm) worst case out of 72 with 
respect to best fit ideal pattern at 23o C. 
 

1.5 HEAD NUMBERING CONVENTION: When viewed from the side opposite the normal mounting 
side with the tape-bearing surface up, the head numbers increase from right to left, from #0 to #35.  
The odd-numbered heads are wired to the connector closer to this (non-mounting) side.  In this view 
the high mounting hole is on the left. 

 
1.6 OVERALL DIMENSIONS: LxWxH = 1.560” x 0.300” x 0.400” each +/- 0.005". 

 
 

1.7.a GAPLINE AND MOUNTING SURFACE PARALLELISM: 0.0005" (end-to-end of tip 
plate, approximately 1.13" long). 
 
1.7.b GAPLINE-TO-MOUNTING-SURFACE DISTANCE: 0.150" +/- 0.005".  
 
Note-1: The parallelism requirement supercedes the distance requirement, and both must be met. 
 
Note-2: The parallelism requirement is equivalent to keeping the absolute value of the difference 
of gapline-to-mounting surface distances at head #2 and head#33 less than or equal to 10 µm as 
indicated in the optical inspection sheets. 

 
1.7.c Same as 1.7.a and 1.7.b applied to the alternate mounting surface opposite 'normal'. 



 
1.8 CONTOUR ROTATION ANGLE: 5.0o +/- 0.2o, counterclockwise when viewed from end 
closest to head #35.  The internal angle between mounting surface –on the left if the tape-bearing 
surface (step) is up- and the plane in which both step edges lie, is nominally 95 degrees.  The 
headstack carrier has no wrap angle adjustment.  The gap plane may be parallel to the mounting 
surface or (as in the original design) normal to the plan tangent to the contour at the gapline. 
 
1.8.a Internal angle between plane of both step edges and alternate mounting surface is 85o +/- 
0.2o. 
 
1.9 MOUNTING HOLES: The high (left in Figure 1) hole is 0.180” and the low (right in Figure 

1) hole 0.320” below the step (top of headstack).  Thru-hole diameter is 0.079/0.081” and the 
0.125” counterbore is 0.075” deep.  The holes are 0.080” from the ends and spacing is 1.400". 
Unless otherwise noted all hole location and depth tolerances are +/- 0.005".  The headstack 
is mounted with, 0.3", 0-80 screws, and at most two washers (0.110" OD x 0.066" ID x 
0.016" thick) using an alignment jig.  

 
1.10 END TRIM:  0.299" +/- 0.005" from either end to center of nearest head, #0 and #35 

respectively.  
 

1.11 GAP APEX-LINE STRAIGHTNESS:  0.0001” (2.5 µm) maximum bow in depth-of-gap 
direction. 

 Note: Process conformance can be checked by flat lapping a worn-out head. 
 

1.12 CONNECTORS:  pair of 40-pin AMP#1-203990-7 connectors, or compatible equivalent, 
mounted flush with bottom of head stack, centered with 0.105” +/- 0.010" spacing between 
centerlines of internal rows of connector pins. Must not project at all, nor be recessed more than 
0.010", from the bottom of the head stack. Must be securely fastened;  epoxy must not wick into 
sockets.  Odd or even head wires in order, with consistent polarity, to the central 36 sockets of each 
connector. See Figures 1 and 3 for more information. 

 
1.13 INITIAL DEPTH OF GAP: 0.0010” minimum. Both tip-plate ends must be optically observable 

in cross-section (end-view) to permit inspection for initial depth of gap.  End-to-end difference in 
initial depth of gap is not to exceed 0.0001”. Larger depth of gap desired to increase head life. If 
focus height measurements are needed to correct for wear and end "roll-off" then see the Inspection 
Sheet #3. 

 
1.14 GAP LENGTH:  11.8-17 µin (300-430 nm) 
Note: The definitive test for conformance is measurement of gap null wavelength. 



   

2. HEAD PROFILE: 
 
 For symmetry, assume measurements with stack mounted on 5o surface of inspection block. See 
Figure 4. 

 
2.1 CONTOUR ROTATION ANGLE 5.0o +/- 0.2o, CCW viewed from end closest to head # 35.  
 
 
2.2 GAPLINE-TO-STEP-EDGE DISTANCE:  0.0059" +/- 0.0002" (150 +/- 5 µm) end-to-end.  
 
2.3 OFF-STEP PROFILE: Must be designed and toleranced so that when the head is worn to the gap 
apex, no part of the off-step contour is closer to the tape than 0.0020”.  Assume the tape leaves the last 
tape bearing edge at 5o. This requirement must be met by any profile beyond the first and last tape 
bearing edge.  

 
 

2.4 TAPE-BEARING SURFACE DESCRIPTION:  The contour height with respect to step edges, as 
manufactured, shall be 2 µm (typical) for the triple-cap head and 3.5 µm (typical) for the stepped 
head. See the Inspection Sheets 1.a,b for more details. 
 
Note: For the triple cap head, 1.8 µm height corresponds to 6.3 mm radius, and for the stepped 
head 3.4 µm height corresponds to 3.3 mm radius. 

 
2.5 ERROR IN TAPE-BEARING SURFACE ORIENTATION ANGLE:  +/- 0.20o max, (For 

example, 1 µm max difference in focal height between the step edges for a 300 µm wide step, 
or 3µm maximum between outer edges of outriggers). See inspection sheet. 

 
2.6 DISTANCE BETWEEN CROSS TAPE DIRECTION CONTOUR-ENDS AND HEAD-

PATTERN-CENTER: 0.560” minimum. Initial machine contouring extends to the ends of the gap 
bar (tip plate).  

 
2.7 TAPE-BEARING SURFACE QUALITY: Epoxy glue lines not to exceed 0.0008” width;  bubbles 

in glass or epoxy not to exceed 0.0003”. 
 



   

 
3. ELECTRICAL PERFORMANCE: 

  
3.1 INDUCTANCE (for reference only): 15/25 µH, measured at 250 kHz. Original design uses 48 

turns of #50 wire. 
 
3.2 RESISTANCE (for reference only): Less than 5 ohms. 
 
3.3 READ PERFORMANCE SPECIFICATION: Greater than or equal to 20 dB signal to noise, when 

measured as follows: 
 

A. Reading a VLBI formatted test tape, optimally recorded1, undegraded2, standard low-pass 
filtered3, one bit sampled, random noise signal recorded at 2.21 fc/µm (56250 fc/in), 

 
B. on a SONY D1K tape, supplied by Haystack or NRAO, 
 
C. at a speed of 4.064 m/s (160 ips), bi-directionally (report both directions, difference not to 

exceed 1 dB), 
 
D. in a 30 kHz resolution bandwidth centered at 4.4 MHz, 
 
E. noise level measured with tape stopped, 
 
F. using VLBA head-interface/preamps, spectrum analyzer, and scope for eye-pattern check, 
 
G. at a nominal tension of 10" water vacuum in a Metrum 96 tape drive. 

 
 

4. MATERIALS (for reference only):  
 

4.1 HEAD TIPS: single-crystal MnZn-ferrite [Hitachi HS-3] or equivalent; oriented (211) tape 
bearing plane, (110) cross-section plane (end of gapped bar), (111) side of gapped bar (parallel to 
gap plane). 
 
4.2 SPACERS: Calcium Titanate (3M851D) or Corning Fotoceram or equivalent. 

 
5. APPLICATION (for reference only):   
 

Write and read 1”-wide 900 Oe D1/SVHS-equivalent tapes at 2.21 fc/µm. 
 

                                                        
1 Recorded with the lowest current that maximizes the short wavelength 0.9 µm (4.4 MHz at 160 ips) response. 
2 A reference head used only for this purpose measures degradation. Upto 2dB degradation is acceptable for 
purposes of measuring read performance. Correction for such degradation accompanied with proper documentation 
is allowed. 
3 The recorded white-noise video signal is low-pass filtered with a standard VLBA filter. See Rogers, A.E.E., 
(1985) "Suggested VLBA Bandpass", VLBA Acq. Memo. 48, August 7. 
 



   

 
6. COMPATIBILITY (for reference only): 
 

6.1 MECHANICAL:  Physically compatible with headstack mount/positioner designed by Haystack 
Observatory – design is in public domain – for MkIIIA, VLBA, and MkIV VLBI recording systems.  
This dual mount/positioner is mechanically fitted to a Metrum 96 drive. 

 
6.2 ELECTRONIC:  The connectors, including geometry of placement, are compatible with MkIIIA 
write-only and read-only interfaces as well as VLBA/MkIV read-or-write interfaces. 



   

APPENDIX A:  Changes And Modifications to the Specifications 
 
The following change(s) have been made to the specification. 
 
1. Version 1.2:  (August 17, 1998) 
 

• Figure 1 VLBA Drawing No.: Stepped Headstack C54330M030  
Rev. C became Rev. D. 
Gapline to mounting surface distance 150±0.005µm on each side of the gapline. 
 

• Inspection Sheet 1.6:  VLBI Triple Cap Contour Inspection Sheet 1.b.  
Rev.C became Rev.D. 
GMS in dimension x7 and x81 have been changed. 

 
2. Version 1.3 (Mar 2, 2000) 
 

• Drawing #54330K003. Rev. A added to show square slot Triple Cap Contour (Figure 5) 
• Add text describing square slot Tripe-Cap Headstack  



Square Slot Triple-Cap Headstack for VLBI Tape Recorders 
 
 
The advantages of the square slot triple cap instead of the 9 degree bevel slot are in the ability to hold 
dimensional control of the face geometry.  Controlling the intersection line of 2 shallow angles of 3.5 
degree and 9 degree over the full compound angle length is very difficult.  It also requires a separate setup 
for each side.  Since this operation is done near the finish of the head construction it is very expensive to 
scrap a head at this point.  The square slot is easier to set up and the concentration can be on the slot edge 
instead of edge and depth.  Also, the square slot eliminates special wheel dressing and allows wider 
choice of blades.  Another advantage is that the slot will have more definition over the life of the head. 
 
Metrum has discontinued the angled slot version of the Triple-Cap Headstack.  Spin Physics sells both the 
angled slot Triple-Cap, part #204893, and the square slot Triple-cap, part #204919. 
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Inspection Sheet No. 2: Head Edge Location Measurement Sheet 
 
 
 Attached is an example of head edge location measurements, (See spec 1.4). Note that in 
this example the head number labeling conforms to the old specification, 1-36. The 
measurements included with new headstacks should conform to the VLBA head numbering 
convention, 0-35, which is not only offset by one but also inverted with respect to the "old" 
specification, as indicated in the plot. In addition to the data sheet a chart similar to the one 
attached should be generated.  
 
 The specification of +/- 3 µm worst case edge location residual applies to the sum of the 
magnitude of worst case residual and certifiable worst case measurement error in excess of 0.3 
µm.  

In general we recommend that all documentation be provided in machine-readable form. 
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Inspection Sheet No. 4:  

 
Electrical Performance Documentation Sheet 

 
 
The specification applies to the better direction and the best available recorded track 

regardless of write direction speed. The direction difference in output must not exceed 1 dB.  
 

In the Example the recording used was later found to be 2dB degraded or 
suboptimally recorded, so that corrected or correctly measured SNR's are actually 
correspondingly higher. 
 

In the example the test recording is not traceable; it should be. 
 

The user should be able to reconcile the manufacturer's SNR measurements with his own 
within +/- 0.5 dB when using a piece of same reference recording and same preamp design. 

 
A plot of performance vs. head number is desirable. 
 
 



   

  


