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New 50-Megabyte  Disc  Dr ive:  High 
Performance and Rel iabi l i ty  f rom 
High-Technology  Des ign  
Achiev ing i ts  h igh per formance and large s torage capaci ty  
requ i red  soph is t i ca ted  des ign  methods  and  tes ted  the  
known l im i ts  o f  some manufac tur ing  processes .  

by Herber t  P .  St icke l  

THE PRINCIPAL DESIGN OBJECTIVE for the new 
Model 7920A Disc Drive (Fig. I) was to provide a 

50M-byte formatted storage capacity for the HP 3000 
2000, and 1000 computer families. Desired charac 
teristics were fast data access times, high reliability, 
low maintenance requirements, and a friendly man- 
machine interface. Other important objectives were 
disc pack interchangeability over a wide range of 
environmental conditions, data integrity, and easy 
manufacturability. 

The new drive has a maximum track-to-track seek 
time of 5 milliseconds and an average seek time of 25 
milliseconds. The five-disc removable disc pack is 
scanned by voice-coil actuated heads under feedback 
control using track-following techniques. The unit 
operates at temperatures between 10Â°C and 40Â°C (50Â°F 
to 104Â°F) and humidities up to 80%. The direct 
spindle-drive motor maintains constant speed at all 
power-line frequencies between 47.5 Hz and 66 Hz. 

Fig .  1 .  Mode l  7920 A D isc  Dr ive  prov ides  a  50M-by te  fo rmat  
ted  s to rage capac i ty  fo r  HP 1000,  2000,  and 3000 Computer  
Systems.  Average access t ime is  25 mi l l iseconds.  Up to e ight  
d r ives  can be  in te r faced to  one d isc  con t ro l le r .  

Within this complete range disc pack interchange- 
ability is guaranteed. 

The 7920A Disc Drive is available for HP 1000, 2000 
and 3000 Computer Systems. It can be connected to 
the controller used with earlier 1 5M-byte 7905A Disc 
Drives. As many as eight disc drives, 7905As and 
7920As in any combination, can be connected to one 
controller. The controller can communicate with as 
many as eight computers with limited software 
operating system support. 

Fig. 2 shows the interior of the new drive. 

Achieving 50M-Byte  Capaci ty  
Existing HP drives are the 7900A1 and the 7905A 

C o v e r :  M o d e l  7 9 2 0 A  D i s c  
Dr ive is  p ic tured in  a double 
exposu re  w i th  i t s  d i sc  pack  
a n d  o n e  o f  i t s  r e a d / w r i t e  
h e a d s .  T h e  d i s c  p a c k  c o n  
sists of two protect discs and 
t h r e e  d a t a  d i s c s  a n d  h o l d s  
50  megaby tes  o f  da ta .  Aver  
age seek t ime is  25 ms.  
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Fig.  2.  Inter ior  of  7920A Disc Dr ive,  showing the l inear motor  
( v o i c e  c o i l )  t h a t  m o v e s  t h e  h e a d s .  M e c h a n i c a l  d e s i g n  e m  
phas is  was on s impl ic i ty ,  re l iab i l i ty ,  and access ib i l i ty .  

Disc Drives. The 7900 A has a 5M-byte capacity on two 
discs, one fixed and one removable. It uses an optical 
encoder for head positioning. 

The 790 5 A has a 15M-byte capacity, also on one 
fixed disc and one removable disc. Its higher capacity 
is the result of higher track density and higher bit 
density. Instead of an optical encoder, the 7905A uses 
one of the surfaces of its fixed disc for head position 
ing purposes. On this surface are precisely pre 
recorded servo tracks that are used by the head- 
positioning servomechanism to position the read- 
write heads over the chosen data tracks. As track 
density is increased beyond the 7900A value of 100 
tracks per inch the optical positioning scheme runs 
into differential thermal expansion problems, and the 
servo track positioning method overcomes these dif 
ficulties. The 7905A has a track density of 196 tracks 
per inch. 

The 50-megabyte capacity of the new 7920A Disc 
Drive was achieved by increasing the number of data 
discs and increasing the track density. The bit density 
is the same as the 7905A's. 

The 7920A track density is 384 tracks per inch. The 
corresponding track-to-track spacing of 0.002604 
inch required careful design of the tolerances of all 
components between the magnetic centerline of the 
flying heads and the tracks on the disc coating (usu 
ally called the media). Analysis of the tolerance loop 
revealed that the heads had to move radially over the 
disc surface (in-line heads) instead of along the cus 
tomary line displaced from the radius (chordal dis 
placement heads). This confronted the design team 
with the challenge of fitting two heads without offset 
into the 0.300-inch space between two adjoining disc 
surfaces (Fig. 3). Thinning down the head structure 
required thinning the flying head element and the 

head support structure without increasing its mass or 
sacrificing rigidity. At the same time it was essential 
to prevent harmful head resonances on this new head 
design. Making the tracks narrower entailed making 
the head sensing element narrower without de 
teriorating its electrical characteristics. 

Similar effort went into the analysis of the disc 
pack, which has three data discs (one surface contain 
ing the servo tracks) and two protect discs. Commer 
cially available disc packs were analyzed for electri 
cal performance and the topographical characteris 
tics that determine head electrical output and head 
flyability. 

Head and Media  Deve lopment  
Much work went into the head design and media 

interface analysis to assure reliable data transfer and 
media life. Important requirements are head flight 
stabili ty,  adequate signal-to-noise ratios,  and 
minimum data timing shifts. 

As a coarse approximation we can assume that 
head-media noise is all media noise and that the bet 
ter the ability of the head-media system to record and 
read the highest and lowest frequencies in the data 
waveform the smaller the timing shift produced. The 
ratio of the amplitude of the highest frequency to the 
amplitude of the lowest frequency at any location on 

F ig .  3 .  7920 /4  D isc  Dr i ve  uses  in - l i ne  heads  ins tead  o f  the  
more  usua l  chorda l  d isp lacement  heads.  Th inner  heads had 
to  be  des igned to  f i t  be tween d iscs .  
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the disc is defined as resolution. We strive for high 
ratios bounded by both high and low limits to control 
timing shifts. Typically, the worst resolution on the 
disc is 75%. 

High outputs and high resolutions do not go hand 
in hand. Making the oriented-particle-oxide media 
thick raises output and minimizes defects in the coat 
ing, simply because there is more effective magnetic 
material per unit volume. The thicker the media the 
poorer the resolution and the higher the write cur 
rents required. Conversely, by making the coating 
thinner, resolution can be improved, but noise and 
output suffer, and the number of defects in the oxide 
coating increases. 

It is desirable to fly heads high to reduce the possi 
bility of "head crashes" stemming from air contami 
nation. However, output and resolution suffer. The 
loss for the space between the transducer in the flying 
head and the media is (-55 dB)/X, where X is the 
recorded playback wavelength. Increasing flying 
height lowers the head output at all frequencies, but 
the higher frequencies degrade more because X is 
smaller, so the resolution is reduced. 

The 7920A head flying height and oxide thickness 
were selected within these bounds to give the best 
resolution with adequate output. 

In redesigning for a thinner head support structure 
the problem of arm resonance had to be resolved. One 
major excitation is the recording surface itself. The 
surface of a recording disc is not absolutely flat, and if 
the magnitude and periodicity of the surface undula 

tions are in the proper relationship, a head arm or 
servo loop resonance may be stimulated. This leads to 
degraded data recovery, servo instability, and head- 
to-disc collisions (Fig. 4). The higher-frequency com 
ponents of the media surface motion are on the order 
of only a few microinches, but in an improperly de 
signed system, they are sufficient to excite the reso 
nance to the point of head crashing. 

Early in the project, head-media incompatibility 
caused the track-follower servo loop to generate a 
high-pitched audio tone. Measurement showed 
spikes in gain for the track-follower error signal at 1 . 7 
kHz and 5.1 kHz. The problem was isolated using the 
HP 5451B Fourier Analyzer. The closed-loop transfer 
function for the entire electrical and mechanical 
servo system was determined. From this data, the 
open-loop transfer function was computed and stabil 
ity information derived. Each mechanical compo 
nent's open-loop transfer function was examined 
until the cause of the high-pitched audio tone was 
traced to the motion of the head gimbal in the radial 
direction of the disc. The resonance characteristic of 
the head gimbal was changed by suitably redesigning 
the gimbal. In the new design the resonance fre 
quency was shifted and its amplitude reduced, thus 
eliminating the parasitic resonance. 

Steady-state flying stability is not the whole story; 
the head loading process is also critical. The heads are 
loaded onto the discs while the discs rotate at 3600 
r/min. At the time of landing the outer edge of the disc 
is traveling at about 140 mi/hr with respect to the 

.005 1- F lyab le  .005 r Not Flyable 

Resultant 
Acceleration 

5 kHz 10 kHz 

Fig. that crashes. surface undulations can cause head accelerations that lead to head-disc crashes. 
Shown here are f ly able and non-f ly able head-disc combinations. Head-media compatibi l i ty in the 
7 9 2 0 A  D i s c  D r i v e  w a s  i n v e s t i g a t e d  u s i n g  a n  H P  F o u r i e r  A n a l y z e r  t o  m e a s u r e  t h e  t r a n s f e r  

funct ions o f  var ious system components .  
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head. The head geometry, the pitch and roll of the 
slider, and the loading velocity must all be carefully 
controlled to assure smooth non-abrasive loading. 
The seating and settling times were investigated 
using heads with  s l iders  that  had crysta l  ac-  
celerometers within them. 

Fig. 5 shows desirable and undesirable loading 
characteristics. The output on the left shows rapid 
seating and settling times. The output on the right 
shows hard impact of the slider on the disc, slow 
seating, and long periods of ringing before the be 
havior of the heads is controlled. 

To assure continued performance, worst-case data 
and servo-signal testing is done on each disc pack. 
Disc pack certifying drive systems in HP manufactur 
ing facilities test the margins of the data recovery 
performance of each pack to make certain that all disc 
packs will perform in all drives over the specified 
temperature range. Similarly, careful in-house con 
struction and testing of the HP-designed heads as 
sures quality in these parts. 

Head- to-Media  Tolerance Loop 
To transduce data reliably the read/write heads 

must be positioned over the data tracks within certain 
accuracy limits. Fig. 6 shows that for the 7900A Disc 
Drive a deviation of 0.002 inch from track centerline 
would cause a degradation of 2 dB in the read-back 
signal. The same deviation for the 7905A Disc Drive 
results in a 4-dB degradation, and for the new 7920A 
Disc Drive, a 16-dB degradation. In practice we can 
allow only a small fraction of this deviation in the 
7920A; this is because of the 0.002604-inch track 
spacing, the effects of noise from adjacent tracks, and 
tolerances between drives and between disc packs. 

The maximum deviation from nominal track cen 
terline that a head core can be allowed to move to 
wards an adjacent track can be determined from a 
track shape analysis. To guarantee disc pack inter- 
changeability between any two drives for data written 
at one temperature extreme and read at the other tem 
perature extreme, the maximum allowable deviation 
cannot exceed 300 microinches in the x-y plane 
(ex in Fig. 7). This means that the sum of all of the 
individual components of this loop can not exceed 
this amount. Every change of one of the elements of 

Fig .  5 .  Head seat ing  and se t t l ing  
w e r e  i n v e s t i g a t e d  u s i n g  h e a d s  
wi th s l iders conta in ing crysta l  ac-  
ce lerometers .  Des i rab le  output  a t  
l e f t  shows  rap id  sea t i ng  and  se t  
t l ing  t imes.  Output  a t  r igh t  shows 
h a r d  i m p a c t  o f  t h e  s l i d e r  o n  t h e  
d i s c ,  s l o w  s e a t i n g ,  a n d  l o n g  
per iods o f  r ing ing.  

the loop affects the sum of the remaining tolerances. 
In-line heads greatly reduce off-track head posi 

tioning caused by roll and yaw motion of the carriage. 
To clarify this it helps to envision the actuator servo 
head being held on the centerline of the servo track 
and imagine what happens if the carriage, which 
holds the heads, experiences a roll, yaw, or pitch error 
caused by inaccuracies of the carriage rails. Since the 
heads move along a radial line from the center of the 
disc, roll and yaw contribute little to the amount that 
any data head is off track. Pitch of the carriage, how 
ever, will cause a data head tracking error ex propor 
tional to the pitch angle 0P and the distance of the 
data head from the servo head (S2 â€” S0). 

The pitch error 9P in the carriage motion is a func 
tion of the concentricities of the ball bearings ba and 
b2 at the bottom of the carriage and the straightness 
of the rail r^ The tolerance study yielded an allowable 
taper in the rail of 0.001 inch and a required flatness of 
the surface that supports rail ra of 0.0001 inch over 
the length of the carriage travel. 

7900 

- 1 0  - 6 - 4 - 2 0  2  4  6  
Distance Off  Track Center l ine (0 .001 in)  

Fig.  6.  Normal ized read-back t rack shapes for  HP disc dr ives 
determine how far  the heads can be a l lowed to  dev ia te  f rom 
track center l ine. 
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Head Al ignment  
Cyl inder No.  490 

S2 (Servo Surface) 

c n - c r 2  

Where: 
tx = Maximum Deviat ion from X-Axis.  
Â«z = Maximum Deviation from Z-Axis. 

Â£x = [Â«Alignmmenl Radius + 
^ A l i g n m e n t  E l e c t r o n i c s  +  

^ A l i g n m e n t  T o l e r a n c e  J  *  c H e a d  A l i g n m e n t  
+ Â«Servo Error + Â«Pack Tilt 
S 300  M ic ro inches  

0P = Carriage Pitch Angle 
9y = Carr iage Yaw Angle 
MR = Carriage Roll Angle 

Fig. al lowable deviat ion of the head-to-media tolerance loop. Maximum al lowable deviat ion of the 
heads from nominal track centerl ine is 300 Â¡Â¿in in the x-y plane (sum of al l  loop components). 

These tolerances were achieved by lapping the 
rails, which are made of tungsten carbide to ensure 
that the tolerances are retained over the life of the 
drive. The support surface Cj is made of an aluminum 
casting that has been heat treated for maximum sta 
bility instead of the more usual heat treatment for 
maximum strength. Support surface Cj is precision 
ground and inspected using air gauges. 

Error ez, if excessive, may result in signal timing 
problems. One of the components of this error is the 
plane cr1-cr2, which is on the carriage. The carriage 
is made from an aluminum investment casting and 
the plane crj â€” cr2 is machined using a numerically 
controlled (NC) milling machine. Making this part 
pushed both the casting process and the machining 
processes to the present limits of their capabilities. 

The mechanical design of the drive achieves true 
parts interchangeability in the tradition of the au 
tomobile industry. As a result of careful design and 
sophisticated tooling of all of the components that 
affect head location, the drive requires only one 
mechanical adjustment during assembly or preven 
tive maintenance. The single adjustment is alignment 
of the heads after they are installed in the carriage. 

The heads are adjusted with a head alignment disc 
pack installed in the drive, and the drive electronics 
connected to a disc service unit. The service unit 
amplifies and processes the track signals of the 
alignment pack. Using a simple screwdriver-like tool, 

the service person moves the data heads until the 
service unit's digital display shows the heads are 
positioned over the alignment tracks. The resolution 
of the display is 6 microinches. 

Drive Electronics 
The drive is organized into eight functional sys 

tems (see Fig. 8). These are the input/output, spindle 
rotation, head positioning, sector sensing, read/write, 
fault detect, and power distribution systems. 

The input/output system provides the communica 
tion link between the controller and the disc drive. 
One controller can handle up to eight drives, which 
may be 7920As and 7905As in any combination. A 
four-bit unidirectional tag bus and an 11-bit bidirec 
tional control bus form the communication path for 
control information. A command is placed on the tag 
bus by the controller to specify what function the disc 
drive should perform. Data is transferred between the 
controller and the selected disc drive via bidirec 
tional data lines dedicated to the drive. Illegal cylin 
der, head, or sector requests are checked at this pro 
cess point. 

The spindle rotation system, Fig. 9, provides power 
to the spindle motor to maintain its operational speed 
at 3600 revolutions per minute. A combined start- 
stop time of less than 70 seconds is achieved with the 
10-pound disc pack in place, using a dc brushless 
motor driven by a 20-ampere highly efficient switch- 
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ing amplifier. The spindle motor amplifier is con 
trolled by two rotational position sensors (optical 
switches) that detect motor shaft position, speed, and 
direction. The speed information is phase-locked to a 
crystal reference to maintain spindle speed in spite of 
line voltage and frequency variations. Using the sen 
sor information, the amplifier provides the proper 
magnitude and polarity of current to the appropriate 
motor winding by rapidly chopping the output stage 
at a constant frequency of 22 kHz with a variable duty 
cycle. 

Since the spindle motor and disc pack are dynami 
cally braked, energy must be removed from the spin 
ning assembly by the amplifier circuits. Because the 
amplifier is highly efficient in transferring power 
from and to the load, the braking energy is pushed 
into the main unregulated supply, causing its voltage 
to rise to a potentially excessive level. This condition 
is prevented by a shunt voltage regulator that inhibits 
amplifier operation and quickly bleeds down the of 
fending supply voltage until normal operating volt 
ages are reached. 

H e a d  P o s i t i o n i n g  S y s t e m  
The head positioning system, Fig. 10, controls the 

application of power to the head positioning actuator 
assembly to cause the heads to be accurately 
positioned over a specified cylinder. This system also 
controls head loading and unloading, seeking, pro 
grammed offsets, and servo recalibration. 

With the disc pack installed and the RUN/STOP 
switch set to RUN, the head positioning system waits 
for the spindle to reach operational speed. Current is 
then applied to the linear actuator coil to load the 
heads onto the spinning disc pack at a constant veloc 
ity. Once the first track is detected by the servo head 
and the head positioning servo, the heads remain 

settled over cylinder 0 and the controller is notified 
that the drive has completed an initial loading opera 
tion. The heads are unloaded in a similar fashion. 

A seek operation is used to move the heads from 
their present cylinder position to some other cylinder 
position. The controller issues a seek command on 
the tag bus and places the cylinder address on the 
control bus. This address is clocked into the next 
cylinder address register to provide destination in 
formation for the seek servo loop. The cylinder ad 
dress comparator compares the cylinder address 
stored in the next cylinder address register with the 
address stored in the present location counter, and 
produces a digital difference word. The digital-to- 
analog converter converts this digital difference word 
into an analog signal that is applied to the velocity 
curve generator. This circuit produces an output 
proportional to the square root of its input, since for 
constant deceleration, velocity is proportional to the 
square root of the target distance. The servo system 
compares this square-root command signal with a 
velocity (tachometer) signal and controls the motor 
speed accordingly. The velocity signal is produced by 
a magnetic velocity transducer mounted in the linear 
motor (voice coil) that moves the heads. 

When the present location count equals the address 
stored in the next cylinder address register, the veloc 
ity command is disabled and a fine-positioning 
(track-following) switch is closed. The heads then 
remain settled over the addressed cylinder until a 
new command is received. In this state the servo 
system is locked to the position signal derived from 
the servo tracks by the track-follower circuitry (not 
shown in Fig. 10). This signal is a linear function of 
the distance of the heads from the track centerline. 
The servo system attempts to null the position signal 
by controlling the heads. 
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Fig. switching amplifier. rotation system is basically a highly efficient switching amplifier. (The switches 
shown are  To t rans is tor  swi tches. )  The sys tem main ta ins  the sp ind le  speed a t  3600 r  /min .  To 

s top on ly  dr ive,  change the d isc  pack,  and restar t  the dr ive takes on ly  70 seconds.  

When the servo is locked on track over the ad 
dressed cylinder the track-following system is capa 
ble of following servo tracks that may have over 
0.001-inch peak-to-peak radial movement within 30 
microinches. 

A programmed offset operation moves the heads in 
small increments to either side of track center to per 
mit recovery of marginal data. The controller issues 
an offset command on the tag bus with the offset 
magnitude and sign on the control bus. 63 increments 
of Â±12.5 microinches each can be specified. 

A recalibrate operation is used to move the heads 
from their present position to a home position over 
cylinder 0. The controller issues this recalibrate 
command to establish a reference head position. 

The purpose of the sector sensing system, Fig. 11, is 

to monitor circumferential head position by monitor 
ing the location of each data sector as it passes be 
neath the heads. It notifies the controller when the 
present sector count equals the addressed sector, ena 
bles the read/write system for a data transfer opera 
tion, and gates the unit identity of the disc drive to the 
controller upon request. 

The fault detect system continuously monitors var 
ious conditions within the disc drive. It controls the 
fault indicator lights, retracts the heads, and brakes 
when a fault is detected. 

The 792 OA Disc Drive is provided with an emer 
gency head retracting system to prevent head crashes 
in the event of component or line voltage failure. 
Upon detection of a dangerous condition a relay im 
mediately opens, connecting the linear motor to a 
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Head Alignment Disc Pack 
The  dev i ce  f o r  w r i t i ng  head  a l i gnmen t  packs  i s  a  spec ia l -  

p u r p o s e  d i s c  d r i v e  d e s i g n e d  a n d  m a n u f a c t u r e d  b y  S i e m e n s  
(SW 333-1 1 Servo Track Writer). It uses an HP laser interferome 
ter  for  prec ise posi t ion ing of  the carr iage that  moves the read- 
write heads. The carriage moves on an air bearing sl ide that has 
a straightness of better than Â±20 microinches. The disc pack on 
which the al ignment t racks are wr i t ten rotates on an air  spindle 

Al ignment  Cyl inder  

Of a l l  the var iab les that  a f fec t  the accuracy o f  the recorded 
i n fo rma t i on  on  the  head  a l i gnmen t  pack ,  t he  mos t  c r i t i ca l  i s  
temperature.  An example,  cons ider ing on ly  the s ta in less s tee l  
suppo r t  o f  t he  heads  and  the  a lum inum d i sc ,  i l l us t ra tes  t h i s  
sensi t iv i ty  (see Fig.  2) .  Suppose that  the center  d isc and head 
support are at 20Â°C and that head hz and disc dz are at 20.5Â°C. If 
the data is written on disc da under these conditions and then the 
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t h a t  h a s  a  r u n o u t  o f  l e s s  t h a n  1 0  m i c r o i n c h e s .  T h e  t w o - t o n  
grani te surface plate is mounted of f  the f loor on air  cushions to 
e l iminate v ibrat ions f rom the f loor .  The packwr i ter  room is  tem 
pera ture  cont ro l led ,  and the  a l ignment  pack ,  when i t  i s  be ing  
wr i t t en ,  i s  i n  a  ve ry  ca re fu l l y  con t ro l l ed  tempera tu re  env i ron  
ment .  F ig .  1  Is  a  b lock  d iagram of  the packwr i te r .  

At 20 C: e, = e3 = 5.110 in. 
e2=e4 = 3.250 in.  

At 20.5 C: 
e , '  =  5 . 1 1  [ 1 + a A L ( T - 2 0 ) ]  

=  5 . 1 1  [  1 +  2 2 . 9  x 1 0 ~ 6 x 0 . 5 ]  =  5 . 1 1 0 5 8 2 5  
6 1 - 6 1  =  5 8 . 5 / i i n  i n c r e a s e  

62' = 3.25 [1 + ass (T-20)] 
=  3 .25  [1  - I -  17 .3x10~6x0 .5 ]  =  3 .2500281  

62 -62 '  =  28 .1 /x in  increase  

Hence: Track Offset = 58.5fÃÃn + 28.1/Â¿in = 86.6/>in 

Fig .  2 .  T rack  o f fse t  caused by  tempera ture  g rad ien t  in  pack  
record ing  space .  

F i g .  1 .  B l o c k  d i a g r a m  o f  t h e  
packwr i t e r ,  a  h igh -p rec i s ion  d i sc  
dr ive used to wr i te  d isc a l ignment  
packs  fo r  7920A Disc  Dr ives .  

temperatures equal ize,  the t rack on d2 wi l l  be d is located f rom 
the  y -ax is  by  87  mic ro inches .  Th is  shows tha t  when the  a l ign  
men t  t racks  a re  wr i t t en  the  tempera tu re  o f  t he  pack  mus t  be  
con t ro l l ed  w i t h i n  a t  l eas t  an  o rde r  o f  magn i t ude  be t t e r  t han  
0.5Â°C. 

Recorded in format ion is  read back a t  a  d i f fe rent  rad ia l  loca 
t i o n  b e  w h e r e  i t  w a s  w r i t t e n .  T h i s  r e a d - w r i t e  o f f s e t  m u s t  b e  
known to  wr i te  a l ignment  packs  accura te ly .  For  a  g iven set  o f  
heads th is informat ion is  stored in the memory of  the computer 
tha t  con t ro l s  the  opera t ion  o f  the  packwr i te r ,  and  i s  used  fo r  
compensat ion of  th is  var iab le.  Wi th  enough i terat ions an a l ign 
ment pack can be wri t ten wi thin 25 microinches of  a cal ibrat ion 
pack a t  a  g iven temperature .  

When  the  a l i gnmen t  pack  i s  used  i n  t he  7920A  D i sc  D r i ve  
addit ional factors affect the accuracy of the posit ions of the data 
h e a d s .  T h e  r e s u l t i n g  a c c u r a c y  i s  w i t h i n  Â ± 7 5  m i c r o i n c h e s  
over a 10-to-40Â°C operat ing temperature range. 

- James  Hood  

retract voltage regulator. This regulator derives its 
power from the power supply filter capacitors and the 
energy stored in the spinning disc pack, so it remains 
operational to retract the heads in all failure modes. 

Read/Wri te  System 
The read/write system, Fig. 12, reads information 

from and writes information onto the data surfaces of 
the disc pack. In the read mode the motion of the head 

gap through the stored flux field induces a voltage in 
the windings on the head core. This induced voltage 
is analyzed by the read circuitry to define the data 
recorded on the disc. Data is written by passing a 
current through the read/write winding in the 
selected head. 

Much of the data electronics in the 7920A Disc 
Drive is similar in form and function to circuitry 
found in most disc systems, particularly the 7920A's 
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A G C  F a u l t  

( F r o m  S e r v o  
T r a c k  F o l l o w e r )  

Seek  

Mear Of fset  

C l e a r  I l l e g a l  
Posit ion â€¢ Address 
O f f s e t  I I  D e t e c t o r  

Velocity 
Curve 

Generator 

I f  1  
Enable 
I l l e g a l  I  A d d r e s s  

T  A d d r e s s  T  B u s  
I l l e g a l  C y l i n d e r  W r i t e  L e a s t  

A d d r e s s  C u r r e n t  S i g n i f i c a n t  
C o n t r o l  B i t  

Fig. over Head posi t ioning system can fol low tracks that have over 0.001 - in peak-to-peak radial  
movement  w i th in  30 p in .  

(From Servo  
Track Fol lower)  

N = 0 to 15 (Selectable Jumpers) 

i l l !  
Modulo  48  Adder  

Sector 
C o m p a r e  ÃÃÃÃTT 

N e w  A d d r e s s  
RPS Occurs  N  Sec to rs  
A h e a d  o f  S e c t o r  C o m p a r e  F i g .  1 1 .  S e c t o r  s e n s i n g  s y s t e m  

m o n i t o r s  c i r c u m f e r e n t i a l  h e a d  
posit ion. 
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Write 
Gate 

Wr i te  Da ta  

Wr i t e  Da ta  

Read Data  

P r e a m p l i f i e r  A m p l i f i e r  

Fig. maintain Read /write system uses automatic gain control (AGO) to maintain the read amplifiers in a 
l inear  operat ing range.  

direct ancestors, the 7900A2 and 7905A. With the 
increase in track and bit density has come an increase 
in the sophistication of the data electronics. The in 
creased track density has led to lower output from the 
magnetic transducers (heads) because of the decrease 
in the area swept by the heads. This has required more 
amplification and filtering in the read electronics to 
attain the signal-to-noise level required for decoding. 

The increased bit density is the result of using a 
different code to write the data on the disc (see Fig. 
13). The common NRZ (non-return-to-zero) data for- 

Fig. 1 3. NRZ data format is unsuitable for magnetic recording 
b e c a u s e  i t  r e q u i r e s  a  s e p a r a t e  c l o c k ,  w h i l e  F M  a n d  M F M  
codes  a re  se l f - c l ock ing .  The  MFM code  used  i n  t he  7920A  
requires fewer t ransi t ions than FM. I t  therefore al lows greater 
b i t  densi ty ,  but  demands f iner  prec is ion in  the read/wr i te  sys 
tem. 

mat, with a high level representing a one and a low 
level representing a zero, is unsuitable for magnetic 
recording because it requires separate clock, or tim 
ing information. The 7900A Disc Drive used the FM 
(frequency modulation) code, also called double fre 
quency code. It is self-clocking, with a transition at 
the boundary of every bit cell and another in the 
center of each bit cell containing a one. The 7905A 
and 7920A use MFM (modified frequency modula 
tion) code, also called delay modulation code. This 
code has a transition in the centef of each bit cell 
containing a one and at each bit cell boundary be 
tween consecutive zeros. Although the clock is not so 
regular in this code, it is easily reconstructed with 
suitable logic and a phase-locked loop. MFM code 
requires fewer transitions than FM. Because the dis 
tance between transitions is the limiting factor in bit 
density, more data may be written with MFM with the 
same transition spacing. 

Increased bit density is not without cost. MFM code 
requires higher precision. Certain data patterns are 
precompensated when written to maximize readabil 
ity, and the entire read electronics chain must func 
tion within very tight constraints. In the 7900A gen 
eration of electronics, the read amplifiers could satu 
rate and limit signal swing, much as in a common FM 
receiver, and produce output data of satisfactory ac 
curacy. The nonlinearities inherent in this type of 
operation would degrade the more advanced MFM 
code too much, so the read chain uses an AGC (au 
tomatic gain control) system to maintain the read 
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Zero Crossing 
Detector 

AGC Ampl i f ie r  
Fast  Decrease 
Slow Increase 

Store 
Gain 
Level 

To AGC 
Control 
Point in 

Preamplifier 

M i n i m u m  G a i n  

Fig.  14.  Dur ing read operat ions the AGC ci rcui t  increases the 
ga in  AGC in te rsec tor  gaps .  Dur ing  wr i te  opera t ions  the  AGC 
turns off to keep the large write signal out of the read channel. 

amplifiers in a linear region (Fig. 14). This AGC cir 
cuit must deal with some interesting problems. Be 
tween sectors of data returning from the disc there are 
gaps containing no signal. These gaps represent 
about 8% of the time. The AGC responds to a gap by 
increasing the gain. Then at the end of the gap it 
responds even faster, returning the gain to an appro 
priate level. 

During a write operation the AGC is very important. 
The write signal at the heads is about 24V p-p com 
pared to a read signal of 1 mV p-p. No feasible isola 
t ion can keep this write signal out of the read 
amplifiers. To keep the write signal from influencing 
the read channel gain, the AGC is turned off. Thus the 
ACG is a sample-and-hold circuit, with the gain con 
trol level stored in the amplifier for the duration of the 
write operation. The gain of the read channel is low 
ered by the write gate independently of the AGC cir 
cuit to minimize the impact of the write signal on the 
read circuits. 

When writing consecutive sectors, and when the 
write gate is turned off, the AGC would normally be 
enabled between sectors. This would cause the AGC 
to be influenced by samples of "no signal." To pre 
vent this, a time delay circuit keeps the AGC disabled 
for the duration of the intersector gap after the write 
gate turns off. Thus the read channel is held off for 
consecutive writes, and begins the next read opera 
tion at the beginning of the data signal with the cor 
rect gain. 

Another advance in the data circuitry of the 7920A 
Disc Drive is a very effective ac write current detect 
system. This is a fail-safe system that checks that data 
is being written normally any time there is a write 
command. The voltage generated by the switching of 
write current through the head is sensed and tested 
for sequence and timing. Abnormalities indicating 

absent or distorted data at the head are detected, stop 
ping the write process and causing a system fault 
condition. 

In the 7920A Disc Drive a well filtered air supply is 
achieved through the use of an absolute filter. The 
absolute filter, a high-efficiency cellulose paper 
folded for maximum area in a limited volume, was 
selected on the basis of pressure drop. A more effi 
cient absolute filter has the accompanying drawback 
of a high pressure drop, which decreases the velocity 
of air leaving the head-disc area. The absolute filter 
selected will allow enough air flow even when its 
pressure drop has doubled. In the 7920A Disc Drive a 
pressure of 0.60 inch of water inside the head-disc 
area was necessary to keep exiting air velocities high 
enough to prevent contamination through openings, 
especially those caused by eddy currents set up by the 
rotating discs. With an air flow rate of 29 cubic feet 
per minute through the disc drive, a filter restricting 
99% of all particles 0.3 microns or larger operates at 
0.40 inch of water pressure drop across the filter. 
Since the worst case pressure without a filter is 1.45 
inches of water, the 99% filter will still operate above 
the required 0.60 inch of water even when its pressure 
drop doubles (1.45-2x0.40 = 0.65). Thus the 99% ab 
solute filter is the most efficient filter that will operate 
within the design restrictions. 

To extend the absolute filter's life, a prefilter is 
employed upstream from the absolute filter and the 
blower (see Fig. 15). The prefilter is a low-cost, 
standard-size, medium-efficiency pleated filter that 
can be replaced in seconds by opening a door, sliding 
the dirty filter out, and sliding in a clean filter. 

Since filter life depends on the drive's operating 
environment, a pressure reading in the head-disc area 
is required to determine when the filters need to be 

Cool ing Air  Duct  

Power  and Motor  
Regulator 

Centr i fugal  Blower 

Prefilter 
Pref i l ter  Enclosure 

F ig .  A  7920  A  a i r  supp l y  i s  f i l t e red  by  an  abso lu te  f i l t e r .  A  
pref i l ter  extends the absolute f i l ter 's  l i fe.  

1 2  
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A Mechanical Vibrations Analogy 
for Servo System Design 

T h e  p e r f o r m a n c e  o f  s e r v o  f e e d b a c k  s y s t e m s  i s  u s u a l l y  
a n a l y z e d  i n  t h e  f r e q u e n c y  d o m a i n  u s i n g  L a p l a c e  t r a n s f o r m  
m e t h o d s .  A n  i n s i g h t f u l  a l t e r n a t i v e  f o r  a n a l y z i n g  a n  e l e c  
t romechan ica l  se rvo  sys tem is  to  use  a  mechan ica l  v ib ra t ion  
a n a l o g y .  I n  t h i s  a n a l o g y ,  m e c h a n i c a l  s p r i n g s  m o d e l  p r o p o r  
t ional  feedback loops and v iscous dampers s imulate the damp 
ing of the moving mass in the system. This method is especial ly 
use fu l  fo r  de te rmin ing  the  p roper  f rames o f  re fe rence  fo r  the  
contro l  system var iables.  

In  today 's  h igh-per fo rmance d isc  memor ies  the  da ta  heads  
a r e  p o s i t i o n e d  r a d i a l l y  o n  t h e  d i s c s  b y  t r a c k i n g  i n f o r m a t i o n  
encoded direct ly on the surface of  a disc.  In the HP 7920A disc 
pack,  one of  the s ix act ive surfaces is devoted ent i re ly to head 
posi t ion ing.  This  servo sur face and the associated servo head 
provide a radial posit ion scale in each individual disc pack. This 
scale is used to move the heads to the desired track and to keep 
the heads centered over  that  t rack .  

The servo head must fol low the tracks on the servo surface as 
accurate ly  as  poss ib le  to  assure d isc  pack in terchangeabi l i ty .  
In practice these circular servo tracks are not perfectly centered 
and can be s l igh t ly  non-c i rcu lar .  The smal l  dev ia t ions prov ide 
an  inpu t  command s igna l  to  the  se rvomechan ism.  Among the  
poss ib le  causes  fo r  se rvo  t rack  dev ia t ions  a re  mechan ica l  v i  
brat ions in  the d isc dr ive,  v ibrat ions in  the machine that  wrote 
the servo.surface, bal l  bearing noise from the disc drive spindle, 
and  mos t  impo r tan t ,  eccen t r i c i t y  be tween  the  cen te rs  o f  t he  
s e r v o  t r a c k  a n d  t h e  d i s c  d r i v e  s p i n d l e .  T h i s  e c c e n t r i c i t y  o r  
runout is a result  of the displacement of the center of rotat ion of 
the  d isc  pack  a t  the  t ime the  servo t rack  was wr i t ten  f rom the 
center  o f  ro tat ion at  the t ime of  p layback.  

The HP 7920A spindle rotat ion speed is 3600 revolut ions per 
minute. Any runout of the disc pack results in a 60-Hz sinusoidal 
m o t i o n  t h a t  c a n  h a v e  p e a k  a m p l i t u d e s  a s  l a r g e  a s  5 0 0  m i -  
croinches. The signal  der ived from this mot ion can also contain 
no ise  a t  f requenc ies  up  to  600  Hz  w i th  amp l i t udes  up  to  100  
micro inches peak.  

T h e  m e c h a n i c a l  v i b r a t i o n  a n a l o g y  c a n  b e  c o n v e n i e n t l y  
applied to a disc-drive track-fol lowing servo system for fol lowing 
c i rcular  runout.  L inear feedback of  carr iage displacements wi th 
respect  to  the moving servo t rack can be v iewed as a mechani  
ca l  spr ing  jo in ing  these  two e lements  (K  in  the  d rawing) .  The  
na tu ra l  f requency  o f  dynamic  response  can  be  ca lcu la ted  by  
app ly ing  mechan ica l  v ib ra t ion  theory  us ing  the  above  sp r ing  
cons tan t  and  the  mov ing  car r iage  mass  (M in  the  d rawing) :  

Damping  fo r  the  servo  sys tem may be  accompl ished in  sev  
e r a l  w a y s .  O n e  c o m m o n l y  u s e d  m e t h o d  i s  a  m o v i n g  m a g n e t  
tachometer that produces a signal proport ional to the velocity of 
the moving carr iage re lat ive to the disc dr ive mainframe. When 
th i s  s i gna l  i s  amp l i f i ed  and  fed  back  th rough  the  fo rce  t rans  
ducer ,  a  fo rce  i s  app l i ed  on  the  mov ing  mass  p ropor t i ona l  to  
carr iage veloc i ty .  This  has the same form as a v iscous damper 
jo in ing the carr iage to  the mainf rame.  

An  a l t e rna t i ve  f o r  gene ra t i ng  v i s cous  damp ing  i s  a  phase  
sh i f t i ng  ne twork  in  the  fo rward  pa th  o f  the  e lec t romechan ica l  
sys tem.  A proper ly  des igned lead compensator  can be v iewed 
a s  a  d a s h p o t  j o i n i n g  t h e  m o v i n g  s e r v o  t r a c k  t o  t h e  m o v i n g  
carr iage (C in the drawing).  This analogy is  p lausib le because,  
over  a  f requency range be low the sys tem's  natura l  f requency,  
the output  o f  the phase sh i f t ing  network  can be v iewed as the 

sum of  pos i t ion and tachometer  feedback s ignals  combined in  
the proper  propor t ions.  

I t  i s  resu l t  t o  no te  the  pe r fo rmance  d i f f e rences  tha t  resu l t  
f r o m  t h e  d i f f e r e n t  f r a m e s  o f  r e f e r e n c e  o f  t h e  t w o  d a m p i n g  
m e t h o d s  d e s c r i b e d  a b o v e .  A  t a c h o m e t e r - b a s e d  s y s t e m  p r o  
duces a damping force on the moving mass proport ional  to  the 
ve loc i t y  d i f f e rence  be tween  the  ca r r iage  and  the  ma in f rame.  
T h e  n u l l  p o s i t i o n  f o r  s u c h  a  s e r v o  s y s t e m  h a s  t h e  c a r r i a g e  
mot ionless wi th respect  to the mainframe. The phase- lead com 
p e n s a t o r  d a m p e d  s y s t e m ,  h o w e v e r ,  p r o d u c e s  i t s  d a m p i n g  
force proport ional to the velocity di f ference between the moving 
servo t rack and the moving carr iage. I ts  nul l  posi t ion locus has 
the car r iage exact ly  fo l lowing the moving servo t rack.  

In  the des ign o f  the HP 7920A t rack- fo l lowing servo sys tem 
three a l te rnat ives  were  cons idered for  damping the sys tem:  
â€¢ A tachometer damped system 
â€¢ A phase- lead compensator  damped system 
â€¢ A combination of the above. 

System parameters def ined the natura l  f requency of  the sys 
tem a t  abou t  600  Hz ,  o r  t en  t imes  the  se rvo  t rack  runou t  f r e  
quency.  For  proper  dynamic  response a  sys tem damping ra t io  
o f  abou t  0 .70  was  chosen .  W i th  t hese  pa rame te rs  f i xed ,  t he  
potent ia l  runout- fo l lowing capabi l i t ies of  the three a l ternat ives 
can be eva luated.  

c 
(Viscous 
Damper)  

Track-Fo l lowing  System wi th  Tachometer .  V iscous  Damping  
Achieved by  Tachometer  (Ve loc i ty  Transducer ) .  

noise 

Track-Fo l lowing  System Wi thout  Tachometer .  V iscous  Damping  
Achieved wi th  E lect ronic  Compensat ion Network .  

Steady -s ta te  v ib ra t i on  ana lys i s  shows  tha t  the  tachomete r  
damped system can reduce the servo t rack open- loop runout to 
on ly  about  14%.  Thus  a  servo  t rack  w i th  1000 mic ro inches  o f  
open-loop peak-to-peak runout would result  in a system error of 
140  mic ro inches  peak- to -peak .  For  a  phase lead  damped sys  
t e m ,  b e  t h e  s a m e  o p e n - l o o p  r u n o u t  c a n  t h e o r e t i c a l l y  b e  
reduced to  1%.  

F o r  a  n o  s e r v o  s y s t e m  t h i s  m e c h a n i c a l  a n a l o g y  g i v e s  n o  
ind ica t ion  o f  overa l l  se rvo  sys tem s tab i l i t y .  Thus  a  f requency  
domain stabi l i ty  analys is is  required.  Stabi l i ty  analys is showed 
tha t  the  tachomete r -based  sys tem i s  i nhe ren t l y  s tab le  bu t  i n  
adequa te  fo r  fo l l ow ing  runou t .  However ,  the  phase- lead  com 
pensated sys tem proved to  have s tab i l i ty  prob lems.  One work  
able solution for stabil izing the phase lead system was to Â¡ntro- 
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duce a tachometer in ser ies wi th a high-pass f i l ter .  This system 
cou ld  be  eas i l y  s tab i l i zed  bu t  s t i l l  d i d  no t  f o l l ow  se rvo  t r ack  
runout  as  we l l  as  the  theore t i ca l  l im i t  o f  the  idea l  phase- lead  
compensa ted  sys tem.  

Fo r  the  7920A D isc  Dr i ve  a  second-o rde r  l ead - lag  compen  
s a t o r  w a s  c h o s e n  f o r  t h e  t r a c k - f o l l o w i n g  s e r v o  s y s t e m .  T h e  
phase lag was introduced to stabi l ize the system for frequencies 
above i ts natural  f requency. This system is capable of  fo l lowing 
servo  t racks  w i th  over  0 .001 inch  o f  peak- to -peak servo  t rack  
runout  w i th in  20 micro inches.  No ise  components  a t  h igher  f re  
quenc ies  may  inc rease  th i s  e r ro r  s igna l  t o  as  much  as  30  m i  
c ro inches peak.  

-Joel Harr ison 
-Lynn  Weber  

replaced. This reading is taken with a pressure gauge 
plugged into a specially designed fitting that leads to 
the head-disc area. A reading below 0.60 inch of water 
indicates that the prefilter and possibly the absolute 
filter must be replaced. Extrapolated long-term tests 
in a worst-case environment indicate an absolute fil 
ter life of several years. 

Test ing for  Rel iabi l i ty  
The new disc drive was designed with heavy em 

phasis on the specified error performance. To verify 
this performance, drives were tested continuously 
during the development cycle. These drives trans 
ferred data to or from removable disc packs written on 
the same drive or by other drives. Data transfer and 
data interchangeability were tested beyond the 
specified temperature range (10Â° to 40Â°C) to insure an 
adequate margin of safety. The tests were also con 
ducted at all line voltage limits and line frequency 
limits, and throughout the specified altitude and 
humidity ranges in a special test chamber. 

The drive was stress tested by operating it on a 
vibration table. The results of these tests made it pos 
sible to evaluate the physical structure for proper 
static and dynamic integrity and performance under 
extreme conditions. 

In many cases, accelerated life tests do not lead to 
meaningful results and must be replaced by real-life 
tests. Assemblies of the drive that had to be real-life 
tested were identified early during the development 
cycle. A typical case was the head contamination 
characteristics. The airflow system that prevents con 
tamination of the heads was tested from the begin 
ning of the project, with the result that by the time of 
introduction of the product there was reasonable as 
surance that the drives would perform as specified 
over their expected lifetimes. The result of this and 
many similar real-life and accelerated life tests, com 
bined with pre-introduction tests by HP's quality as 
surance group, showed that the drive will meet its 
performance and reliability goals. 

Serviceabil i ty 
Ease of servicing was a prime consideration in the 

design of the enclosure for the 7920A Disc Drive. 
Access to the primary service area is through a wrap 
around shroud that requires no tools to remove. Sec 
ondary service access is through easily removable 
side panels and doors. Complete removal of all 
panels, main assemblies, and circuit boards can be 
accomplished in less than five minutes using only a 
screwdriver and a nutdriver (see Fig. 16). 

During preventive maintenance the user or service 
person can observe eight fault indicator lights that 
assure that the drive's internal fault indication cir 
cuitry has not detected a problem. Faults in the read/ 
write system, faulty head positioning, improper vol 
tage conditions and other problems can be seen here. 
At the same time, the drive's single mechanical ad 
justment, the head alignment, can be checked. The 
only other adjustment, an electronic adjustment that 
assures that the drive's fast seek time specification is 
met, can also be checked at each 6-month preventive 
maintenance interval. 
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dr iver  and a nutdr iver .  
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team: George Clifford, John Miller, and Rick Sayers. 
Kail Peterson's work was on the industrial design. 
Gordon Smith and his model makers made the 
hardware. Chuck Habib's team provided the PC 
boards. 

It is not sufficient to have a workable product in the 
lab. The product must also be producible and profita 
ble. Proper tooling achieves these objectives. The 
7920A Disc Drive received its tooling support from 
Jim Hergert's group: Laslo Zsidek, William Voros, 
Hector Payan, Dick Chinoweth and' Tom Andrews. 

Product reliability was a continuous goal of the 
design team. Third-party perspective for this was 
provided by Chuck Tracy and Ron Morgan. 

The introduction of a disc drive into manufacturing 
is complex. Many times the efforts of those who do 
this are not apparent. Steve DePaoli, Joe Arata, Dave 
Handbury and Dick Lawson played a major role in 
this transition. 

No matter how good the product is, the field service 
organization must have support. This was furnished 
by Harry Albert, who trained the field service person 
nel. Bill Marquette and Al Hopkins supplied the ser 
vice manuals. 

Many concepts of the drive are based on the ar 
chitecture of the 7905A Drive that was developed by 
Bill Lloyd. Winston Mitchell's head positioning cir- 

Herbert  P.  St ickel  
Herb St icke l ,  pro ject  manager  for  
the 7920A Disc Drive, joined HP in 
1 969 with fifteen years' experience 
in the design of l inear accelerators 
a n d  c o m p u t e r  p e r i p h e r a l s .  H e  
cont r ibu ted  to  the  des ign  o f  HP 's  
f i rs t  d isc dr ive,  the 7900A, and i ts  
successor ,  the  7905A,  before  tak  
ing  on  the  50M-by te  un i t .  Bom in  
Buf fa lo ,  New York ,  Herb rece ived 
h is  BSME degree f rom the Univer  
s i t y  o f  C a l i f o r n i a  a t  B e r k e l e y  i n  
1 9 5 4 ,  a n d  h i s  M S  d e g r e e  i n  e n  
gineering from Stanford Universi ty 
t h i s  y e a r .  H e ' s  s i n g l e ,  l i v e s  i n  
Menlo Park, Cali fornia, and claims 

to  have "no  hobb ies  whatsoever ,  except  tak ing  i t  easy . "  

cuitry and disc service unit and Wally Overton's 
read/write circuitry were successfully used with mod 
ifications on the 7920A. S 
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on the Fast Disc," Hewlett-Packard Journal, May 1972. 

F u n c t i o n a l  S p e c i f i c a t i o n s  

S E E K  T I M E  
T R A C K - T O - T R A C K :  5  m s ,  m a x i m u m  
A V E R A G E  R A N D O M :  2 5  m s  
M A X I M U M  ( 8 2 3  T R A C K S )  4 5  m s  
G R O S S  C A P A C I T Y :  6 4 3 2 - 1 0 *  b y l e s  

D A T A  C A P A C I T Y  

4 f l  S e c t o r s  T r a c k  -  8 1 5  T r a c k s '  

D a t a  B u s  D a t a  B y t e s  S e c t o r  

Track 
Surface 

' 
98.304 

1 0 . 0 1 4 7 2 * 1 0 Â »  3 9 . 1 2 0  8 1 5  
5 0 . 0 7 3 6 - 1 0 *  1 9 5 . 6 0 0  4 . 0 7 5  

â€¢Tota l  number o(  t racks per  sur face is  823.  8 of  which are used as spares or  lor  
defect ive (rack al locat ion. 8 1 5 tracks per surface (minimum) are guaranteed to be 
good.  

R O T A T I O N  
SPEED:  3 .600  rpm 
A V E R A G E  R O T A T I O N A L  D E L A Y :  8 . 3  m s  

R E C O R D I N G  C H A R A C T E R I S T I C S  
B ITS/ INCM ( INSIDE TRACK) :  4 ,680  
T R A C K S ' I N C H  - 3 8 4  
T R A C K S . S U R F A C E  8 1 5  ( p l u s  8  u s e d  a s  s p a r e s  o r  f o r  d e f e c t i v e  t r a c k  

al locations) 
D A T A  T R A N S F E R  R A T E  

B ITS /SECOND:  7 ,500 .000  
K I L O B Y T E S ' S E C O N D  9 3 7 5  

S P E C I F I C A T I O N S  
H P  M o d e l  7 9 2 0 A  D i s c  D r i v e  

A C T U A T O R  
Voice coi l  actuator  wi th ve loc i ty  feedback,  posi t ion feedback f rom top sur face o l  
the  center  d isc .  Carnage is  mechan ica l l y  locked in  the  re t rac ted  pos i t ion  when 
power  i s  removed  to  p ro tec t  heads  and  d isc  pack .  

D I S C  P A C K  I N T E R C H A N G E A B I L I T Y  
W o r s t  c a s e  t e s t s  o f  b o t h  t h e  7 9 2 0 A  D i s c  D r i v e s  a n d  1 3 3 9 4 A  D i s c  P a c k s  
ensure the any 1 3394A Disc Pack wr i t ten on any 7920A Dr ive wi th in  the operat  
ing  spec i f i ca t ions  may be read on any o ther  7920A opera t ing  w i lhm (hat  range 
E r ro r  13394A  a  n  ces / i  me rchan tab i l i t y  can  be  gua ran teed  on l y  i f  HP  13394A  
Disc  Packs  are  used.  

Electrical Specif ications 
7 9 2 0 M  M A S T E R  D R I V E  ( I N C L U D E S  1 3 0 3 7 B  C O N T R O L L E R )  

A C  V O L T A G E S  ( a l l  -  5 % - 1 0 % ) :  1 0 0 V .  1 2 0 V ,  2 2 0 V .  2 4 0 V  
F R E Q U E N C Y :  4 7 . 5  t o  6 6  H z  
P H A S E  S i n g l e  
P O W E R  7 0 0  w a t t s ,  t y p i c a l  a t  1 2 0 V .  6 0  H z  
C U R R E N T .  6 . 6  a m p e r e s ,  t y p i c a l  a t  1 2 0 V .  6 0  H i  

7 9 2 0 S  A D D - O N  D R I V E  
A C  V O L T A G E S  ( a l t  + 5 % -  1 0 % ) :  1 0 0 V .  1 2 0 V .  2 2 0 V .  2 4 0 V  
F R E Q U E N C Y :  4 7 . 5  l o  6 6  H z  
PHASE:  S ing le  
P O W E R  4 6 0  w a t t s ,  t y p i c a f  a !  1 2 0 V .  6 0  H z  
CURRENT:  4 .5  amperes ,  t yp i ca l  a t  120V .  60  Hz  

Environmental Specif icat ions 
T E M P E R A T U R E  

O P E R A T I N G  - 1 0  C  ! 0  - 4 0 ' C  ( 5 0 ' F  t o  1 0 4  F ) .  r a l e  o f  c h a n g e  n o t  l o  e x c e e d  
10"C (18"F) /hr .  Above 3 .048m (10.000 f t )  a l t i tude maximum ambient  tempera 
ture is reduced from 4CTC to 30Â°C (104'F to B6'F) 

N O N - O P E R A T I N G :  4 0 " C  t o  - 7 5 ' C  (  W C  l o  + 1 6 r F ) ,  r a t e  o f  C h a n g e  n o t  t o  
exceed 20'C (36Â°F)/hr 

R E L A T I V E  H U M I D I T Y  
OPERATING:  8% to  80% (non  -condens ing)  

Wet  bu lb  temp:  -  25  6  C  (78  F )  
NON-OPERATING:  5% lo  95% (non -  condens ing )  

We t  bu lb  t emp .  -  25 .6  C  (78 'F )  
H E A T  D I S S I P A T I O N  

7 9 2 0 M  M A S T E R  D R I V E .  6 0 0  k g - c a l ' h r  { 2 , 3 9 0  B T u m r ) ,  m a x i m u m  
7920S  ADD-ON-DRIVE:  396  kg -ca l / h r  ( 1 .570  BTU/h r ) ,  max imum 

A L T I T U D E  
OPERATING:  Sea  teve l  to  4 ,572m (15 .000  f t )  
N O N - O P E R A T I N G  3 0 4 8 m  ( 1 . 0 0 0  f t )  b e t o w  s e a  l e v e l  t o  1 5 . 2 4 0 m  ( 5 0 . 0 0 0  f t )  

Physical Characterist ics 
DIMENSIONS:  82 .5  cm (32 .5  in )  H  â€¢  50  cm (19 .65  in )  W .  81 .3  cm (32  -n )  D  
W E I G H T  

7 9 2 0 M  M A S T E R - D R I V E  ( I N C L U D E S  1 3 0 3 7 B  C O N T R O L L E R ) :  
NET:  158 .7  kg  (350  Ib )  
SHIPPING:  236  kg  (520  Ib )  

7 9 2 0 S  A D D - O N  D R I V E  
N E T  1 4 2 . 8  k g ( 3 1 5 l b )  
SHIPPING:  220  kg  (485  Ib )  

C A B L E  L E N G T H S  
7 9 2 0 M  M A S T E R  D R I V E  

MULTI -UNIT  CABLE 1  ,5m (5  f t )  
D A T A  C A B L E  3 . 0 m  ( 1 0  f t )  
INTERFACE CABLE-  5 .5m (18  f t )  

. 7 9 2 0 3  A D D - O N  D R I V E  
MULT I -UNIT  CABLE:  2 .4m (8  f l )  
D A T A  C A B L E  1 5 . 2 m  ( 5 0  H )  

M a x i m u m  c u m u l a t i v e  m u l t i - u n i t  c a b l e  l e n g t h  f r o m  c o n t r o l l e r  t o  l a s t  d r i v e  i n  
da isy-cha in  is  22.5m (74 f l ) .  

PRICE IN  U .S .A . :  7920M.  517 ,500 .  7920S,  $14 ,000 .  
M A N U F A C T U R I N G  D I V I S I O N :  D I S C  M E M O R Y  D I V I S I O N  

11311  Ch inden  Bou levard  
B o i s e ,  I d a h o  8 3 7 0 7  U S A  
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An Individualized Pulse/Word Generator 
System for Subnanosecond Testing 
A h igh-speed pu lse /word  genera to r  i s  cons t ruc ted  in  
modular  form so i t  can be conf igured according to speci f ic  
test ing requirements.  

by Christ ian Hentschel,  GÃ¼nter Riebesel l ,  Joel  Zel lmer,  and Volker Eberle 

THE INSTRUMENT SHOWN IN FIG. 1 is one ver 
sion of HP's Model 8080 high-speed pulse gen 

erator system. This version, intended for the test and 
development of state-of-the-art digital systems, has a 
maximum repetition rate of 1 GHz with pulse rise and 
fall times less than 300 ps and a maximum pulse 
amplitude of 1.2V. It has two outputs with the pulse 
train from one delayed with respect to the other by a 
controllable amount. 

Fig. 2 shows another version. This one is a digital 
word generator capable of generating serial words up 
to 64 bits long at bit rates up to 300 MHz. Pulse 
amplitude can be up to 2 volts with rise and fall times 
of less than 800 ps or, with the high-speed output 
amplifier module, 300 ps with pulse amplitudes up 
to 1.2 volts. 

This pulse/word generator system evolved as a 
modular system that can be configured to meet a wide 
range of high-speed digital applications, such as 
those involved with subnanosecond 1C development, 
CPU design, digital modulator and multiplexer de 
velopment, fiber-optic system development, and nu 
clear research. The modules, which include rate 
generators, output amplifiers, a delay generator, and 
a word generator, are available in two compatible 

families â€” one for 1-GHz operation and one for 300 
MHz. The modules bolt into a mainframe that pro 
vides dc power for the modules. 

Some of the varieties of pulse and word generators 
that can be configured using these modules are 
shown in Fig. 3. 

The Modules  
The rate generators are basically square-wave 

generators that operate at repetition rates between 10 
Hz and 300 MHz (Model 8081A) or 100 Hz and 1 GHz 
(Model 8091A). Pulse generation can be gated by ex 
ternal waveforms with the pulse train automatically 
synchronized to the start of each gate. 

The delay generator/frequency divider module 
(Model 8092A) accepts the output of either rate 
generator and produces two pulse trains in response. 
One pulse train can be delayed up to 9.9 ns with 
respect to the other in steps of 100 ps. The two-digit 
numeric readout presents the delay of channel B with 
respect to channel A, but since the delay can be in 
serted into either channel, channel B can appear to be 
advanced up to 9.9 ns with respect to channel A, as 
well as delayed. 

In addition, this module has a -^ 2 circuit so channel 

Fig .1 .  7  -GHz pu lse  genera tor  as  
s e m b l e d  f r o m  H P  8 0 8 0 - s e r i e s  
modu les  has  300 -ps  pu l se  t rans i  
t i o n  t i m e  a n d  c o n t r o l l a b l e  d e l a y  
between channels .  
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F i g .  2 .  3 0 0 - M H z  w o r d  g e n e r a t o r  
a s s e m b l e d  f r o m  8 0 8 0 - s e r i e s  
modules produces words 16, 32 or 
6 4  b i t s  l o n g ,  r e p e t i t i v e l y  o r  i n  
burs ts .  The  dua l -ou tpu t  amp l i f i e r  
s u p p l i e s  t h e  w o r d  a n d  i t s  c o m  
p l e m e n t  w i t h  t r a n s i t i o n  t i m e s  o f  
800 ps.  

B can produce a square wave at one-half the repetition 
rate of channel A. This can be very useful in tests of 
dual-input gates; the two outputs provide all combi 
nations of two bits (00, 01, 10, 11) and the interchan- 
nel delay allows exploration of problems caused by 

Data 

R a t e  W o r d  
Genera to r  Genera to r  

Amplif iers 

300 -MHz  Word  Genera tor  w i th  <300 -ps  Trans i t ion  T ime  

Clock 

C l o c k  R a t e  D e l a y  
G e n e r a t o r  A m p l i f i e r  G e n e r a t o r  

Amplif iers 

3 0 0 - M H z  1 - G H z  D u a l - O u t p u t  P u l s e  G e n e r a t o r  
C l o c k  G e n e r a t o r  w i t h  I n t e r c h a n n e l  D e l a y  

Data 1 

P o w e r  W o r d  D a t a  4  
D i v i d e r s  G e n e r a t o r s  A m p l i f i e r s  

300-MHz,  4 -Channe l  Word  Genera tor  

Fig .  3 .  A  few o f  the  severa l  pu lse /word-genera to r  con f igura  
t ions possible using modules in the 8080 ser ies.  Some conf ig 
u ra t i ons ,  such  as  the  mu l t i channe l  wo rd  genera to r ,  may  re  
qu i re  more than one main f rame to  house a l l  the modules.  

race-induced signal overlaps and propagation delays. 
The half-frequency mode is also useful for testing 

flip-flops and shift registers where the half-frequency 
channel supplies the data input while the full- 
frequency channel supplies the clock (Fig. 4). The 
interchannel delay then enables examination of setup 
and hold times. Previously, two synchronized pulse 
generators were needed for this kind of test. 

The word generator (Model 8084A) generates serial 
words 16, 32, or 64 bits long, either repetitively or one 
word at a time in response to a manual pushbutton or 
an external trigger. The output can be in either RZ or 
NRZ format. Word data is loaded 16 bits at a time from 
a front-panel switch register. 

Set-up 
T ime 

Fig. 4. Channel B of the Model 8092 A Delay Generator can be 
switched to funct ion as a f requency div ider,  producing square 
waves at  one-hal f  the repet i t ion rate of  channel  A.  Use of  the 
interchannel  delay then al lows examinat ion of  setup and hold 
t imes of f l ip-f lops. 
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The 300-MHz output amplifier (Model 8083AJ re 
produces the internally-supplied pulse train at two 
50ÃI outputs simultaneously, one normal and the 
other the complement of the input pulse train (Fig. 
5a). The output pulse amplitude is adjustable from 
0.2V to 2V, offsettable up to Â±1V, with fixed transi 
tion times of less than 800 ps. Pulse polarity is select 
able (positive-going above the baseline or negative- 
going below]. 

The 1-GHz amplifier (Model 8093 A) reproduces the 
pulse train supplied to it with output pulse amplitude 
controllable between 0.6 and 1.2V, offsettable Â±1.2V, 
and with transition times less than 300 ps (Fig. 5b). 
The normal/complement format and the output polar 
ity are selectable. This module can also serve as a 
pulse amplifier, giving 300-ps transition times to any 
external pulse train with amplitudes 600 mV or 
greater and transition times less than 10 ns at repeti 
tion rates up to 300 MHz. 

Technical  Deta i ls  
The 300-MHz modules use monolithic integrated 

circuits developed for the Model 8082A Pulse 
Generator1, made by a process that gives transistors 
with cut-off frequencies of 2 GHz. The 1-GHz modules 
use thin-film hybrid circuits with discrete 5-GHz 
transistor chips. Thin-film tantalum-nitride resistors 
and gold conductors are deposited on alumina sub 
strates and the transistor chips, Schottky beam-lead 
diodes, and ceramic capacitors are bonded to the sub 
strate. 

For the lOO-Hz-to-300-MHz frequency range, the 
8091A Rate Generator  module uses the same 
monolithic-IC oscillator circuit as the Model 8082A 
250-MHz Pulse Generator. For frequencies above 300 
MHz, a thin-film hybrid circuit based on the well- 
known emitter-coupled oscillator circuit is used 
(Fig. 6.). It is a relaxation oscillator with a repetition 
rate determined by capacitor C and the collector load 
resistors. 

As shown in the diagram of Fig. 6, a third transistor 
(Ql) was added to the basic circuit. This makes the 
oscillator gateable. With no signal at the GATE input, 

F ig .  5 .  Dua l  ou tpu t  o f  t he  Mode l  
8083A 300-MHz  Ou tpu t  Amp l i f i e r  
(a)  reproduces the ampl i f ier  input  
a t  the channel  A output  wh i le  sup 
plying the complement of the input 
a t  the  channel  B output ,  enab l ing  
the generator to dr ive di f ferent ia l -  
i n p u t  d e v i c e s .  P u l s e  p o l a r i t y  i s  
a l s o  s e l e c t a b l e .  M o d e l  8 0 9 3 A  
Outpu t  Amp l i f i e r  supp l ies  pu lses  
w i t h  l e s s  t h a n  3 0 0 - p s  t r a n s i t i o n  
t i m e s  ( b ) .  P u l s e  r e p e t i t i o n  r a t e  
h e r e  i s  6 0 0  M H z .  ( O s c i l l o s c o p e  
sweep t ime:  1  ns /d iv . )  

Ql is fully on, diverting the Q3 emitter current (I3) 
while holding Q3 off. 

Gate 
Input 

- V b i a s  

' E 3 - Â « B 3 -  

-0.7V 

Â» E2~ Â»B2 

-0.7V 

V o u ,  

\  j\^ 
K=h 

Gate 
Start 

Fig. GHz. Emitter-coupled oscillator for repetition rates to 1 GHz. 
Waveforms show t ime-varying voltages within the osci l lator. In 
the absence of  a  gat ing pulse,  t rans is tor  01 c lamps the osc i l  
lator end a state that corresponds to the running state at the end 
of t ime interval T so the first pulse of a burst wil l  be identical to 
subsequent  pu lses.  
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When a negative pulse is applied to the GATE in 
put, transistor Ql turns off and current I3 now goes 
through capacitor C and transistor Q2, charging 
capacitor C. When the charge accumulating on 
capacitor C allows the emitter voltage of Q3 to fall to 
the turn-on level, regenerative action sets in, turning 
Q3 fully on and Q2 off. Current I3 now flows through 
Q3 while 1 2 flows through C and Q3, charging C in 
the opposite direction. This continues until Q2 turns 
on again, starting a new cycle. 

As shown by the timing diagram, while transistor 
Ql is on it establishes a "stop" state in the oscillator 
that is identical to the state of the oscillator at time T 
with both emitter currents (I2 and I3) flowing through 
the load resistor Rl. Thus, a GATE pulse starts the 
oscillator from a state that occurs during free-running 
operation, making the first pulse identical to the fol 
lowing ones (except for a minor perturbation caused 
by switching current I3 from Ql to Q2) . As a result, the 
oscillator is always synchronized to the gating pulse. 

Capacitor C actually consists of two back-to-back 
varactor diodes with bias applied at their common 
point. Varying the bias with the front-panel, three- 
turn, high-resolution potentiometer varies the capaci 
tance, which in turn varies the repetition rate over the 
300-MHz-to-l-GHz range. 

The oscillator output goes through an amplifier- 
limiter and then to the next module in the chain 
(signal connections between modules are made in 
ternally by means of coaxial cables). When the mod 
ule is switched to the EXTERNAL mode, the oscillator is 
bypassed with the external signal going through a 
Schmitt trigger circuit directly to the amplifier. The 
module output is then a shaped version of the input 
signal, be it pulsed or sinusoidal, with the polarity 
and trigger level selectable. 

A Fast-Switching Ampl i f ier -Limiter  
Two of the most challenging problems faced during 

the design of the system were: (1) how to achieve 
wideband pulse response from dc to more than a 
gigahertz; and (2) how, with extremely f ast transition 
times of only 200 ps, to keep pulse perturbations at 
a very low level. 

The first problem was resolved largely by using 
differential amplifiers wherever possible. However, 
since fast transistors are all NPN types, some means of 
level shifting is needed at least after every two 
amplifier stages. Otherwise the signal baseline would 
shift to higher and higher levels. It is desirable to have 
the signal level at ground at both the input and output 
of a hybrid microcircuit so the external transmission 
lines can be terminated simply with 50Ã1 resistors to 
ground. 

Two ways of level shifting are commonly used: (1) 
zener diodes in series with the signal path between 

stages; and (2) capacitive coupling between stages 
with the bias levels chosen to establish the appro 
priate dc levels. Zener diodes can introduce problems 
with noise and temperature-induced level changes 
while capacitive coupling impairs low-frequency re 
sponse, especially troublesome in a word generator 
where it may be necessary to maintain the 0 or 1 level 
for many clock periods. 

The solution chosen for the 8080 system was to use 
capacitive coupling with dynamic dc restoration. In 
the circuit diagram of Fig. 7, C is the input coupling 
capacitor while operational amplifier Al functions as 
the dc restoration circuit. 

Note that the input signal goes to both inputs of Al 
through identical voltage dividers so it appears to 
amplifier Al as a common-mode signal. Hence, the 
signal does not appear at the output of Al nor at the 
base of transistor Q2. Because of the degradation of 
op-amp common- mode rejection at high frequencies, 
a low-pass filter is used at the base of Q2 to attenuate 
any fast transients that may get through Al. 

Outputs 

-10V 

Fig .  7 .  B roadband pu lse  amp l i f i e r  uses  capac i t i ve  coup l ing  
w i t h  d y n a m i c  d c  r e s t o r a t i o n  t o  o b t a i n  g o o d  l o w - f r e q u e n c y  
r e s p o n s e ,  a n d  c u r r e n t  s w i t c h i n g  b y  S c h o t t k y  d i o d e s  t o  
achieve 200-ps t ransi t ion t imes.  
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To see how the dc restoration works, suppose that a 
positive-going step, Vin, were applied to the input. It 
would also appear as the drive voltage, V^, across the 
inputs of differential amplifier Q1-Q2. However, 
while the voltage step remains at its upper level, 
capacitor C charges, allowing the voltage at the base 
of Ql and at the non-inverting input of Al to sag. 
Because this sag appears to Al as a differential input, 
it also appears at the output of Al and at the base of 
Q2. The sag is thus a common-mode signal to Q1-Q2 
so it does not affect the Q1-Q2 output, which retains 
the step level. 

In other words, amplifier Al responds to any vol 
tage change across capacitor C and applies the change 
as a correction voltage to amplifier Q1-Q2. 

Fast transitions at the amplifier output are achieved 
by inserting Schottky diodes (Dl and D2) in the emit 
ter circuits of Q3 and Q4. The switching characteris 
tics of transistors are degraded by the charge stored in 
a transistor when it is switched off but in the circuit 
shown in Fig. 7, transistors Q3 and Q4, biased by 
current sources Ij and I2 to operate always in the lin 
ear region, are never switched off. Current switching 
is performed by the Schottky diodes, which have 
practically no stored charge. 

Suppose the signal at the base of transistor Q4 is in 
the low state and that of Q3 is high. Diode Dl would 
then be forward biased, so the Q3 collector current 
would be Ij + I3 (23 mA) while the Q4 collector 
current would be 1 2 only (3 mA).Now, when the driv 
ing signal reverses state, D2 becomes forward biased, 
reversing the bias on Dl so current I3 switches to Q4, 
leaving a collector current of 3 mA in Q3. This transi 
tion occurs very quickly because of the fast switching 
of the diodes. 

Incremental  Delay 
Very little jitter can be tolerated in the pulse delay 

circuit of this pulse generator because of the fast rise 
time and very short pulse period. Hence, the Model 
8092A Delay Generator uses delay lines rather than 
the usual one-shot multivibrator for the delay func 
tion. Delay lines of various lengths are switched in to 
vary the delay in 100-ps steps up to the maximum of 
9.9 ns, an arrangement that also allows the delay to be 
made greater than the pulse period. 

Delay lines of differing lengths are arranged in 
three groups in series. One line in each group is 
switched into the signal path by logic circuits that 
apply forward bias to PIN diodes at each end of each 
line, as shown in Fig. 8. 

PIN diodes are used because of their very low 
capacitance when reverse biased; the switched-off 
diodes therefore do not load the driving signal ap 
preciably. For low-frequency driving signals, they 
behave as conventional diodes. When a pair of diodes 
is switched on, the applied bias is sufficient to main 
tain the diodes in the "on" state for both states of the 
signal waveform with a diode resistance of about 0.5 
ohm. At frequencies above a few megahertz, the 
diodes behave as pure resistors with a resistance of 
about 1 ohm. 

To avoid the great expense of matching diodes dur 
ing instrument production, the diodes are not 
selected. Diode mismatch could result in dc offsets of 
as much as 50 mV in the signal when switching from 
one delay line to another but offsets are eliminated by 
a circuit configuration that uses the average level of 
the "undelayed" signal, which has no dc offset, as a 
reference against which the average level of the de 
layed signal is compared. The result of the compari- 

U l  
Undelayed 

Channel  

Amplif ier-  
Llmiter 

Delayed 
Channel  

F i g .  8 .  M e t h o d  o f  s w i t c h i n g  
t r a n s m i s s i o n  l i n e s  i n  t h e  M o d e l  
8092A Delay Generator /Frequency 
D iv ider  to  se lec t  the  pu lse  de lay .  
W i t h  t h r e e  g r o u p s  o f  s w i t c h e d  
t r ansm iss ion  l i nes  i n  se r i es ,  t he  
t o ta l  r e l a t i ve  de lay  i s  se lec tab le  
f rom 0 to  9.9 ns in  100-ps s teps.  
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son is used to correct the dc level of the delayed 
signal. 

The half-frequency output is obtained by toggling a 
flip-flop. The flip-flop can be reset by a front-panel 
pushbutton or electrical signal so the half-frequency 
waveform may always start from a known state when 
the system is operating in the gated-pulse mode. A 
half-frequency trigger signal is also provided for use 
by an oscilloscope or other instrument. 

Word Generat ion 
The Model 8084A Word Generator module gives 

the 8080 system the ability to generate serial bit pat 
terns up to 64 bits long at clock rates up to 300 MHz. 

The bit patterns are stored in a 64-bit semiconduc 
tor memory organized into four 16-bit rows. A 4-state 
counter, advanced one count each time a front-panel 
pushbutton is pressed, addresses one row at a time for 

loading or readout. Data entered into a 16-bit load 
register by front-panel pushbuttons is loaded into the 
selected row of the memory when the LOAD pushbut 
ton is pressed. Pressing the FETCH pushbutton results 
in a non-destructive readout of the selected row, re 
turning the data to the load register for display. Bit 
data in the register is displayed by a row of LEDs. 

The major design problem to be solved in this mod 
ule was how to read out the data serially at bit rates up 
to 300 MHz. The solution chosen was to design the 
CMOS memory with a static, 64-bit, parallel output 
and serialize the data with multiplexers. 

Recalling that a bit rate of 300 MHz corresponds to a 
bit period of 3.3 ns, it is easy to see that one-level 
multiplexing would require a large number of very 
fast â€” and hence expensive â€” integrated circuits. 
Therefore, multiplexing is done on a three-tier basis 
with only the last tier requiring the use of very high- 

Delay Line 
Manual  or  
Electrical 

Reset 

4 8  1 2 1 6  

4 *  C l o c k  (  1 6 )  

/  O u t p u t   
VNumbers /  

64  l ines  to  memory  

Fig.  number c i rcu i ts  the memory output  in  three steps reduces the number of  very fast  c i rcu i ts  
needed to  genera te  d ig i ta l  words  a t  a  300-MHz b i t  ra te .  
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speed circuits. 
A block diagram of the serializer system is shown in 

Fig. 9. The high-speed circuits are in the top row of 
the diagram. The circuits in the next row operate at 
one-fourth the speed, i.e. a maximum of 75 MHz 
while the maximum speed of the circuits in the bot 
tom row is one fourth of that (18.75 MHz). 

Circuit operation is as follows. The output of the 
associated rate generator serves as the clock. It is 
applied to a -M counter that produces a 4$ clock with 
each phase operating at one-fourth the input rate. The 
four clock outputs drive the final 4-to-l multiplexer, 
sequentially gating the outputs of the second-row 
multiplexers into the output bit stream. The output 
bit stream is resynchronized by the input clock before 
going to the output amplifier (to derive the RZ format 
from the synchronizing flip-flop's normal NRZ for 
mat, the clock is used to gate the output amplifier). 

Each of the four 40 clock signals also goes to a n-4 
counter in the second row where each generates 
another 40 clock with each phase operating at one- 
fourth the rate of the top-row counter. Each counter 
drives a 4-to-l multiplexer that sequentially gates 
four inputs from multiplexers in the bottom row. To 
achieve correct sequencing, the states of the second- 
row counters must be properly coordinated. This is 
done by using the first phase of the first counter in the 
row to time the reset of the other counters. 

Each of the second-row multiplexers can take up to 
three rate-generator clock periods to switch the next 
bit to its output before the top-row multiplexer inter 
rogates it again. The switching time of the second row 
multiplexers therefore need not be as fast as the top- 
row multiplexer. Commercially available ECL cir 
cuits are used in the second row whereas HP- 
designed ECL circuits are used in the top row. In the 
same way, the switching time of the bottom-row 
multiplexers can be much slower than the second- 
row multiplexers. 

The bottom-row circuits, shown here as 16-to-4 
multiplexers, operate in the same manner as the sec 
ond row. The counting sequence in the counters in 
the bottom row, however, can be changed to effect a 
change of word length. For a 16-bit word, the counters 
remain in the 0 state so only one bit out of the four 
supplied to each section of the bottom-row multi 
plexers is output. For a 32-bit word, only one of the 
flip-flops in each counter toggles, so each multiplexer 
outputs two bits alternately. For a 64-bit word, each 
counter is allowed to run its full cycle. 

During GATED operation, the last word is always 
completed regardless of the time the GATE input 
waveform terminates. The module generates its own 
gating pulse to gate the input clock in response to a 
GATE input (or SINGLE word trigger). It also feeds the 
internally-generated gate back to the rate generator to 

turn the squarewave generator on and off at the ap 
propriate times. 

In addition to the data word, there are three trigger 
outputs: FIRST BIT, LAST BIT, and CLOCK (during SINGLE 
or GATED operation, the CLOCK signal is output only 
while a word is being generated). 
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S P E C I F I C A T I O N S  
HP 8080 Modular  Pulse /Word Generator  System 

Repetit ion Rate Generators 
O P E R A T I N G  M O D E S  

NORM: Repet i t ion  ra le  determined by  f ront  pane l  cont ro ls .  
EXTERNAL in te rna l  Repe t i t i on  ra te  con t ro l l ed  ex te rna l l y .  Shaped  inpu t  s igna l  i s  ou tpu t  a t  bo th  i n te rna l  and  ex te rna l  

t r igger outputs. 
EXTERNAL/ INTERNAL GATE:  Externa l '  in terna l  ga te  s igna l  tu rns  repet i t ion  ra te  genera tor  on synchronous ly .  
MANUAL:  A l l  ex terna l  func t ions  can be t r iggered manua l ly  by  press ing a  pushbut ton .  

8 0 8 1  A  8 0 9 1  A  
TIMING 

R E P E T I T I O N  R A T E :  1 0  H z  t o  3 0 0  M H z .  1 0 0 H z  t o  1 0 0 0  M H z .  
P E R I O D  J I T T E R :  * 0 . 1 % = 5 0 p 8 .  Â « 0 . 1 % Â ± 2 0 p s .  

EXTERNAL INPUTS (5011 typ ica l  Input  Impedance)  
E X T E R N A L  T R I G G E R  

0  to  300  MHz.  

> 1  p e f i o d / > !  p e r i o d  -  
- W t o  - t - W .  

Repet i t ion rate:  
Pulse width:  

E X T E R N A L  G A T E  
O N / G A T E  O F F  T I M E ;  

TR IGGER LEVEL :  
SENSITIVITY:  

1 0 0 0  M H z  t o  > 3 0 0  M H z  
Â«300MHz 

S L O P E / M A X .  I N P U T  V O L T A G E  
INTERNAL GATE INPUT (50!  J  typ i .  

G A T E  O N / G A T E  O F F  T I M E :  
H IGH S IGNAL  LEVEL :  
LOW S IGNAL  LEVEL :  
MIN.  AMPLITUDE:  
M A X I M U M  I N P U T  V O L T A G E :  

EXTERNAL  TR IGGER OUTPUT (SOU t yp i ca l  ou tpu t  
H IGH S IGNAL  LEVEL :  
L O W  S I G N A L  L E V E L :  
MIN.  AMPLITUDE:  
TRANSITION TIMES (io%-90%) 
DUTY CYCLE:  
M A X  E X T E R N A L  V O L T A G E  

INTERNAL OUTPUT (50Ã1 typ ica l  ou tput  
FAN-OUT:  
H IGH S IGNAL LEVEL:  
L O W  S I G N A L  L E V E L :  
MIN.  AMPLITUDE:  
T R A N S I T I O N  T I M E S  ( 1 0 % -  9 0 % )  
DUTY CYCLE:  
SIZE: 

0  to  1000 MHz.  
^ 0 , 5  n s .  

pu lse/s ine:  600 mV p-p 
pu lse:  200 mV p-p;  s ine:  1 .0  V p-p ,  
neg. pos selectaDle/Â±6V. 

200  mV p -p  
neg,  pos selectable/  -  6V.  
nput  impedance)  
> i O n s / > 2 0 n a .  
OVÂ±lOOmV. 
m o r e  n e g .  t h a n  - 5 0 0  m V .  
* 5 0 0  m V  p - p .  
r  1V.  

ipedance) 
m o r e  p o s .  t h a n  - 1 0 0  m V .  
m o r e  n e g ,  t h a n  - 5 0 0  m V .  
-500  mV p-p .  

Â« 1.2ns. 
50% =10% 
- 2 V .  

ipedance) 
each  modu le  can  d r i ve  one  8080  sys tem modu le  
m o r e  p o s .  t h a n  - 1 0 0  m V  m o r e  p o s .  t h a n  - 1 0 0 m  
m o r e  n e g .  t h a n  - 5 0 0  m V  m o r e  n e g .  t f i a n  - 5 0 0  m  
Â » 5 0 0  m V  p - p  > 6 0 0  m V  p - p  
< 1 . 2  n s  Â « 5 0 0  p s  
5 0 %  Â ± 1 0 %  5 0 %  Â ± 1 0 %  
Q u a r t e r  m a l n f r e m e  w i d t h  Q u a r t e r  m a i n f r a m e  w i d t 1  

> 1 0 n s / > 2 0 n s .  
OVzSO mV.  
m o r e  n e g .  t h a n  - 5 0 0  m V .  
* 5 0 0  m V  p - p .  
Â±1V. 

m o r e  p o s .  t h a n  - 1 0 0  m V .  
m o r e  n e g ,  t h a n  - 5 0 0  m V .  
* 6 0 0  m V  p - p .  
Â«500 ps. 
50% Â±10% 
Â±av. 

O U T P U T  P U L S E  
AMPLITUDE ( in to  50(1) :  

OFFSET ( into 5011 load) :  
M A X I M U M  L E V E L S :  
TRANSIT ION T IME (10% to  90%) :  
D U T Y  C Y C L E :  

Output Ampli f iers 

8 083 A 

3  ranges:  
2V to 0.6 V (by vern ier) ,  
0 .6 V to 0.2 V (by vernier) :  
E C L ( - 0 , 8  V t o  - 1 . 6  V  t y p i c a l ) .  

P R E S H O O T .  O V E R S H O O T .  
RINGING:  

O U T P U T  C H A N N E L S  

S O U R C E  I M P E D A N C E .  
R E F L E C T I O N  C O E F F I C I E N T  
POLARITY:  

DRIVE INPUT ( In terna l )  
I N P U T  F R E Q U E N C Y :  
I N P U T  I M P E D A N C E  
H I G H  S I G N A L  L E V E L :  
L O W  S I G N A L  L E V E L :  
M I N I M U M  A M P L I T U D E -  

T R A N S I T I O N  T I M E S  ( 1 0 % - 9 0 % ) :  
M A X I M U M  E X T E R N A L  V O L T A G E .  
P R O P A G A T I O N  D E L A Y  T I M E S  

SCHMITT  TRIGGER INPUT ( In te rna l }  
I N P U T  F R E Q U E N C Y  
I N P U T  I M P E D A N C E :  
H IGH S IGNAL  LEVEL :  
L O W  S I G N A L  L E V E L :  
M I N I M U M  A M P L I T U D E :  
T R A N S I T I O N  T I M E S  ( 1 0 % - 9 0 % ) :  
M A X I M U M  I N P U T  V O L T A G E :  
P R O P A G A T I O N  D E L A Y  T I M E :  

SIZE 

=  1  V { c  
- 4 V  
Â«800 ps. 
Determined by duty  cyc le  o f  dr iv  
t r igger  leve l  cont ro l  ( ins ide) ,  e .g 
4 0 % - 6 0 % d u t y  c y c l e .  
s 1 0% 

N O R M A L  a n d  C O M P L E M E N T  o  
provided s imul taneously.  

50 (1=5%.  

neg pos selectable.  

0  to  300 MHz.  
50n typ ica l .  
m o r e  p o s i t i v e  t h a n  - 1 0 0  m V .  
m o r e  n e g a t i v e  t h a n  - 5 0 0  m V .  
* 5 0 0  m V  p - p .  

= 1 V. 
4 . 8  n s  -  5 0 0  p s .  

Quar ter  main f rame wid th  
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Â«0.6 Vto 1.2 V (by vern ier ) ;  
E C L ( - 0 . 8 V t O  - 1 . 6 V l y p l c a l .  I n t e r n a l l y  
adjustable: of fset,  Â±0.9 V; ampl i tude, 
0,5V to 0.9V),  

I ,  Â ± 1 . 2  V .  

Â«300 ps. 
ng  ( c l ock )  pu l se .  Can  be  ad jus ted  =10% us ing  
w i th  50% du ty  cyc le  i npu t ,  ou tpu t  can  be  f rom 

Â«10% up to 500 MHz: 
Â«15%>500 MHz.  

j tpu ts  Se lec tab le  NORMAL or  COMPLEMENT fo rmat .  

SOfl r 5%. 
< 2 0 % .  
neg.pos selectable.  

O t O  1 0 0 0 M H z .  
50E1 typical. 
m o r e  p o s i t i v e  t h a n  - 1 0 0  m V .  
m o r e  n e g a t i v e  t h a n  - 5 0 0  m v .  
Â»500 mV p-p (tr. tt  Â«350 ps). 
*600 mV p-p  ( t r ,  t f  Â«500 ps)  
Â«350 PS - 500 ps. 

4 ns Â± 200 ps. 

0  to  300  MHz.  
50! !  typ ical .  
m o r e  p o s i t i v e  t h a n  - 1 0 0  m V .  
m o r e  n e g a t i v e  t h a n  - 5 0 0  m V  
* 5 0 0  m V  p - p .  
Â«10ns. 
Â±1 V. 
7 .8  ns  =  300  ps .  
E ighth  main f rame wid th  

8092A Delay Generator /Frequency Div ider  

C H A N N E L  B  D E L A Y / A D V A N C E  ( C h a n n e l  A  r e f e r e n c e )  
RANGE: Â±9.9 ns. 
STEP S IZE :  100ps .  
ACCURACY OF DELAY:  sÂ±(1% +  50  ps )  Â± A  (A  i s  dependen t  on  repe t i t i on  

ra te ,  i ndependen t  o f  de lay  se t t i ng ) .  A  =  0  f o r  f  =  0  t o  100  MHz .  A  s  80  ps  
to r  f  =  100  MHz to  1  GHz .  

FREQUENCY DIVISION (se lectab le  by f ront  panel  swi tch) :  
FREQUENCIES AVAILABLE (channe l  B ) :  f channe |  A :  ' ^ ' channe l  A '  

OUTPUTS ( Internal)  
FAN OUT:  one 8080 modu le  can be  dr iven  f rom each ou tpu t .  
CHANNEL A :  

H IGH LEVEL :  more  pos i t i ve  t han  -100  mV.  
LOW LEVEL :  mo re  nega t i ve  t han  - 600  mV .  
MINIMUM AMPLITUDE: iÂ»600 mV p-p.  
TRANSITION TIMES (10%â€” 90%):  3500 ps.  

CHANNEL B :  
f  MODE:  same as  channe l  A .  
V4f MODE: 

H IGH LEVEL :  more  pos i t i ve  t han  -100  mV.  

LOW LEVEL :  more  nega t i ve  t han  -500  mV.  
MINIMUM AMPLITUDE:  sSOO mV p-p .  
TRANSITION TIMES (10%â€” 90%): Â«350 ps. 

DUTY CYCLE: Determined by duty cycle of driving (clock) pulse. Can be adjusted 
Â±10% using tr igger level control ( inside). 

OUTPUT IMPEDANCES:  50 f i  t yp ica l .  
TRIGGER OUTPUT (supp l ied  on ly  in  f /2  mode) .  

H IGH LEVEL:  more  pos i t i ve  than  -100  mV.  
LOW LEVEL :  more  nega t i ve  t han  -500  mV.  
M IN IMUM AMPLITUDE:  S500  mV p -p .  
TRANSITION TIMES (10%â€” 90%): Â«1 ns. 
OUTPUT IMPEDANCE: 50Ã1 typical .  

DRIVE INPUT ( Internal )  
INPUT FREQUENCY:  0  to  1000  MHz.  
INPUT SIGNAL:  

H IGH LEVEL:  more  pos i t i ve  than  -100  mV.  
LOW LEVEL :  mo re  nega t i ve  t han  -500  mV.  
MINIMUM AMPLITUDE:  sSOO mV p-p  ( t r ,  t f s350  ps ) .  

^600 mV p-p ( t r ,  t (  Â«500 ps).  
TRANSITION TIMES (10%â€” 90%): Â«350 ps/Â«500 ps. 
PULSE WIDTH: Â¡*0.5 ns. 
INPUT IMPEDANCE: 50Ã) typical .  
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MANUAL  and  Pushbu t t on  r ese t s  channe l  B  t o  l ow  l eve l  ( on l y  I n  f / 2  mode  and  
drive Input low). 

RESET INPUT ( Intended to be connected in paral le l  wi th ext .  gate Input  of  Repet i  
t ion to Generator) .  Negat ive t ransi t ion resets channel  B to low level  (only In f /2 
mode and dr ive Input  low).  
INPUT FREQUENCY:  0  t o  2  MHz .  
R E S E T  T I M E :  3 0 . 5  p s .  
INPUT SIGNAL:  

H IGH LEVEL :  mo re  pos i t i ve  t han  -100  mV.  
L O W  L E V E L :  m o r e  n e g a t i v e  t h a n  - 5 0 0  m V .  
M I N I M U M  A M P L I T U D E :  3 5 0 0  m V  p - p .  
TRANSITION TIMES (10%â€” 90%): Â«10 ns. 
INPUT IMPEDANCE:  1  k f l  t yp i ca l .  

SEE:  Quar te r  ma in f rame w id th .  
PRICE IN U.S.A. :  $2600.  

8084A Word  Genera tor  

D A T A  C A P A C I T Y  
N U M B E R  O F  D A T A  C H A N N E L S :  1 .  
WORD LENGTH:  16 ,  32  or  64  b i ts  se lec tab le .  

C Y C L E  M O D E S  
AUTO CYCLE:  Data  recyc led  con t inuous ly .  
S INGLE CYCLE:  One  word  per  cyc le  command pu lse ,  
G A T E D  C Y C L E :  W o r d s  a r e  g e n e r a t e d  a s  l o n g  a s  c y c l e  c o m m a n d  i s  a c t i v e .  

Last  word a lways completed.  
C Y C L E  C O M M A N D  I N P U T  

INPUT IMPEDANCE:  50 f l  Â± 10% or  600ÃÃ Â± 10%,  se lec tab le  by  PC-board  
switch. 

A M P L I T U D E / W I D T H :  3 + 0 . 8  V / 3 3  n s .  
P E R I O D  B E T W E E N  C Y C L E  C O M D M A N D S :  W o r d  l e n g t h  +  2  x  c l o c k  p e r i o d s  

+  100  ns .  
M A X I M U M  I N P U T  V O L T A G E :  6  V .  
MANUAL:  by  pushbut ton on f ron t  pane l .  

CLOCK INPUT ( In te rna l )  
REPETITION RATE: 0â€”300 MHz; Impedance: 50ÃÃ typical .  
H I G H  S I G N A L  L E V E L :  m o r e  p o s i t i v e  t h a n  - 1 0 0  m V .  
L O W  S I G N A L  L E V E L :  m o r e  n e g a t i v e  t h a n  - 5 0 0  m V .  
M I N I M U M  A M P L I T U D E :  3 5 0 0  m V  p - p .  
TRANSIT ION T IMES (10%-90%) :  Â«3  ns .  
WIDTH FOR Â«100 MHz REP.  RATE:  Â«3 ns .  
WIDTH FOR 100â€”300 MHz REP.  RATE:  50% Â± 10% duty  cyc le .  
SLOPE: low to h igh t rans i t ion generates b i t .  

INTERNAL  OUTPUTS (Word ,  Word ,  C lock  Ga te )  
FAN-OUT:  each  d r i ves  one  8080  sys tem modu le .  
GATE FUNCTION:  h igh  l eve l  s tops  rep .  ra te  gene ra to r ;  l ow  l eve l  s ta r t s  rep .  

rate generator.  
WORD AND WORD FORMAT:  R2  o r  NRZ,  se lec tab le  by  f ron t  pane l  sw i t ch .  
CLOCK:  same as  CLOCK outpu t  bu t  Inver ted .  
SOURCE IMPEDANCES: SOU Â± 5%. 
HIGH SIGNAL LEVEL ( In to  50Ã1) :  more  pos i t i ve  than  -100  mV.  

LOW S IGNAL LEVEL  ( i n to  50 f t ) :  more  nega t i ve  than  -500  mV.  
M IN IMUM AMPL ITUDE:  3500  mV p -p .  
TRANSITION TIMES (10%â€” 90%): Word, Â«1.2 ns; Gate, Â«1.5 ns. 
RZ WIDTH (duty cycle):  determined by duty cycle of dr ive (clock) pulse. WORD, 

W O R D  a n d  C L O C K  o u t p u t s  c a n  b e  a d j u s t e d  Â ±  1 0 %  u s i n g  I n t e r n a l  t r i g  
ger level control.  

EXTERNAL OUTPUTS (Clock ,  F i rs t  B i t ,  Las t  B i t )  
CLOCK: Del ivers  one c lock pu lse per  b i t .  Format :  RZ 
FIRST BIT (FB):  Simul taneous wi th f i rs t  b i t  o f  ser ia l  word.  Format:  NRZ. 
LAST NRZ. (LB): Simultaneous with last bi t  of  ser ial  word. Format: NRZ. 
SOURCE IMPEDANCES: 50ÃÃ Â± 5%. 
S IGNAL LEVELS INTO 50f t :  se lec tab le  by  PC board  swi tch .  

H I G H  L E V E L :  m o r e  p o s i t i v e  t h a n  - 1 0 0  m V  o r  > + 5 0 0  m V .  
L O W  L E V E L :  m o r e  n e g a t i v e  t h a n  - 5 0 0  m V  o r  >  +  1 0 0  m V .  

M IN IMUM AMPLITUDES:  >500  mV p -p .  
TRANSITION TIMES (10%â€” 90%); FB, LB Â«1.5 ns; CLOCK Â«1.2 ns. 
RZ- WIDTH (duty cycle) : determined by duty cycle of driving (clock) pulse. Can be 

adjusted Â±10% using internal tr igger level control.  
T IME RELATIONSHIP (s igna l  de lay  w i th  re ference to  data  output  In  NRZ mode,  

measured f rom leading edge to leading edge).  
CLOCK: 1 ns Â±0.5 ns. 
FIRST BIT AND LAST BIT:  0  ns Â± 0.5 ns.  
Data output in RZ mode: 1 ns Â± 0,5 ns. 

N O T E :  o p t i o n s  0 8 3  a n d  0 9 3  c o m p e n s a t e  f o r  p r o p a g a t i o n  t i m e  o f  o u t p u t  
amp l i f i e r  modu le  so  t im ing  re la t i onsh ips  a re  ma in ta ined .  To le rances  i n  
crease to  r  1  ns.  

OPTIONS 
001 : front-panel internal Clock Input, Gate and Word outputs with front-panel BNC 

connectors. 
083 AND out  should be ordered when the 8084A is  connected to  an 8083A out  

put amplif ier (option 083) or an 8093A output amplif ier (option 093) In the same 
main f rame.  For  o ther  combina t ions ,  con tac t  your  Hewle t t -Packard  Serv ice  
Office. 

SIZE: hal f  mainframe width.  
PRICE IN U.S.A. :  $2510.  

8080A Mainf rame 

ELECTRICAL:  p rov ides  dc  power  fo r  two Vz-s ize  modu les ,  four  'A-s ize  or  e igh t  
Vi-s lze modules in any combinat ion.  

MECHANICAL:  mainf rame compartments accept  up to  two Vz-s lze modules,  four  
' / 4 - s i ze  modu les ,  e i gh t  V i - s i ze  modu les  o r  comb ina t i ons  o f  ha l f ,  qua r t e r  o r  
eighth-size modules. 

WEIGHT:  5kg  (11  I bs ) .  
POWER: 1  15 or  230 V + 10%, -22%. 48 to  66 Hz s ing le  phase.  Up to  200 VA.  

P O W E R  A V A I L A B L E  F O R  M O D U L E S :  5 5  W  d c .  
DIMENSIONS: 426 mm W, 145mm H,  450 mm D (16% in  x  5  11/16 in  x  17% in) .  
PRICE IN U.S.A. :  $1000.  
M A N U F A C T U R I N G  D I V I S I O N :  H E W L E T T - P A C K A R D  G m b H  
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