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A Precision, Programmable Pulse
Generator
This 50-MHz instrument shortens selup times etther on the
bench or rn automattc sysfems by generating pulses so
accurately there rs no need to tnterrupl a fest to monitor the
pulse waveform and make correctrons.

by Werner HUttemann, Lutz Kristen, and Peter Aue

ITH THE EVER- INI ]REASING COMPLEXITY o f
today 's  c i rcu i ts ,  the  on ly  feas ib le  way to  tes t  de-
v ice  charac ter is t i cs  i s  to  use  an  au tomat ic  sys tem.

But  even w i th  au tomat ic  sys terns ,  ob ta in ing  accura te  pu lse
s t i rnu l i  has  o f ten  requ i red  the  tes t  p rogrammer  to  inser t
i te ra t i ve  loops  tha t  enab le  an  opera tor  to  observe  a  pu lse  on
a mon i to r ing  ins t ru rnent  and nrake cor rec t ions  to  the  pu lse
pararne ters  be fore  cont inu ing  w i th  the  tes t  sequence.  Th is
absorbs  a  cons ic lc rab le  a rnount  o f  tes t  t ime.

13y  a l loca t ing  conp lex  ins t rument  func t ions  to  mlc ro-
processor  rnanagement ,  a  new 5O-MHz pu lse  genera tor  ob-
ta ins  h igher  leve ls  o f  pu lse  accuracy  than have prev ious ly
b e e n  a v a i l a b l e  i n  p r o g r a m m a b l e  i n s t r u m e n t s ,  e l i r n i n a t i n g
t h e  i n c o n v e n i e n c e  o f  i n t e r r u p t i n g  a  t e s t  s e q u e n c e  f o r
o p e r a t o r  v e r i f i c a t i o n  e v e r y  t i m e  p u l s e  p a r a m e t e r s  a r e
c h a n g e d .  I n  t h i s  i n s t r u m e n t  ( I r i g .  1 ) ,  a c t u a l  p u l s e  p e r i o d
d i f fe rs  f rom the  va lue  spec i f ied  by  less  than 2oh in  most
cases ,  and never  more  than 3%.  Pu lse  amul i tude d i f fe rs

from that specif ied by less than 2o/o, width and delay by less
t h a n  1 % ,  a n d  t r a n s i t i o n  t i m e s  b y  l e s s  t h a n  3 o l o .  C o n -
sequent ly ,  there  is  no  need to  in te r rup t  a  tes t  sequence to
examine pu lse  parameters  on  an  osc i l loscope.  Overa l l  tes t
t imes are  thus  shor tened s ign i f i can t ly .  Fur thermore ,  up  to
n ine  pu lse  se tups  can be  s to red  and reca l led  whenever
neec led ,  enab l ing  pu lse  parameters  to  be  changed qu ick ly ,  a
usefu l  fea ture  fo r  bench app l ica t ions  as  we l l  as  au tomat ic
sys tems.

The new pu lse  genera tor ,  Mode l  8160A,  has  a  max imum
repet i t ion  ra te  o f  50  MHz and a  max imum pu lse  ampl i tude
of  10  vo l ts  in to  a  500 ioad when us ing  the  matched 50o
source  impedance,  o r  20  vo l ts  when us ing  the  1-kO source
i m p e d a n c e .  P u l s e  l e a d i n g -  a n d  t r a i l i n g - e d g e  t r a n s i t i o n
t i m e s  a r e  v a r i a b l e .  a n d  t h e  m i n i m u m  t r a n s i t i o n  t i m e  i s  6  n s .
The ins t ru rnent  has  doub le-pu lse  and burs t  modes and an
opt ion  g ives  i t  a  second channe l  w i th  independent  cont ro l
o f  a l l  pu lse  parameters  except  repet i t ion  ra te .  The two

Fig. 1. Model 8160A Programma-
b le  Pu lse  Genera tor  p roduces
pulses whose charactertsucs are
within 1 3"/" of the values entered
through the tront panel or by way
of the HP lnterface Bus. Period
range is 20.0 ns to 999 ms, am
pltude range is 0.10 to 9 99V (into
50{) from a 50{-I source imped-
ance), and transit ion t imes are
variable from 06.0 ns lo 9.99 ms.
The instrumenl snown here has
the optional second channel that
enables two-phase or three level
waveform generation.
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channels can be used for such dual-channel purposes as
two-phase clocks or they may be combined into a single
ou tpu t  t o  p roduce  th ree - l eve l  and  o the r  comp lex
waveforms.

Microprocessor control simplif ies operation of the in-
strument. Pulse parameters are entered with three-digit
resolution through the front-panel keyboard or through the
HP lnterface Bus,* and are displayed on numeric LEDs.
However, the vaiue of any parameter can be rapidly in-
cremented or decremented manually without numerical
entry by the use of pushbutton verniers. The instrument has
the intell igence to recognize demands for incompatible
pulse parameters-for example, pulse width greater than
pulse period-and provides error indications to prompt the
operator. A learn mode speeds test program development
by allowing the operator to experiment with pulse parame-
ters using the front-panel keyboard, and then transfer the
selected setup to thd controll ing computer with a single
command.

Instrument Organization
A block diagram of the Model 81604 Programmable

Pulse Generator is shown in Fig. 2. As can be seen, the
settings and control of all pulse parameters and modes are
controlled by the B-bit microprocessor (a 6800).

The microprocessor system is similar to that in the HP
Model 8165A Programmable Signal Source.l It communi-
cates with the analog pulse-forming circuits by way of a
16-bit instrument bus. Each analog circuit has a digital
acceptor circuit that accepts only data that is addressed to it.
.Hewlett-Packard's imDlementation of IEEE 488-'1975 and ANSI MC1.1.

Fig.3. Definitions of pulse width. The traditional way defined
the width o/ pulses with fixed transition tlmes as the time
between the 50"/" points of the leading and trailing edges (a).
Current practice for pulses with variable transition times (b)
defines pulse width as the time from the start of the leading
edge to the start of the trailing edge (10% and 90% points).
This measure is unaffected by a change in transition time of
either edge.
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Fig.2.Block diagram of the8160A
Programmable Pulse Generator.
All pulse parameters and operat-
ing modes are controlled by the
microprocessor whether the in-
strument is operated manually or
remotely through the HP lnterface
Bus.

Accepted data is latched in the acceptor circuit  and used to
control the analog circuit .

The instrument's operating routines are stored in seven
zK-byte ROMs. The 1K-byte random-access (read-write)
memory  (RAM) is  d iv ided in to  a  768-by te ,  ba t te ry -
supported, non-volat i le section, that retains the pulse
parameters and modes, and a scratchpad section.

An important part of the microprocessor's control func-
t ion is error recognit ion. Highest priori ty is given to check-
ing the syntax of instruct ions entered by way of the HP
Interface Bus. I f  a wrong mnemonic is entered, the system
refuses i t  completely.

When a val id parameter is entered, either by way of the
front panel or through the HP-IB, i t  is checked to see i f  i t  is

High Level

Low Level

l+-i-widrh--->l LevetErrol
I Oue to Allowed
I Slope Error

- - f - -L - - - -  I  -  t  -6 is61"ua
l l l

Low Level

Fig.4.lf the leading-edge transition time exceeds pulse width,
the amplitude (high level) wrl/ be /ess than that programmed
(b). lf the pulse width plus the trailing edge transition time
exceeds the pulse period, the pulse baseline (the low level)
will be higher than that prcgrammed. Both errors are allowed
by the 8160A and can occur simultaneously (c).

l-- l""oing

(a) Fixed-Transition-Time Pulse (b) Variable-Transition-Time Pulse
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'DBL is Double-Pulse Spacing. DBL + Width
Must Always Be Less Than Period.

Fig. 5. Erors caused by double pulses running into each
other are also allowed by the 81604, enabling generation ot
complex waveforms like that shown in (b).

within the al lowed high and loy l imits, and then to deter-
mine  whether  o r  no t  i t  i s  compat ib le  w i th  the  o ther
parameters selected. If the entry is not acceptable, the out-
put remains unchanged and the type of error is displayed on
one of the four front-panel error-recognition indicators
(TrMrNG, SLOPE, LEVEL, and eanRVernn).

To
Delay

Generatol

Fig. 6. B/ock diagram of the rate generator. When operating
in the burst mode, the VCO (voltage-controlled oscillator) is in-
hibited until a srnar pulse occurs. The preset burst counter then
counts output pulses until the selected number has been
counted atwhich flrne itstops the VCO. The number of pulses
supplied in the burst is determined by the counter and remains
unchanged if the pulse rcpetition rate is changed. This mode
is useful for stepping counters to a predetermined count dut-
ing test procedures.

Allowable Errors for Waveform Flexibility
As users of conventional pulse generators can testify,

setting up compatible pulse parameters is not always as
straightforward as it might seem. For example, will the

rln

Fig. 7. Voltage-controlled oscil-
lator operates by capacitance
charge and discharge. When the
current switch is off , I ,"ro charges
the ramp capacitors until the ramp
voltage reaches a level that trips
the Schmitt trigger, turning on the
cu r rent switch. Cu rrent 21,"^o then
dlscharges the capacitors, while
also absorbing l ,urp, unti l  the
ramp drops below the Schmitt
trigger's lower hysteresis /evel,
turning off the current switch. A
current controlled by the circuit's
temperature varies the Schmitt
trigger hysteresis to compensate
for temperature-indu ced varia-
tions in prcpagation delay.
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pulse width st i l l  be compatible with the pulse period when
a change in transit ion t ime stretches the pulse? Is i t  neces-
sari ly an error i f  lengthening the transit ion t imes causes the
pulse to become a tr iangle, reducing the pulse ampli tude?

To dist inguish between i l legal parameter entr ies that
may be desirable and those that are definitely wrong, the
concept of "al lowable" slope error was introduced. I t  al-
lows the transit ion t imes to be extended such that a rectan-
gular or trapezoidal shape no longer exists, result ing in an
ampli tude error that nevertheless may be tolerable. This
then enables the generation of ramps, tr iangles, and other
irregular waveforms. The instrument wil l  indicate that a
slope error exists, but i t  produces a waveform according to
the parameters entered

To understand what efTect the al lowable error has, a re-
v iew o f  the  de f in i t ion  o f  pu lse  w id th*  i s  in  o rder .  F ig .  3a
i l lus t ra tes  the  c lass ic  ha l f -ampl i tude de f in i t ion  fo r  pu lses
tha t  have f i xed  t rans i t ion  t imes.  Th is  de f in i t ion ,  however ,
causes  some confus ion  w i th  the  se t t ing  o f  pu lse  w id th
where variable transit ion t imes are involved, so present
practice is to measure pulse width from the start of the
lead ing  edge to  the  s ta r t  o f  the  t ra i l ing  edge (ac tua l l y  the
10% and 90% po in ts ) ,  as  shown in  F ig .  3b .  Th is  measure  is
unaffected by transit ion t ime as long as the leading-edge
t rans i t ion  t ime is  less  than the  pu lse  w id th .

If  the leading edge transit ion t ime exceeds the pulse

width, then a ramp or tr iangle is generated and the apex l ies
be low the  programmed leve l  (F ig .  ab) .  S imi la r ly ,  i f  the  sum
of pulse width and trai l ing edge t ime exceeds the pulse
period, then the trai l ing edge runs into the leading edge of
the next pulse at a point above the programmed low level or
basel ine {Fig. ac). Both of these errors are al lowed with the
new pulse generator because waveforms with these shapes
may be  des i red .  A lso ,  when the  ins t rument  i s  in  the
double-pulse mode, the trai l ing edge of the f irst pulse could
run into the leading edge of the second pulse, or the trai l ing
edge o f  the  second pu lse  cou ld  run  in to  the  lead ing  edge o f

the f irst pulse in the next pair.  These errors are also among
those permitted in the 8160,\,  enabling generation of com-
plex waveforms l ike that shown in Fig. 5b.

Accurate Rate Generation
Among the major design goals of the Model 8160A were

high accuracy, excel lent tuning l inearity, and low j i t ter in

.Although the term pulse duration," has been defined as the standard, "pulse width" is used almosl
universally throuOhout the industry.

5.3

4 .1

3 . 1
2.5
2.2

'| 00
Ramp Rise Time

Fig,8, Propagation delay in an uncompensated VCO Schmitt
trigger vailes with the rise time of the ramp and therefore
varies as the pulse period is changed.
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Level

Fig. 9. Ihe effect that propagation delay has on pulse period
is shown by the middle waveform. A resrstor in series wtth the
ramp capacitor compensates tor the propagation delay as
shown rn the lower waveform.

the rate generator. However, the need for synchronous gat-

ing in the burst, external tr igger, and gate modes precluded

the use of an osci l lator with an LC tank circuit  or feedback
loops that would prevent instant start ing.

The so lu t ion  was to  use  a  h igh- f requency ,  cons tan t -
current, capacitor-charge/discharge function-generator cir-

cuit  for the voltage-control led osci l lator (VCO), and operate
it  over a l imited range to assure the performance quali t ies

desired. The other ranges are obtained by dividing down
the VCO output frequency. A block diagram of the rate
generator system is shown in Fig. 6 and the VCO is dia-
grammed in  F ig .  7 .

The VCO has oniy two ranges, 20-99 ns and 100-999 ns
per period, avoiding a prol i ferat ion of range capacitors.
For longer periods, i t  operates in the 100-999-ns range and
the output frequency is divided down to obtain the desired

20ns 50ns 100ns 500ns lps

A 5oo/o 250/0
'14"/" 4"/" 2"/"

B 12o/o 8"/" o"/" -o.3"/" -0.3v"

c o"/" - 1"/" o"/" -o.1"/" 0"h

ldeal Signal Withoul
Propagation Delay

Actual Signal With
Propagation Delay

Propagation Delay
Compensated

Programmed Period
Programmed Period Versus Error

Fig. 10. Graphs show the effects that the compensation
techniques have on pulse penod accuracy in the Model
81 604 Proorammable Pulse Generator.
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period. The microprocessor determines the values of the
tuning signal and the integer n for the 10n division factor
for each period selected.

To achieve good tuning l inearity in the VCO, four effects
had to be accounted for. The most important of these are the
propagation delay in the Schmitt trigger and the current
switch, and the change in propagation delay in the Schmitt
tr igger as a function of ramp slope, and hence of pulse
period (Fig. B). Compensation for the propagation delay in
the Schmitt trigger and current switch is often obtained in
function and pulse generators by adding a small resistor in
series with the ramp capacitor. This introduces a step in the
ramp capacitor waveform every time the current changes
direction (Fig. 9). This compensation is suff icient for period
sett ings greater than 100 ns. For shorter periods, the
Schmitt tr igger hysteresis is narrowed. These measures
make i t  possible to meet the 2!o accuracy specif icat ion in
the 100-ns-to-999-ns pulse period ranges and the 3% accu-
racy specif icat ion in the 20-99.9-ns pulse-period range, a
signif icant improvement when compared to the 50% non-
l inearity at the high end of the frequency range of an un-
compensated circuit  (Fig. 10).

The other two effects to be accounted for result from

changes in  tempera ture .  Wi thout  compensat ion ,  there

would be a t5% change in propagation delay over the

al lowed temperature range (15-35"C) at high repeti t ion
rates, and a O.zlol"C change in Schmitt  tr igger hysteresis.

The change in hysteresis is compensated for by sensing the

c h i p  t e m p e r a t u r e  a n d  a l t e r i n g  t h e  t e m p e r a t u r e -
compensation current accordingly (Fig. 7). The resistor in

series with the ramp capacitor for the 20-99-ns range has a

negat ive- tempera ture-coef f i c ien t  to  compensate  fo r

temperature-induced changes in propagation delay.

Delay and Width
The delay and width functions are obtained in identical

t ime-inbrval stages, a switch determining whether a t ime-
interval stage operates as a delay generator or a width
generator, as shown in Fig. 11.

The pulse width is derived in the RS f l ip-f lop (Fig. 11)

which is set by the tr igger pulse and reset by the delayed
pulse. The very short delays (0.00 to 49.9 ns) are produced

bv switched delay lines, either printed-circuit board micro-

strip line or sections of sOO coaxial cable. This approach
gives + 1% accuracy and low j i t ter, and the delay t ime is not
restricted by the repetition rate.

The longer delays originate in an astable multivibrator

that has a 25-ns delay l ine in a feedback path to give i t  a
period of 50 ns with better than 1/o accuracy. At the begin-
ning of a delay interval,  a counter, preloaded with an ap-
propriate number, starts counting the mult ivibrator pulses.

When it  overf lows, the counter produces the delayed pulse

and stops the mult ivibrator. With this arrangement, delays
are generated with better than 1% accuracy and the jitter is
less than 0.005% of delay for delays longer than 10 ps. This
compares to the 0.1% j i t ter specif icat ion of earl ier instru-
ments.

Slope Generator
The slope generator provides an accurate basel ine and

pulse top as well  as providing the variable transit ion-t ime
capabil i ty. To avoid degradation of the delay and width
sett ings, the slope generator must have minimum rol l-off
effect. Rol l-off  is a signif icant problem in a programmable
pulser because i t  causes a change in delay and width as the
transit ion t imes are changed.

Roll-off  in a slope generator results from the use of l imit-
ers to define the pulse top and bottom levels. The l imiters
are needed to el iminate the step that occurs with a conven-
t ial slope generator at the start of a transit ion. As shown in
Fig. 1.2, the leading edge of a pulse is generated by using a
posit ive current source to charge ramp capacitor C up to the
voltage that turns on diode D1, clamping the waveform at
the clamp level, V"*. The trai l ing edge is formed by switch-
ing off the posit ive current source and switching on the
negative current source, discharging capacitor C unti l  i ts
voltage reaches a level that turns on diode D2, clamping the
waveform at the lower level, V"-. Because of the difference
between the turn-on and turn-off voltages of the clamp
diodes, each transit ion ramp begins with a small  step. The

Fig. 1 1 . Basic ttme-interval circuit f uncflons as either a delay or a width generator depending on
the settlng ol swtch 51 . For double pulse operation, switch 52 passes both the tngger pulse and

the delayed trigger to the width circuit following.
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step is reduced by limiter stages that follow. However, as
shown by the waveforms in Fig. 1,2, the point at which the
leading edge starts then varies with the slope of the ramp.

The solution to this problem is to switch off the active
clamp circuit when the current sources switch. The circuit
that does this in the Model 8160A is described in Fig. 13 and
the result i l lustrated in Fig. 14.

Expanded Amplitude Range
To be able to test CMOS devices adequately, the design

objectives for the Model 8160,t called for an B-ns, 20Vp-p
pulse positionable anywhere within a -r20V window. At
the time of instrument design, no transistors with the req-

uisite combination
available.

Fig. 12. Conventional slope
generator is followed by a limiter
sfage to remove the step at the
start of each transition. Changing
the leading edge slope thus af-
fects the start time of the pulse.
Ihls ls the roll-off effect.

of speed and voltage rat ings were

The solution to the problem was to design a fast, 20V
amplifier powered by a floating supply. To move the pulse
up or down in the window, the ground return of the
amplifier's supply is simply shifted above or below ground
potential. A level shifter between the slope generator and
the output amplifier shifts the amplifier's input signal Ievel
a corresponding amount.

As shown in Fig. 15, the output stage also includes a
switched 20-dB attenuator, an electronic vernier attenuator,
and a switched second output stage that doubles the cunent
supplied to the output. The amplitude range is qp to 20 V

Leading-Edge
Ramp

Curront

Trailing-Edge
Ramp

Curreni

cs3
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1.3 In
+ Leading-Edge
I Clamp
I Current

lR+fxd- 1.31R

Fig. 13. Leading and trailing edge
s/opes are generated by charging
and discharging capacitor C
through the current sources CS7
and CS3. As shown here, switch
53 is c/osed and current source
CS3 srnks the trailing edge ramp
current lr. Diode D3 isturned off so
clamp source V2 sinks a current
equalto 1 .31 ,, which is supplied by
current source CS6. When the
pulse voltage drops to a level that
turns on D3, a current equal to lF
f lows from CS6 through D3 to cur-
rent source CS3. A current equal
to 0.31, then flows to clamp V2
and the waveform is clamped at
-2V. When a posnve-going tran-
sition is applied to the buffer ampli-
tude, switch 53 turns off and 54
turns on (51 turns on and 52 off to
start the leading edge). Current
sources CS3 and CS4 then sink all
the CS6 current, thus turning off
diodes D3 and D4.

Trailing-Edge
Clamp
Curent

' - - \ *
txd I

Y
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Fig. 14. Minimizing the roll-off effect makes the start of the
pulse leading edge virtually independent ol the transition
time, as shown by this multiexposure photo.

(driving a 1kO load from a 50fl  source impedance). Offset is
added at the ampli f ier output so the ful l  range of offset
(*20V) is always avai lable. The user, however, need never
be concerned with determining the offset required to posi-
t ion the pulse top and bottom where he wants them-he
simply enters the desired levels for the top and bottom of
the pulse, and the microprocessor determines the necessarv
gain and offset required.

Compact Power Supply
The new pulse generator 's high accuracy cal ls for exten-

sive use of analog circuits that demand power. Space con-
siderations put a l imit of about 4500 cc (0.159 cu. f t .)  on the
volume that could be occupied by a power supply. With a
load of 275W,40 percent of which is needed for the output
ampli f iers, the power supply requires high eff iciency and a
minimum number of components.

G o o d  r e g u l a t i o n ,  i n d e p e n d e n t  o f  l o a d  a n d  s u p p l y
changes, is achieved by a f lyback-regulated, switched-
mode power supply. I t  has a switching frequency of ZS kHz
so a ferr i te-core transformer of small  size and a reduced
number and volume of secondary f i l ter components can be
used. The energy del ivered to the transformer core is con-
trol led by switching the primary current at duty cycles up to

Fig. 16. Power supply with one circuit board removeo and
another raised in position lo disclose details. Although the
supply is compact, cooling air is able to flow freely over heat-
dissipating surlaces

50%. A sensing winding provides feedback to a control
circuit  that converts the sensed level to a switching drive
signal. Transformer coupling between the driver and
switching stages provides the high base current for the
switching transistors, which are special ly fabricated to
withstand the voltage and current stresses. The sensing
winding also provides a supply voltage to the control cir-
cuit  so that l ine transformers are not needed. At switch-on,
when no energy is avai lable from the sensing winding, the
control circuit  is supplied from a start circuit .

To al low operation from either 1.1.O11.2OV or 22O|24OY
lines, the rectifier circuit acts as a voltage doubler for the
low range and as a full-wave rectifier for the high range.
A current limiter restricts the surge current in the doubler/
rectifier capacitors to prevent damage to the rectifiers and
line switch when the instrument is turned on.

This compact power supply has ten outputs total ing
275W and an eff iciency of 6b%. Accessibi i i ty and hence
serviceabil i ty are good thanks to modular design with
functional ly-separated plug-in boards (Fig. 16).

Acknowledgments
Helmut Rossner designed the switching power supply

Fig. 15. Organization of the out-
put stage. With the 50o. Ermina-
tion switched in, the output stage
absorbs reflections from external
impedance mismatches. With it
switched out, the effective source
impedance ls 7 kO.

I\4AY 1979 HEWLETT.PACKAFD .IOURruEI 9



PEFIOD
BANGE 20 0 ns 1o 999 ms (see Table 1)
RESoLUTToN 3  d  g rs  (100-ps  resoruron  1  m!
ACCURACYT 3% or prog.ammod valle 10 3 ns (pd od . 100 ns)

2"/o oi prog,ammed va !e (per od :100 ns)
MAX MUM J ITEF.0 le, oJ programmed valle + 50 ps

RANGE:  10  0  ns  to  999 ms (see lab le  1 )
FESOLUTON: 3 droils (100-ps resolron rmil)
ACCUFACY'  19 ,  o l  p rogramned va le  :  1  .s
MAXIMUM JITTEB 0 1L + S ps (wrdlh .:999 ns)

0 05Y" (999 ns wdrh :9.99 /s)
0 005'/' (widlh I 99 /s)

wdlh 6 programmabre lo 94% ol perod vale 30 ns
(0  94  percd  8  ns  lo '  wd lh  50 .s )

DELAY
RANGE 000ns lo999ms(measured i romSoe.porn lo i ieadrngedgeotk iggerou lpu l )
FESOLUT1ON 3 d'gils (loo-ps resollron rml
ACCUFACY'  leo  o l  p 'ogrammed va lue  r1  ns  (see lab le  l )
MAX MUM J IT IER:0  l%-50 ps  (de lay  :999.s )

O 05% (999 .s  .  deay  r9  99  es)
O 0059.  (deay  '9  99  as)

Delay is p.ogrammable lo 949o ol perod 30 ns Delays ess lhan 50 ns can be pro'
grammed wilhoul beng lmiled by the penod value.

DOUBLE PUISE
FANG€ 20 0 ns lo 999 ms lspac nq belween ead ng edges or doubre purse)

FESOLUTION 3  d  g i l s  (100 ps  reso luo .  rm!
ACCUFACY:  l% or  p iog 'ammed va !e  11  ns
MAXIMUM JITTEB 0 1% | 50 ps (doubre.pulse spadng ::999 ns).

0 05% (999 ns double.purse spacr.q =:9 99 /s)
0005e.  (doubre  purse  spacn9 .999 ps)

PULSE W|DTH 98e6 or double-pulse spac nq ess 30 ns lwdlh .:50 ns)
98"/. or dolbe'pllse spacrng less 3 ns (wdlh 50 ns)

TFANSITIoN TIMES ( r0  90% amp(ude)
LEAoING EDoE:  06  0  ns  lo  9  99  ms rsee rabre  1 l

A SEP B 50 (1i25 pF I 39 V, 9 99 Vi
5 0 ! l  - 9 9 9 V  , 9 8 9 V

A S E P B  1 k O 2 5 p F  1 9 7 V r  1 9 9 V l
1  k l l  - 1 9 9 V  r 1 9 7 V

A A D D B  4 A ( f 6 0 p F  9 a g V r  9 9 9 V i
(Opr  020)  +9  99  V +9.39  V

50 ! )

S  P E C I F I C A T I O N S
HP Model 8160A Programmable Pulse Generator

(Spec ical ons afe lor 50 !I solrce and Load res sla.ces unress stated olheiw se )

oUTPUT LEVELS 0nlo 50 0 road)

o l l p u r  T y p c a l  H r g h  L o w  H  g h i L o w  A M P L I T U D E

Mode Source Level Level

code lnre(.c. Funcilon

SHI Sou'ce Handshake Capabr ry
AH 1 Acceplo. Handshake CapabLily
T6 Tarker (basrc raker, senal poll. lnaddress ro rark il ad&essed lo lslen)
L4 Lrslener lbasic rslener lnaddress ro rslen I addr€ss€d lo lark).
sF1 S6rlrce Fequosr Capabdry
FL1 Bef ro re lLocaC6pab i l i l y ( inc ludrngLoca lLockou l lopreven l  n le i le fence

-w lh  a  runn lng  program)
PPo No Paralre Porl Capabiily.
DCo No DevLce Clear Capab rily
DTl Dev'ce Trgge' Capabiily (Tr9. Blrsl modes)
C0 No Contoler Capabrny

Al lmodesandparamelerscanbeprogrammed EXI  SLOPE POS/NEGp'og tammrnqcan
smllale Gale mode TFIG LEV€L adJuslhenr 6.d 50(!1Ok!)/OFF 6w[ch are not

PROGRAMTING TIMES (typcal)
PEBIOD DELAY.  DOUBLE PULSE SPACING WDTH 140 MS
TBANS T ON TIMES:  110 ms
OUTPUT LEVELST 150 ms
BUBST. INPUT MODES 100 ms (exshq bursl wil be nleriupld when programmr.g

OITPUT MODES 200 ms
LISTENER DATA TFANSFEF llflES fypcal)

NPUT MOOES:  50  ms
PAFAMETEFS:  90  lo  140 ms
OUTPUT MOOES:  5  ms (EN/OISABLE NORM/COMPL) .

70  ms (A  SEP,ADO 8.50  l l i l  k l ) )
DEVIC€ TRIGGEF:30 ms IEXT TRIGI  30  ms IAUFSTI

1o; r19"  o l  100 mvr
amplilude I 99 V

1%1lqq o l  200 mv i
anp i lude 19  9  V

2r (ASEPB.  100 mv i
5 0 ! ) )  r 9 5 V

2 i 1 4 S E P B .  2 m  m v r
1  k ( l  2 0 0 v

A A D D B
(opr  020)

TBAIL ING EOGE

OUTPUT LEVEL FESOLUTIONi 3 dIqIS (IO MV)
PBESHOOI, OVERSHOOT, BINGING: sot ot ampilude :10 hV

S€TtLlilG TIME: 40 ns lo sp€cilred a.cLracy

REPEA1ABTLITY (al paramel6rs) 50"/" ol specned accuracy

OUTPUT FOFMAT: No'6al o' compemenl
OPERATING MODES

NOAM Connnlols p!1se steam

0 6 o n s r o 9 9 9 m s ( s e e l a b e t )  
G A T E E l e m d s q n d e n a b l e s r a l e g e n e r a l o r F t r s l o u l p u l p u s e , s s y n c e d w i l h e a d r n g

STATUS 1 byle ( ndcales nature or proq.amm ng etroi, 5 ms lypcal

L E A R N  1  1  l n e s  ( 1 3  I n  o p r o .  0 2 0 )  u p  l o  1 4  c h a r a c l e ' s  p  ! s  C R L F ,  1 0  m s / r n e  a v

t€tOFY: 9 addressable ocalons pus o.e ror exslinq operarnq slale

CAPACITY 1 compdl6 operalnO slate per ocalon

aCCESS TIME: 20 ms lsio'er . I 2s tecall)

POWEF-OFF SIOFAGE: Batleres mainlan all slored dara lor !p lo 2 weeks wilh rnstu.

ment swilch& oll Hardwtred addressable ocalon contans a ixed operalng slale rotmon rang€ Ba.ges are overlapprng as lollows:

0 6 0  9 9 9 n s  0 5 0 a s  9 9 9 a s

s a * r v s i o m o r P r e

1 6  I  d L r ' . p r l  \ ' (  e g e 4 e r d l e s  d  s ' 4 9 e  o l l p -  p L \ a

R E S O L U T I O N : 3  d i q d s  ( 1 0 0  p s  r e s o l u r o f  h [ )

ACCUFACY 3% oi pfogrammed value - 1 ns (see lable 1)

LINEAF IY 3ql" lo' ransilo. r mes onger lhan 30 n6

PFOGBAMMABIL TY lwlhoul loss of amphude):

LEAD NG EOGE: 70q, ol widh

BUBSIT Each npul cycre generales a progfammabe number ol pllses (0 lo 9999)

M'nimum Iime belwee. b!rsls s 1 penod

MAN Simuales exrefnal siq.al when ExT INPUT s swilched OFF.

SINGLE PULSE Provdes a s ngle pu se ndependenl or r.pul and pef od seil nqs

EXIEFNAL Ii lPUT

T F I G G E F  L E V E L  '  1 0  l o  1 0  V

M A X I M U M  N P U T  i 1 2  V  I n l o  5 0 t l  r 2 0  V  ' n l o  1 0  k ! )

POWEF: 115i230V - 10e. 22"/": 48-66 Bz 675 VA mar

TEMPEBATURE BANGE 15 35 C lor operalon w(h'n specilrcanons
ACCUFACY DERATING FACTORS 0  15 'C o '  35  S C

DELAY W DTH DOUBLE PULSET 0 07%1'C
PEFIOD HIGH LEVEL.  LOW LEVEL O ]4%IC
LEADING EOGE.  TFAIL ING EDGE O 2 I%IC

wElGaT; 20 8 kg (46 lbs)
DTMENSIONS:  173 nm H a26 mm W.  430 mm O (7x  16  3r17  n)
OPTIONS

O01r Rear Panel Inpul and OllpLls
020 Seco.d cha.fe. .c udes delay. wdlh. double pulse. tansfron rmes and oulpll

PFICE lN U.S.A- :  S1 1 .000 Opr  001.  no  charee:  Opt  020 95160
MANUFACTUFING Dlv lS lON:  Bdb lngen nskumenl  Drv 'son

aetrenbergersfiasse 1 10
D 703 Bobr.gen. Ge.many

TRALL NG EDGE 70olo ol {0 94 perod ess w,dlh) M NrMUM aMpL TUOE soo mvop
Ourpur Mode Period Wldlh D.lay Leading,Trailingedg$ SLOPE: Posfve or.egalve

hin min accuracy oin accuracy MIN MUM PULSE W DTH 3 ns
TYPTCAL INPUT RES STANCE 50 ! l  o r  (aso  In  OFF)  10  k l l

A S E P B . S 0 l I  2 0 n s  r 0 n s  1 o / " i 1 n s  6 0 n s  3 % : l n s  O E L A Y F F O M T F G G E R  N P U T T O I R I G G E R O U T P U T  9 0 n s * 1 0 n s
A SEP B 1  k l l  25  .s  12 .5  .s  1q" :2  5  ns  a  0  ns  3%_2 ns  TFIGGEF OUTPUT
A A D O B  5 0 1 )  5 0 n s  2 5 n s  l % + 6 i  0 n s  1 5 n s  3 q l " - 4 n s  A M P L I T U D E  : . 2 . 5 V  n l o 5 0 O . : : 5 V , n r o o p e n c r c ! l
a  ADD I  1  kO 50 ns  25  ns  r%+6i  0  ns  15  ns  3q / "J4  ns  TYPICAL SOUFCE B€S STANCE 50 1)

TAaLE 1 :  o l lp l l  Modes i lmr .g  ln lo  50  ( l  load)  
TYP ca l  PULSE w DTH 8  ns  (perod  100 ns l '

40  ns  i100 ns  :oerod .  I  ! s l .

and accomplished the task of gett ing i t  into a small  enclo-
sure. Rolf Hoffman implemented the output ampli f ier, in-

cluding the output control card, as well  as the series reg-
ulator. Special thanks are also due to Rainer Eggert who did
the mechanical design, and to Dieter Kible who wrote the
HP-IB software. Many helpful ideas were provided by lab

section leader Reinhard Falke and product manager Robin
Adler.
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Extending Possibilities in Desktop
Computing
This midrange computer's large memory capactty, two
languages (enhanced BASIC and assembly language),low
radiated interference, and powerful inputloutput facilities
suit it especially well for computation, control, and data
acqu i siti on app li cati ons.

by Sandy L. Chumbley

tr  N THE TRADITION OF DESKTOP COMPUTERS, HP'S

! . ,"* Series 9800 System 35, or Model 9835A/B (Fig. r),
tr  places as much computational power as possible into a

small ,  integrated package and makes i t  extremely easy and

natural to use. This new desktop computer features the
largest memory capacity in i ts class, plus assembly lan-
guage programming capabil i ty and enhanced BASIC.

The 9S35A/B is a midrange, large-memory, scienti f ic and
engineering desktop computer designed for computation,
control,  and data acquisit ion applications. I t  features ex-
panded read/write memory capacity of up to 256K bytes,
unif ied mass storage, a tape cartr idge directory in read/
write memory, and a "bad memory" error detect message
system. High-speed control and data acquisit ion applica-
t ions are faci l i tated by standard, plug-in interface cards,
direct memory access, and 1s-level interrupt. The interface
cards include the Hewlett-Packard Interface Bus (HP-IB),

16-bit  paral lel ,  RS-232C, and BCD. A real-t ime clock inter-
face adds real-t ime reference and t ime-related control
capab i l i t ies .

As is characterist ic of most desktop computers, many
peripherals have been integrated into System 35, including

Fig. 1. Model 9B35A|B Desktop Computer's large memory capacity and powerful llO system
make it especially well suited for control and data acquisttion applicattons in addition to scientrfic
computation. Model 9835A has a 24-line CRT display. Model 98358 has a stngle-line display.

interactive keyboard, alphanumeric display (a 24-l ine CRT

for  the  9835A,  a  s ing le - l ine  d isp lay  fo r  the  98358) ,  and an

internal cartr idge tape drive with a capacity of ztTK bytes
per tape. An optional 16-character thermal str ip printer is

also avai lable for users who require low-cost permanent

copy for such applications as data logging or program de-

bugg ing .
The 9835A/B is similar in hardware design to Model

9825A.1 In language and performance, however, i t  resem-

bles System a5 (Model sB45A).2 It  provides most of the
high-level capabil i ty of System 45 and adds signif icant new

capabil i t ies. I t  extends and al lows for further extension of
memory, i t  provides a low-level language with a refreshlng
ease of use, and i t  meets new standards for electromagnetic
interference.

High-Level Capabil i ty
System 45 was notable for i ts enhanced BASIC language

and ease o f  use .2  Sys tem 35 uses  essent ia l l y  the  same
firmware and thus provides most of the same capabil i ty. For

example, i t  supports enhanced BASIC with 15-character

N/Ay 1979 HEWLETT-pAcKARo . touRner 1 ' l



variables, labeled GoTos, extended string and array capa-
bility, subprograms with local environments, and so on. It
also has the same interactive CRT, unified mass storage, and
PRINT USING capabilities. It does not support the CRT
graphics option of System 45.

The use of HP enhanced BASIC on both System 35 and
System 45 greatly simplifies the exchange of data and pro-
grams between the two machines. Because of their common
language, Systems 35 and 45 share an extensive library.
Programs available for the System 35 include a utility pack
(with plotter graphics), basic statistics and data manipula-
tion, regression analysis, numerical analysis, nonlinear re-
gression and statistical plotter graphics.

Enhanced BASIC on the dual-processor System 45 was
converted to System 35 by running the language processor
unit3 firmware and peripheral processor unit3 firmware in
series on System 35's single processor. In many cases the

Memory Capacity' and Restrictions
for Program Storage

Restriclion:
No Main Program or Subprogram Can Take More than 64K Bytes.

Memory Capacity' and Restrictions
for Array Data Storage

Up to :128K
Inleger Numbers

Up to =32K Real
12-Digit-Precision

Numbers

Up to =32K
8-Character

Strings

- 2 5 6 K B y t e s +

Restrictions:
1. An Array Can't Have More lhan 32,767 Elements of Any Type.
2. An Atray Can't Have More than 6 Dimensions.
3. An Elemenl of a String Array Can't Have More than 32,767 Characters.

rActual Capaclty Wlll Vary Signlflcantly from
that Shown Due to the System Taklng Some
Read/Wrlte memory for ltself.

Fig.2. Model 9B35A|B can have up to 256K bytes of readl
write memory and 240K bytes of read-only memory. The
readlwrite memory can be used for programs or data as
shown.

12 nEwlerr-plcKAFD JoURNAL MAy r979

speed penalty is minimal.

Memory Extension
A significant extension to the high-level capabilities of

the 9S35A/B has been the expansion of read/write memory
(RAM) up to 256K bytes and system read-only memory
(ROM) up to 240K bytes. The read/write memory space can
be used for program or data as shown in Fig. 2.

Low-Level Language
Assembly language is provided in the 9835A/B to obtain

additional speed for critical routines. These routines can be
written, edited, debugged, and run much as a BASIC-
language subprogram would be.

Assembly language was chosen as a second language
because it allows the experienced user to get at the absolute
maximum speed of the machine, and because this language
is still a very good fit for routines requiring bit manipula-
tions, I/O drivers, and various user-required primitive oper-
ations.

Although assembly language programming is available
on many computer systems, the 9835A/B is thought to be
the first desktop computer to offer it. A real contribution
over virtually every other assembly language system is the
9835A/B's ease of use. It is truly refreshing to have the
computer work for you by checking syntax on entry, allow-
ing easy and immediate edits, giving clear run time error
messages, and providing single-step, breakpoint, and other
debug facil i t ies.

New Standards for Electromagnetic Interference
It was considered important that System 35 meet new

standards for electromagnetic interference. We had seen
real needs in several applications. Government regulations
were being enforced more rigidly and were becoming more
severe. European users in particular demanded it. As a
result, System 35's radiated interference levels are approx-
imately 20 dB lower than those of its predecessors, enabling

up to =64K Reat it to meet the standard of VDE radiated interference level A
6-Digir-precision (see article, page 16).

Numbers
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for Program Storage
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Real 6-Digit Precision

Real 12-Oigil Precision

Strings of 8 Characters



S P E C I F I C A T I O N S
HP Model 9835A Desktop Computer

DYNAM|C RANGE:  1099 to  - to  99 .  o .  + to -99  to  + '1099.
TNTEFNAL cALcuLATloN n l tcE:  10511 to  - to  511,  o ,  1o-511 to  10511
SYSTEM 35 REAO/WRITE MEMORY

STANDARD: 49,962 bytes
OPT.201:  115,402 by tes
OPr.202.180,842 bytes
OPT. 203: 246,282byles

The standard read/write memory contains 65,536 bytes,
lne user.

TAPE CARTRIDGE
CAPACITY:217K by tes .
ACCESS: Direclory. f i le-by-name.
SEARCH SPEED (bidirectional): 2286 mm/s (90 in/s).
AVERAGE TRANSFER RATE: 1480 bytes/s.
CABTRIDGE SIZE: 63.5 x 82.5 x 12.7 mm (2.5 x 3.25 x 0.5 in).

CRT
SCREEN SIZE:261 x  193 mm (10 .3  x  7 .6  in ) .310-mm (12 .2- in )  d iagona l
SCREEN BRIGHTNESS: manually adjustable 12-30 ft-lamberts.
REFRESH RATE: 60 Hz (independent of l ine frequency).

49,962 directly available to OPEBATING TEMPERATURE; 5'C to 40'C (ambienl).
STORAGE TEMPERATURE: -40'C to +65'C.
RELATIVE HUMIDITY: 5% to 80./" at 40"C.

THERMAL LINE PRINTEF

TUBE PHOSPHOR;  P31.
SCREEN CAPACITY: 25 l ines x 80 characters (2000 characters).
RASTER SCAN SIZE: 215 x 135 mm (8.48 x 5.3 in).
CHAHACTER GENERATION:7 x I character font in a 9 x 15 character cell.
STANDARD CHAHACTER SET: 128 ASCII characlers.
OPTIONAL CHARACTER SETS: French. Soanish and German.
CURSOR: Blinking underline.

PRINT SPEED: up to 190 lines/min.
PAPER WIDTH: 57 mm (2.25 in), 16 characters/l ine.

SIZE:  HWD 376 x  384 x  495 mm (14 .8  x  15 .1  x  19 .5  in ) .
WEIGHT:  11 .8  kg  (26  lb ) .
PRICE lN U.S.A.: 9835A base price, $9,900.
MANUFACTURING DIVISION: DESKTOP COMPUTER DIVISION

3404 E. Harmony Road
Ft. Coll ins. Colorado 80525 U.S.A.
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Processor Enhancements Expand Memory
by Damon R. Ujvarosy and Dyke T. Shaffer

HE 9835A/B DESKTOP COMPUTER offers the user
very large memories, formerly available only in big
computers.  This large-memory capabi l i ty  was

achieved by using 16K dynamic RAMs and 64K ROMs and

by adding a new NMOS II1 chip to the exist ing BPC pro-

cessor chip set.2

A major objective of the 9835A/B was to maintain lan-
guage compatibi l i ty with the 9845A Desktop Computer,
also known as System 45.3 This objective was real ized by
adapting the System 45 operating system for use in the

9835A/8. Two maior hardware chal lenges had to be over-
come to minimize the modif icat ions. The f irst was that
System 45 has two processors and the 9835A/B has only
one. The second was that memory extension already existed
in System 45,a but did not al low for read/write memory
expansion beyond 64K bytes.

The s ing le  p rocessor  o f  the  9835A/B is  used as  i f  i t  were
t w o  p s e u d o - p r o c e s s o r s .  A l t h o u g h  t h e  t w o  p s e u d o -
processors cannot run simultaneously as the two processors

of the System 45 do, they are separate and dist inct enti t ies
within the software. Each pseudo-processor needs to have
its own home block of ROM and base-page read/write area
(upper 512 words of address space). The new address ex-
tension chip makes this possible.

Address Extension Chip
The address extension chip (AEC) expands upon the

memory address extension scheme of System 45 by adding

three registers to the three already defined in System 45 and

extending the length of al l  six registers from two bits to 16

bits. Fig 1 is a microphotograph of the AEC.

The fetch and subsequent execution of an instruct ion
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Fig. 1. fhe addless extension chip was added to the Syslem
35 processor chip set to provide a means of managing larger
memories. The AEC adds regislers to those defined in System
45 and extends lhese registers to 76 bits. fhls provides more
flexibility and extends the addressing capability to 216 :
65,536 blocks of 64K bvtes each.

require one or more memory accesses. These memory ac-
cesses are divided into two groups: those that general ly
access ROM, which are accesses of instruct ion space, and
those that general ly access read/write memory, which are
accesses of data space. Memory is subdivided into 64K-byte
blocks, and the processor can direct ly address 12BK bytes.
Two blocks of memory can be accessed in each space, in-
struct ion and data. This makes four dif ferent blocks that can
be direct ly accessed by the processor, as shown in Fig. 2.

Six 16-bit  registers are provided in the AEC. Each can be
loaded with a block select code (BSC) to indicate which
block of memory should be enabled for each memory ac-
cess. Four of the registers define the upper and lower in-
struct ion and data space blocks. The f i f th defines the base-
page read/write block and the sixth is used whenever DMA

Fig. 3. At lhe start of each memory access the address exten-
sion chip places the contenls of one of its s/x registers on the
BSC bus. This block select code and the address from the
processor form the complete address.

is taking place. Since each block is 64K bytes long and the
BSC is 16 bits long, the total addressing capabil i ty is ex-
tended to 216 : 65,s36 blocks, with a capacity of 216x64K
bytes or four gigabytes.

The contents of one of these six registers must be placed
on the BSC bus at the start of each memory access along
with the address from the processor to form the complete
address ,  as  shown in  F ig .  3 .  By  p lac ing  the  proper  reg is te r ' s
contents on the BSC bus, any block can be defined as the
home block ( lower instruct ion block), working block, or
base-page read/write block. In general,  which register 's con-
tents is put on the BSC bus is dependent on:
1. Type of memory access, that is, processor instruct ion

fetch, processor memory access, or DMA.

2. The instruct ion being executed.
3 .  Which  memory  access  w i th in  the  execut ion  o f  the  in -

s t ruc t ion  th is  i s .
4 .  The address .

Information regarding the type of memory access is avai l-
able before the start of the memory access. The instruct ion
being executed can be decoded during the instruct ion fetch.
The AEC keeps track of the instruct ion execution by count-
ing the number of memory accesses that have taken place
before the current access. Al l  of this information inf luences
which register 's contents wil l  be placed on the BSC bus and
is avai lable before the start of the memory access. The ad-
dress that the processor puts out is also used to determine
which register 's contents is placed on the BSC bus.

Since the AEC cannot Dut the correct BSC on the bus unti l
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Fig, 2. The processor can directly address two 64K-byte
blocks of read-only memory and two 64K-byte blocks of
random-access (readlwrite) memory. Each of these four
b/ocks has a corresponding 16-bit register on the address
extension chip. The contents ofthe register correspondtng to a
particular block defines which of the 65,536 posslb/e b/ocks ls
to be used as that block. Two other AEC registers are for base
page readlwrite and direct memory access.
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Fig.4. Multiplexer speeds me mory block selection by making
use of early information to reduce the number of possible
block select codes to three or fewer.
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Fig, 5. Exlsting 9B00 Serles processor hybrid was modified to
accommodate the new address extension chip.

the address from the processor is val id and the total address
is not val id unti l  the BSC is val id, the t ime from the instant

the address is val id unti l  the BSC bus is val id is cr i t ical.  To

minimize the t ime necessary to get the BSC bus val id, a
paral lel register structure combined with a two-section

mult iplexer is used, as shown in Fig. 4. The contents of al l

six registers are avai lable to the mult iplexer al l  the t ime.

The f irst section of the mult iplexer uses the information

that is avai lable before the start of the memory access to

reduce the number of BSCs possible to at most three. The

second section of the mult iplexer uses the address to make

the f inal select ion of which BSC is actual lv placed on the

BSC bus .

Hybrid
The natural place for the AEC to reside was within the

hybrid package already containing the BPC processor chip

se t  (F ig .  5 ) .
A new metal l izat ion mask was laid out for the 7.6x4.3-

cm ceramic substrate already in use in the 9825A and

9845A Desktop Computers. Two major obstacles were over-

come to package the new chip. First,  room had to be made

on an already crowded substrate to provide the necessary

bonds to connect the AEC into the processor chip set. Re-

duc ing  the  subs t ra te  layout  des ign  ru les  to  12O-p tm
minimum conductor width and BO-pm minimum space
between conductors provided the f lexibi l i ty necessary to
add the new IC.

Second, a means of increasing the pinout by 25 signals
had to be developed. An assymetric pad arrangement at the
periphery of the substrate was designed using the exist ing

conductive elastomer gasket. Al l  signals were brought out
on pads 1 mm wide on 1.8-mm centers. Power supply con-
nections were made via interspersed pads 2.8 mm wide.

Thus the number of pads was increased to toz to include

the AEC while minimizing the impact to the production
procedure by merely changing the substrate metal l izat ion
mask. Sensit ivi ty to misal ignment of the substrate and the
printed circuit  board that occurs during normal production

remains the same as with previous designs since the dis-

tance between pads was not changed from the 0.8-mm spac-
ing used previously.
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Designing to Meet Electromagnetic
Interference Requirements

by John C. Becker

Electromagnetic pollution may be defined as the effects of elec-
tromagnetic interference (EMl) produced by man-made apparatus.
The seriousness of this interference ranges from annoying interter-
ence that affects a radio or television channel to interference that
causes failure of an rmportant communication channel or a cardiac
pacemaker.

Electronic computers generate electromagnetic radiatron that may
range up to 1 GHz and beyond. This radiation is caused by alternat-
ing currents and voltages present in the computer hardware. The
spectral content of these signals consists of both harmonic and
broadband products,

The harmonic components are related to the system clock and
other periodic system waveforms. Although the amplitudes of the
harmonics in a grven waveform generally decrease monotonically,
factors relating to radiation efficiency, hardware, and packaging may
allow signif icant radiat ion of frequencies as high as one hundred
times the fundamental frequency component.

Broadband noise is related to transit ion t ime, or more specif ical ly,
to single-event occurrences. Radiation occurs when these currents
and voltages exist in antenna-l ike loops and nodes. A simpli f ied
model that illustrates radiation of both electric and maonetic fields is
shown in Fig. 1.

Regulations
Various organizations and countries have recommendations and

laws establ ishrng l imits on the levels at which computers may radiate.
MIL-STD-4611 is a mil i tary document of the United States Govern-
ment that is used as a control standard, primari ly for procurement of
mil i tary equipment. The Federal Communications Commission of the
United States currently has a proposal specifying that the elec-
tromagnetic field at a distance ol Xl2r shall not exceed 15 pVlm,
where L is the wavelength of the signal. At present, the FCC regula-
t ion regarding computers is not very specit ic, merely prohibit ing
"harmful" interference. Comit6 International Sp6cial des Perturbation
Radio6lectriques (CISPR), which operates under the auspices of the
International Electrotechnical Commission (lEC), is an international
organization that seeks to establ ish international agreement on EMI
l imits. CISPR publication 1 12 has l imits on industr ial equipment cover-
ing f requencies between 0.1 5 M Hz and 1 B GHz. The l imits are volun-
tary and have no legal status.

A West German law assigns the German Postal Service to control
interference levels. VDE (Verband Deutsches Elektrotechniker, As-
sociat ion of German Electr ical Engineers) is an organization that
writes and publishes regulations and tests for compliance. These
regulat ions are typical ly similar to CISPR regulat ions and are used by

Fig. 1, Radiation model of electilc and magnetic fields.

Frequency (MHz)

F,9.2. VDE interference field strength limits and distance of
measurement.

many European countr ies. The interference f ield strength l imits for
VDE 0871/3.683 are shown in Fig. 2.

The frequency range between 30 and 470 MHz is measured at a
distance of 30 meters in the far f ields Far f ieldsa occur when the
distance from the source exceeds tr/22. The far-field wave imped-
ance is 3770, while the impedance of near f  ields wil l  vary signif icantly
depending upon the actual distance from the source and whether the
predominant f ield is electr ic or magnetic. The test range used by VDE
in Offenbach, West Germany is i l lustrated in Fig. 3.

Measurement Accuracy
Accuracy is difficult to determine for radiated electromagnetic

measurements. Many measurement uncertaint ies exist.  l t  is not un-
common to have measurement differences greater than 6 dB be-
tween two different test ranges. In particular, vertically polarized
waves may produce large measurement dif ferences.s ldeal ly,
radiated EMI measurements would be measured in free soace where
fewer uncertaint ies would exist.  Unfortunately, this is not practical,  so
more practical test si tes such as the one depicted in Fig. 3 are used.
To further complicate the issue, some regulat ions require measure-
ments of near f ields while others specify far-f ield data. l t  is very
difficult to transform between far-field data and near-field data. The
origin of the wave (magnetic or electr ic) is one of the variables

Feceiving
Antenna

Fig.3. EMI test range similar to that used by VDE in Offen-
bach , West Germany. The surf ace is paved with asphalt and a
wire mesh under the asphalt provldes a stab/e ref lected wave.
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required to perform this transformation. The uncertaint ies of EMI
measurements place an addit ional burden upon the designer in
isolat ing the key variables as well  as in sett ing the design standards.

EMI Design Objectives
Our phi losophy in establ ishing the EMI design objectives for the

98354/8 was to satisfy our worldwide customers. This led to setting
objectives that covered regulatory requirements throughout the
world as well  as internal Hewlett-Packard EMI standards. Amono
these objectives were:

Not to exceed CISPR'? and VDES radiated interference
Not to exceed CISPR'? and VDE3 conducted interference l imits
To be immune to stat ic discharges up to 15 ki lovolts
To be immune to external f ields up to 1 volt /meter,

EMI Design Features of the 9835A/B
A significant amount of EMI shielding has been designed into the

98354/8 to reduce EMl. Shielding the 9835A/B presented a special
problem, since the case parts are molded from structural foam
polyurethane, which is nonconductive. A conductive material that
surrounds the E f ield source is required to orovide effect ive shield-
ing. A material with good magnetic propert ies is required to shield
against lower-frequency componentst however, only the higher-
frequency components required attenuatron in the 9835A/B.

A number of methods were investigated to provide a conductive
surface to the molded plast ic parts, including various conductive
paints, vacuum metal l izing, and sprayed metals. Resist ing corrosion
and maintaining a low electr ical resistance under prolonged severe
environmental condit ions were the major cr i ter ia. Zinc was selected
as the primary conductive material.  A method cal led f lame spraying
or arc spraying is used to apply a thin layer of zinc approximately
0.005 inch thick A si lver-f i l led paint is also used for some smaller
parts.

A low-impedance path along the seams where the case parts join is
necessary to provide an effect ive shield, since otherwise the seam
may act as a slot antenna. In general,  a slot width equal to 1/4
wavelength of a given excitat ion f requency may produce an effect ive
slot antenna. Various materials for gaskets were evaluated, such as
knitted mesh, mesh over elastomer, metal l ized fabrics, convoluted
wire in si l icone, and metal contact str ips. A wire mesh gasket was
selected because of i ts abi l i ty to provide a low-impedance path and
extended service under adverse environmental condit ions. An i l lus-
trat ion of a metal l ized and gasketed case part is shown in Fig, 4.
Special design consideration was also give to providing a low-
impedance path between the CRT module and the mainframe. A str ip
of gold-plated spring f ingers contacts a gold-plated bar to provide
this low-impedance path. The spring f ingers are attached direct ly to
the zrnc of the CRT module and the bar is connected to the zinc
coating of the mainframe. A l ine f l l ter that provides approximately 50
dB of attenuation between 1 MHz and 100 MHz is used to reduce the
conducted radiat ion.

Resulis
Al l  of the EMI objectives set for the 9835A/B Desktop Computer

have been met. The product has passed the legal requirements of
VDE for both conducted and radiated electromagnetic interterence.
VDE tested the 9835A both separately and as a system. The system
consisted of a 98354, a 9885M Flexible Drsk Drive, a 98668 Thermal
Printer, and a9B72A Plotter. The 9835A/B has passed olher internal
specif icat ions such as stat ic discharge to 15 kV, l ine transient tests,
and susceptibi l i ty to EMI f ields
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Fig. 4. A metallized and gasketed case part used rn the
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Assembly Programming Gapability in a
Desktop Computer
by Bobert M. Hallissy

HE ASSEMBLY PROGRAMMING OPTION for the
HP 983sA/B'-Desktop Computer represents a signifi-
cant step in the evolution of desktop computers. In-

tegrated into a single system is the fr iendl iness of an inter-
preted high-level language and the power, speed, and
f lex ib i l i t y  o f  d i rec t  assembly  language programming.

Tradit ional descript ions applied to interpretive systems
contain such phrases as fr iendly, easy to learn, high-level
language, easy to program, slow to execute. HP desktop
computers also exhibit  such propert ies as transparent com-
pi l ing, bui l t- in editors, and high-level debug tools. Tradi-
t ional assembly language systems tend towards the con-
verse of al l  of the above quali t ies. I t  was our obiective to
implement an extension to the 9835A/B that would provide
access to the raw power of the processor and yet el iminate
the negative aspects of assembly language programming.

The phrase "fr iendly assembly language system" seemed
to be so paradoxical that the init ial  investigation was ex-
panded to include languages other than assembly. We
found that compiled high-level languages such as BASIC
and FORTRAN did not al low the programmer direct access
to the processor hardware. The system programming lan-
g u a g e  u s e d  t o  d e v e l o p  t h e  s y s t e m  f i r m w a r e  w a s  a
machine-dependent language only one step removed from
assembly. Our internal experience with this SPL proved
that i ts intr icacies were almost as unfr iendly as straight
assembly language. Therefore, assembly Ianguage was cho-
sen as  the  second language fo r  the  SB35A.

The project team then set about designing a fr iendly
assembly language system. Ideas were taken from exist ing
desktop computers and from col leagues doing assembly
language programming. The fol lowing sections describe
some of the features of the resultant package.

Source Entry
As can be seen in Fig. 1, the assembly source code for the

9835A/B looks similar to that of other assemblers, that is,
label fol lowed by mnemonic, fol lowed by expression, fol-
lowed by comment. Source l ines on the 9835A/B are typed
in using the same EDIT capabil i ty provided by 9835A/B
BASIC. The keyword ISOURCE tel ls the syntaxer to treat
everything that fol lows as an assembly source statement.
This al lows the syntaxing to be performed when the l ine is
entered, providing immediate feedback to the user concern-
ing typing errors. Also, the symbol table structure needed
for the assembly process is set up when the l ine is entered,
el iminating symbol searching and sort ing at assembly t ime.
Another  a id  to  source  en t ry  i s  the  space- independent
characterist ic of the syntaxer. Spaces can be inserted any-
where in the ISOURCE l ine and al i  characters can be in either
upper or lower case. The syntaxer automatical ly converts
labels to standard form (an upper-case letter fol lowed by
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lower-case letters) and mnemonics to upper case.
Final ly, when a source l ine is successful ly entered into

the computer, i t  is converted to an internal form optimized
for the assembly process and stored in the read/write mem-
ory of the computer.

Assembler/Linker
The assembler, which generates machine instruct ions

from the source l ines stored in memory, is invoked by the
IASSEMBLE statement. While this step is tradit ional ly a
t ime-consuming task, the SB35A/B's assembler is extremely
fast, assembling source code at a rate greater than 800 l ines
per second. This speed is a result of the presyntaxed source
code and the fact that both source code and object code (the
output of the assemblerJ are resident in read/write memory
ins tead o f  on  a  d isc  o r  tape dev ice .  Assembly  i s  so  rap id ,  in
fact, that there is no speed penalty in reassembling the
source program each t ime a program is run. Thus, the tradi-
t ional debug mode of modifying memory cel is (patching) is
v i r tua l l y  e l im ina ted .  The user  s imp ly  mod i f ies  the  source
program and presses the RUN key.

H igh  speed is  on ly  one o f  the  fea tures  o f  the  bu i l t - in
assembler. Others include completely relocatable obiect
code,  cond i t iona l  assembly ,  l i te ra ls ,  in te rmodu le  l inkage,
and au to  ind i rec t  address ing .  The la t te r  fea ture  a l lows users
to forget about the inherent addressing mode of the proces-
sor. Standard memory reference instruct ions, for example,
have a 1O-bit address f ield, al lowing direct addressing of
the "1O24 locations surrounding the address of the instruc-
t ion. With our system, i f  a user references a location more
than 512 words away, the assembler automatical ly imple-
ments indirect addressing through a l ink placed in a l i teral
poo l .

Linking object modules together is the f inal step users of
tradit ional systems must perform before trying to execute
the assembled program. The 9835A/B performs l inking au-
tomatical ly and transparently to the user. As soon as a
module is successful ly assembled, i t  is l inked with other
modules in memory. Again, this process is so rapid i t  is not
noticeable to the user.

Debugg ing
Trad i t iona l  assembler  sys tems prov ide  d is t inc t l y  un-

fr iendly tools for debugging programs. Once debug mode is
invoked, the user can typical ly establ ish one or more break
points at memory locations within the program. The ad-
dresses of these points must be computed from the l ist ing
and a load map. When and i f  the program reaches a break
point, i t  stops, and a monitor program al lows the user to
inspect and change memory or registers from the terminal.
The user must often have a l ist ing and load map of the
program as well  as instruct ion bit  patterns for decoding or

I



patching instruct ions.

The debug tools provided by the 983 5A/B are designed to
min imize  the  length  o f  t ime needed to  t rack  down bugs .  For
example ,  s ince  a l l  9835A debug too ls  a l low symbol ic  ad-
dressing, load maps are unnecessary. AIso, when a break
point is reached (there can be eight break points at a t ime),
the user is prompted by the appearance on the CRT of the
source l ine that generated the instruct ion. Thus, I ist ings are
unnecessary for debugging.

However, the feature that sets the gB35A/B apart from

,. other systems is what the user can do when a break point is
reached. When a break is reached, the system saves the
current processor state and returns control to the BASIC

I interpreter. This al lows users to execute BASIC statements
I
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Fig. 1 . BAS/C- language program f or the 9B35AlB contatntng
an assembly language subprogram.

Fig. 2. 9B35A|B assembly language provides powerful de-
bugging tools. Breakpotnts can be set up (as many as eight at
a time) and BAS/C or assemb ly language program statements
can be executed when a breakpotnt rs reached. Thus complex
lesfs can be executed automaticallv at breakDotnts.

and erren execute BASIC programs or other assembly pro-
grams. When desired, the original assembly program can be
resumed where i t  was interrupted. As i l lustrated in Fig. 2,

the user can program complex tests in BASIC as part of a

debug routine to be executed automatical ly each t ime a

breakpoint is reached.
Other debugging capabil i t ies include memory modif ica-

t ion (ICHANGE statement) ,  successive single instruct ion
execution for single step (manually with the STEP key or
under program control using the IBREAK ALL statement),
break on instruct ion or data, interpretive mode execution

fal lowing memory access violat ions to be detected] ,  and
mult i format dumps (octal,  hexadecimal, binary, decimal, or

character).

The ROM Concept
One of the reasons program development using tradi-

t iona l  assembly  language sys tems is  so  t ime-consuming is

that each of the development steps (Enlt,  ASSEMBLE, LINK,
and onnuc) typical ly requires loading and running a spe-
c ia l  p rogram.

Wi th  the  g835A/8 ,  a l l  o f  those spec ia l  p rograms are  bu i l t
into the assembly language development ROM and are im-
mediately accessible by the execution of simple BASIC
sta tements .

A second part of the ROM concept is that the assembly
language system is avai lable in two forms. The develop-
ment system contains al l  tools necessary to create, debug,
and execute assembly language programs. For the OEM
whose end user  on ly  needs  to  run  assembly  language pro-
grams deve loped by  the  OEM,  an  execut ion  ROM is  ava i la -
b le  tha t  p rov ides  on ly  those capab i l i t ies  needed to  load,
run ,  and s to re  comple te  p rograms.

Applications
Assembly language inherently requires more program-

ming e f fo r t  than a  h igh- leve l  language.  I f  i t  i s  used,  i t  i s  used
to  ga in  some benef i t  in  e i ther  speed or  capab i l i t y .  In  the
9835A/B,  the  benef i t  i s  p r imar i l y  speed,  s ince  there  is  a l -
most  no th ing  tha t  can  be  done in  assembly  language tha t

can ' t  be  done in  BASIC.  Thus  we can measure  the  inc reased
system performance by the speed rat ios of identical tasks
programmed in  assembly  language and BASIC.
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Operation

1. Single Floating Point
2. Real Array Manipulation
3. Inlerrupt Seruice Response
4. lnteger Multiply
5. Most Simple Operations, e.9.,

Branches, Loops, lnteger Manipulalion

lmprovement Faclor

0.8
3.0

20.0
50.0

100.0

Fig.3. Examples ol speed lncreases (and one decrease)
using assembly language programming for particular opera-
tions.

Fig. 3 shows the range of speed rat ios t lrat can be expected
for various primit ive operations. Note that single-precision
floating-point ari thmetic operations actual ly take Ionger in
assembly language than in BASIC because the 9835A/B's
BASIC interpreter is optimized for these operations. Since
any part icular appl icat ion would use combinations of the
different primitive operations, performance gains from 0.8
to 100 or more are possible.

The kinds of appl icat ions that can benefi t  most from the
use of assembly language are those for which 9B3sA/B
BASIC does not provide high-level statements. For exam-
ple, since there is already a matrix inverse statement in
BASIC, there would be no gain in coding the algori thm in
assembly language. On the other hand, there is no bui l t- in
inverse function for complex-valued matrixes. A user can
perform this function in BASIC using FOR-NEXT loops to
index through the array. The identical algori thm coded in
assembly language may decrease the t ime by a factor of
three or more.

Other appl icat ions that can gain performance include
data-dependent or computation-dependent I /O, real-t ime

control,  data formatt ing, integer array manipulat ion, and
data logging.
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