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In this Issue: 
The two both featured in th is  issue f i t  so comfor tably  together  that  we put  them both on 

the cover. One is a pulse generator, Model 8160A, that suppl ies precisely control led voltage 
pulses for test ing al l  k inds of electronic devices. I t  generates pulses as large as 20 volts at 
rates up to 50 mill ion per second, and it generates them accurately â€” within 2% of the ampli 
tude respond rate asked for. It 's also remotely programmable, so it can respond to commands 
f rom the contro l ler  of  an automat ic  test  system. 

That 's known the other product comes in.  Model 9835A/B Desktop Computer (also known 
as System 35 of  the 9800 Ser ies)  is  designed to act  as the control ler  in automat ic test  sys 

tems made generators. of various stimulus-generating and response-measuring instruments, including pulse generators. 
The 9835A/B tells the 81 60A and other instruments what to do by means of the HP Interface Bus, or HP-IB, which 
i s  H P ' s  d e v i c e s .  o f  a  w i d e l y  a c c e p t e d  s t a n d a r d  f o r  c o m m u n i c a t i o n  a m o n g  s u c h  d e v i c e s .  

Model  8160A's major contr ibut ion is i ts  combinat ion of  accuracy and programmabi l i ty .  Programmable pulse 
generators have been available for some time, but with loosely specified accuracy, which means that their output 
had to proceed. 8160A, and adjusted to the needed accuracy before a test could proceed. With the 8160A, the 
contro l ler  ca l ls  for  cer ta in pulse parameters and gets them accurate ly  enough wi thout  adjustment .  

System computers contributions include larger memory capacities than earlier desktop computers in its class, and 
two languages,  enhanced BASIC and assembly language.  I ts  BASIC is  compat ib le wi th other  HP computers,  
and i ts  assembly language capabi l i ty  is  a f i rs t  for  desktop computers.  

-R.  P.  Do/an 
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A Precis ion,  Programmable Pulse 
Generator 
This 50-MHz instrument shortens setup t imes ei ther on the 
bench or  in  au tomat ic  sys tems by  genera t ing  pu lses  so  
accurately there is no need to interrupt a test to monitor the 
pu lse waveform and make cor rec t ions.  

by Werner  Hut temann,  Lutz  Kr isten,  and Peter  Aue 

WITH THE EVER-INCREASING COMPLEXITY of 
today's circuits, the only feasible way to test de 
vice characteristics is to use an automatic system. 

But even with automatic systems, obtaining accurate pulse 
stimuli has often required the test programmer to insert 
iterative loops that enable an operator to observe a pulse on 
a monitoring instrument and make corrections to the pulse 
parameters before continuing with the test sequence. This 
absorbs a considerable amount of test time. 

By allocating complex instrument functions to micro 
processor management, a new 50-MHz pulse generator ob 
tains higher levels of pulse accuracy than have previously 
been available in programmable instruments, eliminating 
the inconvenience of interrupting a test sequence for 
operator verification every time pulse parameters are 
changed. In this instrument (Fig. 1), actual pulse period 
differs from the value specified by less than 2% in most 
cases, and never more than 3%. Pulse amplitude differs 

from that specified by less than 2%, width and delay by less 
than 1%, and transition times by less than 3%. Con 
sequently, there is no need to interrupt a test sequence to 
examine pulse parameters on an oscilloscope. Overall test 
times are thus shortened significantly. Furthermore, up to 
nine pulse setups can be stored and recalled whenever 
needed, enabling pulse parameters to be changed quickly, a 
useful feature for bench applications as well as automatic 
systems. 

The new pulse generator, Model 8160A, has a maximum 
repetition rate of 50 MHz and a maximum pulse amplitude 
of 10 volts into a 50Ã1 load when using the matched 50Ã1 
source impedance, or 20 volts when using the 1-kil source 
impedance. Pulse leading- and trailing-edge transition 
times are variable, and the minimum transition time is 6 ns. 
The instrument has double-pulse and burst modes and an 
option gives it a second channel with independent control 
of all pulse parameters except repetition rate. The two 

F ig .  1 .  Mode l  8160A Prog ramma 
b l e  P u l s e  G e n e r a t o r  p r o d u c e s  
pu lses  whose charac te r is t i cs  a re  
wi th in 1-3% of  the values entered 
through the f ront  panel  or  by way 
o f  t h e  H P  I n t e r f a c e  B u s .  P e r i o d  
r a n g e  i s  2 0 . 0  n s  t o  9 9 9  m s ,  a m  
plitude range is 0. 10 to 9.99V (into 
50ÃI  f rom a  50ÃÃ source  imped  
a n c e ) ,  a n d  t r a n s i t i o n  t i m e s  a r e  
var iab le  f rom 06.0 ns to  9 .99 ms.  
T h e  i n s t r u m e n t  s h o w n  h e r e  h a s  
the  op t iona l  second  channe l  tha t  
enab les  two-phase or  th ree- leve l  
waveform generat ion.  
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Fig. 2. Block diagram of the 81 60 A 
P rog rammab le  Pu l se  Gene ra to r .  
A l l  pu l se  pa rame te rs  and  ope ra t  
i n g  m o d e s  a r e  c o n t r o l l e d  b y  t h e  
m i c r o p r o c e s s o r  w h e t h e r  t h e  i n -  
s t rument  i s  opera ted  manua l ly  o r  
remotely through the HP Inter face 
Bus. 

channels can be used for such dual-channel purposes as 
two-phase clocks or they may be combined into a single 
output  to  produce three- level  and other  complex 
waveforms. 

Microprocessor control simplifies operation of the in 
strument. Pulse parameters are entered with three-digit 
resolution through the front-panel keyboard or through the 
HP Interface Bus, and are displayed on numeric LEDs. 
However, the value of any parameter can be rapidly in 
cremented or decremented manually without numerical 
entry by the use of pushbutton verniers. The instrument has 
the intelligence to recognize demands for incompatible 
pulse parameters â€” for example, pulse width greater than 
pulse period â€” 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 the controlling computer with a single 
command. 

Instrument Organizat ion 
A block diagram of the Model 8160A 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 8-bit microprocessor (a 6800). 

The microprocessor system is similar to that in the HP 
Model 8165A Programmable Signal Source.1 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. 

â € ¢ H e w l e t t - P a c k a r d ' s  i m p l e m e n t a t i o n  o f  I E E E  4 8 8 - 1 9 7 5  a n d  A N S I  M C 1 . 1 .  

50% 

(a)  Fixed-Transit ion-Time Pulse 

W i d t h    H  

(b)  Variable-Transit ion-Time Pulse 

Fig.  3.  Def in i t ions of  pulse width.  The t radi t ional  way def ined 
t h e  w i d t h  o f  p u l s e s  w i t h  f i x e d  t r a n s i t i o n  t i m e s  a s  t h e  t i m e  
between the 50% points of  the leading and t ra i l ing edges (a) .  
Current  pract ice  for  pu lses wi th  var iab le  t rans i t ion t imes (b)  
def ines  pu lse  wid th  as  the t ime f rom the s tar t  o f  the  lead ing 
edge to  the  s tar t  o f  the  t ra i l ing  edge (10% and 90% po in ts ) .  
Th is  measure is  unaf fec ted by a  change in  t rans i t ion t ime of  
ei ther edge. 

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

The instrument's operating routines are stored in seven 
2K-byte ROMs. The lK-byte random-access (read-write) 
memory (RAM) is divided into a 768-byte, battery- 
supported, non-volatile section, that retains the pulse 
parameters and modes, and a scratchpad section. 

An important part of the microprocessor's control func 
tion is error recognition. Highest priority is given to check 
ing the syntax of instructions entered by way of the HP 
Interface Bus. If a wrong mnemonic is entered, the system 
refuses it completely. 

When a valid parameter is entered, either by way of the 
front panel or through the HP-IB, it is checked to see if it is 

High Level 

(a) 

Trail ing Edge 

Level Error 
Due to Allowed 

Slope Error 
Â ± _  

Low Level 

High Level 

- I    
Leading Edge 

Width 

_ \ =  Z -  

Low Level 

High Level 

-Â»j  Leading Edge hÂ«- Level Error 

Fig. 4. If the leading-edge transit ion t ime exceeds pulse width, 
the ampl i tude (h igh leve l )  wi l l  be less than that  programmed 
(b ) .  I f  the  pu lse  w id th  p lus  the  t ra i l i ng  edge  t rans i t ion  t ime 
exceeds the pu lse per iod,  the pu lse base l ine ( the low leve l )  
wi l l  be higher than that  programmed. Both errors are a l lowed 
by the 8 1 60 A and can occur simultaneously (c). 
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'DEL is  Double-Pulse Spacing.  DBL + Width 
Must Always Be Less Than Period. 

F i g .  5 .  E r r o r s  c a u s e d  b y  d o u b l e  p u l s e s  r u n n i n g  i n t o  e a c h  
o ther  are  a lso a l lowed by the 8WOA, enabl ing generat ion o f  
complex waveforms l ike that  shown in  (b) .  

within the allowed high and low limits, and then to deter 
mine whether or not it is compatible with the other 
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 
(TIMING, SLOPE, LEVEL, and PARAMETER). 

-MO 
Counter 
Stages 

f / 1 0 "  

To 
Delay 

Generator 

Fig.  6 .  B lock d iagram of  the ra te  generator .  When operat ing 
in the burst mode, the VCO (voltage-control led osci l lator) is in 
hibited until a START pulse occurs. The preset burst counter then 
c o u n t s  o u t p u t  p u l s e s  u n t i l  t h e  s e l e c t e d  n u m b e r  h a s  b e e n  
counted at which t ime i t  stops the VCO. The number of pulses 
supplied in the burst is determined by the counter and remains 
unchanged i f  the pulse repet i t ion rate is  changed.  This mode 
is  usefu l  for  s tepping counters  to  a  predetermined count  dur  
ing test  procedures.  

Allowable Errors for  Waveform Flexibi l i ty  
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 

Schmitt Trigger 
Compensation 

(20-99 ns Range) 

Range 
Switch 

NTC 
100-999 ns 

Range 
(Ramp 
Capacitor 

u u  

20-99 ns 
Range 
Ramp 

Capacitors 

Temperature 
Compensation 

V -  V -  

F i g .  7 .  V o l t a g e - c o n t r o l l e d  o s c i l  
l a t o r  o p e r a t e s  b y  c a p a c i t a n c e  
charge  and  d i scharge .  When  the  
current switch is off, lramp charges 
the ramp capacitors unt i l  the ramp 
vo l tage reaches a  leve l  that  t r ips  
the Schmit t  t r igger,  turning on the 
current switch. Current 2l,amp then 
d i scha rges  the  capac i to rs ,  wh i l e  
a l s o  a b s o r b i n g  l r a m p ,  u n t i l  t h e  
r a m p  d r o p s  b e l o w  t h e  S c h m i t t  
t r i g g e r ' s  l o w e r  h y s t e r e s i s  l e v e l ,  
t u rn i ng  o f f  t he  cu r ren t  sw i t ch .  A  
cur rent  cont ro l led by the c i rcu i t ' s  
t e m p e r a t u r e  v a r i e s  t h e  S c h m i t t  
t r igger  hys teres is  to  compensate  
f o r  t e m p e r a t u r e - i n d u c e d  v a r i a  
t ions in  propagat ion delay.  
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pulse width still be compatible with the pulse period when 
a change in transition time stretches the pulse? Is it neces 
sarily an error if lengthening the transition times causes the 
pulse to become a triangle, reducing the pulse amplitude? 

To distinguish between illegal parameter entries that 
may be desirable and those that are definitely wrong, the 
concept of "allowable" slope error was introduced. It al 
lows the transition times to be extended such that a rectan 
gular or trapezoidal shape no longer exists, resulting in an 
amplitude error that nevertheless may be tolerable. This 
then enables the generation of ramps, triangles, and other 
irregular waveforms. The instrument will indicate that a 
slope error exists, but it produces a waveform according to 
the parameters entered. 

To understand what effect the allowable error has, a re 
view of the definition of pulse width is in order. Fig. 3a 
illustrates the classic half-amplitude definition for pulses 
that have fixed transition times. This definition, however, 
causes some confusion with the setting of pulse width 
where variable transition times are involved, so present 
practice is to measure pulse width from the start of the 
leading edge to the start of the trailing edge (actually the 
10% and 90% points), as shown in Fig. 3b. This measure is 
unaffected by transition time as long as the leading-edge 
transition time is less than the pulse width. 

If the leading edge transition time exceeds the pulse 
width, then a ramp or triangle is generated and the apex lies 
below the programmed level (Fig. 4b). Similarly, if the sum 
of pulse width and trailing edge time exceeds the pulse 
period, then the trailing edge runs into the leading edge of 
the next pulse at a point above the programmed low level or 
baseline (Fig. 4c). Both of these errors are allowed with the 
new pulse generator because waveforms with these shapes 
may be desired. Also, when the instrument is in the 
double-pulse mode, the trailing edge of the first pulse could 
run into the leading edge of the second pulse, or the trailing 
edge of the second pulse could run into the leading edge of 
the first pulse in the next pair. These errors are also among 
those permitted in the 8160A, enabling generation of com 
plex waveforms like that shown in Fig. 5b. 

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

high in excellent tuning linearity, and low jitter in 

â€¢A l t hough  t he  t e rm  "pu l se  du ra t i on , "  has  been  de f i ned  as  t he  s t anda rd ,  " pu l se  w id th "  i s  used  a lmos t  
u n i v e r s a l l y  t h r o u g h o u t  t h e  i n d u s t r y .  

5.3  

4.1 

3.1 
2.5 
2.2 

5  1 0  3 0  100 
Ramp Rise Time 

5 0 0  n s  

Fig.  8 .  Propagat ion delay in  an uncompensated VCO Schmit t  
t r i gge r  va r i es  w i t h  t he  r i se  t ime  o f  t he  r amp  and  t he re fo re  
var ies  as  the  pu lse  per iod  is  changed.  

Upper 
Trigger - 

Level 

Lower 
Tr igger .  

Level 
Upper 

Trigger" 
Level 

Lower 
Tr igger-  

Level 

Ideal Signal Without 
Propagation Delay 

-    14    U    U-  
Actual Signal With 
Propagation Delay 

Propagation Delay 
Compensated 

Â»â€¢ t -n -  - f t -  
H H â€” Propagation Delay 

Fig.  9.  The ef fect  that  propagat ion delay has on pulse per iod 
is shown by the middle waveform. A resistor in series with the 
r amp  capac i t o r  compensa tes  f o r  t he  p ropaga t i on  de lay  as  
shown in  the lower waveform. 

the rate generator. However, the need for synchronous gat 
ing in the burst, external trigger, and gate modes precluded 
the use of an oscillator with an LC tank circuit or feedback 
loops that would prevent instant starting. 

The solution was to use a high-frequency, constant- 
current, capacitor-charge/discharge function-generator cir 
cuit for the voltage-controlled oscillator (VCO), and operate 
it over a limited range to assure the performance qualities 
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 Fig. 7. 

The VCO has only two ranges, 20-99 ns and 100-999 ns 
per period, avoiding a proliferation of range capacitors. 
For longer periods, it operates in the 100-999-ns range and 
the output frequency is divided down to obtain the desired 

A Uncompensated 
B Fixed Propagation Delay Compensated 
C All  Effects Compensated 

1 0 0  5 0 0  1 0 0 0  n s  
Programmed Period 

Programmed Period Versus Error 

F i g .  1 0 .  G r a p h s  s h o w  t h e  e f f e c t s  t h a t  t h e  c o m p e n s a t i o n  
t e c h n i q u e s  h a v e  o n  p u l s e  p e r i o d  a c c u r a c y  i n  t h e  M o d e l  
81 60 A Programmable 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 linearity in the YCO, 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 
trigger as a function of ramp slope, and hence of pulse 
period (Fig. 8). 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 sufficient for period 
settings greater than 100 ns. For shorter periods, the 
Schmitt trigger hysteresis is narrowed. These measures 
make it possible to meet the 2% accuracy specification in 
the lOO-ns-to-999-ns pulse period ranges and the 3% accu 
racy specification in the 20-99. 9-ns pulse-period range, a 
significant improvement when compared to the 50% non- 
linearity 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 temperature. Without compensation, there 
would be a Â±5% change in propagation delay over the 
allowed temperature range (15-35Â°C) at high repetition 
rates, and a 0.2%/Â°C change in Schmitt trigger hysteresis. 
The change in hysteresis is compensated for by sensing the 
ch ip  t empera tu re  and  a l t e r ing  the  t empera tu re -  
compensation current accordingly (Fig. 7). The resistor in 
series with the ramp capacitor for the 20-99-ns range has a 
negative-temperature-coefficient to compensate for 
temperature-induced changes in propagation delay. 

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

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

The pulse width is derived in the RS flip-flop (Fig. 11) 

which is set by the trigger pulse and reset by the delayed 
pulse. The very short delays (0.00 to 49.9 ns) are produced 
by switched delay lines, either printed-circuit board micro- 
strip line or sections of 50ÃÃ coaxial cable. This approach 
gives Â± 1% accuracy and low jitter, and the delay time is not 
restricted by the repetition rate. 

The longer delays originate in an astable multivibrator 
that has a 25-ns delay line in a feedback path to give it a 
period of 50 ns with better than 1% accuracy. At the begin 
ning of a delay interval, a counter, preloaded with an ap 
propriate number, starts counting the multivibrator pulses. 
When it overflows, the counter produces the delayed pulse 
and stops the multivibrator. 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 /Â¿s. This 
compares to the 0.1% jitter specification of earlier instru 
ments. 

Slope Generator  
The slope generator provides an accurate baseline and 

pulse top as well as providing the variable transition-time 
capability. To avoid degradation of the delay and width 
settings, the slope generator must have minimum roll-off 
effect. Roll-off is a significant problem in a programmable 
pulser because it causes a change in delay and width as the 
transition times are changed. 

Roll-off in a slope generator results from the use of limit- 
ers to define the pulse top and bottom levels. The limiters 
are needed to eliminate the step that occurs with a conven- 
tial slope generator at the start of a transition. As shown in 
Fig. 12, the leading edge of a pulse is generated by using a 
positive current source to charge ramp capacitor C up to the 
voltage that turns on diode Dl, clamping the waveform at 
the clamp level, Vc+. The trailing edge is formed by switch 
ing off the positive current source and switching on the 
negative current source, discharging capacitor C until its 
voltage reaches a level that turns on diode D2, clamping the 
waveform at the lower level, Vc_. Because of the difference 
between the turn-on and turn-off voltages of the clamp 
diodes, each transition ramp begins with a small step. The 

Fig. or 1 depending Basic time-interval circuit functions as either a delay or a width generator depending on 
the setting of switch S 1 . For double pulse operation, switch S2 passes both the trigger pulse and 

the delayed t r igger  to  the width c i rcu i t  fo l lowing.  
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'  V c -  

U c  

- R o l l - O f f  F i g .  1 2 .  C o n v e n t i o n a l  s l o p e  
genera to r  i s  fo l lowed by  a  l im i te r  
s t a g e  t o  r e m o v e  t h e  s t e p  a t  t h e  
s tar t  o f  each t rans i t ion.  Changing 
t h e  l e a d i n g  e d g e  s l o p e  t h u s  a f  
fec ts  the  s ta r t  t ime  o f  the  pu lse .  
This is the rol l-off effect. 

step is reduced by limiter stages that follow. However, as 
shown by the waveforms in Fig. 12, 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 illustrated in Fig. 14. 

Expanded Ampl i tude  Range 
To be able to test CMOS devices adequately, the design 

objectives for the Model 8160A called for an 8-ns, 20Vp-p 
pulse positionable anywhere within a Â±20V window. At 
the time of instrument design, no transistors with the req 

uisite combination of speed and voltage ratings were 
available. 

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 level 
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 current 
supplied to the output. The amplitude range is up to 20 V 

C S 1  C S 2  

L e a d i n g - E d g e  
R a m p  

C u r r e n t  

L e a d i n g - E d g e  
C l a m p  

C u r r e n t  

T r a i l i n g - E d g e  
R a m p  | F  

C u r r e n t  

T r a i l i n g - E d g e  
1 . 3  I F  ) O (  I  c l a m P  

C u r r e n t  

V 2  C S 6  
- 2 V  

Fig.  13.  Leading and t ra i l ing edge 
s lopes are generated by charg ing 
a n d  d i s c h a r g i n g  c a p a c i t o r  C  
th rough the  cur ren t  sources  CS1 
and  CS3 .  As  shown  he re ,  sw i t ch  
S 3  i s  c l o s e d  a n d  c u r r e n t  s o u r c e  
CS3 s inks  the  t ra i l ing  edge ramp 
current IF. Diode D3 is turned off so 
c l amp  sou rce  V2  s inks  a  cu r ren t  
equal to 1.3IF, which is supplied by 
c u r r e n t  s o u r c e  C S 6 .  W h e n  t h e  
pulse vol tage drops to a level  that  
turns on D3,  a current  equal  to  IF 
f lows f rom CS6 through D3 to  cur  
ren t  source  CS3.  A  cur ren t  equa l  
t o  0 . 3 I F  t h e n  f l o w s  t o  c l a m p  V 2  
a n d  t h e  w a v e f o r m  i s  c l a m p e d  a t  
- 2V .  When  a  pos i t i ve -go ing  t r an  
sit ion is applied to the buffer ampli 
t ude ,  sw i t ch  S3  tu rns  o f f  and  S4  
turns on (S1 turns on and S2 off to 
s t a r t  t h e  l e a d i n g  e d g e ) .  C u r r e n t  
sources CS3 and CS4 then sink al l  
t he  CS6  cu r ren t ,  t hus  tu rn ing  o f f  
d iodes  D3  and  04 .  
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Fig .  14 .  Min imiz ing  the  ro l l -o f f  e f fec t  makes the  s tar t  o f  the  
p u l s e  l e a d i n g  e d g e  v i r t u a l l y  i n d e p e n d e n t  o f  t h e  t r a n s i t i o n  
t ime,  as shown by th is  mul t iexposure photo.  

(driving a 1 kfi load from a 50fi source impedance). Offset is 
added at the amplifier output so the full range of offset 
(Â±20V) is always available. The user, however, need never 
be concerned with determining the offset required to posi 
tion the pulse top and bottom where he wants them â€” he 
simply enters the desired levels for the top and bottom of 
the pulse, and the microprocessor determines the necessary 
gain and offset required. 

Compact  Power  Supply  
The new pulse generator's high accuracy calls for exten 

sive use of analog circuits that demand power. Space con 
siderations put a limit of about 4500 cc (0.159 cu. ft.) on the 
volume that could be occupied by a power supply. With a 
load of 275 W, 40 percent of which is needed for the output 
amplifiers, the power supply requires high efficiency and a 
minimum number of components. 

Good regulation, independent of load and supply 
changes, is achieved by a flyback-regulated, switched- 
mode power supply. It has a switching frequency of 25 kHz 
so a ferrite-core transformer of small size and a reduced 
number and volume of secondary filter components can be 
used. The energy delivered to the transformer core is con 
trolled by switching the primary current at duty cycles up to 

F ig .  16 .  Power  supp l y  w i t h  one  c i r cu i t  boa rd  removed  and  
ano the r  ra i sed  in  pos i t i on  to  d i sc lose  de ta i l s .  A l though  the  
supply is compact,  cool ing air  is able to f low freely over heat- 
d issipat ing surfaces.  

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 specially fabricated to 
withstand the voltage and current stresses. The sensing 
winding also provides a supply voltage to the control cir 
cuit so that line transformers are not needed. At switch-on, 
when no energy is available from the sensing winding, the 
control circuit is supplied from a start circuit. 

To allow operation from either 110/120V or 220/240V 
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 totaling 
275W and an efficiency of 65%. Accessibility and hence 
serviceability are good thanks to modular design with 
functionally-separated plug-in boards (Fig. 16). 

Acknowledgments  
Helmut Rossner designed the switching power supply 

Output 
Signal 

5011 

F i g .  1 5 .  O r g a n i z a t i o n  o f  t h e  o u t  
pu t  s tage .  Wi th  the  50ÃI  te rm ina  
t ion swi tched in ,  the output  s tage 
absorbs  re f lec t ions  f rom ex terna l  
i m p e d a n c e  m i s m a t c h e s .  W i t h  i t  
swi tched out ,  the ef fect ive source 
impedance  i s  1  k i l .  
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PERIOD 
RANGE.  20.0  ns  to  999 ms {see Tab le  1) .  
RESOLUTION: 3 dig i ts (100-pS resolut ion l imi t ) .  
ACCURACY:  3% o l  p rogrammed va lue  Â±03 ns  (per iod  <100  ns ) .  

2% o(  p rogrammed va lue  (per iod  ^100 ns) .  
MAXIMUM J ITTER:  0  1% o f  p rog rammed va lue  +  50  ps .  

WIDTH 
RANGE: 10.0 ns 1o 999 ms (see lab le 1) .  
RESOLUTION: 3 d ig i ts  (100-ps resolut ion l imi t ) .  
ACCURACY"  1% o f  p fogrammed va lue  Â± 1  ns .  
MAXIMUM J ITTER;  0 .1% - t -  50  ps  (w id th  ^999 ns) .  

0 . 0 5 %  ( 9 9 9  n s  - w i d t h  s 9 . 9 9  u s ) .  
0 .005% (w id th  : -9 .9B^a ) .  

Wioth  i s  p rogrammab le  to  94% o f  per iod  va lue  -30  ns .  
(0 .94  penod  -8  ns  (o r  w id th  f  50  ns ) .  

D E L A Y  
RANGE: 0.00 ns to 999 ms (measured from 50% point of leading edge of tr igger oulpu!) 
RESOLUTION: 3 d ig i ts  (100-ps resolut ion l imi t ) .  
A C C U R A C Y ' :  ! % o f  p r o g r a m m e d  v a l u e  ~ 1  n s  ( s e e  l a b l e  1 )  
M A X I M U M  J I T T E R :  0 . 1 % - 5 0  p s  ( d e l a y  ^ 9 9 9  n s ) .  

0.05% (999 ns - 'delay sg.99 Â¿is) .  
0 .005% (de lay  >  9 .99  us ) .  

Delay  p ro  p rogrammable  to  94% o f  per iod  -30  ns .  De lays  less  than SO ns  can be  pro  
grammed wi thout  being l imr led by the per iod value.  

D O U B L E  P U L S E  
RANGE:  20 0  ns  to  999 ms (spac ing between lead ing edges o f  doub le  pu lse) .  
RESOLUTION. 3 dig i ts (100-pS resolut ion l imi t ) .  
ACCURACY: 1% of  p fogrammed va lue Â±1 ns.  
MAXIMUM JITTER: 0.1% + 50 ps (double-pulse spacing Â«999 ns).  

0.05% (999 ns â€¢ Oouble-pulse spacing Â«9.99 Ms) 
0 .005% (double-pu lse spac ing >9.99 Ms) .  

PULSE WIDTH: 98% ol  double-pu lse spac ing less 30 ns (width s=50 ns) .  
98% of  doub le-pu lse spac ing less  8  ns  (w id th  <50 ns) .  

T R A N S I T I O N  T I M E S  ( 1 0  -  9 0 %  a m p l i t u d e )  
LEADING EDGE:  06.0  ns  to  9 .99 ms (see lab le  1) .  
TRAILING EDGE:  06.0  ns  to  9 .99 ms (see tab le  1) .  
Leading a t ra i l ing edge t rans i t ion t imes are independent ly  programmable wi th in  a  com 

mon range.  Ranges are over lapping as fo l lows:  
0 6 . 0  -  9 9 . 9  n s  0 5 . 0  / Â ¿ s  -  9 9 . 9  Â ¿ j s  
0 5 0  n s  -  9 9 9  n s  0 5 0  ( i s  -  9 9 9  / Â ¿ s  
0 . 5 0  Â ¿ i s  -  9 . 9 9  / i s  0 . 5 0  m s  -  9 . 9 9  m s  

RESOLUTION: 3 d ig i ts  (100-ps resolut ion l imi t ) .  
ACCURACY: 3% of  programmed va lue Â±1 ns (see tab le  1) .  
L INEARITY:  3% for  t rans i t ion t imes longer  than 30 ns.  
PROGRAMMABILITY (w i thout  loss  o l  ampl i tude) :  

LEADING EDGE:  70% o f  w id th  
TRAILING EDGE.  70% of  (0 .94 per iod less  w id th) .  

TABLE 1:  Output  Modes/T iming ( in to  50 11 load)  

â€¢With fastest transition times. 

S P E C I F I C A T I O N S  
H P  M o d e l  8 1 6 0 A  P r o g r a m m a b l e  P u l s e  G e n e r a t o r  

(Specifications are foi 50 11 Â¡ 

OUTPUT LEVELS ( in to  50  l i  l oad )  

s unless staled o 

OUTPUT LEVEL RESOLUTION:  3  d ig i t s  (10  mV) .  
P R E S H O O T .  O V E R S H O O T ,  H I N G I N G :  5 %  o f  a m p l i t u d e  - 1 0  
SETTLING TIME: 40 ns to  spec i f ied accuracy.  

REPEATABILITY (a l l  parameters ] :  50% of  spec i f ied  accuracy.  

A  ADD B:  Adds  Channe l  A  and  B ou tpu ts  (op t ion  020) .  
OUTPUT FORMAT:  Norma l  o r  comp lemen t  
O P E R A T I N G  M O D E S  

NORM: Cont inuous pulse s l ream. 
G A T E :  i s  s i g n a l  e n a b l e s  r a t e  g e n e r a t o r  F i r s t  o u t p u t  p u l s e  i s  s y n c e d  w i t h  l e a d i n g  

edge. Last  pulse is  a lways complete 
TRIG: Each input  cycle generates a s ingle output  pulse.  
BURST:  9999) .  inpu t  cyc le  genera tes  a  p rogrammable  number  o f  pu lses  (0  to  9999) .  

Min imum l ime between bursts is  1 per iod.  
MAN: Simulates externa l  s ignal  when EXT INPUT is  swi tched OFF.  
SINGLE sett ings. Provides a s ingle pulse independent of  input and per iod sett ings. 

to  10  k l l .  

EXTERNAL INPUT 
T R I G G E R  L E V E L :  + 1 0  l o  - 1 0 V .  
MAXIMUM INPUT: Â±12 V into 5011, Â±20 V int 
MINIMUM AMPLITUDE.  500  mVpp.  
SLOPE: Posi t ive or negat ive.  
MINIMUM PULSE WIDTH:  3  ns .  
TYPICAL INPUT RESISTANCE:  50 11 or  (a lso  in  OFF)  10 Mi .  
DELAY FROM TR IGGER INPUT  TO TR IGGER OUTPUT:  90  ns  

TR IGGER OUTPUT 
AMPLITUDE:  32.5  V in to  50 t i ,  -?5 V in to  open c i rcu i t .  
TYPICAL SOURCE RESISTANCE: 50 Â¡ I .  
TYPICAL PULSE WIDTH:  8  ns  (per iod  

40 ns (100 ns - -  
400 ns (period -? 

HP- IB  CAPABIL ITY  
Code 
SH1 
AH 1 

Interlace Function 
Source Handshake Capabi l i ty .  
Acceptor Harxlshake Capabi l i ty .  

T 6  T a l k e r  ( b a s i c  t a l k e r ,  s e r i a l  p o l l ,  u n a d d r e s s  t o  t a l k  i f  a d d r e s s e d  t o  l i s t e n ) .  
L 4  L i s t e n e r  ( b a s i c  l i s t e n e r ,  u n a d d r e s s  t o  l i s t e n  i f  a d d r e s s e d  t o  t a l k ) .  
S R 1  S e r v i c e  R e q u e s t  C a p a b i l i t y .  
R L 1  R e m o t e i L o c a l  C a p a b i l i t y  ( i n c l u d i n g  L o c a i  L o c k o u t  t o  p r e v e n t  i n t e r f e r e n c e  

P R O  N o  P a r a l l e l  P o l l  C a p a b i l i t y .  

D C O  N o  D e v i c e  C l e a r  C a p a b i l i t y .  

D T 1  D e v i c e  T r i g g e r  C a p a b i l r l y  ( T r i g ,  B u r s t  m o d e s ) .  

C O  N o  C o n t r o l l e r  C a p a b i l i t y .  

A l l  m o d e s  a n d  p a r a m e t e r s  c a n  b e  p r o g r a m m e d .  E X T  S L O P E  P O S / N E G  p r o g r a m m i n g  c a n  
S i m u l a t e  G a t e  m o d e .  T R I G  L E V E L  a d j u s t m e n t  a n d  5 0 O / 1 0 k ( l / O F F  s w l c h  a r e  n o t  

p r o g r a m m a b l e .  

PROGRAMMING TIMES (typical)  
PERIOD.  DELAY.  DOUBLE PULSE SPACING,  WIDTH:  140  ms .  
TRANSITION TIMES.  110  ms.  
OUTPUT LEVELS:  150  ms  
BURST, programming MODES: 100 ms (exislmg burst will be interrupted when programming 

new burst). 
OUTPUT MODES:  200  ms .  

LIST! 
INPUT MODES:  50  ms 
PARAMETERS:  90  to  140  ms  
OUTPUT MODES:  5  ms  (EN/D ISA81E.NORM/COMPL) ,  

70 ms (A SEP/ADD B. 50 Ã1/1 Wl) .  
DEVICE TRIGGER.  30 ms (EXT TRIG) .  80 ms (BURST) .  

T A L K E R  D A T A  T R A N S F E R  T I M E S  
STATUS: 1 byte ( ind icates nature of  programming error ) ,  <5 ms typ ica l .  
LEARN:  a  l ines  (18 in  opt ion  020)  up to  14 charac ters  p lus  CRLF,  10 ms/ l ine  a  

MEMORY; 9  addressable  locat ions p lus  one for  
operat ing state per lot  

-  1.2s (recal l  
CAPACITY:  1  comple te  oper  
ACCESS T IME:  - .20  ms (s i c  

POWER-OFF STORAGE:  Ba t t i  
ment  swi tched of f .  Hardwire!  
conf idence check (standard [  

Bddm 
r ,  M i l  :  

et). 

> r e d  d a t a  f o r  u p  t c  

Ixed â€¢ 

POWER:  115 /230V  +  10%.  -22%:  48 -66  Hz ;  675  V  A  max .  
E N V I R O N M E N T A L  

TEMPERATURE RANGE. 15 -351C for  operat ion wi th in  speci f icat ions.  
A C C U R A C Y  D E R A T I N G  F A C T O R S :  0 - 1 5 C C  o r  3 5 - 5 0 ' C :  

D E L A Y ,  W I D T H .  D O U B L E  P U L S E  0 . 0 7 % 1 ' C  
PERIOD.  HIGH LEVEL.  LOW LEVEL:  0 .14%/ IC 
LEADING EDGE,  TRAILING EDGE:  0 .21%/=C 

WEIGHT:  20.8  kg (46 Ibs)  
D IMENSIONS:  178  mm H .  426  mm W.  430  mm D  (7x16 .8x17  i n ) .  
OPTIONS 

001:  Hear  Panel  Input  and Outputs 
020:  Second Channel ,  inc ludes delay,  width,  double pulse,  t ransi t ion t imes,  and output  

amplifier. 
PRICE IN U.S.A. :  $11,000:  Opt  001.  no Charge:  Opt  020,  $5160.  
MANUFACTURING DIVISION:  BObl ingen Ins t rument  D iv is ion 

Herrenbergerstrasse 110 
D-703 BObl ingen, Germany 

and accomplished the task of getting it into a small enclo 
sure. Rolf Hoffman implemented the output amplifier, 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. 
Reference 
1. T. Schad, D. Kible, and P. BrÃ¼nner, "l-mHz-to-50-MHz Signal 
Source Combines Synthesizer Accuracy, Multimode Operation, 
and Easy Programming," Hewlett-Packard Journal, December 
1978. 
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lngen ieur  f rom the  Techn ische Un iver  
s i ta t  Kar lsruhe.  Lutz contr ibuted to the 
des ign o f  the d ig i ta l  cont ro l  and wrote  
the sof tware for  the 8160A Pulse 
Generator .  Lutz  and h is  wi fe  recent ly  
moved  in to  a  new house  and  spend  
much o f  the i r  spare  t ime do ing  the  
f inishing work on Â¡t. Lutz also enjoys 
h ik ing and work ing on h is  d ig i ta l ly -  
contro l led FM tuner .  
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st rument Div is ion in 1976 short ly  af ter  
receiv ing h is  Dip lom- lngenieur f romthe 
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spons ib le  fo r  the  des ign  o f  the  repe t i  
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Extending Possibi l i t ies in Desktop 
Comput ing 
Th is  midrange computer ' s  la rge  memory  capac i ty ,  two  
languages (enhanced BASIC and assembly language),  low 
radiated in ter ference,  and powerfu l  input /output  fac i l i t ies 
su i t  i t  especia l ly  wel l  for  computat ion,  cont ro l ,  and data 
acquis i t ion appl icat ions.  

by Sandy L .  Chumbley  

I N THE TRADITION OF DESKTOP COMPUTERS, HP's 
I new Series 9800 System 35, or Model 9835A/B (Fig. 1), 

places as much computational power as possible into a 
small, integrated package and makes it extremely easy and 
natural to use. This new desktop computer features the 
largest memory capacity in its class, plus assembly lan 
guage programming capability and enhanced BASIC. 

The 9835A/B is a midrange, large-memory, scientific and 
engineering desktop computer designed for computation, 
control, and data acquisition applications. It features ex 
panded read/write memory capacity of up to 256K bytes, 
unified mass storage, a tape cartridge directory in read/ 
write memory, and a "bad memory" error detect message 
system. High-speed control and data acquisition applica 
tions are facilitated by standard, plug-in interface cards, 
direct memory access, and 15-level interrupt. The interface 
cards include the Hewlett-Packard Interface Bus (HP-IB), 
16-bit parallel, RS-232C, and BCD. A real-time clock inter 
face adds real-time reference and time-related control 
capabilities. 

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

interactive keyboard, alphanumeric display (a 24-line CRT 
for the 9835A, a single-line display for the 9835B), and an 
internal cartridge tape drive with a capacity of 217K bytes 
per tape. An optional 16-character thermal strip printer is 
also available for users who require low-cost permanent 
copy for such applications as data logging or program de 
bugging. 

The 9835A/B is similar in hardware design to Model 
9825A.1 In language and performance, however, it resem 
bles System 45 (Model 9845A).2 It provides most of the 
high-level capability of System 45 and adds significant new 
capabilities. It extends and allows for further extension of 
memory, it provides a low-level language with a refreshing 
ease of use, and it meets new standards for electromagnetic 
interference. 

High- leve l  Capabi l i ty  
System 45 was notable for its enhanced BASIC language 

and ease of use.2 System 35 uses essentially the same 
firmware and thus provides most of the same capability. For 
example, it supports enhanced BASIC with 15-character 

Fig.  and system 9835A/B Desktop Computer 's  large memory capaci ty  and powerfu l  I /O system 
make  i t  i n  we l l  su i t ed  f o r  con t ro l  and  da ta  acqu i s i t i on  app l i ca t i ons  i n  add i t i on  t o  sc i en t i f i c  
computat ion.  Model  9835A has a 24- l ine CRT d isp lay.  Model  9835B has a s ing le- l ine d isp lay.  
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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 
t ion, re 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  Capaci ty  and Rest r ic t ions  
for  Program Storage 

M a i n  P r o g r a m  1  S u b p r o g r a m  2  S u b p r o g r a m  3  S u b p r o g r a m  4  
==2000 

BASIC Lines 

64K Bytes 

- 2 0 0 0  2 0 0 0  â € ” 2 0 0 0  
B A S I C  L i n e s  B A S I C  L i n e s  B A S I C  L i n e s  

64K Bytes 64K Bytes 64K Bytes 

- .    - 2 5 6 K  B y t e s  A v a i l a b l e    
for  Program Storage 

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

speed penalty is minimal. 

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

the 9835A/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 facilities. 

Memory  Capac i ty  and Rest r ic t ions  
for  Array Data Storage 

Integer 

A r r a y  1  A r r a y  2  A r r a y  3  A r r a y  4  
32K Integer 32K Integer 32K Integer 32K Integer 

N u m b e r s  N u m b e r s  N u m b e r s  N u m b e r s  

Real 6-Digit Precision 

A r r a y  1  A r r a y  2  
32K  6 -D ig i t -P rec is ion  32K  6 -D ig i t -P rec is ion  

N u m b e r s  N u m b e r s  

U p  t o  = 1 2 8 K  
Integer Numbers 

U p  t o  = 6 4 K  R e a l  
6-Oigit-Precision 

Numbers 

New Standards for  Electromagnet ic  Inter ference 
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 
it to meet the standard of VDE radiated interference level A 
(see article, page 16). 

Real 12-Digit  Precision 

Array 1 
32K 12-Digit -Precision Numbers 

Str ings of 8 Characters 

rray 1 
32K 8-Character Str ings 

256K Bytes 

U p  t o  ~ 3 2 K  R e a l  
12-Dig i t -Prec is ion  

N u m b e r s  

U p  t o  = 3 2 K  
8-Character 

Strings 

Restrictions: 
1.  An Array Can ' t  Have More than 32,767 Elements  o f  Any Type.  
2 .  An Array Can ' t  Have More than 6 Dimensions.  
3 .  An Element  of  a  St r ing Array Can' t  Have More than 32,767 Characters.  

â€¢Actual Capacity Will Vary Significantly from 
tha t  Shown Due  to  the  Sys tem Tak ing  Some 
Read/Wri te  Memory for  I tsel f .  

F ig .  2 .  Mode l  9835A/B  can  have  up  to  256K  by tes  o f  read !  
w r i t e  m e m o r y  a n d  2 4 0 K  b y t e s  o f  r e a d - o n l y  m e m o r y .  T h e  
r e a d / w r i t e  m e m o r y  c a n  b e  u s e d  f o r  p r o g r a m s  o r  d a t a  a s  
shown. 
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S P E C I F I C A T I O N S  
HP Model  9835A Desktop  Computer  

M  99 D Y N A M I C  R A N G E :  - 1 0 s â „ ¢  t o  - 1 0  .  0 .  - 1 0  " ' l O - H t f '  
I N T E R N A L  C A L C U L A T I O N  R A N G E :  - 1 0 5 1 1  t o  - 1 0 ~ 5 1 1 ,  0 .  1 0 ~ 5 1 1  t o  1 0 5 1 1  
S Y S T E M  3 5  R E A D / W R I T E  M E M O R Y  

STANDARD:  49 .962  by tes  
OPT.  201:  115.402 by tes  
OPT 202 :  180 .842  by tes  
OPT.  203:  246,282 bytes  

The s tandard  read wr i te  memory  conta ins  65.536 by tes .  49 ,962 d i rec t ly  ava i lab le  to  
the user. 

T A P E  C A R T R I D G E  
CAPACITY:  217K by tes .  
ACCESS: Directory,  f i le-by-name. 
SEARCH SPEED (b id i rect ional ) :  2286 mm/s (90 in /s) .  
AVERAGE TRANSFER RATE:  1480  by tes / s .  
C A R T R I D G E  S I Z E :  6 3 . 5  x  8 2 . 5  x  1 2 . 7  m m  ( 2 . 5  x  3 . 2 5  x  0 . 5  i n ) .  

CRT 
SCREEN SIZE:  261  x  193  mm (10 .3  x  7 .6  in ) .  310-mm (12 .2 - in )  d iagona l .  
SCREEN BRIGHTNESS:  manua l l y  ad jus tab le  12-30  fHamber ts .  
REFRESH RATE:  60 Hz ( independen!  o f  l ine  f requency) .  

TUBE PHOSPHOR:  P31 .  
SCREEN CAPACITY:  25  l ines  x  80  charac te rs  (2000 charac te rs ) .  
RASTER SCAN S IZE :  215  x  135  mm (8 .48  x  5 .3  i n ) .  
C H A R A C T E R  G E N E R A T I O N :  7 x 9  c h a r a c t e r  f o n t  i n  a  9  x  1 5  c h a r a c t e r  c e l l .  
STANDARD CHARACTER SET:  128  ASCI I  cha rac te rs .  
OPTIONAL CHARACTER SETS:  F rench ,  Span ish  and  German.  
CURSOR: Bl ink ing under l ine.  
OPERATING TEMPERATURE:  5 ;C  to  40=C (ambien t ) .  
S T O R A G E  T E M P E R A T U R E :  - 4 0 : C  t o  + 6 5 ' C .  
RELATIVE HUMIDITY:  5% to  80% at  40=C.  

T H E R M A L  L I N E  P R I N T E R  
PRINT SPEED: up to  190 l ines jmin.  
PAPER WIDTH:  57 mm (2.25 in) .  16 characters / l ine.  

S I Z E :  H W D  3 7 6  x  3 8 4  x  4 9 5  m m  ( 1 4 . 8  x  1 5 . 1  x  1 9 . 5  i n ) .  
WEIGHT: 1 1 .8 kg (26 Ib). 
PRICE IN U.S.A. :  9835A base pr ice,  $9.900.  
M A N U F A C T U R I N G  D I V I S I O N :  D E S K T O P  C O M P U T E R  D I V I S I O N  

3404 E.  Harmony Road 
Ft .  Col l ins.  Colorado 80525 U.S.A.  
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Processor Enhancements Expand Memory 
b y  D a m o n  R .  U j v a r o s y  a n d  D y k e  T .  S h a f f e r  

THE 9835A/B DESKTOP COMPUTER offers the user 
very large memories, formerly available only in big 
computers. This large-memory capability was 

achieved by using 16K dynamic RAMs and 64K ROMs and 
by adding a new NMOS II1 chip to the existing BPC pro 
cessor chip set.2 

A major objective of the 9835A/B was to maintain lan 
guage compatibility with the 9845A Desktop Computer, 
also known as System 45. 3 This objective was realized by 
adapting the System 45 operating system for use in the 
9835A/B. Two major hardware challenges had to be over 
come to minimize the modifications. The first 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, 4 but did not allow for read/write memory 
expansion beyond 64K bytes. 

The single processor of the 9835A/B is used as if it were 
two pseudo-processors.  Although the two pseudo- 
processors cannot run simultaneously as the two processors 
of the System 45 do, they are separate and distinct entities 
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 all six registers from two bits to 16 
bits. Fig 1 is a microphotograph of the AEC. 

The fetch and subsequent execution of an instruction 
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Memory Bus 

Fig.  1.  The address extension chip was added to the System 
35 processor  ch ip set  to  prov ide a means of  managing larger  
memories. The AEC adds registers to those def ined in System 
45 and extends these registers to 16 bi ts.  This provides more 
f l e x i b i l i t y  a n d  e x t e n d s  t h e  a d d r e s s i n g  c a p a b i l i t y  t o  2 1 6  =  
65,536 b locks  o f  64K by tes  each.  

require one or more memory accesses. These memory ac 
cesses are divided into two groups: those that generally 
access ROM, which are accesses of instruction space, and 
those that generally access read/write memory, which are 
accesses of data space. Memory is subdivided into 64K-byte 
blocks, and the processor can directly address 128K bytes. 
Two blocks of memory can be accessed in each space, in 
struction and data. This makes four different blocks that can 
be directly 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 
struction and data space blocks. The fifth defines the base- 
page read/write block and the sixth is used whenever DMA 

I n s t r u c t i o n  D a t a  
S p a c e  S p a c e  
( R O M )  ( R A M )  

1777778 
Upper 

Instruction 
Space 

1000008 

0777778 

Lower 
Instruction 

Space 
OOOOOOs 

F i g .  2 .  T h e  p r o c e s s o r  c a n  d i r e c t l y  a d d r e s s  t w o  6 4 K - b y t e  
b l o c k s  o f  r e a d - o n l y  m e m o r y  a n d  t w o  6 4 K - b y t e  b l o c k s  o f  
r a n d o m - a c c e s s  ( r e a d / w r i t e )  m e m o r y .  E a c h  o f  t h e s e  f o u r  
b l ocks  has  a  co r respond ing  16 -b i t  r eg i s te r  on  t he  add ress  
extension chip. The contents of the register corresponding to a 
part icular block def ines which of the 65,536 possible blocks is 
to be used as that block. Two other AEC registers are for base 
page  read /wr i te  and  d i rec t  memory  access .  

Complete 
Address 

Fig. 3.  At the start  of  each memory access the address exten 
sion chip places the contents of one of i ts six registers on the 
BSC bus .  Th is  b lock  se lec t  code  and  the  address  f rom the  
processor  fo rm the  comple te  address .  

is taking place. Since each block is 64K bytes long and the 
BSC is 16 bits long, the total addressing capability is ex 
tended to 216 = 65,536 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 Fig. 3. By placing the proper register's 
contents on the BSC bus, any block can be defined as the 
home block (lower instruction 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 instruction 

fetch, processor memory access, or DMA. 

2. The instruction being executed. 
3. Which memory access within the execution of the in 

struction this is. 
4. The address. 

Information regarding the type of memory access is avail 
able before the start of the memory access. The instruction 
being executed can be decoded during the instruction fetch. 
The AEC keeps track of the instruction execution by count 
ing the number of memory accesses that have taken place 
before the current access. All of this information influences 
which register's contents will be placed on the BSC bus and 
is available 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 put the correct BSC on the bus until 

Registers 

Multiplexer 

BSC 
Bus 

Late Control 
Information 

(Address Decode) 

Early Control 
Information 

(Type of  Memory Access,  
Which Instruction. Etc.)  

Fig.  4.  Mult ip lexer speeds memory block select ion by making 
use  o f  ea r l y  i n f o rma t i on  t o  r educe  t he  number  o f  poss ib l e  
b lock se lec t  codes to  three or  fewer .  
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1AJ 

Fig. to Exist ing 9800 Series processor hybrid was modif ied to 
accommodate  the  new address  ex tens ion  ch ip .  

the address from the processor is valid and the total address 
is not valid until the BSC is valid, the time from the instant 
the address is valid until the BSC bus is valid is critical. To 
minimize the time necessary to get the BSC bus valid, a 
parallel register structure combined with a two-section 
multiplexer is used, as shown in Fig. 4. The contents of all 
six registers are available to the multiplexer all the time. 
The first section of the multiplexer uses the information 
that is available before the start of the memory access to 
reduce the number of BSCs possible to at most three. The 
second section of the multiplexer uses the address to make 
the final selection of which BSC is actually 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 
set (Fig. 5). 

A new metallization 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 
ducing the substrate layout design rules to 120-fj.m 
minimum conductor width and 80-/nm minimum space 
between conductors provided the flexibility necessary to 
add the new 1C. 

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 existing 
conductive elastomer gasket. All 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 107 to include 
the AEC while minimizing the impact to the production 
procedure by merely changing the substrate metallization 
mask. Sensitivity to misalignment 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  

Elec t romagnet i c  po l lu t ion  may  be  de f ined  as  the  e f fec ts  o f  e lec  
t romagnet ic  in te r fe rence (EMI)  p roduced by  man-made appara tus .  
The ser iousness o f  th is  in ter ference ranges f rom annoy ing in ter fer  
ence tha t  a f fec ts  a  rad io  o r  te lev is ion  channe l  to  in te r fe rence tha t  
causes fa i lu re  o f  an impor tant  communicat ion channel  or  a  card iac  
pacemaker .  

Electronic computers generate electromagnet ic radiat ion that  may 
range up to 1 GHz and beyond.  This  radiat ion is  caused by a l ternat  
i ng  cu r ren ts  and  vo l tages  p resen t  i n  the  compute r  ha rdware .  The  
s p e c t r a l  c o n t e n t  o f  t h e s e  s i g n a l s  c o n s i s t s  o f  b o t h  h a r m o n i c  a n d  
b roadband  p roduc ts .  

The  ha rmon ic  componen ts  a re  re l a ted  t o  t he  sys tem c lock  and  
o the r  pe r iod i c  sys tem wave fo rms .  A l though  the  amp l i t udes  o f  t he  
harmon ics  in  a  g iven  waveform genera l l y  decrease monoton ica l l y ,  
factors relat ing to radiat ion ef f ic iency, hardware, and packaging may 
a l l ow  s ign i f i can t  rad ia t i on  o f  f requenc ies  as  h igh  as  one  hundred  
t imes the  fundamenta l  f requency  component .  

Broadband noise is related to t ransi t ion t ime, or more speci f ical ly,  
to  s ing le-event  occurrences.  Radia t ion occurs  when these cur rents  
and  vo l t ages  ex i s t  i n  an tenna - l i ke  l oops  and  nodes .  A  s imp l i f i ed  
model f ields i l lustrates radiation of both electric and magnetic f ields is 
shown in Fig.  1.  

Regulat ions 
Var ious  organ iza t ions  and count r ies  have recommendat ions  and 

laws rad ia te .  l im i ts  on  the  leve ls  a t  wh ich  computers  may rad ia te .  
MIL -STD-4611 i s  a  m i l i ta ry  document  o f  the  Un i ted  S ta tes  Govern  
ment that  is  used as a control  standard,  pr imari ly  for  procurement of  
mi l i tary equipment.  The Federal  Communicat ions Commission of  the 
U n i t e d  S t a t e s  c u r r e n t l y  h a s  a  p r o p o s a l  s p e c i f y i n g  t h a t  t h e  e l e c  
t romagnet ic  f ie ld  a t  a  d is tance of  A/277 sha l l  not  exceed 15 /uY/m,  
where regula is the wavelength of the signal. At present, the FCC regula 
t i on  r ega rd i ng  compu te r s  i s  no t  ve r y  spec i f i c ,  me re l y  p roh ib i t i ng  
"harmful" interference. ComitÃ© International Special des Perturbation 
RadioÃ©lectriques (CISPR), which operates under the auspices of the 
Internat ional  Electrotechnical  Commission ( IEC),  is  an internat ional  
organizat ion that  seeks to establ ish internat ional  agreement on EMI 
l imits. CISPR publication 1 12 has l imits on industrial equipment cover 
ing frequencies between 0.1 5 MHz and 18 GHz. The l imits are volun 
tary  and have no lega l  s ta tus.  

A West  German law assigns the German Posta l  Serv ice to contro l  
in te r fe rence leve ls .  VDE (Verband Deutsches E lek t ro techn iker ,  As  
soc ia t i on  o f  German E lec t r i ca l  Eng ineers )  i s  an  o rgan iza t ion  tha t  
wr i tes  and  pub l i shes  regu la t ions  and  tes ts  fo r  comp l iance .  These  
regulations are typical ly similar to CISPR regulations and are used by 

Electric 
"E" Fields 

Magnetic 
"H" Fields 

2 0  3 0  6 0  1 0 0 1 5 0  3 0 0  6 0 0  1 0 0 0 1 5 0 0  3 0 0 0  6 0 0 0  
Frequency (MHz) 

Fig.  of  VDE inter ference f ie ld st rength l imi ts  and d is tance of  
measurement.  

m a n y  l i m i t s  c o u n t r i e s .  T h e  i n t e r f e r e n c e  f i e l d  s t r e n g t h  l i m i t s  f o r  
VDE 0871/3. 683 are shown in Fig. 2. 

The f requency range between 30 and 470 MHz is  measured a t  a  
d is tance o f  30  meters  in  the  fa r  f ie lds .  Far  f ie lds4  occur  when the  
d is tance  f rom the  source  exceeds  \ l2 -n .  The  fa r - f ie ld  wave  imped 
ance is 377Ã1, while the impedance of near fields will vary significantly 
depending upon the actual distance from the source and whether the 
predominant f ield is electric or magnetic. The test range used by VDE 
in Of fenbach,  West  Germany is  i l lust rated in F ig.  3.  
Measurement  Accuracy 

Accu racy  i s  d i f f i cu l t  t o  de te rm ine  fo r  rad ia ted  e lec t romagne t i c  
measurements.  Many measurement  uncer ta in t ies ex is t .  I t  is  not  un 
c o m m o n  t o  h a v e  m e a s u r e m e n t  d i f f e r e n c e s  g r e a t e r  t h a n  6  d B  b e  
tween polarized different test ranges. In particular, vertically polarized 
w a v e s  m a y  p r o d u c e  l a r g e  m e a s u r e m e n t  d i f f e r e n c e s . 5  I d e a l l y ,  
radiated EMI measurements would be measured in free space where 
f e w e r  s o  w o u l d  e x i s t .  U n f o r t u n a t e l y ,  t h i s  i s  n o t  p r a c t i c a l ,  s o  
more practical test si tes such as the one depicted in Fig. 3 are used. 
To fur ther  compl icate  the issue,  some regula t ions requi re  measure 
men ts  o f  near  f i e lds  wh i le  o the rs  spec i f y  fa r - f i e ld  da ta .  I t  i s  ve ry  
di f f icul t  to t ransform between far- f ie ld data and near- f ie ld data.  The 
o r i g i n  o f  t h e  w a v e  ( m a g n e t i c  o r  e l e c t r i c )  i s  o n e  o f  t h e  v a r i a b l e s  

Receiving 
Antenna 

1  m  

Fig .  1 .  Rad ia t ion  mode l  o f  e lec t r ic  and magnet ic  f ie lds .  

F ig .  3 .  EMI  tes t  range s imi la r  to  tha t  used by  VDE in  Of fen  
bach, West Germany. The surface is paved with asphalt  and a 
wire mesh under the asphalt provides a stable reflected wave. 
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requ i red  to  pe r fo rm th i s  t rans fo rmat ion .  The  uncer ta in t ies  o f  EMI  
m e a s u r e m e n t s  p l a c e  a n  a d d i t i o n a l  b u r d e n  u p o n  t h e  d e s i g n e r  i n  
isolat ing the key variables as well  as in sett ing the design standards. 

EMI Design Object ives 
Our ph i losophy in  es tab l ish ing the EMI  des ign ob jec t ives for  the 

9835A/B was to sat is fy our wor ldwide customers.  This led to set t ing 
o b j e c t i v e s  t h a t  c o v e r e d  r e g u l a t o r y  r e q u i r e m e n t s  t h r o u g h o u t  t h e  
wor ld  as  we l l  as  i n te rna l  Hew le t t -Packa rd  EMI  s tandards .  Among  
these object ives were:  

Not  to  exceed CISPR2 and VDE3 radiated in ter ference 
Not  to  exceed CISPR2 and VDE3 conducted in ter ference l imi ts  

i  To  be  immune to  s ta t i c  d ischarges  up  to  15  k i lovo l t s  
To be immune to  ex terna l  f ie lds  up to  1  vo l t /meter .  

EMI Design Features of  the 9835A/B 
A s igni f icant  amount  of  EMI shie ld ing has been designed in to the 

9835A/B to reduce EMI.  Shie ld ing the 9835A/B presented a specia l  
p r o b l e m ,  s i n c e  t h e  c a s e  p a r t s  a r e  m o l d e d  f r o m  s t r u c t u r a l  f o a m  
po lyu re thane ,  wh ich  i s  nonconduc t i ve .  A  conduc t i ve  mate r ia l  tha t  
sur rounds the E f ie ld  source is  requ i red to  prov ide e f fec t ive  sh ie ld  
ing. shield material with good magnetic properties is required to shield 
a g a i n s t  l o w e r - f r e q u e n c y  c o m p o n e n t s ;  h o w e v e r ,  o n l y  t h e  h i g h e r -  
f requency components  requ i red a t tenuat ion in  the 9835A/B.  

A  number  o f  methods  were  inves t iga ted  to  p rov ide  a  conduc t ive  
su r face  to  the  mo lded  p las t i c  pa r t s ,  i nc lud ing  va r ious  conduc t i ve  
paints,  vacuum metal l iz ing, and sprayed metals.  Resist ing corrosion 
and mainta in ing a low e lect r ica l  res is tance under  pro longed severe 
environmental  condi t ions were the major  cr i ter ia.  Z inc was selected 
as the pr imary conduct ive mater ia l .  A method cal led f lame spraying 
or  a rc  spray ing  is  used to  app ly  a  th in  layer  o f  z inc  approx imate ly  
0.005 smaller 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  prov ide an ef fect ive sh ie ld ,  s ince otherwise the seam 
m a y  a c t  a s  a  s l o t  a n t e n n a .  I n  g e n e r a l ,  a  s l o t  w i d t h  e q u a l  t o  1 / 4  
wavelength of a given exci tat ion frequency may produce an effect ive 
s l o t  a s  V a r i o u s  m a t e r i a l s  f o r  g a s k e t s  w e r e  e v a l u a t e d ,  s u c h  a s  
kn i t ted  mesh,  mesh over  e las tomer ,  meta l l i zed fabr ics ,  convo lu ted 
w i re  in  s i l i cone,  and meta l  con tac t  s t r ips .  A  w i re  mesh gasket  was  
selected because of  i ts  abi l i ty  to provide a low- impedance path and 
extended serv ice under  adverse env i ronmenta l  condi t ions.  An i l lus  
t ra t ion  o f  a  meta l l i zed  and  gaske ted  case  par t  i s  shown in  F ig .  4 .  
S p e c i a l  d e s i g n  c o n s i d e r a t i o n  w a s  a l s o  g i v e  t o  p r o v i d i n g  a  l o w -  
impedance path between the CRT module and the mainframe. A str ip 
o f  go ld -p la ted  spr ing  f ingers  contac ts  a  go ld -p la ted  bar  to  p rov ide  
th is  low- impedance path.  The spr ing f ingers are at tached di rect ly  to 
t he  z inc  o f  t he  CRT modu le  and  the  ba r  i s  connec ted  to  t he  z inc  .  
coat ing of the mainframe. A l ine f i l ter that provides approximately 50 
dB of attenuat ion between 1 MHz and 100 MHz is used to reduce the 
conducted rad ia t ion.  

Results 
Al l  o f  the  EMI  ob jec t i ves  se t  fo r  the  9835A/B Desk top  Computer  

h a v e  o f  m e t .  T h e  p r o d u c t  h a s  p a s s e d  t h e  l e g a l  r e q u i r e m e n t s  o f  
VDE for  both conducted and radiated e lect romagnet ic  in ter ference.  
VDE tested the 9835A both separately and as a system. The system 
consisted of a 9835A, a 9885M Flexible Disk Drive, a 9866B Thermal 
Pr inter,  and a 9872A Plot ter.  The 9835A/B has passed other internal  
speci f icat ions such as stat ic discharge to 15 kV, l ine transient tests,  
and suscept ib i l i ty  to EMI f ie lds.  
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Assembly  Programming Capabi l i ty  in  a  
Desktop Computer  
by Robert  M.  Hal l issy 

THE ASSEMBLY PROGRAMMING OPTION for the 
HP 983 5 A/If Desktop Computer represents a signifi 
cant step in the evolution of desktop computers. In 

tegrated into a single system is the friendliness of an inter 
preted high-level language and the power, speed, and 
flexibility of direct assembly language programming. 

Traditional descriptions applied to interpretive systems 
contain such phrases as friendly, easy to learn, high-level 
language, easy to program, slow to execute. HP desktop 
computers also exhibit such properties as transparent com 
piling, built-in editors, and high-level debug tools. Tradi 
tional assembly language systems tend towards the con 
verse of all of the above qualities. It was our objective to 
implement an extension to the 9835A/B that would provide 
access to the raw power of the processor and yet eliminate 
the negative aspects of assembly language programming. 

The phrase "friendly assembly language system" seemed 
to be so paradoxical that the initial investigation was ex 
panded to include languages other than assembly. We 
found that compiled high-level languages such as BASIC 
and FORTRAN did not allow the programmer direct access 
to the processor hardware. The system programming lan 
guage used to develop the system firmware was a 
machine-dependent language only one step removed from 
assembly. Our internal experience with this SPL proved 
that its intricacies were almost as unfriendly as straight 
assembly language. Therefore, assembly language was cho 
sen as the second language for the 9835A. 

The project team then set about designing a friendly 
assembly language system. Ideas were taken from existing 
desktop computers and from colleagues doing assembly 
language programming. The following 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 followed by mnemonic, followed by expression, fol 
lowed by comment. Source lines on the 9835A/B are typed 
in using the same EDIT capability provided by 9835A/B 
BASIC. The keyword ISOURCE tells the syntaxer to treat 
everything that follows as an assembly source statement. 
This allows the syntaxing to be performed when the line 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 line is entered, 
eliminating symbol searching and sorting at assembly time. 
Another aid to source entry is the space-independent 
characteristic of the syntaxer. Spaces can be inserted any 
where in the ISOURCE line and all characters can be in either 
upper or lower case. The syntaxer automatically converts 
labels to standard form (an upper-case letter followed by 

lower-case letters) and mnemonics to upper case. 
Finally, when a source line is successfully entered into 

the computer, it 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 instructions 

from the source lines stored in memory, is invoked by the 
Â¡ASSEMBLE statement. While this step is traditionally a 
time-consuming task, the 9835A/B's assembler is extremely 
fast, assembling source code at a rate greater than 800 lines 
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 assembler) are resident in read/write memory 
instead of on a disc or tape device. Assembly is so rapid, in 
fact, that there is no speed penalty in reassembling the 
source program each time a program is run. Thus, the tradi 
tional debug mode of modifying memory cells (patching) is 
virtually eliminated. The user simply modifies the source 
program and presses the RUN key. 

High speed is only one of the features of the built-in 
assembler. Others include completely relocatable object 
code, conditional assembly, literals, intermodule linkage, 
and auto indirect addressing. The latter feature allows users 
to forget about the inherent addressing mode of the proces 
sor. Standard memory reference instructions, for example, 
have a 10-bit address field, allowing direct addressing of 
the 1024 locations surrounding the address of the instruc 
tion. With our system, if a user references a location more 
than 512 words away, the assembler automatically imple 
ments indirect addressing through a link placed in a literal 
pool. 

Linking object modules together is the final step users of 
traditional systems must perform before trying to execute 
the assembled program. The 9835A/B performs linking au 
tomatically and transparently to the user. As soon as a 
module is successfully assembled, it is linked with other 
modules in memory. Again, this process is so rapid it is not 
noticeable to the user. 

Debugging 
Traditional assembler systems provide distinctly un 

friendly tools for debugging programs. Once debug mode is 
invoked, the user can typically establish one or more break 
points at memory locations within the program. The ad 
dresses of these points must be computed from the listing 
and a load map. When and if the program reaches a break 
point, it stops, and a monitor program allows the user to 
inspect and change memory or registers from the terminal. 
The user must often have a listing and load map of the 
program as well as instruction bit patterns for decoding or 
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patching instructions. 
The debug tools provided by the 9835A/B are designed to 

minimize the length of time needed to track down bugs. For 
example, since all 983 5A debug tools allow symbolic ad 
dressing, load maps are unnecessary. Also, when a break 
point is reached (there can be eight break points at a time). 
the user is prompted by the appearance on the CRT of the 
source line that generated the instruction. Thus, listings are 
unnecessary for debugging. 

However, the feature that sets the 9835A/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 
interpreter. This allows users to execute BASIC statements 

INTEGER R'iÂ·isB) H 

RBNUGMIZE -.356789411 
F O R  1 = 1  T O  1 0 0  
f l<n = 108*RNB 

N = 1BB 

" 

D 

1 B R E H K  L a b e l  G O S U B  Ã ­ u . p  r o u t i t , .  I  S E T  U P  B R E f l K  P O I N T  
I C R L L  T e s '  1  C f l L L  T H E  f l S S E M B L Y  L R N G L I R G E  R O U T I N E  
I  

>. ... PEHRIMBEP OF PPOGPftM 

! THE FOLLOWING ROUTINE GETS CRLLEB ERCH TINE THE BREB' :': REflCHEB: 

UM routine: IDUNP fl TO B;RSC String TO String, 2 ' DUNP CONTENTS OF R RND 

B TO PRINTER IN OCTflL; BUMP 3 WORDS 

STHRTING RT String IN RSCII CHHRRCTER. 

IF - -E: '". - i~ JRN IHHEDIRTELV 0 6  I F  I H E H < R > = 6  T H E  1  

EEEP 

0 Pfi-USE 

. -I - -: : -â€¢ 
r r  -  

! 

SOUR E ! . . . 

---..- Â£ 
S O U R  E  L D f l  H o o t :  

S O U R  E  L a b e l  :  S T B  T e u p  

S O U R  E  C P R  = 0  

SOUR E Â» 

SOURCE ! ... 

SOURCE ' 

rt 

UHIT FOR HIP 

RETURN TO RSSEHBLÃ. 

f l N D  

Fig.  1 .  BASIC- language program for  the 9835A/B conta in ing 
an  assembly  language  subprogram.  

F i g .  2 .  9 8 3 5 A I B  a s s e m b l y  l a n g u a g e  p r o v i d e s  p o w e r f u l  d e  
bugging tools. Breakpoints can be set up (as many as eight at 
a t ime) and BASIC or assembly language program statements 
can be executed when a breakpoint is reached. Thus complex 
tes ts  can be executed automat ica l ly  a t  breakpoin ts .  

and even execute BASIC programs or other assembly pro 
grams. When desired, the original assembly program can be 
resumed where it was interrupted. As illustrated in Fig. 2, 
the user can program complex tests in BASIC as part of a 
debug routine to be executed automatically each time a 
breakpoint is reached. 

Other debugging capabilities include memory modifica 
tion (ICHANGE statement), successive single instruction 
execution for single step (manually with the STEP key or 
under program control using the IBREAK ALL statement), 
break on instruction or data, interpretive mode execution 
(allowing memory access violations to be detected), and 
multiformat dumps (octal, hexadecimal, binary, decimal, or 
character). 

The  ROM Concept  
One of the reasons program development using tradi 

tional assembly language systems is so time-consuming is 
that each of the development steps (EDIT, ASSEMBLE, LINK, 
and DEBUG) typically requires loading and running a spe 
cial program. 

With the 9835A/B, all of those special programs are built 
into the assembly language development ROM and are im 
mediately accessible by the execution of simple BASIC 
statements. 

A second part of the ROM concept is that the assembly 
language system is available in two forms. The develop 
ment system contains all tools necessary to create, debug, 
and execute assembly language programs. For the OEM 
whose end user only needs to run assembly language pro 
grams developed by the OEM, an execution ROM is availa 
ble that provides only those capabilities needed to load, 
run, and store complete programs. 

Applicat ions 
Assembly language inherently requires more program 

ming effort than a high-level language. If it is used, it is used 
to gain some benefit in either speed or capability. In the 
9835A/B, the benefit is primarily speed, since there is al 
most nothing that can be done in assembly language that 
can't be done in BASIC. Thus we can measure the increased 
system performance by the speed ratios of identical tasks 
programmed in assembly language and BASIC. 
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Operation 

1.  Single Floating Point 
2 .  Real  Array Manipulat ion 
3.  Interrupt  Service Response 
4. Integer Multiply 
5.  Most Simple Operat ions,  e.g. ,  

Branches,  Loops,  Integer Manipulat ion 

Improvement Factor 

0.8 
3.0 

20.0 
50.0 

100.0 

F i g .  3 .  E x a m p l e s  o f  s p e e d  i n c r e a s e s  ( a n d  o n e  d e c r e a s e )  
us ing  assemb ly  language  p rogramming  fo r  pa r t i cu la r  opera  
tions. 

Fig. 3 shows the range of speed ratios that can be expected 
for various primitive operations. Note that single-precision 
floating-point arithmetic operations actually take longer in 
assembly language than in BASIC because the 9835A/B's 
BASIC interpreter is optimized for these operations. Since 
any particular application would use combinations of the 
different primitive operations, performance gains from 0.8 
to 100 or more are possible. 

The kinds of applications that can benefit most from the 
use of assembly language are those for which 9835A/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 algorithm in 
assembly language. On the other hand, there is no built-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 algorithm coded in 
assembly language may decrease the time by a factor of 
three or more. 

Other applications that can gain performance include 
data-dependent or computation-dependent I/O, real-time 

control, data formatting, integer array manipulation, and 
data logging. 
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