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A High-Performance 2- to-18-GHz Sweeper  
This  prec ise ,  compact  mic rowave sweep osc i l la to r  i s  a  
signif icant contribution to its f ield. The latest microelectronic 
and YIG techno logy  makes i t  poss ib le .  

by Paul  R .  Hernday  and Car l  J .  En low 

THE NEED FOR VERY BROADBAND swept 
microwave sources is well established. Produc 

tion testing of multi-octave devices requires a broad 
band sweeper that is simple to operate. Automated 
test systems need a source that is programmable and 
can be phase locked. Broadband receiver testing often 
requires a compact unit for on-site swept tests. The 
broad area of microwave design calls for a general- 
purpose sweeper that offers precision performance 
and is simple to interface with related equipment 
and convenient to operate. 

The truly broadband source, a single oscillator 
capable of sweeping a frequency range such as 2 to 
18 GHz in one uninterrupted sweep, is not presently 
available, but there are alternatives. The most direct 
method is  to sequence several  narrower-band 
sweepers by means of an external controller so the 
resulting sweep covers the desired range. Another 
approach, using one sweeper and several plug-in 
RF heads installed in a "head-holder", reduces cir 
cuit redundancy and simplifies operation by giving 
frequency control to a single sweeper, but the equip 
ment is still physically large. 

A more compact scheme is to put the required oscil 
lators in a single sweeper and sequence them inter 
nally. More compact yet is a single oscillator followed 
by a harmonic multiplier to produce the higher 
frequencies. 

A  N e w  S w e e p e r  
This last scheme is used in the new Model 86290A 

2-to-18-GHz RF Plug-In for the 8620A Sweep Oscilla 
tor mainframe, making the combination the most 
compact broadband sweeper currently available (see 
Fig. 1). Designed to meet the requirements of all ma 
jor sweeper applications, the 8620A/86290A pro 
vides more than +5 dBm of power, leveled to within 
Â±0.9 dB, in fast, continuous sweeps over the 2-to-18- 
GHz frequency range or any portion of this range 
(Fig. 2). 

Besides the 2-to-18-GHz band, the 86290A pro 
vides three narrower bands: 2-6.2, 6-12.4, and 12-18 
GHz. All bands are selectable by means of a front- 
panel dial drum switch on the 8620A mainframe. In 
CW mode in any of the narrower bands, the output 
frequency is accurate within Â±20 MHz and resolution 
is 100 kHz, specifications approaching those of the 
traditionally more precise signal generator. Sweep 
ing over the widest band the frequency is accurate 
within Â±80 MHz. Undesired harmonics are at least 
25 dB and typically 30 dB below the desired output 
signal. 

The new sweeper weighs just 15 kg (33 Ib), so it can 
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Fig. 1 . Model 86290 A is a new R F 
p l u g - i n  f o r  M o d e l  8 6 2 0 A  S w e e p  
Osc i l la to r .  Four  f requency  bands 
are  se lec tab le  by  f ront -pane l  con 
t r o l s :  2 - 6 . 2 ,  6 - 1 2 . 4 ,  7 2 - 7 8 ,  a n d  
2- 18 GHz. The combinat ion is the 
most compact broadband sweeper 
currently avai lable. 

easily be carried to field sites. Its versatility makes it 
useful in a wide array of applications, some of which 
are described in the article beginning on page 15. 

RF Design 
Fig. 3 is the RF block diagram of the 86290A. The 

basic elements are a single wide-band YIG-tuned os 
cillator (YTO), a power amplifier, and a 2-to-18-GHz 
YlU-tuned multiplier (YTM). Consisting of a step- 
recovery-diode and a YIG-tuned filter, the multiplier 
converts the amplified YTO signal to useful RF power 
levels at twice and three times the YTO frequency. 

The YTO's tuning range is 2-6.2 GHz. The YTM 
passes this signal directly to provide the first of the 
three narrower bands mentioned earlier. The other 
two bands, 6-12.4 and 12-18 GHz, are derived by 
tuning the YTM to twice and three times the YTO 
frequency as the YTO is tuned over 3-6.2 and 4-6 GHz 
respectively. Here the YTM is specially biased to 
provide maximum harmonic level. These three single 
bands will be referred to as bands 1, 2, and 3, cor 
responding to their respective harmonic numbers 
and 8620A dial drum positions. Band 4, 2-18 GHz, is 
obtained by automatically sweeping, in sequence, the 
required portions of these three bands. 

Power leveling in the 86290A is achieved by sens 
ing output power with a broadband directional detec- 

5  dBm 

10 
Frequency  (GHz)  

F i g .  2 .  T h e  2 - 1 8  G H z  p l u g - i n  p r o v i d e s  m o r e  t h a n  
+5 dBm of power output, internal ly leveled to within Â±09 dB. 
External  level ing is a/so possible.  

tor, comparing this signal to a level control voltage, 
and applying the error signal to a PIN modulator. 
The modulator precedes the amplifier so the modula 
tor's insertion loss is cancelled by the excess small- 
signal gain of the amplifier (see box, page 11). The 
modulator also contains a directional coupler to 
sample the YTO signal and route it to the rear panel for 
counting or phase-lock applications. 

In general, the conversion efficiency of a harmonic 
multiplier drops as the harmonic number n in 
creases. Therefore, for a given drive power, the high 
est output power is achieved by keeping n as small 
as possible. In a sweeper, small n means fewer band 
switch points and correspondingly simpler drive cir 
cuitry and cleaner display. However, small n implies 
greater oscillator range, since the YTO must tune, in 
this case, from 2 GHz to an upper limit set by 18/n 
GHz. The choice of n = 3 as the maximum for the 
86290A was determined by the state of the art in YIG 
oscillator technology. 

While the multiplier approach is compact and 
does not require the development of multi-octave os 
cillators, it does pose several tough design con 
straints. The YTM and YTO must have excellent tun 
ing characteristics to permit good tracking of the de 
sired harmonic by the narrow passband of the YIG 
filter. Multiplier conversion loss must be 11 dB or 
better and the power amplifier must supply at least 
100 mWat 2-6. 2 GHz to guarantee the + 5 dBm power 
output specification. In addition, the YIG control 
circuitry must be very stable with temperature and 
time and must compensate for the tuning errors in 
herent in magnetically tuned devices. 

Track ing  Y IG Components  
Tracking the YTO harmonic with the single-pole 

YIG-tuned filter proved to be a challenging design 
task. The YTM 1-dB bandwidth, as low as 20 MHz at 
some frequencies, dictates how closely the two must 
track to avoid unacceptable variations in output 
power. 
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F i g .  3 .  R F  b l o c k  d i a g r a m  o f  t h e  
2 -18  GHz p lug- in .  The YIG- tuned 
osci l lator and YIG-tuned harmonic 
mu l t i p l i e r  t rack  each  o the r  i n  f re  
quency.  

The sources of tracking error include magnetic 
saturation, hysteresis, and delay, and thermal drift 
and aging in both the YIG devices and the control cir 
cuits. Some of the magnetic effects can be compen 
sated in the control circuits. Others must be con 
trolled by optimizing the design of the YIG magnets 
themselves. 

Each YIG-device/driver block has its own set of fre 
quency errors. One way to guarantee tracking would 
be to modify the errors of one block to make it track 
the other. Another way is to correct the errors of both 
blocks independently, so when they are put together 
only very minor adjustments are necessary. This is 
the approach taken for the 86290A. The benefits are 
many. It simplifies production and service, provides 
excellent frequency accuracy, and results in a typical 
frequency nonlinearity less than Â±8 MHz in bands 
1. 2. and 3 and Â±30 MHz in the 2-18 GHz band. 
Magnet Design 

Hysteresis and saturation are familiar effects 
whose magnitudes depend upon the magnet core 
material. Saturation is also influenced strongly by the 
magnet geometry, particularly the shape of the pole. 
For the 86290A, the magnet gap and pole face diameter 
were chosen based on YIG sphere size, and the opti 
mum pole taper for these dimensions was derived.1 

Hysteresis is also affected by geometry in that the 
overall magnetic hysteresis is a function of the 
length of core that is made from high-hysteresis 
material and of the flux density in this portion of the 
core. Magnet core materials must be chosen to mini 
mize both hysteresis and saturation. Of the soft 
magnetic materials generally used in these applica 
tions, the 50% and 80% nickel alloys are the most 
convenient. 
â€¢Non lmean t y  i s  t he  d i f f e rence  be tween  t he  ac tua l  ou tpu t  f r equency  and  t ha t  i nd i ca ted  by  t he  SWEEP 
O U T P U T  v o l t a g e  i n  t h e  M A N U A L  m o d e  

The configuration of these materials in the magnet 
is complicated by their thermal expansion character 
istics. Unless applied correctly, these materials can 
contribute significantly, through gap change, to the 
overall temperature dependence of the YIG device. 
In the 86290A magnets, these materials are used 
where required by hysteresis and saturation consider 
ations and their lengths are chosen to satisfy a zero- 
gap-drift constraint. Applying this technique to the 
design of the YTO and YTM magnet structures re 
sulted in the following magnetic properties, mea 
sured in bands 1, 2 and 3. 

YTO YTM 
Maximum Hysteresis Error (MHz) Â±1 Â±2 
Maximum Saturation Error (MHz) Â±3 Â±18 

The effect of hysteresis errors is further reduced by 
the fact that the two magnet structures are similar 
and have similar sweep histories. Thus there is con 
siderable cancellation. The remaining nonlinearity 
caused by saturation can be compensated by the YIG 
control circuits, to be described later. 

The third magnetic effect, sweep delay, is caused 
by the bucking effect of eddy currents induced in 
core and package materials by a change in applied 
magnetic field. The lagging field at the YIG causes a 
lag in the actual tuned frequency. A large portion of 
this delay comes from the magnetic core itself and 
cannot be eliminated without laminating the core, 
which decreases rigidity and makes hermetic sealing 
difficult. However, eddy currents in the circuit sup 
port structure can be reduced by avoiding closed 
loops and by using thin, high-resistance metals. The 
remaining influence is compensated very well by the 
control circuits, as explained later. 

Magnet gap change is not the only source of ther- 
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mal drift in the YIG components. The YIG spheres 
themselves and the oscillator transistor in the YTO 
can contribute drifts more than an order of magni 
tude greater than even an uncompensated magnet. 
Careful alignment of the YIG sphere's anisotropic 
field and the use of heater/regulators greatly reduce 
these effects in the new sweeper (see boxes, pages 
6 and 8). Aging, mentioned earlier as a source of 
tracking error, results mainly from gradual change 
of the gap itself. At 6 GHz, a 0.0025-mm variation in 
a 2.5-mm gap causes a frequency shift of 6 MHz. This 
sort of variation can be expected over a few weeks time 
unless great care is taken in the attachment of the 
magnets. YIG magnets for the 86290A are held in 
place by strong metal clamps so there is negligible 
gap change with time. 
YIG Driver Design 

Ideally, spherical YIG resonators tune linearly 
with applied magnetic field according to the relation 
f = yH, where H is the applied field in gauss and y is 
approximately 2.8 MHz/gauss (see box, page 13). 
Magnetic field is proportional to current through the 
magnets, so a linear frequency sweep requires a linear 
curreni lamp. 

The YIG driver circuits have three main sections: 

the circuits that change the tuning current ranges as 
the YIG components are swept across the bands, the 
driving current sources, and finally, the compensa 
tion for the effects of magnetic saturation and delay. 
A representative driver schematic is shown in Fig. 4. 

A frequency control signal of zero to ten volts is ap 
plied for each of bands 1, 2, and 3. Depending on the 
band, zero volts represents 2, 6, or 12 GHz, and ten 
volts represents 6.2, 12.4, or 18 GHz. Ul and the resis 
tive networks around it constitute an inverting ampli 
fier with three possible combinations of gain and dc 
offset. Each resistive network corresponds to one of 
the three bands and is switched into effect by the 
band control inputs. For an increasing input voltage, 
V falls and the feedback loop comprised of U2, 
Ql, Q2, Q3, and Rref assures that Vref=V. The 
current through Rref increases proportionally. Ql's 
base  current  is  negl igible  and U2's  input  im 
pedance is high; therefore, the entire current is de 
livered to the magnet. 

Each YIG device has a driver of this type. Every 
range-switching network has two adjustments, and 
must be aligned for proper YTO frequency excursion 
and optimum YTM harmonic tracking. 

If the YIG components were i Heal, this would be 

B a n d  1  C o n t r o l  ( T )  

B a n d  2  C o n t r o l  ( ? )  

B a n d  3  C o n t r o l  ( T )  â€¢ 20V Frequency Reference ( -20VFR) 

Râ„¢. 

Saturation 
Compensation 

Band Switching 

Fig. tune resonators. driver circuits provide the linear current ramps that tune the YIG resonators. The 
dr ivers  a lso compensate for  magnet ic  satura t ion and de lay in  the YIG magnets .  
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A 2-18-GHz YIG-Tuned Multiplier 
The  Y IG- tuned  mu l t i p l i e r  (YTM)  i s  the  key  to  the  86290A 's  

broad f requency range.  Whi le  mul t ip l ie rs  have an es tab l ished 
place this microwave design, the important contr ibut ions of this 
d e v i c e  a r e  i t s  e x t r e m e l y  w i d e  i n p u t  a n d  o u t p u t  f r e q u e n c y  
ranges and i ts  ef f ic ient  generat ion of  harmonic power.  Given a 
h igh - leve l ,  2 -6 .2 -GHz d r i ve  s igna l ,  the  YTM prov ides  second  
a n d  t h i r d  h a r m o n i c  p o w e r  t o  1 8  G H z  w i t h  c o n v e r s i o n  l o s s  
under  11  dB.  I t  can  a lso  pass  the  fundamenta l  s igna l  w i th  ap  
prox imate ly  6 dB loss,  complet ing the f requency range wi thout  
t he  need  to  bypass  the  YTM.  These  fea tu res ,  comb ined  w i th  
tun ing  l i near i t y  be t te r  than  Â±18 MHz in  any  o f  the  harmon ic  
ranges,  make the YTM a very powerful  microwave component.  

The YTM is  shown schemat ica l ly  in  F ig .  1 .  An HP s tep- reco 
v e r y - d i o d e  ( 3 R D )  i s  e m p l o y e d  a s  t h e  n o n l i n e a r ,  h a r m o n i c -  
generat ing element.  I t  is  fo l lowed by a single-sphere YIG-tuned 
f i l ter ,  which tracks the desired harmonic and rejects the others.  
T o  m i n i m i z e  c o n v e r s i o n  l o s s ,  t h e  S R D ' s  s e l f - b i a s e d  c o n d i  
t i o n  i s  m o d i f i e d  w i t h  a n  e x t e r n a l  b i a s  s i g n a l .  T h i s  s i g n a l  i s  
shaped f rom the 86290A's f requency contro l  vo l tage and is  set  
i n  the  fac to ry  fo r  op t imum YTM per fo rmance .  The  3RD i s  fo r  
ward  b iased for  2 .0-6 .2  GHz output .  

Coupl ing to  and f rom the YIG resonator  is  accompl ished v ia  
conduc t ing  loops  tha t  pass  over  oppos i te  s ides  o f  the  sphere  
to  g round .  These  loops  a re  s i tua ted  a t  r i gh t  ang les  to  the  ap  
p l ied  magnet i c  tun ing  f ie ld ,  H ,  and  a re  a t  r igh t  ang les  to  one  
another to avoid direct coupl ing from input to output. The output 
p o w e r  i s  p r o p o r t i o n a l  t o  R F  c u r r e n t  ( s e e  b o x ,  p a g e  1 3 ) ,  s o  
t h e  3 R D  m u s t  b e  d r i v e n  f r o m  a  l o w - i m p e d a n c e  s o u r c e .  T h e  
i n p u t  m a t c h i n g  c i r c u i t  p r o v i d e s  t h i s  l o w  i m p e d a n c e ,  t r a n s  
forming the 50ÃÃ generator impedance to less than 10Ã1 over a 
b road  f requency  range .  I t  a l so  p reven ts  the  f low o f  harmon ic  
energy  back  in to  the  dr iv ing  source.  

The input c i rcui t ,  the 3RD, and the YIG f i l ter 's  input coupl ing 
loop are on a sapphire substrate, and the output loop is located 
on  a  second  subs t ra te .  Benea th  each  l oop  i s  a  ho le  s l i gh t l y  
larger  than the YIG sphere.  The subst rates are p laced back to  
back  w i th  the  sphere  be tween the  loops .  

Temperature compensat ion of  the YIG f i l ter  is  accompl ished 

R F I n  
2-6.2 GHz 

S t e p  Y | G  
R e c o v e r y  Â « .  h  

D iode 
Low-Pass 

Filter 

Fig. 1. 

using two establ ished techniques.  First ,  the sphere is mounted 
n e a r  a  k n o w n  c r y s t a l l i n e  a x i s  t o  r e d u c e  t e m p e r a t u r e  d e p e n  
dence .  Then ,  when  the  c i r cu i t  i s  i n  opera t ion ,  the  en t i re  sub  
s t ra te  assemb ly  i s  hea ted  to  a  cons tan t  75Â°C.  A  t i ny  bead-  
s ty le  thermistor  moni tors  the temperature near  the sphere.  An 
external  c i rcu i t ,  mounted on an at tached pr in ted c i rcu i t  board,  
supp l i es  a  con t ro l  s i gna l  t o  a  res i s t i ve  hea te r  a longs ide  the  
substrates. 

Roben Jo/y  
Ale jandro Chu 
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enough. In reality, saturation and delay make addi 
tional circuitry necessary. Linearity is improved by 
shunting Rref with selected resistors as the YIG fre 
quency is increased. The circuit that does this is in 
dicated in Fig. 4. As Vref drops with increasing mag 
net current, it crosses the level set by the divider, R4 
and R5, and the diode conducts. The ratio of R4 and R5 
determines the switch point, and their magnitudes 
govern the amount of correction applied. Several 
such networks are used as needed to reduce non- 
linearity of a given YIG device to a few megahertz 
across any band. 

Delay compensation can be implemented at the 
reference resistor or in the range switching circuitry. 
The delay mechanism itself can be represented quite 
well by a simple RC low-pass circuit (Fig. 5). The cir 
cuit's response to a linear ramp is given by 

eout(t) = at - aRC(l-e-tRC). 

where ein(t) = at. Thus a signal of the form 1 -e~l ic is 

required to compensate the magnet for delay. This is 
present in the current flowing through the low-pass 
circuit, given by 

i ( t )  = aC[l-e-^c].  

Magnetic delay rm is approximately 150 micro 
seconds for unlaminated structures of good design. 
RC is analogous to rm, so compensation can be real 
ized with components of convenient size. 

The use of this circuit in an actual driver is illus 
trated in Fig. 4. Point A is a virtual ground when con 
nected to Ul by the FET switch. Current into this 
node causes an increase in frequency. Elements RÂ¡ 
and CÂ¡ (i = 1 ,2 ,3) are selected to duplicate the magnet 
time constant and to provide, in conjunction with the 
feedback resistor Rfi, a signal level consistent with the 
actual delay effect. A second RC leg may be paralleled 
with the first to tailor the compensation more closely 
for a particular device. 

The selection and loading of the proper R and C val- 
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Current 

Magnetic 
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F i g .  5 .  M a g n e t i c  d e l a y  i s  r e p r e  
s e n t e d  w e l l  b y  a n  P C  n e t w o r k .  
T h u s  a  s i m p l e  n e t w o r k  c a n  p r o  
v ide a  compensat ing s igna l .  

ues for each range could be a tedious affair. In the 
86290A, a fixed capacitor, an operational amplifier, 
and variable resistors provide a compensating wave 
form that is continuously variable in both time con 
stant and magnitude, eliminating the nefiH for selec 
ted components. 
Minimizing Drift 

Drift of the frequency control voltage causes a fre 
quency error, but since this signal is common to both 
drivers, no tracking error occurs. However, great care 
must be taken to minimize sources of drift within the 
drivers. All operational amplifier offsets are nulled 
and Â±2 ppm/Â°C metal film resistors are used in gain 
and offset functions. The driver reference resistors are 
matched to Â±1 ppm/Â°C and are derated greatly to re 
duce self-heating. In the band-switching circuits, the 
FETs are operated directly into the high-impedance 
operational amplifier to eliminate the effects of FET 
on-resistance drift. 

Another source of drift is found in the 8620A main 
frame's + 20V frequency reference ( + 20VFR), which 
is the reference voltage for both current sources. It is 
related to drive current by the equation, 

+ 20VFR -Vref 
I = 

ref 

Variations in +20VFR may be as high as Â±0.4 mV/Â°C. 
To avoid the corresponding frequency and tracking 
drifts, the supply is compared to a stable reference in 
the 86290A and a correction signal is applied to the 
drivers. This technique also makes the instrument 
immune to variations in + 20VFR among mainframes. 
Frequency Control 

Two types of signals control the 86290A output fre 
quency: logic signals that select the range of the cur 
rent source in the YIG driver, and the 0-10V fre 
quency control voltage that drives the current source 

across the selected range. The control scheme for 
generating these inputs is illustrated in Fig. 6. 

For the narrow ranges (2-6.2 GHz, 6-12.4 GHz, and 
12-18 GHz), the 0-10V tuning voltage from the 8620A 
mainframe is essentially a direct input to the YIG 
drivers. In all three uf these ranges, Ql is switched 
on, routing the tuning voltage through U4, a voltage 
follower, to the drivers. Similarly, the range logic is 
determined by direct mainframe inputs: the band 1, 
2, and 3 lines are routed through dual-input OR gates 
to an 1C that shifts the TTL level to 0-1 0V for driving 
the FET switches in the YIG drivers. 

When the 2-to-18-GHz range is selected, the 0-10V 
tuning voltage from the mainframe is no longer suit 
able as a direct input to the YIG drivers. To cover this 
range, the drivers must sweep across the narrow 
ranges sequentially. This requires that for each 
0-10V excursion by the mainframe tuning voltage, 
the YIG driver frequency control voltage must 
make three 0-10V excursions. Waveforms 4 and 5 in 
Fig. 6 show this relationship. 

Selection of band 4, 2-18 GHz, causes Ql to turn 
off, Q2 to turn on, and Kl to close. The mainframe 
tuning voltage is then directed through Kl to the in 
puts of two comparators, Ul and U2, which are refer 
enced at +2.625 volts and +6.500 volts, respectively. 
The combined outputs of these comparators, wave 
forms 1,2, and 3 in Fig. 6, indicate the desired YIG 
driver range as a function of mainframe tuning vol 
tage: 0-2. 625V corresponds to 2-6.2 GHz, 2.625- 
6.500V corresponds to 6-12.4 GHz, and 6.500- 
10.000V corresponds to 12-18 GHz. In addition to 
controlling the YIG driver range, these signals switch 
offset and gain around U3 to convert the tuning vol 
tage into the required frequency control voltage, 
waveform 5 in Fig. 6. 

From this discussion, it might be concluded that 
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A 2.0-6.2-GHz YIG-Tuned Oscillator 

T h e  f u n d a m e n t a l  s i g n a l  s o u r c e  i n  t h e  8 6 2 9 0 A  i s  a  
2.0-6.2-GHz, YIG-tuned t ransistor  osci l la tor  (see Fig.  1) .  I t  fea 
tures a 20-mW output  level ,  Â±3-MHz tuning accuracy,  hystere 
sis under 2 MHz, and frequency dri f t  of less than 150 kHz/Â°C. 

Fig. 1. 

The YTO circui t  is bui l t  in microstr ip on a sapphire substrate. 
Al l  t ransistors are HP 35820. The circui t  is shown schematical ly 
i n  F i g .  2 .  T h e  o s c i l l a t o r  s t a g e  c o n s i s t s  o f  Q 1 ,  f e e d b a c k  
i n d u c t a n c e  L 1 ,  a n d  t h e  Y I G  s p h e r e  w i t h  i t s  c o u p l i n g  l o o p .  
Q1  p resen ts  a  nega t i ve  res i s tance  to  the  resona to r  ove r  t he  
d e s i r e d  f r e q u e n c y  r a n g e .  O s c i l l a t i o n  a m p l i t u d e  g r o w s  u n t i l  
t h e  a v e r a g e  n e g a t i v e  r e s i s t a n c e  s e e n  l o o k i n g  i n t o  t h e  e m i t  
te r  o f  Q1 equa ls  the  res is tance o f  the  YIG resonator .1  The re  
sonator  detunes very s l ight ly  to present  a reactance equal  and 
opposite to that seen at the emitter of Q1 . Q2 and Q3. along with 
the i r  match ing s t ruc tures,  fo rm a broadband buf fer  ampl i f ie r .2  
The f ive bias resistors are located externally and al low the selec 

tion each a unique operating point for each transistor; hence each 
stage can be opt imized for  maximum output  power or  adjusted 
for  desired harmonic level .  

The choice of  YIG sphere parameters is  cruc ia l  to  osc i l la tor  
per formance.  RF coupl ing increases wi th  sphere s ize,  g iven a 
c o n s t a n t  c o u p l i n g  l o o p  d i a m e t e r .  A s  s p h e r e  a n d  l o o p  d i a  
meters become comparable,  however,  the uni formi ty  of  the RF 
coup l i ng  f i e l d  deg rades .  Th i s  enhances  spu r i ous  Y IG  reson  
ances which show up as sharp frequency discont inui t ies as the 
osc i l la tor  is  swept .  Sphere and loop d iameters in  the YTO are 
0 .063 mm and 0 .127 mm respect ive ly .  

The  dens i ty  o f  magnet i c  d ipo les  w i th in  the  sphere  i s  de te r  
m i n e d  b y  i t s  s a t u r a t i o n  m a g n e t i z a t i o n .  T h i s  p a r a m e t e r  i s  
bounded on the high side by the intrusion of spurious YIG reson 
ances in the lower port ion of the band, and on the low side by a 
decrease in RF coupl ing. For the 2-6.2 GHz range, a 600-gauss 
sphere is  the best  compromise.  

The greater  por t ion o f  the YTO's  uncompensated f requency 
dr i f t  is  caused by the temperature dependence of  the sphere 's 
anisotropic f ield. Such dr i f t  can be reduced great ly by or ient ing 
the YIG for  zero an isot ropy.  Wi th  proper  in i t ia l  or ientat ion,  as 
many  as  e igh t  tempera tu re  compensated  (TC)  po in ts  may  be  
found in a single 360Â° rotat ion of the sphere about an axis per 
pend icu lar  to  the app l ied dc  magnet ic  f ie ld .  In  th is  osc i l la tor ,  
the YIG sphere is mounted on a beryl l ium oxide rod in such an 
orientation. I t  is then rotated unti l  a TC point is found. Final ly, a 
75Â°C of  is  a t tached to  the rod to  fur ther  reduce the ef fect  o f  
a m b i e n t  t e m p e r a t u r e  c h a n g e s .  T h e  w h o l e  a s s e m b l y  i s  s u p  
por ted in  a quar tz  tube to min imize heat  losses (see Fig.  1) .  

The  des ign  o f  t he  tun ing  magne t  i s  d i scussed  i n  t he  ma in  
text .  Magnets are held in place with pairs of  metal  c lamps, and 
are hermetical ly sealed with a stable, moisture-resistant epOxy. 
The osci l lator is housed in a mu-metal shield can. Heat is trans 
f e r r e d  f r o m  t h e  o s c i l l a t o r  c i r c u i t  v i a  a  c o p p e r  b a r  t h a t  s u p  
ports the circuit  and passes through the wal l  of  the center body 
and sh ie ld ing  can to  make thermal  contac t  w i th  the  86290A's  
a luminum heat  s ink cast ing.  

Roger Stanc/ i f f  
Pau l  Hernday 
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Fig.  band-select  f rom contro l  c i rcu i ts  take the tuning vol tage and band-select  s ignals f rom the 
8620 A mainframe and provide 0-10V ramps that dr ive the YIG-driver current sources across the 
p r o p e r  t o  I n  b a n d  4 ,  2 - 1 8  G H z ,  t h e  s w e e p  s t o p s  m o m e n t a r i l y  a t  b a n d - s w i t c h  p o i n t s  t o  

avo id  f requency  and  power  gaps .  

there is considerable overlap â€” 200 MHz and 400 
MHz â€” at the range switch points. This would be the 
case if on each excursion of the frequency control vol 
tage the limits were exactly 0 and +10 volts. Actual 
ly, the limits are adjusted at U3 so the overlap is less 
than 20 MHz at each switch point. 

Mainframe/Plug- ln Interface (Band 4)  
The 86290A plug-in carries on a two-way com 

munication with the 8620A mainframe. To avoid fre 
quency and power gaps as it sweeps across three sepa 
rate ranges sequentially, the 86290A must have a means 

of stopping the sweep generator in the mainframe dur 
ing range switching intervals. (This is what causes the 
two flat levels in waveform 4 of Fig. 6.) Also, to 
achieve fast sweep tracking between YTO and YTM 
in sequential operation, the maximum rate of fre 
quency change must be no greater than in single- 
range operation. Since the 2-to-18-GHz range is 
about three times wider than the other ranges, the 
plug-in needs a way to reduce the maximum sweep 
rate by a factor of three when operating sequentially. 
The mechanism for accomplishing both of these 
things is shown in Fig. 7. 
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F i g .  s i g n a l s  t h e  i n t e r f a c e  c i r c u i t s  g e n e r a t e  s t o p - s w e e p  s i g n a l s  a n d  l i m i t  t h e  m a x i m u m  
sweep ra te  in  band 4 .  

To follow the sequence of events, assume that 
band 4, 2-18 GHz, has just been selected. The band 4 
logic line causes Kl to close and the tuning voltage is 
directed through Kl-1 to the switch point compara 
tors, Ul and U2 (these are the same comparators 
shown in Fig. 6 as a part of the logic generator). The 
outputs of Ul and U2 are monitored by an EXCLUSIVE 
OR gate, U3, which triggers a monostable circuit 
whenever Ul or U2 changes output states. The out 
put of this monostable is a six-millisecond pulse, 
which is returned to the mainframe. This pulse is in 
verted in the mainframe and used to gate open the 
path between the current source and the ramp inte 
grator. This pulse also goes to the Z-axis output, 
where it is available for blanking an oscilloscope dis 
play during the stop-sweep interval, thus avoiding 
bright spots and spikes that might otherwise ap 
pear on the display at the two range switch points. 
Continuing around the circuit path, the output of the 
sweep ramp integrator is clamped at its two extremes 
and amplified to produce a zero-to-ten-volt sweep 
output voltage. This ramp voltage is then offset and 
attenuated as a function of front-panel control set 
tings to generate the desired tuning voltage and com 
plete the stop-sweep loop. 

The maximum sweep rate in band 4 is fixed by 
switching a single resistor in the 86290A, Rl, to 
ground. Rl loads the current source reference cir 
cuitry to reduce the forward sweep rate reference 
voltage, V2, by a factor of three. 

The mainframe stop-sweep inverter, U4, has one 
other important input path. It comes from the pro 
gramming connector on the rear panel. This input is 
used in test systems with the 8410B network ana 
lyzer (see article, page 15). It allows the 8410B to 
stop the sweep oscillator in the same manner that the 
86290A does. In a system where both the 86290A and 
the 8410B are used, this input is a wired-OR line, 
which allows either instrument to stop the sweep. 
This is a particularly important feature. It allows the 
8410B to make continuous phase and amplitude mea 
surements from 2 to 18 GHz when used with the 
86290A. 

Level ing Loop 
As Fig. 8 shows, 86290A power leveling is accom 

plished by controlling the operating point of the PIN 
a n d  V , p t .  V  is modulator as a function of Vs 

a voltage derived by detecting and amplifying a small 
portion, -16 dB, of the 2-18 GHz output signal. Vset 
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Fig. operating PIN power :c internally leveled by controlling the operating point of the PIN modulator. 
The ALC the is designed to have a high enough slew rate to respond to the Â¡>iyu are-wave modu 

lat ion f rom the 8755/4 Network Analyzer.  

is a shaped reference voltage; its magnitude is deter 
mined by the front-panel power level control. 

In the loop, Vsense and Vset are summed, and their 
sum is compared to zero volts at the main amplifier. 

A 2.0-6.2-GHz Power Amplifier 
The power ampl i f ier  used in the 86290A had to meet one ma 

jo r  requ i rement :  i t  had to  p rov ide  20  dBm (100 mW) o f  power  
o u t p u t  t o  t h e  Y I G - t u n e d  m u l t i p l i e r ,  g i v e n  a n  i n p u t  p o w e r  o f  
app rox ima te l y  10  dBm.  The  te rm "power  amp l i f i e r "  m igh t  be  
surpr is ing ,  because much h igher  powers  have been ach ieved 
a t  t hese  f r equenc ies .  Howeve r ,  t o  ob ta in  t he  power  and  t he  
bandwidth  a t  the same t ime is  a  rea l  des ign cha l lenge.  

The amplif ier design is based on the HP 35820 transistor. The 
ampli f ier has two stages of preampli f icat ion that account for 4.5 
dB ga in ,  and three s tages of  power  ampl i f ica t ion that  account  
f o r  a n  a d d i t i o n a l  5 . 5  d B .  T h e  p r e a m p l i f i e r  h a s  b e e n  d e s  
cr ibed in detai l  e lsewhere.1 

Power ampl i f ier  design could have fo l lowed any of  three ave 
nues.  A  la rge number  o f  p reampl i f ie r  s tages cou ld  have been 
para l le led ,  us ing power  d iv iders  and combiners ,  o r  two-s tage 
power  amp l i f i e rs  w i th  18  dBm power  ou tpu t  cou ld  have  been  
bu i l t  and  para l le led  to  ge t  the  des i red  ou tpu t .  A  th i rd  method 
was to paral le l  two t ransistors wi th in a stage and obtain the 20 
dBm output wi th three stages.  Al though i t  required more c i rcui t  
opt imizat ion,  th is  opt ion had the advantages of  lower manufac 
tur ing cost ,  smal ler  s ize,  and lower power dissipat ion,  and was 
therefore used in the amplif ier. The HP 35820 transistor pair was 
mode led  as  a  s ing le  dev ice  to  ob ta in  i t s  smal l -s igna l  S-para-  
meters.  The large-s ignal  parameters were obta ined exper imen 
tal ly using external tuners at high RF power levels. The input, in 
t e r s tage  and  ou tpu t  ma tch ing  ne two rks  we re  t hen  des igned  
and the  des igns  ver i f ied  us ing  a  computer .  

A l l  ampl i f ie r  s tages are bu i l t  on sapphi re  subst ra tes.  F ig .  1  
shows the ampl i f ier  wi th i ts  l id  removed.  

Fig. 1. 

The ampl i f ier  has a rather large smal l -s ignal  gain between 2 
and 3 GHz. Since the ampli f ier fol lows the PIN modulator, ampli  
f i e r  ga i n  compress i on  de t r ac t s  f r om  sys tem on /o f f  r a t i o ,  an  
impor tan t  parameter  when the  86290A is  be ing  modu la ted  by  
the 8755A Network Analyzer  (see text ,  page 13) .  To shape the 
g a i n  a n d  s a t u r a t i n g  c h a r a c t e r i s t i c s ,  a  f r e q u e n c y  s e l e c t i v e  
at tenuator consist ing of  three PIN diodes imbedded in a micro- 
s t r ip  is  is  used a t  the  input  o f  the  ampl i f ie r .  I ts  a t tenuat ion  is  
set  wi th  an external  b ias vo l tage and ranges f rom 2 to 8 dB at  
2  GHz.  Loss  d rops  to  1  dB above 4  GHz,  where  compress ion  
is slight. 

Ganesh  Basawapatna  
References 
1 P. Chen, "Design & Appl icat ions of  2-6.5 GHz Transistor Ampl i f iers",  IEEE Journal  
o f  So l id-State  Ci rcu i ts .  August  1974.  Vo l  SC-9,  No.  4  
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Product Design of the 86290A 
A l o n g  w i t h  t h e  R F  p e r f o r m a n c e  g o a l s  t h a t  d e f i n e d  t h e  

86290A in  the  ear ly  deve lopment  s tage were  some equa l ly  de  
manding mechanical  object ives.  The plug- in had to f i t  into what 
seemed l ike  an imposs ib ly  smal l  space for  a  2-18-GHz source 
(13 x 15 x 28 cm).  I t  had to be quick and easy to assemble and 
every sect ion had to be readi ly accessible for  easy servic ing.  I t  
h a d  t o  t o  a p p r o x i m a t e l y  5 0  w a t t s ;  y e t ,  i t  w o u l d  h a v e  t o  
run with no more than a 1 5-20Â°C temperature rise throughout to 
ensure good re l iab i l i ty .  

The 86290A is a fu l ly  modular  design consist ing of  four  main 
assemblies (Fig. 1): an RF section that houses the microcircuits, 
a  con t ro l  sec t i on ,  and  f ron t  and  rea r  pane l  assemb l ies .  Com 
municat ion between the control  and RF sect ions takes place via 
f lexible shielded cables for YTO FM coi l  dr ive and ALC detector 
s i g n a l s ,  a n d  a  s i n g l e  r i b b o n  c a b l e  f r o m  w h i c h  e a c h  m i c r o -  
c i rcu i t  takes i ts  supply  vo l tages and cont ro l  s igna ls .  

Fig. 1. 

Pr in ted -c i r cu i t  boa rds  a re  ded ica ted  to  separa te  e lec t r i ca l  
funct ions for  opt imum serv ic ing and minimum repair  cost .  They 
are interconnected by a s ingle,  mult i layer pr inted-circui t  mother 
board.  Edge connectors at  the ends of  th is  board form the sole 
in ter face wi th  the f ront  and rear  panel  assembl ies .  

This design great ly streaml ines product ion of  the instrument.  
The  RF sec t ion  i s  p reassembled ,  connec ted  to  a  spec ia l  tes t  
set,  and ful ly RF tested before being instal led in the instrument. 
F r o n t  a n d  r e a r  p a n e l  a s s e m b l i e s  a r e  p r o c e s s e d  s i m i l a r l y .  
Pr in ted-c i rcu i t  boards  a re  dc  p re tes ted  by  computer  and  then  
func t iona l l y  p re tes ted  in  a  s imu la ted  ins t rument  be fo re  be ing  
p l u g g e d  i n t o  t h e  f i n a l  i n s t r u m e n t .  T h e s e  t e c h n i q u e s  a l l o w  
troubleshooting at the lowest,  s implest levels, and result  in l i t t le 
i f  any t roubleshoot ing at  f inal  turn-on.  

The same modular  features resul t  in  excel lent  serv iceabi l i ty .  
T h e  f r o n t  a n d  r e a r  p a n e l s  c o m e  o f f  w i t h  t h e  r e m o v a l  o f  f o u r  
sc rews.  They  can  be  t i l ted  ou tward  and tes ted  w i th  the  ins t ru  
ment  opera t ing  norma l l y ,  and  w i l l  then  read i l y  unp lug  fo r  con  

venient replacement of a fai led component.  As a further service 
a id ,  a  pr in ted-c i rcu i t  ex tender  board is  mounted on the under  
s ide of  the control  sect ion.  With the 8620A top cover removed, 
th is  extender  can be used to  e levate any of  the s ix  boards for  
convenient test ing. 

The RF section (Fig. 2) is easi ly removed and opened. The ex 
t ra - leng th  in te rconnec t  cab les  a l low serv ic ing  o f  the  RF com 
ponents .  A spec ia l  RF test  cab le  c l ipped to  the s ide of  the RF 
sect ion cast ing a ids in  serv ic ing.  

Product  design of  the RF sect ion and rear  panel  focused on 
cool ing the microcircui ts and YIG-dnver components.  Since mi-  
crocircui t  rel iabi l i ty was the most important object ive, a special  
h e a t  s i n k  c a s t i n g  d e s i g n  w a s  u n d e r t a k e n .  T h e  r e s u l t  w a s  a  
structure that makes maximum use of the air f low from the fan in 
the 8620A. The a i r  passes through th is  cast ing f i rs t ,  then over  
the c i rcu i t  boards and through the rear  pane l ,  where a  f inned 

Fig. 2. 

cast ing provides heat s inking for the YIG-dnver reference resis 
tors and dr iver transistors. 

The main text  descr ibes the care taken to  prov ide excel lent  
f r e q u e n c y  a c c u r a c y  a n d  e n s u r e  t r a c k i n g  b e t w e e n  t h e  Y T M  
f i l ter  and the desi red YTO harmonic.  Absolute delay compensa 
t ion is bui l t  into the YTO-driver pair. As a result,  the YTO and its 
driver are treated as an assembly. If a YTO fails, a new YTO and 
dedicated dr iver  board are insta l led.  Adjustments can be done 
wi th  bas ic  test  equipment .  

Mounted atop the RF section are three labels. One explains a 
s imp le  se rv i ce  t echn ique  f o r  a l i gn ing  YTO and  YTM fo r  op t i  
mum f requency  accuracy  and t rack ing .  The o thers  ca l l  ou t  re  
s istor  values selected at  the factory for  YTO and YTM l inear i ty  
c o m p e n s a t i o n â € ”  a  r e f e r e n c e ,  s h o u l d  a  p a r t  b e  m i s p l a c e d  
dur ing serv ic ing.  

Wil l iam Misson 
Bi l ly  Knorpp 

Any deviation from zero is amplified and sent to a 
modulator driver stage which shifts the modulator 
operating point, changing Vsense so that its sum 
with Vset is returned to zero. 

In a swept, broadband leveling application such as 
this, unflat power sensing elements can degrade the 
maximum leveled power if their frequency responses 
are not properly compensated. For the 86290A, 

this compensation is provided by shaping the inter 
nally generated 1-volt/GHz sweep reference voltage 
and using that waveform as one input to the power 
reference amplifier shown in Fig. 8. Shaping is ad 
justed once in each instrument to compensate for 
variations in directional detector sensitivity. The 
corresponding frequency-related variations in Vset 
force the loop to make the desired correction. 
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How YIG Tuning Works 
The resonators in the 86290A's wide-band osci l lator  and tun 

ab le  mu l t i p l i e r  a re  t i ny  0 .5 -0 .6 -mm sphe res  f ab r i ca ted  f r om 
single crystals of the ferr i te Yttr ium-Iron-Garnet (YIG). 

P laced  in  an  RF coup l ing  s t ruc tu re  in  a  dc  magne t i c  f i e ld ,  
highly pol ished YIG spheres exhibit  a high-Q resonance at a fre 
quency propor t iona l  to  the dc f ie ld .  When e lect romagnets  are  
used to produce this f ie ld,  the resonant frequency is proport ion 
al  to magnet current .  Whi le YIG of  other shapes is useful  in mi 
crowave design,  spheres are used here because of  their  l inear 
tuning character ist ic.  

To understand the phenomenon of  ferr i  magnet ic resonance, 
cons i de r  d i ag rams  (a )  t h rough  (d ) .  I n  t he  f e r r i t e  w i t h  no  dc  
m a g n e t i c  f i e l d  a p p l i e d ,  t h e r e  i s  a  h i g h  d e n s i t y  o f  r a n d o m l y  
o r ien ted  magnet ic  d ipo les ,  each cons is t ing  o f  the  minu te  cur  
rent  loop formed by a  sp inn ing e lec t ron.  When a  dc  magnet ic  
f ie ld ,  H0,  o f  su f f ic ient  magni tude is  app l ied,  the d ipo les  a l ign 
p a r a l l e l  t o  t h e  a p p l i e d  f i e l d ,  p r o d u c i n g  a  s t r o n g  n e t  m a g n e  
t iza t ion ,  M0,  in  the  d i rec t ion  o f  H0.  I f  an  RF magnet ic  f ie ld  is  
appl ied at  r ight  angles to H0, the net  magnet izat ion vector  wi l l  

(a )  Randomly  o r ien ted  
m a g n e t i c  d i p o l e s  i n  
t h e  u n m a g n e t i z e d  
ferrite. 

ffitl 
Ã­tltÃ­tÃ­t!) 

TMO 

( b )  T h e  e f f e c t  o f  a  d c  
magne t i c  f i e ld  on  mag  
n e t i c  d i p o l e s  i n  t h e  
ferrite. 

( c )  P r e c e s s i o n  o f  n e t  
m a g n e t i z a t i o n  v e c t o r  
d u e  t o  R F  m a g n e t i c  
field. 

Magnet 

(d)  YIG bandpass f i l ter  
s h o w i n g  R F  c o u p l i n g  
l o o p s ,  s p h e r e ,  a n d  
magnet ic  po les.  

precess ,  a t  the  f requency  o f  the  RF f ie ld ,  about  an  ax is  co in  
c iden t  w i th  H0.  The  p rocess ing  magnet iza t ion  vec to r  may  be  
represented as the sum of  M0 and two s inusoidal ly  vary ing RF 
m a g n e t i z a t i o n  c o m p o n e n t s  m A  a n d  m y .  T h e  a n g l e  o f  p r e  
cession <)>, and therefore the magnitudes of mx and my, wil l  be 
s m a l l  e x c e p t  a t  t h e  n a t u r a l  p r e c e s s i o n  f r e q u e n c y .  T h i s  f r e  
quency ,  known as  the  fe r r imagnet ic  resonant  f requency ,  i s  a  
l inear funct ion of the dc f ie ld H0. 

D iag ram (d )  shows  the  bas ic  e lemen ts  o f  a  Y IG bandpass  
f i l ter .1  The f i l ter  consis ts  of  a  YIG sphere at  the center  of  two 
loops,  whose axes are perpendicu lar  to  each other  and to  the 
dc f ield H0. One loop carries the RF input current, and the other 
loop is  connected to  the  load.  When H0 is  zero ,  the  mutua l ly  
perpendicular or ientat ion of  the loops resul ts in large input- to-  
output  iso lat ion.  With H0 appl ied,  there is  a net  magnet izat ion 
vector in the direct ion of H0. The magnetic f ield hx produced by 
the RF dr iv ing current  in  the input  loop causes the net  magne 
t i za t ion  vec to r  to  p recess  about  the  z -ax is .  The  resu l t ing  RF 
magnet izat ion component ,  my,  induces a vol tage in the output  
loop.  f re f requencies away f rom the ferr imagnet ic  resonant  f re 
quency,  my and the  vo l tage i t  induces are  smal l ,  so  input - to -  
output  iso la t ion  is  h igh.  When the input  cur rent  is  a t  the  fer r i  
magnetic resonant frequency, <S> and my are maximum. There 
is  a large t ransfer  of  power f rom input  to output ,  and inser t ion 
loss is low. Thus the f i l ter center frequency is the ferr imagnetic 
r e s o n a n t  f r e q u e n c y  a n d  c a n  b e  t u n e d  b y  v a r y i n g  H 0  w i t h  
rr.agnet current 

In osci l lator designs, a single loop couples the YiG spheie ic 
an act ive c i rcui t  having a negat ive resistance over the desired 
f requency range.  The resonator  can be modeled as a  para l le l  
RLC ci rcui t .  When the resonator resistance is greater than the 
nega t i ve  res i s tance  o f  t he  ac t i ve  c i r cu i t ,  and  the  imag ina ry  
parts of the two impedances are equal and opposite, osci l lat ion 
w i l l  occu r .  Osc i l l a t i on  amp l i t ude  w i l l  g row  un t i l  t he  ave rage  
values of  the resonant  and negat ive res is tances are equal .  

F requency  s tab i l i t y  i n  bo th  f i l t e r  and  osc i l l a to r  des igns  i s  
a f fec ted  by  the  tempera ture  dependence o f  the  YIG sphere 's  
inherent  an is t rop ic  f ie ld .  The cont r ibu t ion  o f  an iso t ropy  to  re  
sonant frequency is dependent, in turn, on the orientation of the 
sphere 's  c rys ta l l ine  axes wi th  respect  to  H0,  the dc magnet ic  
f i e l d .  The  sphe re  can  be  ro ta ted  such  tha t  t h i s  con t r i bu t i on  
is zero. 
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As with any high-performance ALC loop in a swept 
source, the 86290A loop had to have sufficient band 
width that power variations as a function of sweep 
rate would be negligible. Also, a primary design goal 
was to achieve loop slew rates great enough that the 
instrument could be modulated directly when used 
with the 8755A Network Analyzer (see article, page 
15). This would eliminate the need for the external 
modulator normally required in this application, and 
as a consequence, deliver the full +5 dBm to the de 
vice under test. 

Satisfying this requirement meant that the loop 
would have to respond to the 27.8-kHz square wave 

modulating signal produced by the 8755A. This sig 
nal would drive the loop into and out of saturation for 
a minimum on/off ratio of 20 dB. Also, the loop would 
have to come out of saturation fast enough to main 
tain no worse than 45/55 symmetry. To add a further 
complication, equally good performance was ex 
pected over the 10-dB range of the power level control. 

In general, as modulator attenuation approaches 
saturation in an ALC loop, the corresponding loss of 
sensitivity in control current constitutes a loss in 
loop gain, and hence a loss of bandwidth and slew 
rate. However, the slewing capability of the modula 
tor itself is not reduced. Consequently, a technique 
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for achieving a uniformly fast slew rate, even while 
approaching saturation, involves alternately switch 
ing between closed and open-loop control of the mo 
dulator drive current. Ideally, for a pulse input, the 
loop would remain closed until it began to lose gain 
as the modulator neared saturation. At this point the 
loop would be switched open, and the modulator 
would be driven on into saturation by bypassing the 
main amplifier and driving the modulator directly. 
In recovering from maximum attenuation, the re 
verse sequence would occur. The 86290A ALC loop 
uses this technique to satisfy the 8755A modulation 
requirement. Level sensing circuitry establishes the 
attenuation level at which the closed-to-open-loop 
transition occurs. 
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Broadband Swept  Network Measurements  
Vecto r  and  sca la r  measurements  can  be  made f rom 2  to  
18 GHz in  one sweep by pai r ing the new 2-18-GHz sweep 
osci l lator  wi th other microwave instruments.  

by John J .  Dupre and Cyr i l  J .  Yansouni  

BROADBAND COVERAGE, precision frequen 
cy characteristics, and compactness make the 

new 8620A/86290A Sweep Oscillator (see article, 
page 2) suitable for a wide variety of network mea 
surement applications. Its internally leveled output 
power and low harmonic and spurious levels over 
the 2-to-18-GHz frequency range are important in the 
measurement of broadband microwave components. 
Its frequency accuracy and stability are important for 
testing narrow-band, higb-O devices. 

Vector  Network  Measurements  
Complete characterization of a network requires 

measurement of the magnitude and phase of its driv 
ing point and transfer characteristics. Phase informa 
tion is vital for component design and often neces 
sary for system, component, and antenna testing. At 
microwave frequencies, scattering parameters1 are 
widely used because they relate incident to reflected 
and transmitted waves at the network terminals. 

Measurement of network scattering parameters in 
one continuous 2-to-18-GHz sweep is now possible 
with a new Network Analyzer, the HP 8410B, and the 
8620A/86290A Sweep Oscillator. The HP 8410B, like 
its predecessor, the 8410A,2 measures complex ra 
tios by translating the microwave signal to an IF by a 
sampling process. A phase-lock loop locks a harmon 
ic of the VTO that drives the sampler to the micro 
wave signal. The contribution of the 8410B is new cir 
cuitry that interfaces with the 8620A Sweep Oscilla 
tor and allows phase-locking over broad frequency 
sweeps instead of only over octave ranges. 

Three interface lines are necessary for reliable 
broadband phase-locking (Fig. 1). A frequency refer 
ence line from the oscillator provides an analog vol 
tage corresponding to the output frequency with an 
accuracy of Â±35 MHz. A blanking line provides a 
pulse during retrace and at band-switch points. Final 
ly, a stop-sweep line from the analyzer can command 
the 86290A to stop sweeping momentarily. At the be 
ginning of each sweep and at band-switch points, the 
analyzer VTO is tuned approximately to the locking 

frequency by the frequency reference voltage. The 
VTO searches around that frequency until phase- 
lock is achieved. The sweep oscillator then begins its 
sweep with the analyzer maintaining phase-lock. 
When the VTO reaches the end of its range, the ana 
lyzer commands the sweeper to stop sweeping and 
the search and lock procedure is repeated before the 
sweep is resumed. 

An example of this capability is shown in Fig. 2. 
The input reflection coefficient of a ferrite junction 
circulator from 2 to 18 GH/ is displayed in polar for 
mat. Although designed primarily for the 5-to-10-GHz 
range, its out-of-band performance including the 
phase of the reflection coefficient is often important. 
This display allows convenient adjustment of in- 
band and out-of-band parameters. 

Transmission gain and phase may also be mea 
sured with the system of Fig. 1. Since the system is 
frequency selective and therefore unaffected by 
sweeper harmonic output, dynamic range is 60 dB. 

Scalar  Network Measurements 
For a broad range of applications, amplitude-only 

or scalar measurements are sufficient to characterize 

F R E Q U E N C Y  R E F E R E N C E  

STOP-SWEEP 
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F ig .  2 .  Re f lec t ion  coe f f i c ien t  o f  a  fe r r i t e  j unc t ion  c i r cu la to r  
f rom 2 to 78 GHz.  Ful l  scale is  uni ty  ref lect ion.  

the component under test. This is the case for inser 
tion loss or gain and return loss or reflection coeffi 
cient (magnitude) measurements.3 The 8755A Swept 
Amplitude Analyzer4 allows for simultaneous dis 
play of return loss and transmission parameters. When 
it is used with the 8620A/86290A Sweep Oscillator 
and the 11692D Dual Directional Coupler, this simul 
taneous measurement can be made continuously 
over the entire 2-to-18-GHz range. For precision 
transmission measurement (low insertion loss), the 
new 11667A Power Splitter can be used. In both 
cases, the required modulation of the signal can be 

achieved by direct modulation of the sweep oscilla 
tor by the 8755A Analyzer instead of an external mo 
dulator. This external modulation capability of the 
sweeper (see article, page 2) makes its full power 
available at the test device and leads to greater mea 
surement dynamic range. 

A typical setup for simultaneous reflection and 
transmission measurements is shown in Fig. 3. The 
dual directional coupler covers the 2-to-18-GHz fre 
quency range with a directivity better than 30 dB at 
2 GHz and 26 dB at 18 GHz. The 8755A displays simul 
taneously the return loss (A/R) and the transmission 
characteristic (B/R) of the device under test (Fig. 4). 
Absolute power measurement is also possible by dis 
playing any one of the three channels (R, A, B). 

For accurate transmission measurement, typically 
low-loss measurements (cable loss, attenuation, 
etc.), one would use the power splitter in an alterna 
tive setup, also shown in Fig. 3 . The power splitter ex 
hibits better than 0.25 dB tracking between the two 
arms over the full dc-to-18-GHz frequency range. 
Coupled with the ratio capability of the 8755A, it pro 
vides a means of accurately measuring insertion loss 
without having to measure and correct for system er 
rors. The equivalent output SWR of this splitter 
when used either for ratio measurement or as a 
source leveling device is typically better than 1.25 
over the same frequency range. Thus the power split 
ter minimizes measurement uncertainty caused by 
source mismatch. 

M O D U L A T O R  D R I V E  

8 6 2 0 A 8 6 2 9 0 A  
Sweep Osci l lator  

SWEEP 
OUT 

11692D Dual  
Directional 

Coupler  

11 667 A Power 
Splitter 

Reference Channel  

Reflection Channel 

Device 
Under  Test  

D e t  1 1 6 6 4 A  D e t e c t o r  

Device 
Under  Test  

Transmission 
Channel 

Transmission 
Channel 

Fig.  3.  System for  s imul taneously 
m e a s u r i n g  t r a n s m i s s i o n  a n d  r e  
f lect ion parameters.  
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F ig .  4 .  F requency  response  o f  a  bandpass  f i l t e r  measured  
by the system of  Fig.  3.  
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The Dual  Funct ion  Generator :  A  Source  
of  a  Wide Var ie ty  of  Test  S ignals  
FM s ignals ,  AM s ignals ,  dc leve ls ,  tone bursts ,  pu lses and 
ramps,  in  add i t ion  to  s ine,  square,  and t r iangu lar  waves,  
are  produced by th is  new dual -source funct ion generator .  

by Ronald  J .  R iede l  and Dan D.  Danie lson 

MANY LAB-BENCH APPLICATIONS in the 
audio, ultrasonic, video, and RF fields require 

the engineer to have more than one signal source 
available. Such would be the case when sweep-fre 
quency testing amplifiers and filters, testing modula 
tion and detections systems, evaluating discrimina 
tors, and simulating transducer outputs. 

With this in mind, we set out to design a truly 
general-purpose signal source that in many cases 
could replace combinations of sine-wave oscil 
lators, signal generators, sweep oscillators, and 
pulse generators now used. Such an instrument, be 
sides the obvious cost savings, would enhance user 
convenience by making the various test signals 
pushbutton selectable so the user wouldn't have to 
sort out and reconnect wires and cables. Neither 
would he have to worry about signal level incompati 
bility or logic threshold mismatch. 

The result of this design effort is the Model 3312A 
Function Generator (Fig. 1). This instrument has two 
independent waveform generators that can be used 
separately, or in combination with one modulating, 
gating, sweeping, or otherwise controlling the other. 
The main generator operates overa range of 0.1 Hz to 
13 MHz and the other generator, called the modula 
tion generator, covers a range of 0.01 Hz to 10 kHz, 

Fig. 1 . Model 331 2A Function Generator combines two signal 
sources  to  p roduce  a  w ide  va r ie ty  o f  tes t  s igna ls .  To ta l  f re  
quency coverage is  f rom 0 .01 Hz to  13  MHz.  

giving a total coverage of 9 decades for the two 
generators. 

Like other HP function generators, the new Model 
3312A produces sine, square, and triangular wave 
forms of high quality (Fig. 2a). It also generates 
pulses and ramps with continuous control of the 

Fig .  2 .  Osc i l l og ram (a ) ,  made by  
a  samp l ing  scope  o f  t he  t r i ang le  
w a v e f o r m ,  d e m o n s t r a t e s  p r e  
servat ion of good waveform shape 
a t  h igh  f requenc ies ,  i n  th i s  case  
10  MHz (sweep t ime is  20  ns /d iv  
a n d  v e r t i c a l  d e f l e c t i o n  f a c t o r  i s  
1  V/d iv) .  Mul t ip le  exposure osc i l -  
l o g r a m  ( b )  s h o w s  t h e  m a i n  g e n  
e r a t o r  o u t p u t  a t  1 0 0  k H z  m o d u  
l a t e d  b y  v a r i o u s  i n t e r n a l l y -  
generated waveforms at  1  kHz.  
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ratio between up and down slope of the ramps or the on 
and off times of the pulses (see box, page 20). Also 
generated are one-volt rectangular waves with a rise 
time of less than 10 ns, available from the main genera 
tor's SYNC output. These are useful not only as triggers 
for oscilloscopes and counters, but also as a source of 
fast rise pulses for testing logic circuits and for low- 
level testing of the transient response of wideband 
amplifiers. 

A 60-dB step attenuator and a 20-dB vernier give 
the main generator an amplitude range of 1 mV to 
10 V into a 50Q toad (20V into an open circuit). A dc 
offset voltage can be added to the output. The output 
of the modulation generator is fixed at 1 volt into a 
high impedance. 

Mult iple Combinat ions 
The two generators can be used separately for tests 

of multiple input devices such as modulators. On the 
other hand, the main generator can be amplitude or fre 
quency modulated by the second generator (or an ex 
ternal source), giving the user a built-in choice of 
sine, square, or triangular waveform modulation 
(Fig. 2b). Square-wave modulation in the FM mode, 
for example, produces an FSK (frequency-shift-key 
ing) waveform. Triangular modulation provides a 
convenient waveform for testing detector linearity. 

The modulation generator (or an external source) 
can also gate or trigger the main generator to give sin- 

F i g .  3 .  M u l t i p l e  e x p o s u r e  o s c i l -  
l o g r a m  ( a )  s h o w s  p u l s e  t r a i n s  
g e n e r a t e d  i n  t h e  s i n g l e - c y c l e  
a n d  m u l t i p l e - c y c l e  m o d e s :  t h e  
bottom trace shows the internal ly-  
g e n e r a t e d  g a t i n g  w a v e f o r m .  
O s c i l l o g r a m  ( b )  s h o w s  h o w  t h e  
waveform is  a /ways comple ted in  
t h e  m u l t i p l e - c y c l e  m o d e  ( t o p )  
a n d  s i n g l e - c y c l e  m o d e  ( c e n t e r ) :  
t h e  g a t i n g  w a v e f o r m  i s  a t  b o t  
t o m .  T h e  s t a r t / s t o p  p h a s e  i s  s e  
l e c t a b l e  o v e r  a  r a n g e  o f  - 8 0 Â °  
to +90Â°. 

gle-cycle or multiple-cycle modes of operation. 
These modes greatly expand the variety of wave 
forms that the new Function Generator can produce. 
Narrow, low-duty-cycle pulse trains can be obtained 
by setting the main generator to a relatively high fre 
quency and using the trigger mode with a low-fre 
quency gating signal, as shown in Fig. 3a. Pulse 
bursts, useful for testing counting circuits, are ob 
tained by using the multiple-cycle mode. 

When operating in the single cycle or multiple- 
cycle modes, the starting phase can be adjusted over a 
range of +90" to â€”60". The generator always com 
pletes the last cycle and stops on the same phase on 
which it started (Fig. 3b). 

These modes can be used at the same time as the 
AM and FM modes, making it possible to generate a 
wide variety of waveforms such as tone bursts or the 
"chirp" waveform shown in Fig. 4a. 

The modulation generator can also sweep the 
main generator up to two decades in frequency at 
sweep rates as slow as 1 sweep per 100 seconds, use 
ful for plotting frequency response on X-Y recorders, 
or at rates up to 100 sweeps per second for oscillo 
scope display (Fig. 4b). The gating mode can be used 
in combination with this mode to provide retrace 
blanking. 

What 's  Inside 
A simplified block diagram of the new function 

F i g .  4 .  ' C h i r p "  o r  s w e p t - b u r s t  
w a v e f o r m ,  u p p e r  t r a c e  i n  ( a ) ,  i s  
m a d e  b y  s w e e p i n g  t h e  m a i n  
genera tor  w i th  the  ramp f rom the  
m o d u l a t i o n  g e n e r a t o r ,  s h o w n  i n  
t he  l ower  t r ace ,  and  ga t i ng  i t  o f f  
dur ing retrace. Sweep is f rom 7 to 
70 kHz. Osci l logram (b) shows the 
o u t p u t  o f  a  s e r i e s  R - L - C  c i r c u i t  
dr iven from 3 kHz to 1 MHz by the 
ma in  genera to r  ( ve r t i ca l  sca le  i s  
1 0 0  m V / d i v ) .  T h e  o s c i l l o s c o p e  
hor izonta l  ax is  was dr iven by  the  
r a m p  o u t p u t  o f  t h e  m o d u l a t i o n  
generator. 
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Variable Symmetry with Constant 
Frequency 

The versa t i l i t y  o f  a  func t ion  genera to r  can  be  inc reased by  
equ ipp ing  i t  t o  gene ra te  pu l ses  and  ramps  i n  add i t i on  t o  i t s  
o ther  wave fo rms.  Pu lses  and  ramps a re  p roduced by  vary ing  
t h e  d u t y  c y c l e  o f  t h e  s q u a r e  a n d  t r i a n g u l a r  w a v e f o r m s  H o w  
ever ,  i t  wou ld  a lso  be  des i rab le  to  ma in ta in  a  cons tan t  repe t i  
t ion rate as the duty cycle varies so that frequency may be read 
d i rec t ly  f rom the f ront -pane l  cont ro ls .  Th is  can be done us ing 
on ly  a  s ing le  cont ro l  w i th  the c i rcu i t  in  the d iagram below.  

I n  t h e  d i a g r a m ,  t h e  p e r i o d  T ,  o f  t h e  p o s i t i v e  s l o p e  o f  t h e  
t r iangle is  propor t ional  to  1/1,  whi le  T2,  the per iod of  the nega 
tive slope, is proportional to 1/I2. \-Â¡ and I2are in turn linear func 
t ions of  e,  and e2 thus:  

e , =  

R 

Where a is  the f ract ional  rotat ion of  the symmetry contro l ,  and 
ranges from 0 to 1 . 

Subst i tut ing (4)  and (5)  in to (3) ,  we have:  

k / T ,  =  e ,  a n d  k / T 2  =  e 2  (1) R, 

w h e r e  k  i s  a  c o n s t a n t  d e t e r m i n e d  b y  t h e  f r e q u e n c y  r a n g e  
controls. 

To mainta in  constant  f requency f0 ,  

e0R2 

Combin ing terms y ie lds:  

1 - a )  R ,  + R a  
e 0 R 2  k f 0  

T I  +  T2  =  1 / f 0  

Therefore f rom (1)  and (2) ,  we have:  

1 + 1 = 1  
e i  e  o  k f  .  

(2) 

(3) 
T h u s ,  t h e  f r e q u e n c y  f 0  i s  c o m p l e t e l y  i n d e p e n d e n t  o f  a ,  t h e  
symmetry control  set t ing.  

e ,  and e2 may vary  over  the range:  
T o  m a i n t a i n  a  c o n s t a n t  f r e q u e n c y  w h i l e  t h e  s y m m e t r y  i s  

varied, e, and e2 must be varied in sucha way as to keep the left 
s ide  o f  equat ion  (3)  constant .  S ince the  re la t ionsh ip  between 
e,  and e2 is  not  l inear ,  th is  requi rement  could represent  some 
dif f iculty in real izat ion 

The  ra the r  s imp le  c i r cu i t  shown in  the  d iag ram so lves  th i s  
problem nicely.  I t  is  easi ly  seen that :  

,(ore2) =Ã¯ e0 
R, 

In the Model  331 2A, th is range was selected to provide a duty 
cyc le  range o f  20% to  80%.  

generator is shown in Fig. 5. The heart of the instru 
ment is the main triangle generator, shown in more 
detail in Fig. 6. 

As shown in Fig. 6. a triangular waveform is gener 
ated by alternately charging and discharging capaci 

tor Cl through constant-current sources II and 12, a 
technique similar to that used in other HP function 
generators.1 2'3 The direction of current flow is deter 
mined by the diode current switch under control of 
the comparator. The comparator, in turn, is set or 
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-17V 

M A I N  
O u t p u t  

F i g .  5 .  t h e  d i a g r a m  o f  t h e  M o d e l  3 3 1 2  A  F u n c t i o n  G e n e r a t o r .  T h e  f r e q u e n c y  o f  t h e  m a i n  
genera io i  is  cont ro l led by a f ront -panel  knob,  by the modulat ion generator ,  by an externa l  vo l  

tage,  or  by any combinat ion of  the three.  

reset as the triangular waveform reaches a positive or 
negative limit. Positive feedback around the compar 
ator provides hysteresis that sets the limits and thus 
the peak-to-peak amplitude of the triangle. 

Frequency ranges are selected by switching capaci 
tor Cl and changing resistors in the current sources. 
Frequency control within each range is accom 
plished by varying the control voltage applied to the 
current sources. As shown in the block diagram of 
Fig. 5, this may be done with the front-panel fre 
quency dial, by applying a voltage from the modula 

tion generator, or with an external voltage (applied 
through a rear-panel connector). An external voltage 
can control the frequency over a 1000:1 range, thus 
enabling the generator to serve as a highly linear vol 
tage-controlled oscillator in a phase-lock loop or in 
voltage-to-frequency converter applications. 

High-Qual i ty  Waveforms 
The triangular waveform is shaped into a sine 

wave with less than 0.5% distortion (below 50 kHz) 
by a 12-diode nonlinear shaping network.3 The per- 

Positive 
Feedback 
(Hysteresis) 

To Funct ion 
Select 
S w i t c h e s  < Â « <  j  I ,  

v  v  

T o  S i n e  
Shape r  and  
F u n c t i o n  
Se lec t  
S w i t c h e s  

F e e d b a c k  t o  C o m p a r a t o r  

F ig .  6 .  Ma in  genera to r  p roduces  
t r iang le  waves and square waves 
as part of its normal operation. The 
s q u a r e  w a v e  i s  d i v i d e d  d o w n  t o  
1  v o l t  p e a k  f o r  t h e  s y n c  o u t p u t .  
Asymmet r i ca l  con t ro l  o f  cu r ren ts  
n  a n d  1 2  p r o v i d e s  a  m e a n s  o f  
va r y i ng  t he  up -down  ra t i o  o f  t he  
t r i a n g l e  ( s e e  b o x  o n  o p p o s i t e  
page).  
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formance of most diode sine shapers tends to de 
grade seriously at frequencies of several megahertz 
and higher, particularly with respect to third harmon 
ic distortion. In the Model 3312A, the sine shaper is 
followed by a low-pass LC filter that has a sharp cut 
off at 14 MHz. This filter attenuates third harmonics 
substantially at generator frequencies above 5 MHz, 
enabling the instrument to produce sine waves with 
all harmonics more than 30 dB below the fundamen 
tal up to its maximum frequency. 

The output amplifier has separate parallel paths 
for the high and low frequencies. This gives it wide 
bandwidth and a high slew rate to maintain good 
square and triangle wave shape without compro 
mising dc stability and low offset. An integrated- 
circuit operational amplifier is used for the low fre 
quencies while the ac-coupled high-frequency path 
is optimized for wide bandwidth. The two paths are 
summed in the final gain stage and then buffered 
through cascaded emitter-followers to the output. 

Slow Ramps 
The design of the modulation generator differs 

from that of the main generator because it has to 
generate very slow ramps for the sweep function 
while it does not have to operate to frequencies as 
high as the main generator. Therefore, it was de 
signed around an integrator that effectively gives the 
large capacitance needed for the very slow ramps.4 

A block diagram is shown in Fig. 7. The triangular 
wave is generated by integrating the square wave. 
The triangle level is compared to the square wave 
level and when the two are equal, the comparator 
switches the square wave generator to its other state. 

The sine wave is derived by shaping the triangular 
wave as in the main generator. 

Currents for charging and discharging the integra 
tor are supplied through the diode-resistor networks 
at the integrator input. The range of current provided 
by the FREQUENCY control gives a 100:1 frequency 
span on any range. The symmetry control, however, 
affects only the run-down time so frequency is also af 
fected by this control. 

In the sweep mode, these networks supply un 
equal currents, giving a 90:10 ratio of up to down 
times. At the same time, the reference input to the 
comparator is changed so that the ramp operates be 
tween â€” 9 and 0 volts, rather than the symmetrical 
Â±5-volt range of the triangle. This places the top end 
of a frequency sweep at the frequency indicated on the 
main generator's frequency dial. The bottom end is 
then determined by the setting of the modulation 
level control. In the FM mode, on the other hand, the 
modulating waveforms are centered on the zero axis 
and thus give frequency modulation (up to Â±5%) 
centered on the frequency set on the main tuning 
dial. 

When operating in the sweep mode, the symmetry 
control affects the "retrace" time. This can be extend 
ed up to 10x its normal time. 

To facilitate setting up a frequency sweep, a "0 
Hz" position is provided on the modulation fre 
quency range switch. In this position, the modula 
tion generator ramps down to its lowest level and 
then stops. Then, when the frequency range switch is 
moved to one of the other positions, the main genera 
tor starts at the lower limit and sweeps up. 

The "0 Hz" position is obtained by the circuit driv- 

0  H z  C o n t r o l  

S q u a r e w a v e  
G e n e r a t o r  

T T L  S i g n a l  
to 

G a t i n g  L o g i c  

Fig. frequency Reset generator uses an integrator lor very low frequency operation. Reset level and 
symmetry  are  a l te red for  ramp waveforms.  
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External 
Gate/Trigger 

Inpu t  

From Main 
Generator  Comparator  

External Tr igger 

Ui Sequential  
Gating 
Logic 

F r o m  M o d u l a t i o n  >  
Generator 

Amplifier 
E n a b l e  T o  I n t e g r a t i n g  C a p a c i t o r  

C1 of  Main Generator  

From Tr iangle Buffer  
Ampli f ier  of  Main Generator  Gating 

Amplif ier 
D1 

Fig. operating signal control circuit prevents the main generator from operating when a gate signal is 
not  present .  (The swi tches are on the rear  panel . )  

ing the FET switch Q2 on the integrator shown in 
Fig. 7. When the range switch is set to "0 Hz", one in 
put to gate 1 goes high. Assuming the other input is 
high, the output of gate 1 goes low, Ql is turned on 
which in turn turns on Q2, clamping the integrator at 
its lowest level. Gates 1 and 2 form a flip-flop that pre 
vents Q2 from being turned on until the modulation 
generator completes its current cycle. 

Versat i le  Modulat ion 
The waveforms generated by the modulation 

generator are available at a front-panel connector. In 
AM or FM operation, the signal at this port is the 
sine, triangle, or square wave selected by the modula 
tion function buttons. In the sweep mode, the output 
is the sweep ramp which is then available for driving 
the horizontal axis of a scope or X-Y recorder during 
a frequency sweep. 

For AM modulation, the main and modulation sig 
nals are routed to an integrated circuit balanced mod 
ulator. The modulator output is amplified and then 
routed to the main output amplifier. Because any of 

the waveforms may be applied to the modulator, it is 
possible to have sine, square, or triangle modulation 
of sine, square, or triangle carriers. 

If none of the modulation function buttons (sine, 
square, or triangle) is depressed, an external wave 
form may be applied to the front-panel connector for 
amplitude or frequency modulating the main genera 
tor, as selected by the modulation mode buttons (AM 
or FM). 

Gate and Tr igger  Funct ions 
The versatility of the Model 3312A is greatly en 

hanced by the gate and trigger functions. These al 
low the main generator to be gated on and off under 
control of either the modulation generator or an exter 
nal source. 

A block diagram of the trigger/gate circuit is 
shown in Fig. 8. The gating amplifier shown closes a 
negative feedback loop around the main triangle 
generator, preventing oscillation. Whenever the gat 
ing amplifier is disabled by the gating signal, the 
main generator is released to generate the output 

S P E C I F I C A T I O N S  
H P  M o d e l  3 3 1 2 A  F u n c t i o n  G e n e r a t o r  

M a i n  G e n e r a t o r  
O U T P U T  W A V E F O R M S  

S - n e  s q u a r e  t r i a n g l e  -  r a m p  p u l s e  s w e e p  t r i g g e r  g a t e  A M  a n d  F M  
F R E Q U E N C Y  C H A R A C T E R I S T I C S  

RANGE 0 t  Hz  to  13  MHz m B decade ranges 
D I A L  A C C U R A C Y  z S S o l  t u l  s c a l e  
S Q U A R E  W A V E  R I S E  O R  F A L L  T I M E  ( 1 0 * .  t o  9 0 " ,  j  1 8  r v e c  a t  f u l  r a t e d  

output 
A B E R R A T I O N S  1 0 - .  
T R I A N G L E  L I N E A R I T Y  E R R O R  1  f t  a t  1 0 0  H i  
VARIABLE SYMMETRY 80.20Â» to i  MHZ Pustvng me CAL butÂ»Â» results 

SPECTRAL PURITY 
SINE WAVE DISTORTION â€¢ 0 5 '=  THD f rom 10 Hz Â» 50 kHz 30 OB be*O* 

'uncamemai from 50 kHz to 1 3 MHz 
O U T P U T  C H A R A C T E R I S T I C S  

I M P E D A N C E  5 0 ( 1  -  I D S  
LEVEL 20 V p-p <nio open orcuil  10 V p-p mto SOU 
LEVEL FLATNESS (SINE WAVEl â€¢ 3* .  f rom 10 Hz to 100 kHz at  lu l l  rated 

output M kHz reference) â€¢ 10". from 1 00 KHz to 1 0 MHz at Ml rated output 
A T T E N U A T O R  1  1  1 0 1  1 0 0  1  a n a  1  0 0 0  1  V e m e r  g i v e s  1 0  1  c o r W r t u O u s  

control 
STEP ATTENUATOR ACCURACY Be t te r  than  5% 
S Y N C  O U T P U T  1  V  p - p  s q u a r e  w a v e  i n t o  o p e n  c v c u M  I m p e d a n c e  5 0 1 1  

Â ±  I O N  R i s e  o r  f a l l  t . m e  ( t o s  t o  W . j  â € ¢  1 0  n s e c  D u t y  c y c l e  v a n e s  

D C  O F F S E T  - 1 0  v o l t :  
Â«tne DC ir setting Pusnmg me CAL button n 

offset Instantaneous ac vortag* â€¢ v dC offset kmfted to sifor 
E X T E R N A L  F R E Q U E N C Y  C O N T R O L  

R A N G E  1 0 0 0 1  o n  a n y  r a n g e  
INPUT REQUIREMENT Witncta l  seta l  10.  Oto -2V Â± 20*Â» l inear ly  t *  

f r e q u e n c y  i O O O  1  A n  a c  v o l t a g e  m o d u l a t e s  t h e  f r e q u e n c y  a b o u t  a  o Â »  
setting within me kmts I 1 â€¢ t- 10) Â« range setting 

LINEARITY Ratio of ouÂ«>ut frequency to mput voRage (At AV) is knear Â«rm.f i  
0 5*c over a tOO 1 frequency range 

INPUT IMPEDANCE 2 B â€¢ 
M O D U L A T I N G  C H A R A C T E R I S T I C S  

T Y P E S  A M  F M  S w e e p  T r i g g e r  G a t e  o r  B u r s t  i n t e r n a l  o r  e  
A M P L I T U D E  M O D U L A T I O N  

DEPTH 0 to 100Â°. 
M O D U L A T I O N  F R E Q U E N C Y  D C  t o  -  1  h  
EXTERNAL SENSITIVITY 1  0  V (K> f  or  1  00% w 
C A R R I E R  3  d B  B A N D W I D T H  t O O H z i o  5 M H z  
C A R R I E R  E N V E L O P E  D I S T O R T I O N  2 * .  a t  7 0 * .  s i n e  w a v e  m o d u l a t i o n  w * i  

' k H z  
F R E Q U E N C Y  M O D U L A T I O N  

M O D U L A T I O N  F R E Q U E N C Y  D C  t o  5 0  k H z  e u e m a i  
D t S T Q R T I O N  3 5  d B  a l  t c  1 0  M H z .  ' â € ž ,  =  1  k H z  1 0 * .  n  
DEVIATION INTERNAL MODULATION) Oto â€¢ 5> 

I N T E R N A L  M O D U L A T I O N  S O U R C E  
FREQUENCY RANGE 0  01  HZ  to  10  kHz  

OUTPUT LEVEL â€¢ 1 0 V p-p mÃ­o 10 Â«1 
SPECTRAL PURITY SinÂ» Wave Distor t ion â€¢ 2" .  THD I rom to Hz to 10 kHz 
S Y M M E T R Y  V a r i a b l e  

SWEEP CHARACTERIST ICS  
SWEEP WIDTH tOO 1  on  any  range  
S W E E P  R A T E  O O T H z l o l O O H z  , 9 0 1 0 r a r r p  .  0  r t t  p r o v x M *  m a n u a l  M t k n g  a t  

Sweep Start with Modulation Generator operation suppressed 
SWEEP MODE Repet i t ive  l inear  sweep between s tar t  and  Mop f requency  

settings Retrace time can be increased wrth symmetry control 
R A M P  L I N E A R I T Y  E R R O R  1 Â ° .  a t  1 0 0  H z  

G A T E  C H A R A C T E R I S T I C S  
FREQUENCY RANGE 0 1 Hz to 1 MHz ISKigte or mufapte cycles) 
S T A R T  S T O P  P H A S E  R A N G E  -  9 0  1 0  -  8 0 *  
G A T I N G  S I G N A L  F R E Q U E N C Y  R A N G E  

Internal 0 01 Hz to 10 kHz 
Er tema l  DC to  t  MHz <TTL compat ib le  inpu t  l eve l )  

Genera l  
OPERATING TEMPERATURE: O C to -  55 C specrfccal ions apply f rom 0*C to 

40-C 
P O W E R  ' 0 0 1 2 0 2 2 0 2 4 0 V  â € ¢  5 1 .  1 0 " .  s w n c n a o *  4 0  H z  t o  4 4 0  H z  -  2 5  V A  
DIMENSIONS: 2t3 â€¢ 102 â€¢ 377 mm (8 375 . 4 â€¢ 14 825 in} 
W E I G H T  U N  " 5 b S (  
P R I C E  I N  U  S A . .  3 3 1 2 A  $ 9 0 0  
MANUFACTURING DtV IS tON:  I .OVELAND INSTRUMENT D IV IS ION 

P O Box 301 
81 5 Founeenffi  Street S W 
L o v e t a n d  C o l o r a d o  8 0 5 3 '  
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waveform. When the gating amplifier is again en 
abled at the end of the gating signal, diode Dl is ini 
tially back-biased, so waveform generation contin 
ues until the waveform reaches a level set by the 
START/STOP PHASE control, at which time diode Dl be 
comes forward biased, closing the negative feedback 
loop and stopping the main generator. 

When in the trigger mode, the one-shot multi 
vibrator, fired by the positive transition of the gating 
signal, generates a short pulse that disables the gat 
ing amplifier only long enough to allow waveform 
generation to get under way. The modulation genera 
tor then produces one full cycle and stops. 
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