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1) r~~~ Program a speetrum analyzer 
/ (lon a one-chip real-time signal processo r 

P rogram it propcrl y, and the single-chi Intcl-2920 
real-ti me signal processo r becomes a s m 

analyzer capabl e of cover ing a 200-Hz to 3.2-kHz range 
(Table 1). The s igna l processar contains a lI th e 
circuitry needed to im plement an input low-pass fil ter, 
a bandpass fi lter (BPF), a reconstruction output fil ter, 
an inpu t a/ d and corresponding output d/ a con ver ter , 
a mixer and full-wave rcctifi er. 

Although a scanning spectrum analyzer cou ld be 
implemented directly with a single, electron ica lly tu n­
able, narrowband fil ter , it is impractica l to design such 
a fil ter (whether analog ar digita l) to cover a 10-to-l 
frequency range, includi ng near de. The spectrum 
analyzer digitally implemcnted through the Intel 2920 
employs the eas ier meth od of sweeping the input 
signa l past a fi xed-tuned narrow bandpass filtcr (Fig. 
1). It uses 107 program instructions and 22 RAM 
locations (Table 2) . (The basic characteri stics of th e 
2920 and a rev iew of th e sam pling th eory in vol ved in 
digita l processing of an a log s ignals appeared in 
E LECTHONIC D ESIGN, Sept. 27, 1979, p. 50.) 

A dc co ntra i voltage to th e 2920 es tablish the s\V eep 
rate of a sweeping local osc illator (S LO ). Mixed wi th 
the an alog in put s igna l, the SLO generates upper and 
lowe r s idebands centcred about its ow n frequ ency 
(Fig. 2). To cover the speci fi ed spectrum range (200-
Hz to 3.2-kHz band), l he SLO s,,"eeps from 1.3 to 4.3 
kHz. 

After lhe SLO and s ignal are mixed, onl y lhe upper 
sideband is of inlerest. \V he n th e SLO is at 1.3 kH z, 
the BPF (w hich is tu ned to 4.5 kHz) looks a t lhe high 
end of the input range (3.2 + 1.3 = 4.5 kHz) . As the 
SLO frequency increases , the input signal frequcncy 
"seen" by the BPF descreases until a t 4.3 kHz, the 
BPF "sces" th e s ignal energy at 200 Hz. After lhe 
s ideband is applied to the bandpass filter , a full -wave 
rectifier and low-pass fi lle r (50-Hz wide, centered at 
de) extract the envelope from the BPF output. 

Outputs of the 2920 include the frequency-sweep 
voltage, wh ich can dr i"e the horizontal-ax is (Xl of a 
scope, and th e low-pass fil ter oulput, which ca n dri ve 
the vertical axis (Y ) of the scope. A s ignal from the 
inpu t low-pass fil ler and anolher from the SLO are 
us~d prímaril y for demonstration. 

Robert E. Holm, Producl Markeling Manager , Tele­
com munications. Intel Corp" 3065 Bowers Ave. , Sa nta 
Clara, CA 9505 1. 
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1. Most 01 the elements in a spectrum analyzer can be 
implemenled wi th lhe Inlel 2920 signal processo r. 

KlOQ HIGH-flESOUJTICH 

I 
BANDMSS F1LltR 

1 INP\IT LCNI-PASS ALTER ~ "- 0 
L----r---~2'----~~--~4~~~~~15~--~IT.-... 

I l.- RANGE OF SWEEPlNG --.{ L LOCAL OSOu..ATOR ~ 

l3 • .3 

I- I UPPER SIOEBAND ~", '\" I WITH VCO AT 1.3 kHz .:' ~ 

fREOUENC'I' ( .. tU 1 

• 

• 

• 

2. l he high-resolution bandpass filter and baseband low· 
pass filler (aI can be im plemenled wi l h lhe 2920. After 
the input signâl is mixed wi th a loca l oscillator that linearly 
sweeps Irom 1.3 l o 4.3 kHz (b), lhe upper sideband (c) 
is applied to the bandpass filter. A full-wave rectifier and 
low-pass oul pul f i ller, also implemenled wilh l he 2920 (d), 
then extract the desi red output information. 
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Table 1. Tatget specifications 
of the spectrum analyzer 

Input bandwidlh __ 3 kHz 
Resolulion bandwidlh _ 100 Hz 
Sweep rale 5 kHzls, or 0.6 s/ band 
Dynamic range 48 dB 
InpulS __ Analog signal -1 V " SIG " 1 V 
Oulpuls _ Frequency-response amplilude 

(vertical axis) 
Sawtooth sweep waveform 
(horizonta l axis) 

Determined by the sampling frequency (in this case 
about 13 kHz), the first-order aliasing spectrum (Fig. 
Sa) establishes the Iimitations and requirements for 
lhe subsequent rolloffs, band",idths and center fre­
quencies of the system's various filters. 

Aliaslng lets the IImits 

For example, the center frequency of the bandpass 
filter is set between the speclr um of the input filter 
and the lower sideband of the aliased spectrum , ",hen 
the SLO is at 4.3 kHz (Fig. 3b). Consequently, the 
bandpass filter must have enough attenuation to 
eliminate at its pass edges any components of both 
baseband and aliased s ig na ls. A three-pole Bessel 
liIter can do the job, if t he input low-pass filter does 
its work properly . The small ovel'shoot of the Bessel 
makes it a good choice for the bandpass unit. 

The input low-pass filter, however, is less demand­
iog. It establishes the baseband spectrum and a lso the 
aliased lower sideband of the SLO. The rolloff pro­
vided by a simple four-pole, two-zero filter is adequate 
to keep spurious sigoals out of the passband of the 
bandpass fi I ter . 

An anti-aliasing input filter is needed only \Vhen 
the input signal has significant frequ ency components 
above roughly 7 kHz. Controlled signals, such as si ne 
lHaves or other narrow-band signals, do not nccd anti­
aliasing filtering. 
li needed, the anti-aliasing filter must ensu re that 

unwanted spectrum components are at least 50-dB 
down (to conform with an input dynamic range of 48 
dB) before they center the passband of the input lo\\'­
pass filter. With a 13-kHz sampling frequency (cor­
responding to a full192- instruction program and a 10-
MHz clock), the aliasing components are al ready more 
than 5O-dB down at 3.2 kHz, which is 9.8 kHz from 
lhe sampling frequency. Therefore, the anti-aliasing 
filter needs relatively little rolloff by 3.2 kHz (about 
1 dB), but needs the full 50 dB at 9.8 kHz. This levei 
of attenuation requires an advanced s ix-pole But­
terworth 01' a five-pole, O.5-dB-ri pple Chebyshev filter. 

The output low-pass filter is the !east demandi ng 
Df a\l the fil ters . It e!iminates the harmonic output 
of the fu\l-wave rectifier (and corresponding aliased 

9 
Co ~CTRONIC D ES IGN 23 . No\'cmbcr H, 1979 

I 79 ' l ~ 

t I 
ALlAStNG OF 

L-fr-.-VC_~-.h-__ -.~~~O~AA~~~~_~.Q0 
~ \.3 ~.3 8.7 tI.7 
I- INPUT (13-1.3) 113-4,3) 
~ BASE -BAt«> SPECTRUM I J.lXER OUTPUT 

~ \[~ 
4.3 8,7 0 

I ! I I I ! ,t&. ! I 

I 2 , . S678910 12 13 0 
fREOOENCY\kHz} 

3. Allaslng wilh lhe sampllng Irequency (a) seis lhe limils 
for placing the cenler frequencies, and the bandpass 
and rolloft requiremenls 01 lhe system's fillers . lhe firsl­
arder aliased VCO extends from 8.7 lo 11.7 kHz (b) wilh 
a 13-kHz sampling frequency. When mixed wilh lhe 
aliased input signal. the resulting aliasing spectrum 
forces lhe bandpass filter lo locale between lhe 
aliased speclrum of lhe mixer-outpul and lhe baseband 
speclrum (c). lhe unwanled aliased oulpul signals. il any, 
cenler around 13 kHz. well outside the range 01 lhe oulpul 
low-pass filler (d). 

Table2, Spectrum analyzer 
ínstruction summary 

Subsystem No. Instruclions 

Inpul low-pass filler 29 
Mulliplier (mixer) 13 
Sweep generator 8 
VCO (SLO & wave shaping) 8 
Bandpass filler 33 
Oulpul reclifier & filter 16 

lotai Inslruclion 107 

No. RAM locations 22 

NOl e: Wll h a 100MHz clock. an tnslruehon eyele lakes 400 ns; Iherelore. lhe sample 
rale '5 11(400 X 10 - 9) x (number oi ,nSlruetlons). Itlne full complemenl 01 lhe 2920's 
192 I nSlruc t ,on ~ Me vsetJ . l he samplong ' a le!~ 13.02 kHz. Shorler programs yield a 
hlgner ssmple ra le. Wll h a ma.'mum 01 75 kHz. Bandwldlh is appro.,malely 1/ 3 lhe 
ssmpling rate. 
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HARMQNIC ANALVSIS 
RECTFIER OUTPUT WAVEFORM 

(a) 

1 G(Z) 
1 8, Z-' - 8 2 Z- 2 

(c) 

", 
., 

L-----.2 __ ....J 

8, =2e-O.707B,T (cos8,T) 

8, =3-d8 bandwidth in 
radians/s 

G"". = [ (1 +82) V 1 + 8,2 J-' 
4 82 

= [(1 +8,) sin 8,Tr' 

T = 76.8 ~s (I. = 13 kHz) 

8,=2 .. X 50 = 314.16 rad/ s 

8 ,T = 0 .02413 

8, = 1.9663 

a 1.1111011101010 = 2'- 2- ' -2- ' -2- 11 

8 2 = -0.9529 

= -0.11110011111101 20-2- 5-2-6 -2- 13 

G .... = 192.2 

lIG m .. = 0 .0052 = 0.0000000 10 101 

2- 8 +2- '0 +2- 12 

(d ) 

4 . An ana lysls o f the output-slgnal spectrum (a) prov ides 
t he basls for selectlng a two-pole Bu tterwo rt h fdte r wi t h 
a transfe r lu nctlOn (b). whlch 15 conve rted to the Z dom ain 
(c) . The Bu tterwo r th can then be Implemented wi t h the 
2920 by employmg the ca lculated cons tants and co n· 
f 'guraf,on (d). 

12 

FREOUENCY 
(kH,) 

G(5) 1 
52 + 1.415 + 1 

IG(w) 12 = __ ---'1'--__ 

(b) 

componenls). lts passband is at least half thal of the 
bandpass filter; hOIVever, il should be as simple as 
possible to keep the amp li tude and phase disto!'tion 
10IV . Because of its relative s implicity , the output 10IV­
pass fille r exemplifies lhe method of implementing 
a filter digitally in the 2920. 

The full-IVave !'cclifie!"s spcc lral olllplIl (F ig. 4a) 
shows lhe desired signal information located betIVeen 
de and 50 Hz; ali other signal com ponents should be 
removed. A tIVo-pole Butterwo!'th filte!' can p!'ovide 
lh e fillering. 

Implementing a digital fi:.:lt;.e:.,.r ___ _ ........ 

An approximation to ButterIVorth filter can be 
implemented digitally wit y converting the 
filter's transfe!' function from analog to digital; OI' 

rather , from 'the S-pl ane to lhe Z-plane.' 
Th e real and imaginary parIs of Z can be calculated 

from S (Fig. 4b), where Z = e- ·T + e- i"1 and 
S = (u + jw)T. The fundion, G(Z), ean then be realized 
digitally as a two-stage recurs ive transve!'sal filt~r , 
as shown in Fig. 4c. In put signal values must be 
normalized by a gain , l / Gm" , to prevent ovel'f!ow in 
the filter calculations. 

Th e 2920 uses RAM locations to impl ement the Z 
delays. In lhe transfer of dala from one location lo 
another , the sample period, T, is the delay. Fig. 4c 
sho,,"s lhe resull of multiplying lhe delayed valucs 
(lapped from appropriale memory localions) by the 
appropriate coeffieienls (B, and B,), wilh an effiei ent 
sh ift-and -add soflware a lgori th m. Fig. 4d contains the 
calculalions leading lo bolh the filler coeffieienls a nd 
the gain-IVeighting factor; Table 3 gives the 2920 
assembly-Ianguage programo 

In addiLion lo fillers, the spectrum a na lyzer needs 
a sweep-rate generator and a mixer. Both a re also 
implcmenled in the 2920. 

A sawtooth wave starts it a li 

The sweep-rate generator starls with a sawtooth 
wave lhat drives a voltage-conlrolled oscillator (VCO), 
whieh sweeps linearly between the desired pre­
determined frequencies ( 1.3 and 4.3 kHz) at a rale 
determ ined by lhe period of lhe saIVtoo lh IVave. The 
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sawtooth's slope de.termines the rate at wh ich the 
frequency of the veo changes; lhe VOl la!(e excu rs ion 
determines the veo's frequeney range; and the offset 
represents the veo's minimum frequency. 

Table 3. Program to implement 
the output Iow-pass filter 

The sawlooth wave has a negative s lope genera ted 
simply by eontinuously deerem enting a register from 
a fixed constant. When the voltage crosses zero, a 
constant equal to the sawtooth peak amplitude is 
loaded with a n LDA instruction. A constant offset to 
the waveform provides a minimum voltage that cor­
responds to the minimum frequeney of the veo (Fig. 
5). The frequeney of the sawtooth s ignal is low rei ati ve 
to the sampl ing fr equency; th erefore, any a lias ing 
effects it generates are ncgligiblc. 

The veo, like th e sawtooth, can be implement.ed 
with a deerem enting register, exeept that the deere­
ment ing value is not constant; ralher, it is determ ined 
from a scaled vcrs ion of th e sawtooth input waveform . 
The method for ealculaling both ends of th e veo 
frequency range is sim ilar to thal for calcu lating the 
sawtooth; the sweep-rate generator's offsel de­
termines the lo\\" frequency, and lhe scaling factor 
determines lhe high frequency. The result is a per iod 
for the veo sawtoolh wave that varies as a funct ion 
of the sweep-generator sawlooth . 

UnforlunaLely, such a var iab le-freque ncy sawtooth 
signal (1.3 to 4.3 kHz ) has high harmonie content, 
whieh can dislort the inpul signal to the mixer . Digilal 
filters eannot be used to remove these harmonics, 
because they are susceptible lo the al iasing co mpo­
nents. The veo OUlput could bc filtered with an 
externai analog filte r, bul this \\"ould im·oh'e addi­
tional hardware and many extra instructions for 1/0 
and a/ d com·ersion. 

Table 4. Algorithm for multiplication 

OP 
ADD 
ADD 

ADD 
LDA 

LDA 
LDA 
SUB 

SUB 

ADD 

ADD 
ADD 
SUB 

ADD 

ADD 

ADD 
LDA 

OP OEST SOURCE SHF CNO Comments 

OEST SOURCE 
X XI 
X XI 

X XI 
Y2 YI 

YJ. YO 
YO X 
YO YI 

YO YI 

YO YI 

YO YI 
YO YI 
YO Y2 

YO Y2 

YO Y2 

YO Y2 
DAR Y2 

LDA DAR X ROO - Set up DAR lo r eonditional adds. X is 
multiplier 

SUB Z Z ROO elea r produet regi ster 2 

ADD Z Y ROI CND 7 
ADD Z Y R02 CND 6 
ADD Z Y R03 CND 5 Multiply Y by the m agnitude 01 X 

where 
ADD Z Y R04 CND 4 Z = X (- t+y) 
ADD Z Y R05 CND 3 
ADD Z Y R06 CND 2 
ADD Z Y R07 CND I 
ADD Z Y ROa CND O 

SUB Y Y LO I - Develop - Y 
Y - Y - 2Y = -Y 

ADD Z Y ROO CNDS Conditional add of "-Y". if sign 0 1 
X is negative 

SUB Y Y LO I - Restores or igina l sign 01 Y il needea by 
ealeu lating -Y= Y-2Y 

ELECTRO:-'I( ' DI '1(,' 2.\. NII\t:lllhc r X, 1979 

SHF CNO COMMENTS 
Roa 

) RIO 
Adj ust X, by gain 
I /Gm = 2-8 +2- 10 

RI 2 
+2- 12 

ROO 

J Propagate samples 
th rough 

ROO delay Li ne 
ROO - Replaees Yo with X 
R05 -

Roa 
Feedbaek BIYI TO -
Yo 

RI O 
where 

-
B, = 2-2- 5 - 2-' 

RI2 
-2- 11 

-
L02 -
ROO -

Feedbaek B,Y, TO 
R05 - Yo 

where 
R06 - B, = 1-2- 5- 2-. 

-2- 13 

RI3 -
ROO - Load filter output to 

DAR for outputti ng 
Irom 2920 
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If: 

T = 76.8 ~s/step (13.020-Hz clock) 

M=IV 

T = 1 s. 

then: 

SI = MI(TI T) = 7.68 X 10- ' Vlstep 
= (KP5 + KPl X 2- ' ) X 2- 13 

Itrogyam for pneratlng a sawtooth wave 

OP OEST ~OUftCE SHF CONO Comments 

SU B Hl SI ROO - Decrements Hl 
register 

LDA DAR RI ROO - Loads DAR for 
conditiona l 

LDA Hl KP4 LO l CNDS Adds 1.0 when 
HI <O 

LDA H2 Hl ROI - Sets up new reg-
ister H2 equal 
lo 1/ 2 HI 

ADD H2 S2 ROI - Adds offsel S2 
to Ha, 

~m for generating the constant 
in S from standard blnary constants 

OP OEST SOURCE SHF COMM ENTS 

LDA SI KP5 Roo Loads 0 .101 inlo 
register SI 

ADD SI KPl R05 Shifts 0.001 right 
tive places. adds 
lo SI 

LDA SI SI R13 Shifts SI righl 13 
places 

0.101... .... ... = KP5 
+ 0.0000000 1 . - KP l X 2-' 

(0.10100001) X 2 \3 - 7.68 X 10-' 

. 

Standard 2920 binary constants 

Mnemonic Value Bit sequence 

KPO ± 0.000 0.0001-
KP1IKMl 0. 125 0.001 / 1.111 
KP2IKM 2 0.25 0.010/ 1.110 
KP3/ KM3 0.375 0.01111.101 
KP4/ KM4 0.5 0.100/ 1.000 
KP5/ KM 5 0.625 0.10 111.0 11 
KP6/KM6 0.75 0.110/ 1.010 
KP7/ KM 7 0.875 0.111/ 1.001 

-/KM8 1.000 - / 1.000 

Notes: KP'POSltIVt constants; KM-negatlve constan!s. ar l he 2"5 comple-
men!, oi KP. 

5. The 5weeplng local 05elllator starts with a register 
programmed to decrement linea rl y. which produces a 
negatively slopi ng sawtooth wave. The constants fo r each 
decrement (S I ) and fo r the offset (S2) are generated by 
adding or subtracting standard 2920 interna i constants. 
Su btraction is performed by adding two'S complements. 

Converting the VCO sawtooth to a t r apezoidal 
waveform, however, el im inates ali even harmonies. 
Moreover, t he first odd harmonie that remains is the 
fifth. To get this result, th e top of th e trapezoid is 
programmed to be 2/ 3 of the peak of a eorresponding 
tr iangle wave. 

Th e resulting SLO outpu t then feeds into the 
system's mixer, whieh also must be programmed. 

A mlxer multlplies 

Th e mixer mult iplies the filtered and sampled input 
signa l with the SLO waveform. Mixing must be 
implemented as a four-quadrant multiplier, sinee both 
its input waveforms ean have positive or negative 
values. A general-purpose mieroproeessor might use 
a shi ft-and-add a lgorithm to determi ne the magnitude 
of a produet and use a separate logic to ~ot. emine the 
sign . í However, t he 2920 employs a more direet 

( algori thm to avoid dealing with the s ign bit separately. 
Bit maniwlation is eomparatively ineffieienl. 

With X as the mu ltlp ller number, whieh ineludes 
both s ign and magnitude, and with Y as the multi-
plieand , th e algorith m employed follows theADD-SUB 
rou tine Iis ted in Table 4. Negative numbers in the 2920 
a re represented in two's eomplement notation, be-
cause it is hardware effieient (see F ig. 5) ... 

Re(erence 

1. Karwoski, R.J ., "Implcment Digital Filters Erriciently," 
ELECTRONTC D ESIGN. Sept. I, 1979, p. 110. 
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Immediate design applica t ion 547 
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Looking for some drawings? 

In our excitement in rushingthe firstdetailsof 
the 2920 to print (ELECTRONIC DESIGN, Sept. 27, 
1979, p. 50), we leet beh ind a number oí key 
figures. We apologize for the confusion and 
thank the throng of loyal readers who were kind 
enougb to cal! our attention to the missing 
figures, which are reproduced below. 
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