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ABSTRACT

Recently, as the digital teéﬁnology_progrcsses, the e#ploding capacity
of digital ‘information - nececities fast digitai communication systcms. Since
the congestion prevéiling in manj'régioﬁé'of'radio‘ftegﬁcncy spéctrum has cre-
ated the.need for improved spect;um ucilizétion.techniques,'thé demand for

multilevel (Mrary) digital modulation techniques has also increased.

In this thesis, a differentially encoded and differentially decoded
quadrature phase shift keyed modem, employing coherent demodulator, was bfiefly
analyzed. System bhilding blocks were investigated and the one, proper to high

data rate application, was chosen for system realization.

A - working circuit was build  as an intermediate frequency (IF)

stage,operating at 140 Mbit per second, and realized.



OZETCE

Glinlimiizde sayléal bilgi iletim sistemine olan ihtiyag, sayisal verilerin
artimina paralel olarak hizla artmaktadir. Veri kapasitesindeki biiylikliik hiz-
11 sayisal iletimi gérektirmekte; h;zll éay;sal iletim isc glic tasarrufu ya-
pan sayisal modulasyon bigimleri &erine, band tasarrufu yapan cok seviyeli

sayisal modulasyon bigimlerini gerekli kilmaktadir.

Bu tezde farksal kodlayici ve farksal kod ¢ozlicli birimle}ini iceren,
eszémanll demodulasyon prensibini uygulamaya koyan, ddrt seviyeli faz kodla;
mali (QPSK) modulasyon Bigimi kisaca analiz edilhistir. Sistemi olusturan
birimlerin gesitli isleme yurdamlarllincelenmis, hizly ilepim‘sisteminc uygun
oianl uygulamaya konalarak 140 Mbit/s veri hizi ile calisan bir sistem ara-

frekans kati olarak gerceklestirilmigtir.
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TABLE OF SYMBOLS

Randém binary sequence, serial inpuﬁ data stream into the modulator,
Rcconstructcd random binary sequence, scrial output of the demodulatbr;
Rate of the random binar? sequence, {ay} rb=1/Tb (bit/sec.)

Reconstructed rate of the random binary gcqucnce, {56}. rp,=1/Tp (bit/sec.)
Clock signal having rate rp(or Iy).- . A

{Ilnlon} : 4-level Symbol sequence, output of the serial -to parallel converte

{IlnIon} : Reconstructed 4-level symbol sequence, parallel data steram into
the parallel to serial converter.
rate of the symbol seduencc, {In}; rg = 1/Tg (dibits/sec.).

Reconstructed rate of the symbol sequence, {I,}. Tg = 1/T (dibits/sec).
Clock signal having rate rg (or rg).
EinEon} : 4-level symbol sequence, output of the gray coded differential

encoder circuit.

WY Y] o .
RlnRon} 4 level symbol sequence; clocked symbol sequence, {ﬁn} .
Rn—l} : 4 level symbol sequence; single symbol time (Tg) delayed version

of the sequence, {Ry}.



1. INTRODUCTION

Quadriphase modems, having theoretical 2 bits/sec/llz  spectral effici-
ency are used in system application were 1 b/s llz. theoretical spectral cffici-
ency of binary phase shift.kéyed (BPSK)‘systems are potisufficient, for a given
bahd&idth; However, the price paid for using such a‘bandwidﬁh efficient‘syétem;
is to increase the signal to noise ratio (SNR) for a given probability of error,
and increased circuit copmlexity. TFigure ~1, being the generdl structure of a
.quadriphnsc modem, can be used to obtain the block diagrams of various quadrip-
hase modulation schemes by apropriately deleting some modules. The most known

types of quadriphase modems can be listed as:

Quadrature phasg shift keyed (QPSK) modem : QPSK modem is the minumum
structure quadriphase modem. Its 5lock diagram is obtained by deleting the
differential encﬁder and quadrature (Q) arm delay element in the modulator;

and the differential decoder and inphasé (I) arm delay element in the moduln;or,
of figure-1. Howevef, this modem suffers from phase ambiguity at the receiver,
and, when the modﬁlator output is filtered, the modulated sigﬁal has large-time
domain amplitude fluctuations (thecoretically infinite dB) as the phases of the I an

" Q arms change simultaneously.

Offset keyed QPSK (OKQPSK) modem : Deleting the differential encoder



“and decoder pair of figuré-l, we obtain the OKQPSK modem block diagram. Off-
Seting one arm with respect to the other by ;n amount equal to incoming serial
bitvduration/,;Tb; is used to éoive the dramatic envelope variation of the
filtered QPSK modulated signal. The phase transitions at the T and Q arms
of fhe filtered OKQPSK moduiated signal are not instantaneous as in filtered '
QPSK modulated signal. However the phase transitions can not occur simultane-
oﬁsly »80, only one channel envelope amplitude can be momentarily zero at a
time, iimiting_the envelope variation of the filtered QKQPSK modulated signal

to atmost 3 dB.

Differential QPSK (DQPSK) and Differentialbréncoded QPSK (DEQPSK) modems:
The DEQ?SK is a coherent detection scheme while DQPSK in not. The former is
ﬁOtally a different story and ist'Skipped. |1,2,3l. ﬁEQPSK modem structure is
obtainé& by deleting the offset delay e1Ementson1y,‘and differential encoder-
decoder pair is left to solve thé phase ambiguity problem ofthe QPSK modem, at

the cost of (3dB) error performance.

Differentially encoded, offset keyed QPSK (DEOKQPSK) modem : DEOKQPSK
‘modem has the most complete structurc¥ with the block diagram shown in figure-1,
and solves the two problems ofthéQ%ﬂ:modmn.Infnct, the differential encoder-

decoder pair happenes to be simplér than DEQPSK's one |2}

We have started the DEQPSK modem realization as a first step ,so, ﬁhe
foilowing chapters will deal with this structure only. However some topics of
: i
chapter-2 will deél with QPSK sfgnal,‘rather than DEQPSK signal, to get some
reasonable results concerning the Operations of the related blocks. To clarify
the reason, suppose that, the sequence of information symbols, {I,}, is wide
sense stationary (wss) and information symbols are mutually uncorrelated. If

this sequence is appliedto adifferential encoder, the output sequence, {E,},
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turrs out to be Harkov sequence wiﬁh correlated symbols ; and the over all

- 1

EWhen the above propertiecs of the differen-

system has a first order memory.
|

tial encoder do mt let e ;roblem to yield a simple result, the differential

encoder-decoder pair is assumed not exit in the overall system.

In chapter-2 we have explained the operations and internal organizations
of the blocks appearing in the system structure; and chapter-3, deals with the
realizations and.respective prdblcms of those blocks. Appendix-A is p?epnred
in order to get familiar with the analyticgl structure of the DEQPSK modem and band
pass signals in additive white Gaussian noise (AWGN), while appendix-B is or-
ganized to clarify the operqtions of basic system elements and to give design

the
hints.
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Figure - 1 : General block diagram of a guadriphase modem.



11, DEQPSK THEORY

In this chapter we will review the block of the DEQPSK modem in more detail,

then, DEOPSK spectrum and finally its performance.

If carrier frequency.

MODULATOR
Iln Ein : : __T~-channel
' ' S\
AX)
a . A
) n_y | : :
in ;-
/P {in} \ {E) S | N
. -on . ) (- )— S DEQPSK
ClLg D.E N . _
y/s) ‘ ‘ modulat;
: CLp Eon T . signal
—1 =)
) Q-channel
S/P : Serial to parallel converter
D.E.: Differential encoder
DEMODULATOR, -
| . Ryn T
v\ I-channel SN inj
N — 1 2
/ . D.D > CL,
' ‘ / [N P
— > : = . , - O Nper
C.R. z . CL Clp (i) A TR
—_—_ = —— |7 —— — -3S.9R CL —cL >
V. < 1 - | Demodul, . P S ”
90‘T| S b | | S CLyg |
'JZ;' . Algorithnl _ [;
' ‘ i Ron T
‘ -on
() 1 =281

».R. : Carrier reccovery.

.R. : Symbol timing recovery. L ) S —
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Figure - 2 : DEQPSK modem block diagram.
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2-A. STRUCTURE

!
o P -
2-A.1 Serial to parallel converter (s/p) and parallel to serial converter (p/s).

h
i
1!
§
1

v ——1n - Tin N
{a}  ——— {1,} {Iin} ‘ G
' , : : : —{a
o )
| s/e Ton : p/s n
rb (b/S) ) on =
I4
B
fb —— /l}[)'(l)/s)

where ‘In=I1n. Ionéan.an_l

Figure -3 : S/p data flow diagrams.

The binary digits (bits), f{ap}, from the random-binary sequence gener-
ator, having the bit rate rb, are mapped uniquely into four'dibits (cémposed
of two adjjcent pairs of bits) to form information symbols {I,}, having symbol
rate, .rs = rb/Z;b The parallel tb serial converter is just the réversé of that

i

operation and both circuits have been explained in chapter-3.

2-A.2 Gray Caded differential encoder and decoder.

Iin | Gray coded | Ei, a Rin Cray coded ?1n
. differential ; : o . _
E E {R < R differential
{In} Ion | encoder - | ~on { n}v {Rn} on . 5 {In}_
2k ' decoder =00
where I,=I;p.Ion o where Rp=Rip.Ron

- in=T1n-ion
Eq=Ein.Eon |

Figure-4: Gray coded differential encoder and decoder data flow

diagrams.



When the absolute phase éf the modulator is transmitted as the source
information, carrier recovery circﬁit (such as quadrupter) usually can not extract
the correct reference phase, causing phase ambiguity at the demodulator. To over-
come tliis problem differential encoder reassignes the phase transitions as the

source information. Denoting four input symbols and four output symbols as

Ino = Iln "Iori = 00 Inz = Iln IOn = 10
I =TI =01 o Iga=TI I =11
nL  1in on - 'n3 in on

Eno =‘E1n Eon - Ep2 = By B

Eny = E - Eon o B3 = Ein Eon

~ and using the gray coding property (adjacent symbols differ in only one bit)
for the output sequence,'{En}, we get the assignment rule for the gray coded

differential encoder as follows™

- If input symbol is 00, then make no phase jump, transmit the same phase,
~ If input symbol is 01, then make a 90° phase jump,
- If input symbol is 1%, then make a 180° phase jump,

= If input symbol is 1C, then make a 270° phase jump

* This assignment rule is not unique. Since there are four different input

: : !
symbols, I, , there are also LA 24 different assignment rules.
(4~-4) !



Hence the state

is given as

" Symbol | Description
0 ; 0 to 1 transition
o  0 to 1 transition
B 1 to O transition
1 '1 to transition

1

' Present ‘ .
Tnput state Next state Behavior| Short cut method
I, I + oot ' '
in-on EinEon Ein Eon
0 O 0 0 0 0 0 0
0 O 01 0 "1 0 1
0 0 1 0 1 0 1 0. No change
0 O 1 1 1 1 1 1
0 1 0 O 0 1 _ 0 «
0 1 0 1 1 1 ¢ 1 Count by 1 in gray
0 1 1 0 0 O g 0
sequence

0 1 11 10 1 B
10 0 0 1 0 @ 0
10 o 1 o 0 0 8. Count by 3 in gray
1 0 10 1 1. 1 o

v sequence
1 O 1 1 0 1 g .1 ‘
1 1 0 0 1 1. a o
1 1 0 1 1 0 o B Count by 2 in gray
11 1-0 0 1 B sequence
1 1 1 1 0 0 B




EJ.nEon ' ElnEon

E ) M
_ _Iln 00 01 11 10 - Eon - 00 01 11 10.
%11631 0 0 1 |1 - Twlon [ 1 ] 0
00 ’ '
o1 | 0 | a |1 |8 ‘ 0L o« | L | ey O
nloe | B B 11 | o By A x
10 o 0 B 1 L 10 0 f 1 o

Flip-flop excitation table

Behavior D J K

0 0 0 X
o 1 | 1 X
B ' -0 X 1
1 1 X 0
X X X X

The J-K flip-flop realization yields (we drop the subcript 'n' for simplicity)

’ S Kgp = I3 . Bg + Io.E
Ko =11 - By + I5E El' = 71+ %o © Fo-to

D flip-flop realization yiclds

DEO=IO'E],'Eb + Ig.E1.Eo + I1.E1.Bo + I1.E7. .5,



Dy = Ip-F1.Bg + I5.E1.Eg + I1.E1.Eg + I7.E .o

The differential encoder does just the reverse operation: But {f  we

assume that present received information symbol, Rp ='{Rin.Ron }, and the

previous one, Ry-1 = { Ri(n-1).Ro(n-1) }»

are available at the input of the

decoder, it is no more a scquential but a combinational logic. So with the

help of gray coded differential encoding rules, we get the gray coded diffcren-

tial decoding rules as fo

.= If the previous

00 to the output pair,
- 1f the previous
1, then assign ol to the
- 1If the previous
2, then assign 11 to the
- If the previous

3, then assign 11U to the

Dropping the subsc

Ilows

symbol

éymbol
oupput
‘symbol
output
symbol
ocutput

-

ript n,

symbol as R _q A P, Rp = R; we
given as
Ton F1%o
R1Rg - 0 0 1 1
1 0 0 1.
1 1 0 0
0 1 1 0

and the present

and tﬁc present
pair,

and the present
pair,

and the present

pair.

symbol
symbol
symbol

symbol

are ¢qual, then assign
make a gray count by
make a gray count by

make a gray count by

and defining the previous symbol and received

get the truth table and output expression

j:'OI'I "
| R R o 1 0
‘ o | o 1
1 {0 o |1
1 1 0




Present symbol Previous symbol output symbol

Rip Ryp ° R1(n-1) Ro(n-1) Iin Ion

0 0 0- 0 0 0

0 0 0 1 i 0

0 0 1 0 0 1

0 0 1 1 1 1

0 1 0 0 0 1

0 1 0 1 0 0

0 1 1 0 1 1

0 1 1 1 1 0

1 0 0 0 1 0

1 0 0 1 1 1

1 0 1 10 0 0

1 0 1 -1 0 1

1 1 0 0 1 1

1 1 0 1 0 1

1 1 1 0 1 0

1 1 1 1 0 0]

|
Ron jpets
_ D Qi
. o ‘%»Ron' Combinational -
(Ra} ! Jogic {‘T }
"I Ri(n-1) "
Rin —
D Q AN
Rin
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It is certain that in the case of noise free enviromment { Ip } should equal

to { I }, and this is checked analytically;

2 - A.3.  Multaplier, 90° phase shift_circuit, IF amplifier, power summer and

spilitter networks.

The analog multiplier must ha?e wide bandwi&th (ideally, minimum.70
MHiz) at £he IT frequency 1140 MHz) with as little as possible PM-AM conversion.
The balanced mixéf has extremely wide bandwidth compared with monolithic integ—
rated circuit multipliefé, however, due to unbalance, it may have purc isolation
amoung its ports.  With proper choise of signal levels, the mixer feedthrough

and highorder intermodulation products are minimized. The biphase modulator

used at the modulator side, is nothing but a balanced mixer cxcept for improved
amplitude and phase match *between thie two states. (For technical data refer to

I.C. specifications section.)

This modem is designed to be an IF stage, so, in the operating system
modulator and demodulator are connected with an IF amplifier only, there is
no RF stage in between them. The amplifier‘is left to Chapter-3, and the

rest of this section can be found from the related appendices.



2 - A.4. Carrier Recovery (CR).

It is certain that the heart of -the coherent dcmpdulator is the carrier
synchronizatiop and this subject hés been extgnsively analyzed in the 1iter—
atﬁfe; To procéqfwith the investigation of various CR schemes, the target
value of rms phase jitter (var v§ ) or the tolerated circuit complexity has
to be known priori. The rms phase jitter depends severely on the bandwidth
efficiency of the modulation scheme, and can be found either‘graphically (Pé
versus - rms -phase jitter), or anaiytically from the previous works. The Lypes

of carrier recovery schemes can be listed as follows.

1. ﬁaximum a posteriori probability (MAP) and maximumllikelihood (ML)
estimators of carrier phase. [2:17}

2. Costas loop of carrier phase recovery |1,2,15,16[

3. Demod-remod carried phase recovery. [2,18,19]|

4. Joint recovery of carrier phase énd symbol timing reco?ery. [2]

5. nth order power law carrier phase recovery |1;2|

6. Decision feedback PLL. |1].

Maximum likeiihood estimator;is employed when the estimated parameter
(carrier phase) is unknown but not random. "lowever, if estimated parameter
ig a random variable MAP estimatof comes into use, and in this case when the
random parameter (cdfriqr phase) hés abuniforﬁ distribution, ML and MAP es-
timators are equivalent. [2]. In tﬁé MAP estimator strategy the observation
of.qﬁe incoming- PSK signal, s(t), corruptediby,additive‘channel noise, n(t)
(narrowband bandpass process), on the intgrval [0,Ts] with the pre-knowledge

of signal pulse shape (p(t)), carrier frequency and.precise symbol timing, are



used to estimate the carrier phase, 0(t)=0 (assumed constant in the inter-
ral [0,Tg]), which maximizes the conaitiondi probability plo(e) ] () + n(L)).
- (Figure-5). Howevér it leads to clésed 1o§b implementation with uctivé arﬁ
filters, mached to the signal pulse shépe, p(t), and requires the symbol
synchronization pulses to drive the matched filter, all of which make this

- strategy difficult to implement.

When the active arm fiiteré are replaced by passive low pass filters,
accumulator by analog loop filter; bumped phase oscillator by voltage controlled

oscillator (VCO) and hyperbolic tangent (tanh) nonlinearity by

X ’ " X<<1 : low SNR approximation

tanh X =

I

sgn X X>>1 : high SNR approximation

then,ione obtéins the conventionai Costas loop and polarity type Costas loop
respecﬁively.“17|. (Figures—7.8$ In thié éése, for a given rate and SNR one
can find the optimum filter bandwidth in the sense.of minimizing thé square
rms phase jifter, even, when the.symbpl synghronizaﬁion is known, an‘integrate
-and dump filter plépedlon the arms; can still improve the carrier to noise
ratio about 4-6 dB depending on dété rate. |15]| Oﬁ the otherhand conventional
quadriphase Costas loop;(Figure -6) and small SNR pfactical realizacion'of

MAP estimator loop,(figuré -11) are equivalent stochastically. |17] So we -

. conclude that conventional quadribhase Costas loop and»its previously shown
equivalent |17], the fourth powerﬁloop (figure-9), are low SNR practical

realizations of the MAP estimate Poop, for QPSK.
The demod-remod tracking loop, joint recovery of carrier phase and



signal timing, and decision feedback PLL are left to references listed previously.

The fourt power loop, when excited by QPSK signal, has the phase error

variance (square phase jitter) of |2| :

i
i

¥

Varg = B.Tg .| 0.1125 + 1.4625 —=— + 24.469 —1— + 21094 —
. : b sz » 813
+ 2.531 ‘614 ‘

b

B = nosie equivalent bandwidth of the bnndpaés filter (or PLL) located at 4 time
" IF carrier frequency (£1F) : (in llz)
Tg = symbol duration
N, = double sided noise spectral density at the input of the CR loop.
2T .
Bp = A5 - gpsK signal, SNR : (see Chapter -2.B.)
, 4 gnat, ;
2N, - ‘ ‘

Where it is assumed that Nyqﬁist base band pulse éhaping is used, p(t) = A sinc
(t/Tg), and B«Qﬁ;f . Clearly the steady state rms phase jitter can be made as smdl as
possible, by rédéiing the loop baﬁdwidth, almost indepcndcntiy from the SNR;’
However small bandwidth meéns;'inability to track instabilites in the transﬁitted
»carrier, prolonged acquisition time for phase rccovéry, qhd in the case of paséive
band pass filtér, unsymetry of ban?upass filter due to mistuning, which degrades

the performance of the CR circuit

|
*
5
i
?
|
!
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2 - A.5 Symbol timing recovery (STR)

The symbol timing extraction, for QfSK signal, can be done basically in
‘two Ways; directly on the QPSK modulated signal, parallel symbbl timing recov-—
‘efy‘(PSTR); |13] , or at the baseband, serial symbol timing recovery (SSTR):
|14, But both STR techniqués empioy nonlinear signai processing elements
analog (balanced mixer) or discrete (exclusive-OR gate) type, which gehéfatc
the discrete prcét;al components at the multiples of symbol'rﬁtc,rs; The
nonlinear element may be implemented by a differentiator, a full wave rectifier,
-a threshold crossing circuit, a half bi; delay detector, a squarer, a fourth
power circuit, exclusive-OR gate, a delhy‘and multiply circuit. lowever the
last two are superidr\over the rest; in the performance, complexity and cost.|14|.

1

The delay and multiply PSTR scheme is faster in aquisition and when
the delay element is perfectly calibrated, has 3dB higher performance compared

to exclusive -OR gate SSTR scheme, however the former is more simpler to implement.

Exclusive -OR gate SSTR

- N
‘ . v(t) v(t)
I(or Q) ~—mnw+— _—J: e PLL/BPF
channel '[_ b_J"' : ~ ‘Recovered
arm " symbol timing
filter : delay =d
output ‘

. f
Figure -10 : Exclusive -OR gate SSTR.

The symbol timing clock is recovered from either channel arm filter
* . v . . . . -
output  of the demodulator, which contains filtered, non-retun-zero  (NRZ)

binary random scquence, corrupted by channel noise. We assume that this



equence is WSS, having mutually uncorpelated equiprobable symbols. ‘The output
of the hard limiter rcseﬁbles a return-zero (RZ) random binary sequence, but
it contains transition jitter, due to channel noisc and intersymbol-interfe-
rence (ISI), caused by arm filter. However an cxpcrimen;al evidence is given
by the author |14]| that, the un&esired power of v(t), due to transitioh
jitter, is negligible as compared to that of ﬁZ continuous spectral components
- close to symbol rate ffequency. So the jitter free power spectral density of
the signal, at the output éf hard limiter, having states (0,A) is given from
appendix. A-4 as: |

2 | 2
Cyv(f) = A Tg sincszs +

. Y (£)

4

Where. ‘Tg is the symbol duration, as before, and up(f) is the unit impulse
function. It is clear that Gyy(f) has no spectral components at the symbol
rate frequency. The power spectral density at the output of exclusive-OR gate

is given as |14].

!
: 2 2 2 2 ‘
. . ® .2
Gev(r) = A4 s;ncz(f.d) + A .d I:uo(f) + 2 g sine” (™)

Ts B - b Ts
cug(f- —1 )
Tg
= C(f) ’ + D(F)

where 'A' is the output high level of the hand limiter, as defined above and
" % It is advisable to cmploy both arms (I,Q) of the demochiilator toextract the
symbol timing. This is accomplished simply, by performing the operation of
' figure -10 (up to the band-pass filter) on both arms, independently and then(wire

OR'ing the two pathsbefore they enter to the band pass filter.



N e e e . . . . .
d is shown in Figure -10 It ts obvious that it does contain line spectra,

D(f), at the multiples of symbol rate frequency,

Ty
“The value which dctermincs'thc best operating point, is the ratio of

discrete to rcsidﬁnl continuous_spcctrnl powcf (defined as SNR); gincc it-is

this ratio whighicauscs clock timing jittcf at the oﬁtput oflju:banQpass .fi1tcr.

If the bandpass filter is narrow énough (B« 1/Tg), the continuous spectrum

of the signal within that bandwidth canvbe assumed flat,»so‘the continuous

spectral power at the output of the bandpass filter is

2 2

c(1/T5) = B. ", sine? (d/Tg)

and the line spectral at the symbol rate frequency is

w? %

D(1/Tg) = sinc” (d4/Tg)

V-TS'

Therefore the signal to noise ratio, as defined previously, is

A '
C(svpy = 20Te) oL fo

c(1/Ts) ~ B.Tg . B

Where Q and fo are the quality' factor and center frequeﬁcy of the bandpass

filter, respectively.

Froh‘the last equation, we conclude that, the delay element, having
delay d, 0 < d < Tg, has no effect on the performance, and high. Q filter

" can reduce the clock timing jitter, at the expense of prolanged acquisition



time and inability to track the instabilities of the transmitted clock timing

.signal.

"REMARK :

When bandpass filter is implemented by PLL with phu;c frcducncy detector
the phase frequency detectot is misdirécted by the random signnl-where some
transitions are missing. (sce timi;g diagram of Chapter -3.7.) The LC pre-
filter with high Q can introduce many transitions, of almost‘cOrrect phase,
each time it is driven by the data transitions of different phase, hence,

improves the operation of phase detector.

2 - A.6 Demodulator

I-channel . 1r ' i
——L.PF [ 1‘® l.atch- Rin
Symbol l/ )
' ymbo CL .
N timing P {rR,}
recovery
\
Q-channel e R}
LPF Latch on

Figure -11 : Demodulator structure.

»

Demodulafion is performed by passive lowpass filters (2 nd order
Burtterworth) folloWed by zero voltage threshold compérators and iatches,
driven by STR.module; due to high data rate and zcro mean bipolar input
signals. The’disadvantage of passive lowpass filter is that, it introduces

ISI, if it doesn't have sufficient bahdwidth, however large bandwidth means



more noise power injected at the entry of the decision circuit.

The error performance degradation due to the passive filter and filter

(N

caused ISI becomes very complex even for the simple RC filter casc“, and

i

this subject is not énalyzed, but filter bandwidtlh is chosen equal to symbol

data rate. [3]

2 - B. SPECTRUM and SPECTRAL EFFICIENCY

In appendix A.4 the spectral characteristics of digitially modulated
signals (when the information 'source is WSS) arc given. If we also assume
that, rectangular baseband pulse shaping is émployed and complex symbols are

mutually uncorrelated having zero mean, my = 0 , and unity variance,

o% =1, we get

A 0 st <Tg
p(t) =
: 0 else

IP(f)J2 = A2.12. sincz(f.TS)

So, equivalent lowpass power spectral density of the quadriphase modulated

signal is
|
2 2 | 2
: T | L Imgl 2 2 .2
Guu(f) = — #————— |P(0)| . uo(f) = A".Tg sinc”(£.Tg)
. ] .
T | 2

% S

* H. Staerk and F.Z. Tuteur, "Modern.Electrical Communications," Prentice-Hall,1979.



and the modulated power density spectrum : 3
|

Css () =L |Gy (E-Fe) + Guu(-F-£c)
2 b | '

1

On the other hand, the well known ISI free theoretical minumum bandwidth
(Nyquist bandwidth) of a baseband information sequence, having a rate, rg is:
Bmin 2 rg/2
" where equality holds with a very special pulse shape, sinc pulse. However when the
signal is double sideband modulated, it occupies the twice bandwidth at the
RF channel, calling this bandwidth transmission bandwidth, By, we get

"By = 2Bpip 2 rg = b

2

So the bandwidth efficiency, BWEFF, is

T Lo
BWEFF = b_ <2 pits/sec/Hz.

By

Again equalitity holds only for sinc baseband pulse shaping and it is an upper

bound. When o roll of risedecnsine fulse shaping is used, we get

B'l‘ = (1+a) rs \

BWEFF = b/s/n,

140

as a typical achivable efficiency. (a#0)



2 - C. ERROR PERFORMANCE

The direct error performanée calculation of DEQPSK médem is Qery compiex
|1,pp;161,164l, |2,pp.155|, and if~isﬂusﬁ@liy given graphically due to non-
clementary functions. lowever bi;ary phase shift keyed (BPSK) modem,pcrfbrmﬁncc
is extensively analyzed and can be adopted to DEQPSK case, giving considerable

design insight.

IF the BPSK signal is corrﬁpted by additive white Gaussian noise (AWGN)
and demodulated by a matched filter receiver (or its error performance equivalent

Nyquist channel receiver), the bit error probability of this system |1,2] becomes

P, . erfc V8D
2

where &b = received SNR - per bit,

Received energy in a single bit time,

£ =
N, = Double sided noise spectral density,
erfc(X) = complementary error function.

If the BPSK.signal has a rectangular baseband pulse shaping, and has a

peak amplitude of 'A' at the input of receiver, from appendix-A.1 we have;

u(t)



When there exists neither crosstalk nor interference between the signals on
the I and Q arms of the QPSK demodulator (perfect coherent demodulation), the
bit error probability of this modem is identical tc bic error probabilivy of

3P5K modem | 1‘|’

1

P =
SK
bQP 2

erfc ¥ 6b

Since the differential decoding is performed after the signal regeneration,

error multiplication by a factor of two can occur during decoding. So ideally

. i
we have : -

1

P, DEQPSK = erfc vV ¥b



I11. HARDWARE AND HARDWARE DESCRIPTION OF
THE SYSTEM

-
This section includes the circuit realizations and their operational
descriptions of the blocks described in chapter -2; and some recommendations
concerned with the operations and calibrations of those circuits. However,

before proceeding to this chapter, we have some remarks to bear in mind.

‘First, the analog parts of the system were designed and calibrated
(such as 50 @ matched transistor RF amplifier) with the help IP.'s RF equip-
ment set. So, the RF techniques used, for both analog |4,5| and digital |6}

circuits, have not mensioned in this thesis.

Second, the system is realized in a médular way, enabling the operation
of each module to be tested indepeﬁdenfly. However, this modular structure has
introducéd some redundancy ' for some digital circuits. So, in this chapter,
we introduced and described two networks, (only for those reduntant circﬁits)
one being the implemented circuié, and the other; called basic circuit, being
the recommended circui£ if moduiatof and demodulator had been conctructed on
single cards, respectively. i

1

i



CLOCK

DATA

3.1- SERIAL TO PARALLEL CONVERTER

Basic circuit : The serialginput streém is passed through a.two bit
shift register, and serial clock is divided by two; to form the parallel
clock. However, due to finite delay of this divider, shift register oﬁtputs
have to be delayed appropriatelyf before they are latched by output flip—

flops, via parallel clock. Assume that, input data strcam has a form

“where 'A' is the very first data bit sent, then, the output symbol sequence

1s formed as

which will be useful when converting to serial again, at the demodulator.

Implemented circuit : The implemented circuit differs somewhat. First
the serial input sequence and the serial clock are buffered; and the shift

register pair is clocked with the falling edge of the serial clock. So, Tbh/2

4 lbl3l ECL D flip-flop requirements :

, Data shquld be stable tset,up(l ns) secconds
{ .before and thold (0.75 ns) seconds after the rising
)K : >< " edge of the clock pulsc. So, making use of the timing
l I
| 4 | diagram of the basic circuit, we get
("sevtuq:c—A | e
| ilmlﬁ tpd,gate ” thold, Fr

gate delay = tpd



secods delay is generated in between the shift register pair and output lacthes.
(Sce timing diagram.) There is still‘a third difference, the reset circuit,
added for the check of circuit operation during test. The very firsthigh
stafe of data will -enable the operation of the serial to parallel converter
and}acps.as a kind of synchronizer. The basic cifcuit shéuld not include this

reset circuilt.



Shift register

- palir Delay=t | ~ Output latches
. pd,gate. :
Ja & . N\ : :
‘anl ) “ - Q ) y D Q —2 11(3;33)
serial input - : ‘ N S
— ACL N
<~ C ﬁV/
Serial D
clock : 1\ »’
input . D - l—\ : A\ : .
P \ Q i °Q <1, (LSB)
S | &N
1 CL
N |
Parellel
- . ) ,’ ::j:> CL Q T — .: clock
output.
B .
Timing diagram
A | ! | ! ’ i i ! : j 3 i P
dela}’=tpd’?F B I 5 ] i ) ! T
_— A | B | c | D - | E | F i G I B
delay tpd,FF C - -
= . . A [ B | C | D | E 3 [ G i H
dela:\—tpd,FF*th’ D .
8atex%1 ” ” o ~ ’
. ) R
Lacthed output pair (B) , rc ~(F!- . B
A iD - e \G

- SERIAL TO PARALLEL COXNVERTER -

« (Basic circuit)



Iy |
output pair :

Red 1 , | 13 N
LED o 15
L 1rs1ss 13 ' | 13 ,
h ss00 1L 10 & |15 10 15 PN
[ LA s | : >A B
-5.2v __Z_IIZ N o , | 14 £ o1y
Serial - R 2 < D :
: & 7 : , Parallel data outp
data ' : _ Q ¢ Lz- 4 T - 4
. 9l = B 9 : R 2 7 ' * I
input 6-——>CL_ b 0 W D Q 2 -0
2 CL 6. > i ﬁJE;
Serial 6 ——2 /1 CL G—j >
clock & .
input 1\
| 15
A R
10
1/4 10102 11 _ _. _— - B L ,
13 15 CL. Q ’ © Parallel clock out;
ﬁ\g 9 w T T o
E
\
<] -
C
Timing diagram
2 D flip-flop=1 10131 ECL IC. : .
All emitters have 510 ohm A | | | l | l | B | l | B | | l | | [
] v
bias resistors - 3
B . [T& B 1 ¢ | D I E [ F [ & I I T
* Emitter bias resistors are :
on the following stage c B Lf [ [ l l | E— : 1 ! [ [ I
D A [ B 1 D [ E F G [} 1
E LT . 11 T f
Latched I
e i 1 2

Ly

|

B
A

|

~ SERIAL TO PARALLEL CONVERTER-
(Tmnlemented cireult ) .



.
b

I

3.2 — PARALLEL TO SERIAL CONVERTE

The basic circuit is very §imﬁle in this case., The parallel data
outputs (I1, I,) are sampled and latched by tﬁe serial clock, CLg, twice
in a single symbol time, TS; Each time as the symbol clock‘(also called marallel
clock), CLs, 'makes a posi;ive transition, a new symbol appears at the

inputs of the parallel to serial éonverter, and this symbol has a form

il_n D
—-’-’

T A C

o)

So, at the high state of the parallel clock, least significant bit of the
symbol, Ip, is enabled and latched first, then, at the low state, most
significant bit, I;, is enabled ahd latched. Therefore, the output sequence

is reconstructed as the original one, as
(.... b,C,B8,R)

In the implemented circuit, the divide by two flip-flop, just after
ﬁhe VCO of the STR card, i$ alsogcopied in this card, which is in the same

phase as the original one, and rest is totally the same.

* See serial to parallel converter section (3-1.).



il(ﬁéﬁ) Output latch
cL ) .
p Ek & 5}
. / . (Parallel clock from) /’. D serial data
Not': All resistor values are output
in o'r.lm3 unless otherw1se ’CLp. ; ::)———-‘ \ oL
specified. [—_
To(LSB) l ‘ ~ .
Basic circuit . -
CLg(Serial clock from)
STR
Timing diagram.
advance = tod 7 S e M o S ey IS oy NS s Yy Y oy Y oy Y s N
delay = o CLp:
Delay = t.4 pF . _ -
- . .—-.Parallel data:f| Z I B | C | D [ _E i _F 1 G i _“miw_i .
latch input = : = = = - = -
= | . -y
delay = €4 pp*tog oate A& B [ T D [ E [ F [ G T H T ,
Output sequence
sample times : T = t f t 1 I T
A B C D E F G H 1
T
1 220
, | [(T—
Reset
1z 5 9
7 R 2 ) 13
- |
220 D 330 D Q 10 R 15 ()
-~ | | 510 4 : Q )
‘ 5.2V ——- S 1 S T W serial data
: / ]D—j)———— 11 output
VCO output P10 | 330 -5,2v CL
of STR card220 l i ;;%; - . . A
: b + Serial clock output
-4
5.2V Lo :

Implemented circuit. —PARALLEL TO SERIAL CONVERTER-
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3.3 - GRAY CODED DIFFERENTIAL ENCODER AND DECODER

l
!

i

vReferihg to differential decoder circuit, the symbol sequence,{ﬁfﬁo}fbéiﬁgf

the outputs of thedecisioncircuits, has not a proper form to operate the dif-

ferential decoder circuit, since %t has state transitions just.on the middle
of succesive falling edges‘of the éymbbl clock, CL§. The first D flip—flops
convert this sequence into a propgr form, {Ri RO}, and the second D flip-
flops serve as delay elements. Tﬁg rest of this circuit and the differential
encoder circuit perform the respeétivé Boolen function operations, as descri-
bed in chapter -2. ’
However, due to simplicity: it is advisable to use J—k flip—flop real-

ization in the encoder circuit.

* ‘See also chapters 3-6, and3-7.



220

4 AND gate = 1 10104 ECL IC,
2 D flip-flop = 1 10131 ECL IC.

All emitters have 510 ohm bias resistorsEj

Emitter\biaS'resistors are on the
following stage.

Eo
Is

0. [,

.

Parallel clock

1

- GRAY CODED DIFFERENTIAL ENCODER-

220 _
-5.2V v
330
{ 13
DEl 10 R % E
D 1
Q 15
1 14 7
P gt
—49
D.
Eo ‘4‘
N 7 3 E
4 D Q ‘E““‘“ o]
'§>CL QL2 E,



Reset

13

10 R Q R
D 5 1
: _4 =
Do F—=~
1220 [
Q 7 R
—9
~5.2V . s _
Parallel :j:>CL Q=3
clock 6
(CLp) .
2209
' ©320Q7L -
13
10 R
A ' ’ L
3300]] 1|2209
o = ha .
CL Q Ry
-5.2v ,
L9
4
L {D R Q P
v, 2
3 -
6:§:>CL J Po
4 AND gate = 1 10104 ECL IC,
2 Dt flip-flop=1 10131 ECL IE.
All emitters have 510Q bias resistors
*+ Emitter bias resistors are on the following stage.

~-GRAY CODED DIFFERENIIAL DECODED-



3.4 - MODULATOR AND POWER SUMMERE

The modulator is builded around biphase modulatof IC, PM 101, whose
electrical chargcteristics are given iﬂhIC specifications section. PM 101
modulators are driven by theyling receiver IC, with 10 mA drive current
in either state. The IF oscillator ( 140 MHz externél oscillator) is
spilled into two, to drive the iﬁphase (I) and quadriphase (Q) channel

phase modulators. The Q channel oscillator is 90° phase shifted prior to

 the entry into the modulator. The most significant bit of the symbol, Ip,

is fed into the I channel and leést significant bit, Iy, into the Q channel
modulators, respectively,'which must be remembered when constructing the
demodulator. TFinally outputs oféI and Q channel modulators are resistively

summed, to form the composite DEQPSK modulated IF signal.

|
;
!
f

* _ The phase shift circuit is a lossless imped-

'
t

ance matching network with prescribed.phasé shift.

So it is a minimum 3 element network. The formulas

_l_ for '’ network are
Zo | L :
I . - sinf
| . 23 =20 = -j Rp ( ——— )
: l-cosB

Zp =] Rp sinB

If we define B = + w/2 we obtain one inductor only

and we yet

X1, = Xo = Rg.



Resistor values are in ohm,

unless ctherwise specified.

183 18
, rrry P 190z,
D2 )
IF carrier, .
" 0éBm, -2dBm 18 i/3 101%
o 12
1 13 4
zzﬂ 30 o _
. 51C JSlC . ;
5.7 [] 13
. i U } . 18
5] - H -z H 1
it 220 5.2V =5.2%
VBB 11 1
S ' =5.2v 15,27 18
-5.2V
50 1/3 10114 51C 51C
220 3 2 ’
15
4. 3
ey
L
Dn I
&) SFINmyicl BFQ
29 290 :
22, % 225
L : 4 turne of C.E3 m vwire,
¢=2.2 mm.
Not:

-MODULATOR AND SUMMER STAGE-

-16 dBp DEQPSK
modulated sig



RFC )7( 1n
T T ool |,
1.5n , —= 3.3u
1 330 I T
: ‘ 390
3 T 150p L 390 ] B0 1 390
Lo 390 ] o= 680 = °80p
=T E I e | Ik
e e e > Tox | | — T B3y ;
) N EBERY b3 | —
g i T | l\_».‘Tz '\}1T3
1 |
680p I [ : L—%‘ T — f R
R 1 I | i i )
. ] .6  3.9p 6.8p 3.9p 6.8p
22p Ew 16 16
o "L = 5 turns of 65 mm wire, = 3.0 mm T T
Gain : 27 dB
Freq. - band : 40-860 MHz
Input/output impedance: 759
T1, Ty : BFW 92
T3 - : BFW 16 A

Not : Resistor values are in ohm, unless

otherwise specified.

3-5 . IF AMPLIFIER STAGE

This network was already available at the laboratory and-duﬁlicated for this modem.



3.6 — DEMODULATOR INPUT STAGE

The received DEQPSK modqlatéd signal is divided into threé paths (where
power division ratios are shown oé‘the'circuit diagram), two into RF channel
of the double balanced mixers and ;ne into the carrier recovery (CR) circuit.
The output of CR circuit is an ECﬁ gate and is insufficient to drive the two
LO inputs of the mixers. So, it {s fed to the attenuator followed by single
amplifier circuit. The attenuator is a 96 dB 'L' section attenuator, having
180 Q and.SO.Q impedances at the gate and transistor sides respectively, in
order to minimize the loading on the gate, The transistor amplifier output
.‘is divided into two, one direétly;driving the LO input of.thé inphase (I)
channel mixer, and the other, driving the LO input of the quadrature (Q)
channel mixer, after it is péssed;through a 90° phase shift networkf Out-
puts of mixers are lowpass filteréd, with second order Butterworth filters
(called arm filters), having 70 Mﬁz 3 dB bandwidths.The I channel filter
output is applied to the symbol timing recovery (STR) circuit, which extracts
:the’symbol timing signai, CLp. Arm filter outputs are aiéo applied to the
decision comparatoré, an these comparators are enabled by the STR
circuit, with the symbol timiﬁg signal, CLp, to.form the digital I(ﬁl)v

and Q (Ro) signals.

* See footnote of chapter 3-4.




Not

: Resistor values .are in ohm,

unless otherwise specified.

: See chapter -3.8.

. I sp 9685
~1 dBm. MHF-3R | {—0. L { 2
RF  IF % ! + Q
Inphase Lo I l 51 0
56 3
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‘ —_ —{CL "~ Q
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+12.V 4 9,10
+12V +12V ] |
A =
s ——-NJ| e []18 - .
2 7 51 27 Phase} L8 ] S.TRELL,
{ - el | C.R Shif tj—m—"——7—A
put ] ‘ -11dBm " l - CLS~
x:10dBm 4 36 J_ L-——-——122 ]18
n:6 dBm o i /ﬂ p”ﬁ 1 ,
m:9 dBm - Att . . '15 oV _ —r
500 enuator &L:4 turns of =o. ' n .
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amplifier HA1 vire, o —— __'_1 1 sp. 9685
A=7 -
) 3 T.me [ v | — oL 3
Quadriphase +7dB —_ I A
channel l = J_ 51
-1 dBm Lo 2% | D
RF TF — /708 + Q
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‘ . *
3.7 - SYMBOL TIMING RECOVERY (STR)_CIRCUIT.

This c1rcu1t extracts the data synchronlzatlon 31gna1 of the modulator

input data stream and requ1res f1ne calibration due to high data rate.

The delay element,'d’, is implemented simply by cascaded exclusive -OR

~ ECL gates. The LC prefilter and the following comparator is not included in

‘ . . ’ /7 . . ' .. .
_the circuit card, but, in connectlen with chapter -2 and the timing diagram

below, it is advisable to involve this circuit, in order to improve the oper-

i
.

ation of the phase detector.

|
|
i

i

| The output of the VCO,-being tqs seconds ahead of the parallel clock
(CLp), is tuned to 140 MHz and isiused as a serial clock, CLg, to dtiye the
'parallel‘to serial converter circuit and all the circuits external to the
DEQPSK demodulator. The outputs ot the divide by two flip—fldp, CLb,band its
complement, Efb, are the basic reference synchronization signals extracted

at the demodulator. Since the CLj | signal enables the decision circuit (see

?
btiming diagram), it requires fine calibration, in order for the system per-
formance not to degrade. This is accomplished' simply, by inserting a digital
delay element, 'D1', in between the output of divide by two f11p flop and 'V’
input of phase detector whlch effectlvely removes the 51gna1 path 1ength

dlfferences of STR c1rcu1t and decision-circuits.

* This circuit is not complete yet, so it is not inserted into the system.
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Figurc-12 : Serial symbol timing recovery scheme, oxtended block diagram.

Notes : 1) Framed elements are not included in the implemented

circuit (see text).

2) Dy B otd; + tdy + tdy - td
1 1+ tdy + tdg 4

A'—-‘ . ” /-
' . ; s1ngr————————L_—___—__j——
S I BN z/P”ise ECL levels
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S B S I s N s 2 e 2

f

B
£ F"'“W : F“'_W L LI

Timing diagram 5 ideal elements and jitter free input signal case

Note : the arrow of the "D' waveform designates the optimum sampl
times for decision circuits.



* Emitter bias resistors are on the stages drived by this unit.
2 D flip-flop = 1 10131 ECL IC. '
3 exclusive-OR gate = 3/4 10113 ECL IC.

-5.2V +12V
| T o 2l e
7 10 15 13 5 3 -
NPUT o X A1~ \ 6 |r T | b Tk zkg .
' 9 _) _) 4 12060 |3 PRI,
. 510 g | ECL  _ 4.7 5 3587
. : 1 IC. V¥ ;t7/-4
V .
. 10 220 S .
- Y =-5.2V
510 510 % i
. 5.2V n—_E
-5.2V =5.2V -5.2vV
' T Tn 23 |
; _ N P R P m——— 1.2k ‘IlOn S— R T F—
D [0 Q D 1648 19 — o
' 7 | ECL- < —p
5| 1C : BB104 10 1N4148
. e 10 9L '==10n
14 |Q 11317 cL ' 11k
CL . 10n
3 I
7 i
510 41 9 l L: 6 turns of 65 mm
N.C. -5.9y wire, ¢= 3.2mm.
* *
-5.2v CLp CLy CLg
Serial clock
Parallel clock output.
output.
‘Not : Resistor values are in ohm, unless otherwise specified.

~SYMBOL TIMING RECOVERY STAGE-
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3.8 — CARRIER RECOVERY (CR) CIRCUIT.

|

V,Tﬁis circuit extracts fhekIF carrier (béing DEQPSK modulated) of the
modulator and requires fine caliﬁratioﬁ in order for overall performance
“not to'degrade. (See remark.)

The input preamplifier is;used for both isolation and gain purpose
before driving the fourth power éevice. 'L' section impedance matching is
performed on both‘input and outpét, with HP impedanée matching set. The
fourth~power device is a single éransistor biased to ﬂu;cut;offregiOH. The
outpdt of this transistor is tunéd (pafallel tank) to 560 MHz, while input

1

is matched ('q ' network) at 140 MHz with large signal parameters. For

proper operation in the wide fr;quency range (110 MHz - 170 MHz) it is

“also mneutralized. Output of this stage feeds a bandpass filter located

at 560 MHz. (This filter was aléeady available at the laboratory). Fi-
nally, an output amplifier is uséd to bring the sigpal to a sufficient level
(+10 dBm,+8 dBm) to drive the préscaler. It‘is again a transistor amplifier
and its’input and outpﬁt are matéhed at 560 MHz, with two 'L' sections.

The PLL section {(whose card was ;1sb available) sees a divide by 64 prescaler,

oﬁerating on the referehce‘signal path, and divide by 16 circuit, operating

at the feedback signal path. Thérefore, the VCO output is locked to one
fourth of the reference signal, j.e. IF frequency (140 MHz) is extracted .
at the output of loop VCO. The maximum VCO frequency is set to 145 Milz,

since otherwise feedback divide loop does not operate properly, due to

speed limitations of those IC's.

hd

Remark : Due to finite delay of the elements in the CR circuit signal



path, the LO inputs 6f arﬁ mixers do not haQe 0° phase IF carrier sigﬁal.
Tﬁis delay, called D2, is infact émall, but still cause iarge phase errors
due to.high IF carrier signal. (éhage'error = ZUEIFDZ) So, it ié recommen-—
_ded to put a phase shift circuit ?sée figure‘—13) in order to compensate this

phase error. Tlie calibration opefation can be done best experimentally, in
i

a very simple way, as follows. $end If carrier signal (140 MHz) to the
. 1

. |
demodulator input. Observe the»o?tput of I channel arm mixer and adjust

" the phase shift, such that the mi*er output contains twice of IF carrier

frequency and a DC component only; <
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Figure - 13 :

Dy =

R
1

tdl—tdz'rtd:),

: See text.

CR extended block diagran.
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- CARRIER RECOVERY INPUT STAGE-

- 2320,
= T3 = BFW 92
Ty = BFW 16 A
Input : max : - 6dBm
min : -12 dBm
Nom : -11 dBm
Impedance : 50Q
Nominal
Input :
* Frequency : 140 Miz

Output max :

min

Nom :

Impedance

Nominal
- output
Frequency

10 dBm
: 8 dBm
9 dBm
1509

¢ 560 MHz
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Not : Resistor values are in ohm -
unless otherwise specified.
2 D flip flop = 1 10131 ECL IC.

L =6 turns of .65 mm
wire, ¢=3.2 mm

—CARRIER RECOVERY PLL STAGE-




IV, EVALUATION AND CONCLUSION

We have taken the very first step in the establishment and improvement
df_a quadriphase modem. The system structure was selected to be DEQPSK and
; : .

.realized in a modular way. All of%thé‘modules, except the STR module, have

been tested and put together to form the DEQPSK modem.

The calibration of the modulator has been done, and the whole modulator
has been made ready to operate on é single card, with the recommendations of
chapter -3. But the 90° phase shift network, on the IF oscillator path, is

better'to be redesigned with the hélp of appendix B-2, or, if avdilable,-a

qudrature.(9005 hybid can still improve the operation of the modulator.

The same recommendation, fq; the 90° pﬂaSe shift network, also applies
to ﬁhc’demodulator‘s quadratire afm 90° phasc‘shift network. laving supplied
the data synchronization signalé (étp, Efb, CLg) from the modulator card, the
whole system had been tested only at 8 Mb/s data rate, due to nonavailability

of proper data source, at that time.

"The next step to be performed, is to put the STR circuit into operation
in conform to the other parts of the demodulator. By this way, once fixing

the structure of the demodulator, it is advisable to combine the demodulator,



i
bit mainly the analog portions of!it, in a single card, since otherwise

|
i

neither fine system calibration, nor full data rate of operation is

possible to manage. After all, when both modulator and demodulator
being implemented on single cards, the system will become to ready

i

undergo performance test and to use.

‘
i
¢
i



APPENDICES

A -1 : BANDPASS SIGNALS

1. A real valued narrow bhnd—pnss signal s(t) in the vicinity of a

frequency f. can be expressed as :

s(t)

a(t) cos (ZWQ;t + 8(t)) -

x(t)coswét - y(t) 'sinwct

' j2uf ¢
Re { u(e)’ ety
where a(t) : envelope of s(t)

£.

¢t carrier of s(t)

x(t),,y(t) : quadrature components of s(t)
u(t) : complex eﬁvelope of s(t)

o(t) : phase of 8(t)

and

x(t) a(t) cos0(t) _,th) = a(t) sino(t)

a(t) ejo(t) = Cox(t) + jy(e) '

u(t)
Thcéc componcnté are called the low-pass signals since the frequency

contents of them arc concentrated at low frequencics with respect to f. due



- : ! . .
to narrow band nature of s(t). It is simple to show that

F.T. {s(t) } = s(f) = —1—-1:U(f-fcf + U*(—f-fc)]
2
’ 2 +oo 9 ] e 2 1
{ Energy of the signal } =€ = < s7(t) > = J dt s°(t) = - Su(e)| de +-—E—

7 at |u(e) I2 cos(4nfet + 0(t))

-0

+oo
. _£ dt a%(t)

2. Real time response band;pasé filter h(t) (or H(f)) can be expressed

interms of equivalent complex 10w—passAfi1ter component = c(t), (ar C(f)) as

follows; ,

H(E) = H (-f) | : h(t) is real
defining .  C(f-fc) = H(f)‘ql(fj : wp(t) is a unit step
. % s % function ‘
so that C (-f-fo) = H (-£) u3(-f) =H(E) w(-£)

. . ) { .
hence CH(f) = C(f-£f.) + C*(~f~f,)
also in time . .
. h(t) = C(t)'eJ(zﬁnfCt + C*(t) e_JZTTfCt
domain ‘ =
hit) = 2Re { c(t) ejznfct }
where 2 is arbitrary since we could define C(f-fe) = _%—-H(f) uy (£)

3. Response of bant-pass sYétem to band-pass signal.’

Let : ; J
s(t) = Re { u(r) ed27fet 3

B(0) = 2Re { () 37"t ) | | S



then R(£Y=S(£).H(£) = —} [ﬁ(f—fc) + U*(-f—fc):] .[C(f—fc) + c*(—f—fc)]

since crossterms vanishes due to narrow band nature.

R(£) é_;__ . [V(f—fc) + v"%.f_fc) ]
where
'V‘(f) = U(f). c(f)
Rewriting
W(6) = w(©F () 5 V(D =1 . C® and £(6) = Re { v(r) O

Bandpass and Lowpass Representations

s(t) — h(t) L~ r(t)

u(t) —=f c(t) ;—Lv(t‘;)

So that transformation from band-pass to low-pass (or vice versa) can be done
at any point on the block diagram and the rest can be analyzed with that rep-—

resentation.



A - 2 : BANDPASS STATIONARY STOCHASTIC PROCESS REPRESENTATION

Suppose  s(t) 1Ls a sample function ofaW.S$.S. stochnsfic process with
power spectral dcﬁsity (p.s.d) of ng(f5 located in the vinicity of £.. The
stochastic process s(t) is said to be narrow band bnnd-pnsé process if the
. width of Gss(f) is much smaller than the carrier f;. In that case, the sample
function s(t) has cquivalent low-pass representation given in app. A-1. Thé

autocorrelation (AC) function of s(t) is :

Rgs(t,t) = E { s*(t) s(t+g) }

E { [x(t) cos 2quf .t - y(t) sin 2nfct:].[x(t+c) cos 2nfe(t+z)

- y(t+g) sip 2nfc(t+;) ] }
expending and remembering that s(t) is-W.S.S.

Rgg(t+ gt) = Rgg(z) -

and setting thetimcdepehdedtcoefficienﬁs to zero we ‘get Rss(t). and some rel-
ations = ;
R (£) = Ryy(r). oos 2mfet - Ryx(g) + sin 2ufck
Ryx(r) = Ryy(z)

Ryy(8) = = Ryx(z)

~

indicating that AC functions of quadruture components are interrelated. Now

we can define AC function.of equivalent low-pass process as follows



u(t) = x(t) + ;jy(t)

CRga(8) = —— B {0 (e) u(ter) )

So that, using above interelation we pet :

Riu (8) = Ry (B) + § Ry (@)

. ) . f ’ .

hence: Rgg(z) = Re { Ryy(z) eI 2ty : '

informing that the AC function of band-pass stochastic prccess is completely
determined from the AC function of equivalent low-pass process, u(t). TFinally tal
“ing the Fourier transfqrh and noting that for any stationary coﬁplex process, G, (f)

is real function of frequency (since Ry,,(z) = R ,(-5) )

Ggg () - _%_' ‘:Guu (£-fc) + Gyy (-f=fc) ]‘)
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A -3 : M-ARY PSK SIGNAL REPRESENTATION: IN TERMS OF EQUIVALENT

LOW PASS FORM,

Digital phase modulation of a carrier results, when the binary digits
from the information sequence, { az }, are mapped into a set of discrete phases
of the carrier. An M-ary PSK signal is generated by mapping blocks of k=logyM

binary digits of thesequéncel@n)., into one of M corresponding phases
6, = 2r(m-1)/M = m = 1,M.

Resulting equivalent low pass signal :

w(t) = £ I, plt - ——) |
: n : s 5
where
_ _ 1
rg = symbol rate =
T
s
. j o
p(t) = baseband pulse shape defined in the interval [D’Ié] _
3 j6¥
I,=¢e n )

So,QPSK or DEQPSKJ modvlated signal can be represented in terms of cquivalent

lowpass from as

n

u(t) = g»In p (t - ).

r
S

*‘1ﬁe statistics of {In) are modified by the differential enccder, which

inturn, modifies the power spectrum density of the DEQPSK modulated signal.



SRS ‘ - . l : .1 PR
and I takes one of four possible values, say (= + j —— ) or (*1,*]j).
n o —

/2. /—E_

Equivalent low pass form of (DE)QPSK signal, u(t), can also be ex-

i

pressed in a form close to;quadraturé amplitude modulation (QAM) scheme as

 follows ,
(1) = £1 (t———“—)=5‘z(i +3I1_)p (bt -——)
U n P rg i nr an P rg
n n
s(t) = Ing.P(t_n/rs)‘GOSEZ“fct -z Ing p(t-n/rg) sin 2mf;t
n :

n
where {I,,} aid {Inq}~wa%eﬂboth*complex binary sequences having the property

2 2
el = |Fnql

Thus, (DE)QPSK modulated signal can te regarded as two BPSK modulated signals
‘ opefating in quadrature, if {In,} = {#1} 1is a real and {I..)} = il

nq

is an imaginary binary sequences respectively.

I domain
n

X : elements of {I.}

0 : elements of {I_}




A - L4 : SPECTRAL CHARACTERISTICS OF DIGITALY MODULATED SIGNALS

Remembering appendix A — 2, it is sufficient to the determine the au-

tocorrelation (AC) function and power spectum density (p.s.d.) functionof the
equivalent low-gzss prccess, u(t), in order to determine the AC function

of the sample function, s(t), as defined in app. A-1. Starting with

u(t) = L IP(t-nTg) ; Tg = ——
n ’ ' rs

I, ; is the nth real or complex valued information symbol

n

. i . _
p(t) 3 1is the baseband pul'se shape, real or complex valued, defined in
. . i ,

the interval [0,Tg].

i
4 | : .
We assume that the sequence of information symbols {1,} 1s W.S.S with

!
|
E
= i
E{I,} =m f

VLI =
T E{IIIIQ'-Pm}-": RII(m) ' j

i

so that with the help of app. A.2

% 1 ' % )
Rﬁﬁ(t+§,t) = »l—-E {u (t) ulerr) }=—— T E{II }p (t-nTg)p(t-mTg+L)
E ' 2 : . i 2 n,m nm -

£ Ryp(m-n) p* (t-nTg)p(t+g-ml)
m,n ~ e

>

1

£ Rpp(m) I p {t-nTg).p(t+z—nTg-mTg)
m n _ |



IThe imer summation is periodic in t wvariable, with period Ts, so0 is Ry, (t+,t)
Ruyu(L+5+Ts ; t+Tg) Ryy{t+g,p) . ',

Also E { u(t) }.=mp. I p(t-nTg) is too periodic with period Ts. Therefore
Au(t) is a cyclostationary process. The AC function ofacyclostatieonary process

is found by time averaging Ry, (t+z,t) in order to eliminate t variable :

Tg/2

Raulp) = 1 e Ru(tp.t) = © mpp@oy .t pis/2Ts
uuly) = T T /Z(L uu(t C,F = LT m) . T at .p(c) p(E+Z-nTg)
‘S s ' . l . -Ts/z‘."'ﬂTs
o 1 + o : ‘
= % Ryy(m) S odt p*(r) .p(tig-mTs)
. A
* \ . l. 3 3 ’ * - ® 2 ‘ 3 ’
Since p(t)isadeterministic energy signal ( 0 < . f p(t)] dt < = ) its AC
" function given as :
. 3 e .
Rpp(;) =< p(t), plexg) > = J dt p (e)p(t+)
Hence Ry,,(x) = 1l 5 Ry (m). Rpp(t;st)
' . TS m _ .
Finally the average p.s.d. function is :
?
. —_— i o
: - - IS
au(f) = I ac [ Zl{ii(m) Rpp(c~st),c Jem ’—
Tg -~ m
oo 4 oM £l
-1l Ryp(m) J ' dg Rpp(g~MTs)e J 0
T

S .



- 00

- R . ~j2nfg
_:'} L% Rpp(m) e Jz1mmxs_ Soodg Rpp(e) e
1 m ?
s.
1 2 ‘
So: Guu(f) = p lp(£) |© 6ry(6)
’ S

=

where P(f) = F.T. { p(t) } ,

n>

" —j2nEmT
pX RII(m) e J4THMLs .

m

Grp ()

It is interesting to note that Gy ()

is the ‘exponential Fourier (extention)

series with the Ryp(m) as :. Fourier coefficients. lHence

. 1/2TS
RII(IT\) =’TS I3 df GII(f) e

- Yoy

i2nfmTg

Let us consider the case, for which the information symbols in the scquence .

are complex and mutually uncorrelated. Therefore

* *
E{Iz} =mp 5 E {Ig} =mg
o2 2 2 2
op =B U] 15 - (I } =1 ¢ It 173 - fmy |
* 2
E {Inln+m) =9E { |I4]7 2 m=0
*)E (1, )
E (I LE {1, m# 0
2w |2
3 * N ‘ro]'_ my .om = 0
RII(m) =L { In In+m} = t 2
) : . ,ImII m f 0



b e"'j am fmT, \

ey m g2 2
So Gpp() = op & |mp| -

- _om- . o S
% ug (f —=) u,(f) is the unit impulse function .
'r g

S - s

-
m
o2, Al

T

Finally 9

o me 12
R E W S 02 P i A G
Tg - TS 00

2
m m
T, ) I RIS (f - )

Tg



B - I, PLL, BRIEF THEORY.

Wc shall consider the bpefation of‘the PLL {n its linear range, so
~ that, | signals have small perturbationshdround the nominal values, loop
parameters may be considered constant and simple s—domain:(or z—dqmain)
analysis can lead to simple buﬁ powerful design cqudtions. Let us start

with the block diagram, shown.

Vpmx(t) = Vpycos mwpt o wn(s)
wR(s) | S +
s T L e e vo(®)
\ \Ti s + : +~.
L
. . N

‘Where, Gyp(s) is the loop filter (active or passive), K,(rad/sec/volts) is

"the voltage controlled oscillato; (VCO)‘frequency gain, W,(s) VGO noisé in

the vicinity of nominal VCO output frequency (£f,), and Ky (volts/radian) 1is

the pﬁaée detéctor gain; Phase detector is modelled as to paés only the low
frequency error signal spectrum (spectrum‘around DC cowponent of the error
signal), so, the rest of the error signql spectrﬁﬁ (around all possible harmonics
| 6f the feference frequency), which cbns;itute the undesired portion, is inc-

luded externally as

VRM x(t) = VpM cos mwp ¢

|

where m is used to designate the dominating harmonic.

The undesired portion of the error signal should be small enough for
good spectral purity. Because, thcy narrow -band frequency modulate (NBEM)

the nominal oirput Ffrequency, fo, to produce sidebands at the multiples



i
?
i
|
i
!
i
i
|

of the reference frequency, in thé vicinity of fo. (see figure B-1.1)

i
|
!

__;;a;VCO — Vg cos'{wot +a(t)y
t : ‘

VpM cos mwp

Vo = outpﬁt peak amplitude of.VCO.

o(t) =[3m§in mwRt

Bm=_—"%___ ; fd = K,. Vpy
mfR '
'a) VCO signal flow
VRM. | Kv‘ fq

b) .VCO model to the reference hérmonics

1
!
i
i
|

v,
| > Jo Pm)
Vo ;
s J-1 Bm) ) L0 5 (B
. ! 2
< - : f
J- fo fgmfR
fomER
~ 1 n
Jpn(X) & ——— X7; X<<1
‘2nn!'

. ¢) Single sided frequency spectrum.

Figure B-1.1.



The input voltage, Vg, into the VCO, sets the frequency deviatiom, fq,

according to the formula

Considering only the first Sideband (NBFM approximation) the sideband amplitude

to-the center frequency amplitude ratio (in dB usually) is a design parameter

given by

m th reference harmonic first sideband amplitude (Vo/2) J1(gm)
L j - .

m th reference harmonic center; frequency ampliﬁﬁde (Vo/2) Jo(gm)

_1_,3,“'
2:

1

fd
mfR

- _1 -
2

Ideally, for balanﬁed mixer and gxclusive -0OR gate types of phase detectors,
error signal hés no component afound»thé first harmonic of the reference
frequency. 8,pp.106| The strongest c&mponent of the undesired portion of
the error_signal is concenttated aréund the second harmonic of the reference

frequency. However, for D flip?flop type of phase detectoréf the strongest

component is concentrated around the first harmonic, and the maximum amplitude

of this component, Vpy, is simply the Fourier extension fundamental coefficient

* Phase frequency detector is also a D flip-flop type phase detector, having fast
acquisition aiding logic, and larger input- phase range (-360° to + 360).|8‘



of a square wave, when its duty cycle is = TOyZ, |8,pp.106 .

Vo, = (v ) (—%—) volts

r1 - “Vop~Vss

where (VDD—VSS) is the peak to peak output swing' of the phase detector.

Now, let's drive the transfer functions with respect to inputs, wR(s)

VRM.X(s) and  w,(s). ?
. Ko.K, | -
Loop gain = GH(s) = ——— - G__(s)
LP"
N.s
, . 1 , : loop gain 1
Closed loop gain - forward gain . =
-1 + loop gain feedback gain . 1 + loop. gain H; (s)
|
GH(s)
1 + GH(s)

Closed loop gain to the referenﬁéifrequency input :

wo(s) GH(s)r ;
—_— = N. (——— )
WR(S) 1+ GH(s) !

~ Closed loop gain to the VCO noise :

wo(s) 1 GH(s)
- » = 1 - ——————
wy(s) 1 + GH(s) 1 +. GH(s) -

Closed loop gain to the undesired‘portion of the error signal generated by the



phase detector :

w(8) 1 ~
0 - Vpy- Ky Gpp(s) . ————— = Vpy. K, Gyp(s)
" X(s) 1 i+ GH(s)
N.s Gli(s)
= VRM. —b . (__._f___.)
Ko 1 + GH(s)

The’transfer function, GH(s)/ 1 + GH(s) , is the basic design parameter‘
to be optimized, with respect to wide bull in and hold in range, fast sctling time
';nd narrow bardwidth. The second cduatién;iwhich relates the output frequency to the
vco ndise, is made assmﬂlaspossibie With a low noise oscillator and sufficient

loop bandwidth, such that, the VCOTnoigé (in the‘vicinity of fo) falls into

the loop bandwidth.. (See the equation above,‘when’GH(s)/ [1 + CH(S)] % 1) The
last equation inférms us that, spectrai purity is achived only with Gpp(s), "
since, at the reference frequency hirmoﬁics of the crror signal high pass behavior
of the 1/ [1.+ GH(s)] te;m.does ﬁot introduce any attenuation. However, those
.frgquencies fall into the cut off Qandbof the loop filter, Gpp(s). Numerically,
assuming [1 + GH(jme)] z 1, and e?ploying ab flip—flép type of phase detector,
: S :

we get the expression for the required sideband suppression as follows

Using phasor representation :

]

VRl.coszp VRl? /0° X(ij) =1 /0°
we get
lw'('w )Ié wy =V Kg 161 p(jw )| rad/sec
o\ J¥R d R1-By 15LPYIWR
But ‘ sideband amplitudé : By wd

center frcquéncy amplitude 2 2w
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i

is agiven quantity. So we get the necessary condition required by the loop

filter for a given sideband supp}eséion, B1/2, as

lepGug) | ¢ ¥d 2ug. (P1/2)

Vg1-Ky  (Vpp~Vss) 2.k,

\

where Vp; = (VDD_VSS)(_%fJ and W is the frequency deviation of NBFM,
as both defined previously. It }s clear that required attenuatlon of the

filter increases proportionally to the VCO gain. For instance, voltage
controlled crystal oscillator,oatlng a véry low gain (Ky), has also very
-pure output at the cost of small:tuoipg rangé.

. .:

" The type of the system 1s;defined as the multiplicity of a pole at

| e

in the gehcral expression of the loop .gain function,

the origin, namely 'n
i
. z
given as
LJ(Tk s+1)
GH(s)

snT]kTi s+15
; .

-
v

Also, the order of the system is defined as the highest power in the denom-—

inator of GH(s). Type-1 systemslhave been extensively analyzed in the past,

KA
N

and it is shown that |8], the lock in range, pull in range and hold in range.

(

# ... A locked loop will remain lock over the hold in range.

fo Suppose, the loop VCO is mistuned (for example, In the absence

. of reference signal) prior to locking operation. The loop may
) £ skip many cycles, then ceasecs cycle skipping and pulls into
lock lﬁJ lock, if the VCO mistuning frequency remains in the pull in

(also called the frequency acquisition) range. Otherwise, if

range N the VCO mistuning frequency is beyond the pull in range, the
pull in. loop may.sﬁip;cycles indefinitelly. However, 1if the VCO mis-
range

tuning frequenCJ remains in the lock in (also called seize -
hold in range ' frequency): range, the loop pulls 1nto lock exponentially,
: ’ ' without any cycle skipping l8l
In the definitions above, 'may' is used to indicate
the worst case conditions of the initial phase.




all depend proportionally on the velocity constant, . Ky where

Ky = lim s.GH(s)

s >0

Hence, all these 3 quantities mus% also be included in the PLL design, since
K, assumes a finite valug for tyﬁe—l'systcms. Since fbr type-2 or higher
order system, the velocity constant becomes infinite, these 3 quantities also
become infinite (actually they are limited by the unsymmetry of the phase
detector, offset voltage of the phase detector and active components in the
1oop, tuniﬁg range of VCO,,etc),»éé, they need not be considered in the

PLL design.

The type-2 third order organization is the most used one. However, if

the reference frequency is close jto the loop bandwidth, then extra atenuation
. Lo

o : [

is supplied by another pole, when type-2 fourth order organization is employed.
' !

The type-2 second order system hqweVer, has no reference filtering at all, but

simple and extensively analyzed. ! Now we will give the normalized root locus

i

.piots and brief analysis of the;most commonly used PLL systems; third order

and fourth order type-2 systems.

* The closed loop transfer function involves a second order factor, of the form
n/(s +2ths+wg), which, by the design, dominates over the system behavior, hence

-sets approximately the loop bandwidth, setting time and damping coefficient. So,

thé transfer functions are normalized with respect to the wp, to simplify the design



e

Third order type-2 system :

p(zﬁO'

s-plane

T
/T
_JL_ .

_ (p—z) F
2 //// ‘Nh=1
g 1ike . N
Loop gain, GH(s), and —GHGs) Gg(s) are defined as
1 + GH(s) - :
GH(s) = K _ML_ r
. 2 :
s (s + p) :
s s+ Z
Gf(s) = _._G-}LS)__ = K 2 S
1 + GH(s) (s® + 2%s + 1)(s + p)

i
I

where primed symbols denote the closed loop parameters. If we choose P/
and ¢ very close to each other; their individual effects, on the closed
loop transfer function, Gg(s), cancel out, and closed loop system behaves

like a second order system having a transfer function

4
K

Gf(S) = -
(s2 + 2¢s + 1)

So, in this case, loop behavior is readly found from the well known theory

~

of the second order systems, and the problem turns out to be the determin-
ation of the value of the open 1obp parameters from a given closed loop

transfer function. We can find the values of the open loop parmeters,

% Since feedback gain involves a frequency independent term (i) and afféct the
closed gain as a scale fActor, it is discarded in this analusic.



simply, by the coefficient matching téchnique and can get one design algorithm

as follows

1. Choose (p/Z) ratio. By design, closed loop (§) and zero (z) are

" made as close as possible, suth as : (p/2) = 102

2. Choose any two of undamped natural frequency (wp), damping factor

(%) -or settling time (tg).

3. Find the third parametef from the équation :

4 for % 2 final value error
‘M.l-l'ts'S = - )

3 for 7Z 5 final value error

: 1 :
4. Use the equations below, to find the values of the open loop

: i
paremeters (p,z,K)

a). K =K-= (p/Z)

g). g - K2;1 |
). z=12=(p’/K') ‘
d). p =25+ p '

5. Denormalize the open loop transfer function with respect to wy.

(This step may be skipped to obtain the normalized system design.)

(S/vg + 2)

GH(s) = K, ;
(/) 2 (S/ug+p)



: K., K. . viven
6. Realize the system, where GH(s) = v v . GLp(s) as given
oS‘
pre\)iously. A proper loop filter can be given as
CLP(S) = - 1 (1 + S/wz) v
2Rr1Cy s(1 + s/wp) Ry G,
— ] |
. ViIN Ry Ry
S —= : \ Vout
" e i | '
161 ilicl }__/
\Y
OUT (s
wy = —1 Crp(s) = s
RoCo VlN(S)
Fourth order type-2 system. . -
N //<60° 0<ac<blle
~N . .
. : < ~wn=1 0<b<c
"'C, ’ _l;//
NP R Y] ¥ . én :a l /e
AN YAy ™ \" . L] N
-c -b / \\\ i~planc
. y / .
~(b+c-a) /\ N
3 // N -60°
N
7 - %
g line ~ X
Loop gain, GH(s), and —ols) Gg(s) are defined as
1 + GH(s)
KR i
CGli(s) = K. (s + a) :
52(s+b)'(s+c) '
' l ’ s+ a
Ge(s) = ~Siis) - X (sta)
1 + GH(s) (sz+2§s+1) (s+b ) (s+c'")



where primed symbolsdeﬁote the closed loop parameters. By choosing the closed
loop zero (a') and the closed loop pole (b) (sce root locus plot) very close to
each other, their-individual effects, on the closed loop transfer function,

cancel out. So, closed loop systeﬁ behaves like to third order system, having

transfer function :

1

Gg(s) =K . ‘
(s2+2%s+1) (s+8)
The operation of this system is usually optimized with respect to the rejection

of the reference harmonics, generated by phase the detector, and in this case, one

design algorithm is given as follo%s.
) !

. !
1. Choose wp, & , closed ioop pole (&) and (b/a) ratio.

i

. .. a . e s .
By design (b/a) ratio is made as close to unity as possible and ¢ with

. |
can be choosen, such that, the closed loop transfer function, Gg(s), performs a

. . . P . /
prescribed third order filter function. (Sometimes the value of ¢ needs

 to corrected.)

2. Use equations below to find the values of the ‘open - loop parameters.

(X, a,b,c.)

a). K =Ke(@/d).

; TN
by, g _ K- - (B/a) 1‘ o
| 26441 28¢ 41
/
Q). a=-d =—2



d). b.c=1+ H.é’+ 25 (b+c)

b+tc = 2k + btc

3. Denormalize the open loop transfer function with respect to wp.

(This step may be skipped to.obtain the normalized system design).

(s/wp + a)

GH(s) = K.
(S/wn)z(S/wn+b)(s/wn+c)
=D K><— K- Wn
5<— a. Wn
b« b. w,

C<—C W

Ky

4. Realize the system, where  GH(s) = GLp@ﬂ as’ given previously.
: . N.s

Two proper loop filters are given as:

C2

F_~

Ry
||

Vin
- . (1 + s/wy)
GLP(S) = - —_-—,
‘ 2R1 (C2+C3) s(1+s/wy) (1+s/w3)
| C
2 1 Lo 1 Cp.%3
wp = ——— wp =-—— w3 = ——— C2]|C3 =

RyC1 RypCy - (Cal] C3IRy Co+Cs



Gip(s) =~ —L . - _(+s/wp)
: 2R{Cy R3 + Ry s(L+s/wy) (1+5/wq)
.o R,.R
- 2 T, _ 1 ! 1 ~ 30
W 3w, = ;w3 s —————— R3f[Ry =
R1Cy RyCo | (R3[| Rg)C3 | Ry + R,

B
‘As a final step, one overall desién algorithm can be given as follows

H
i
i

| |
1). Start with closed loop parameters

2). Determine the values of the‘open loop parameters
3). Find phase and gain margins

4). Find the loop filter transfer function

5.) Check if the sideband to carrier suppression is satisfied.
If any of the above conditions fails, then

1). Change the order of thé systém

2) . Change thé‘type of the syétem

3). Replace thé elements éf PLL by others (such as VCO (Kv),'phase
detector (K?), N)

N
4). Change overall design 'strategy.

1
!
i
i
H



B - 2. WIDE-BAND PHASE SPILITTING" NETWORKS

i

a prescribed frequency band is almost impossible, but two networks can make
i ’ .
this problem solved. One way of ﬁroducing a constant phase difference is

: !
The design of a single, realizable, constant phase shift network over

possible, if one has phase shift networks, such that their phase shifts

(pl ﬁé) varies as the logarithm of freqﬁency, in the prescribed band..
-3 .

. Mathematically

™
)

1 C + 1bgf Py = C +u10g;Kf
B = 82— Bl = log K = cgnstgpt.

However, the networks should also have constant amplitude in that band. This
second limitation usually restricts the final networks to the lattice types,
since the finite ladder networks, having any phase shift, have also amplitude

variations.

Now, let's focus carefully on the difference phase function defined as

y(w) = tan [Tl— s(wi} ;1B = 8,(w) - B (W)
L2 i
- |

i :
Since, the difference phase function.is odd (the difference of odd functions
j ,

is also odd), the appfoximation problem turns out to be the approximation of
[
"a constant via odd rational functions. On the other hand, the difference

| ,
phase function does not need to satisfy all the properties. of Foster's reactance
| .

theorem. That is, it should be an odd rational function of frequency, which
such networks are investigated under the heading: 'Logarithmfc phase

response filters'. J.D. Rhodes, 'Theory of electrical filters',John
. Willey and Sons, 1976.



Il
4
. e e . e loe o . .
is zero or infinite at zero and 1qf1n1te frequencies, its zeroes and poles
] N

need not alternate or-occur at real frequencies, and, the degree of denom-
inator and numerator can differ widely. Since, at zero and infinite fre-
quencies, the difference phase function is either zero or infinite, app-

roximation has a band-pass nature and has a form

wH =1/Vk

in the vicinity of w=l, - Also,‘since the difference phase function is to be

constant, no zeroes or poles are allowed in the approximation band. The last

statement also implies that, the difference phase function is better not to
- have any real pole or zero, except at zero and infinite frequencies, since any

|
real pole or zero, not necessarly being in the approximation band, would int-

i

roduce further deviation from a constant. By the same reasoning, zeroes or

i R
I

poles at zero and infinite frequencies should be of first order, so degree of
numerator and denonimator should differ at most by one.
Making use of all the properties above and letting y(w) be a symetric

function in the logarithmic frequency scale, in the vicinity of w=l, we get

(for any complexity, n) |23

o ' 2
y(w) =W yp(w) =k —L  y3(w) = w. ST
- v , 1+ aw
2 : 2 2.
y, (W) = k w (1 + w) ys(@) = w (a+w)( +w)

(1 + awz)(l + Qzla) (1 + qwz)(i + bwz)



leaving the coefficients to be determined.

In the maximally flat approximation case, complete

are exist for all orders of n.

y(w)

A

4

w=1

N th order maximally flat aﬁpréximation :

o ; » nv ' n
yalw) = tanhntanh—k» = (} *w) —(1 - w)
(i + w)n+(1—w)n
%
or
1 - yo(w) g
_ = ( 1-w )n

1+ Yn(&) b

Expanding some of them,

analytical solutions

2
y1(w) -= W yz(w) = 2w 5 YB(W) = _w._(ﬂ"_)_.. Y, (W) = [lW(1_+W )
1+w 1+3w2 1+6w +w
ye(w) = w(w4+10w2+5) y (Q) 2w (3+10w2+3w4)
5 - 6 T

1+10w2+5w4 j 1+15w2+15w4+w

If wevdefine the limits of frequency band asﬂbefore, phase error around nominal



value, By, as &, and setting Bo= 90°, we get

BN = By () - pyw) 5 Yk gw s
: : vV k
y{w) = tan L B(W)J ;1 Bw = /k_ﬂ)= B~ &
2 | °
i
| ‘
A I tan By/9)-tan(ém/2)
Ymin - YO Lo ¥ tan —— (Bo=bm) = — . |
E 1 + tan(By/2) .tan{ém/2)
Finally: : , .
: o .
L ! : . 1 -y .
.ymin - 1-tan(ém/2). . or, . tan(ém/2) = min
l+tan(sm/2) . 1+ y .
; min

Hence, for any given two quantities the third one can be found from.

i
i

tanh - y . =n canh /K ‘ :

min »

In the equiripple Tchebyéheff\approximation case, simple algebric
solutions are obtained only for nohprime values of n, otherwise algebric
theory becomes difficult and in this case, eliptic function theoryvhas to
be used. Even, when the algebric theory is simple to apply, tables has to
be used and this subject is left to |23].

e
, Nq :019
input Bl(w} :

Ny ]]10 :

Bz(w?

Determination of factorized network functions from a given general

i
|



phase expression, y(wj = tan [B(w)/Z] :

Since, y(w) = tan (g/2), iséan odd rational function of w,it can be

expressed as

.i :

. ,

y(w) = tan (g/2) = _E_ﬁ_ilﬂ_l_] *
M=) |
Héﬁce |

(g/2) = arg { M(—wz) + jw Nx—wz)}

' For the network shown, the final phase difference function can be expressed

in terms of phase functions of network 1 and network 2 as

|
~(ey/2) = arg [y = jumh) ]

(B/2) = (Bp-By)/2 = arg’{[iMz(—w2)+jw Nz(—wz)].[ﬁl(—wz)-jw Nl(—wz)]}'

so, we have }

i . .
M(—w2)+jw N(-w>) 2 [Mz(-w2)+jw N2(—w2)].[:M1(—w2)—jw Nl(—wz)]

When y(w) is prescribed, 'M(—wz)Fjw N(-wz) is readiy found. The promlem
! .

then, is to factor it into producf of two polynomials (last expression), such
v , . | _
that corresponding phase characteristics wNy/M,, wNy/m) are physical.
I N
P
* Recalling the properties offfhe|all—pass filter transfer function, [(s)
such a definition is more realistic, since

Hs) = —RCESL pis) = mes?) + sens®)

p(s)
M(~w2 ) ~TJwN(~w?)
M(—w2)+ij(—w2)‘v-

s0 H(jw) =



A theorem statcslﬂnt,PO|;W.Nh1is realizeable as the impedance of two terminal
network whenever N and M- are eVen polynomials in s with real coefficients,

such that M(s%) + sN(s?) has no root on the right half s plane.

From the theorem and evennéss property of the pdlyndmials M,N), it

1

follows that sﬁ(sz) is also an impedance function of a physical network,
| f'\f(sz)
N i, _ ‘
whenever M(sz)—sﬁ(sz) = M(Gsz))—sN((—sz)) has no roots on the left half .s
plane.
The factorization procedure  is then as follows:

1) Replace w by (s/j). in the given phase expression
: .

i

i
i

2 L
NG By e MRy =M(sD)sNsD) 2 pls)

y(w) =

2 .
M(~w) =S/jv

where p(s) has real coefficients, since M(sz) and N(sz) have.

2). Determine all the roots of p(s). For maximally flat case, roots are

simply found from the expression

sk.= -tan{:—l—‘.(—%-+k)J ;\k = 0,1, ..., n-1 n= order of the appraxi-
n :

mation.

3).  Assign all the positive real part roots to the factor

2
Mp(s2) - sNy(s”)
and all the negative real part roots to the factor

Mz(sz) +_sN2(sz)




4)., Realize both network independgntly as tandem coﬁnectcd first order or
‘second order lattice networks;
Notes:1). For the first network, actual roots are found just reversiﬁg.the
sigﬂ of the associated roots. |

2). Tor single negative real part root, -p(p>0) we have

1-s/p A 1l-as —tanp/2 = Y A o A1
1+s/p l+as p P

H(s) =

For negative reallpart complex root pair, =% % B (a , B >0)

| 2, 1 2%
H(s) = (s—at+jB) (s—a—~]jB) = S ((x2+32 )-s( (12"'82 )+l A 1‘35+bsz
' . . E ' 2
: (s+a-qB)(s+a+JB) %2( 1 )45 ( 2q2 y+1 1+as+bs
. ( a2+82 a +B
K R

~tanB/2 = Zow =2 +F — = aw ; b= ., aé2a.b

R e ) 1-bw a2,82

A given example will clarify the theory and will be used in system.
né2; This simplest structure has still satisfactory performance, for
. instahce, its 5° phase error”band at fp=140 Mz is 113 MHz-173 Miz=
60 Milz.
2w

tan(B/2) = yp(w) =
1l +w

Design steps are :



N(-w2) = 2

b }op(s) = uGsD) + sn(sh) = - (-

sz

M(fwz)

’ ul 1 . )
2) 1,2 = -tan [—7;— C—ZT +k)] k =0,1 ==> 89

2s-1)

1
a

(/2=1) & -

( /;-;-1) Q __l_._

S1 =
a)
- 1-ajs 1-a,s
:3,4) Hy(s) = ‘Hy =
: 1-ass l-ass
5) Realization : 2Ly 2L,
ﬁiiu;Cl —_I_—'?.Cz
I "C. =a 1 Lo = Co = =
q F b1 9 F 2 L2 T ap =
- V241
QUICK REVIEW OF LATTICE NETWORKS
Generél, symetric lattice
1?L
Z1°ZZ=1
o 1 ' V](s) ¥(s) '
tan (§/2) =7 = — ; — = e i Y(s) = als)+jg(s)
2 1V2(S)

A

iB(s)



tan(g/2) =

(S

First order section :

l

Ly/2 “ 91.1/2

t[?Cl

Ll k=1
H(s) - l-as :
l+as
5
tan (B/2) = aw = wi_.l = wle
i
Ci =L1= a
Second order section : % C1
| ﬁhj}
1o Lo B
% 1 u J~H~fozs\ ,
Lyt
H(s) = 1 -as + bs :
1 + as + bs
: , wa
tan(p/) = —2— - —L__ . 82
1-bw 1-w"L1Cq 1—w2L2C2
Ll = C2 = a
b
t2 =01 ==




Equivalent circuits of second order section C]/Z

42
—)>1
p =
2L1
|___I6u
a2 ‘ —| |-
0 <( 5 )<1 C2 Cq
- | L2/2 T
i L2/2
v L 2 2C1 .C
. 1 b a 1-+2 2a
Cj = —— (C1=C9) = ——(1- =— Cq = =
47 Qo) = ) - . 1-a2/b

C1-Cy

i
i
i
f
!
|

1
Two first order section to one second order transformation.

Hy = 17ays — _'1—3.‘25's H(s) 1 - as +bs
’ - T ’ =
l+ajs l+ags: 1 - as + bs
n2HLH,

1-(aj+ag)s + a1.a232

1+(a1+52)s + al.ézs

a=al+é12

b =aj + a,



‘Useful half lattice networks |22|;

out

1/2




B- III, RESISTIVE POWER SUMMERS AND SPILITTERS.

H

The design formulas for symetric (Ri1 = R12 = 1) 'T' network

attenuator having attenuation,

\ Vi

o= n ( ) = gpn, i ; n = integer 22
A" : V. :
"o o
are
. - -1
R3 - Rl - cosho-1 - (vn )
sinho n+l
R, = — L 20 (S
. l
2 sinha (h*l)(n+}) n-1

So, we see that, Ry is a (n-1) parallel comnected R; resistor having

termination into 1.

e b

: ' ' % !
Hence for any two different port andiwhen N=2, we have

~
i
'

* . : i i
Unused port must be terminated into 1Q.




Pout =.( Vou:t’)z= o1 - 1.
Pin Vin n2 4
Ry = 2L =
n+l 3
For n = 3
Pout _ 1 1
S It
P, n 9 Ry lp,
-—
- R1 ‘
Ry = n-1 _ 1 » []
' n+l 2
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Guaranteed Specifications”

(From -55°C to +85"C)
MLLF-3

Frequency Range:
RF, LO Ports

0.02-65 MHz

IF Port DC-65 MHz
Conversion Loss: "
0.02-65 Mtz 6.5 dB Max
isolation: i »
LO to RF (0.02- 1 MHz) 45 dB Min

(1-65 MH2z) 40 dB pin
LOto IF  (0.02-1 MH2) 45 dB Min
{1-65 MIH2) 35d8B F‘.in
RF to IF  (0.01-1 MH2) 40 dB Min
(1-65 MH2) 25 dB Min

MLF-3 |

" Frequency Range:
"RF, LO Ports
iF Port

0.2-200 Mtz
DC-200 M2

PLUGHN DOUBLE

BALANCED MIXERS

MLLF-3, 20 ki4z-65 MHz
MLF-3, 200 kiiz-200 MHz
MHF-3, 5 MHz-500 MHz

¢ 20 kHz to 500 MH2 Covor')ge
o High tsolation

Operating Characteristics

Impedance: 50 Ohms Nominal

Maximum Input:
Total Power 400 mW Max @25°C
C Dérated to 85°C @3.2 mw/’C

IF Port Current - 50 mA Max

DC Polarity: Positive

0C Offset:

MLLF-3 2mV Typico!
MLF-3 1 mV Typical
-MHF-3 1 mV Typical
RF input for
1 dB Compression: 14.5 d8m Typical

MLLF-3@ RF = 30 MHz
MLF-3@ RF = 100 MHz
MHE-3® RE = 200 MHZz

Conversion Loss:
0.2.50 MHz

I
|
6 dB Max

RF input for

1 dB Desensitization: 12 dBm Typicat

50-200 Mtz 7.5 dB Max MLLF-3 ® R¥F = 30 MHz
Isolation: B MLF-3 @ RF = 100 tHz
LO to RF (0.2-50 MH2) 35 dB Min MHF-3 @ RF = 200 MHz
(50 200 MHz) 30 dB pMin 5 " P " .
LOto IF  (0.2:50 MHz) 35 dB iin SSB Noise Figure: cofiin 1 dB of
: . 150-200.MH2) 25 dB Min -onversion 1.0%s
RF to IF  {0.2-50 MHz) 25 dB Min - Typical Two-Tone IM Ratio:
. 150:200 MH2) 2048 Min (with -10 dBm input,
MHF -3 ' each input, 30 MHz |
Frequency Range: and 35 MHz IF)
RF, LO Ports 5-500 Mz MLLF-3 @ 50 MHz >49 dB
IF Port DC-500 Mz MLF-3 & MHF-3 @ 200 MHz >46 dB
Conversion Loss: Al <ot _— gt 7t
; N specitications appty when operated at + 3rny
. 5-150 MHz ) 7dB ,Max ~available LO pawer, with 50 obm souice and load
150-500 MH 9dBMax " impedance.
Isolation: .
LO to RF  {5.150 MHz) 40 dB Min
(160500 MHt2) 35 JB Min
LO o IF - {5150 Mz} 35 B Min
{150-800 MHz) 25 dB Min
RF to {F  {5-150 MRz) 30 dR Min
150500 M 25 di Min
Adams  Russeft  ANZAC. . .|
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" Virual lnspm tion

‘This unit has been designed 1o meet or exceet
following environmental vritdria;

ment \”l-'ﬂl' "0"!
M\v(hmi Con:

Ancae \\url\m.mslnp M .mu

Gaverning Doe

Mechanical Inspection Device Outline Dwy,
Thesmal Shock 107 A
Muisture Resistance oG

iha

i

H
i
§

Specifie device testing 1o these and uz\u-» environmensliteses |

is wvailable at additional cost, ¢

Typical Pertormance
CO_NVERSION LOSS

~
i

LOSS (B}
TT' f
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L
1
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[
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LO = +7 dDm
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AP 2 IF « O MHz ]
20700501 051 510 &0 “)0 200 200 400 500

o LO- RF ISOLATIO‘\S
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Mechanical Data

o:m 0.070
10,95 -0 45
-1 020
0175 ‘@20 ?J.L’.ﬁn'»
(095 *6 oY) haat'w "
rp wvmem—— '

PN & GND

0.130 PIN 1 IF 1D 0250 *0.020
WanT) o feoloRBEA [ g e vgon
RS ST Bhidi
weo) 1.1 Lo :’ 6500 <0 020
Y t‘." —"f 0127 -eus
* !"' Yl _‘J H Y
I ‘ T emzo e
- 8
W . “""4“.’ ol lam U0y
0150 -0 0m | i 0.9
A6 100U Lg. 0908 002G
. 23 *0.08)
UL £S5 QT HERWISE
NOTED, XXX 0010
QEERDET PIN DLASIE TER - 017 - 00T 10T * 508

WEIGHT {APPROX ). Q.23 0URCLs 6.5 GRANS

CDIMENSIONS ING ) ARE 18018 . )

FINISH  CASE . LECTHOPLATID TiNFER WL -T-12027
COVER - MICKEL SLYLRPEN QO CLEY 1

LEADS: WELDABLE AND SOLDERASLE PER
MIL-STD-12768

Ordering Informatien

Ut T PRICE

MODEL NO. PART NO. {1-100 UNITS)
MLLE3- b 9829 $65
MLF-3 9289 55
MHF-3 9299 5%

Detivery s from stock.

TWX 713+ 3320258
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BIPHASE | -
'f’fiﬂUdL:’\T“n | o
10-750 Mz

5 i“ Phase Deviation 1° Typical )
‘ '®  TO-8 Case ‘
' !
| Guarante:ed Speczf*cahons Typical Performance
(From -565°C to +85C) Cob :
Frequency Range: 10750MHz ¢ RSERTION Loss
Insertion Loss: S o B I s
10-500 MHz ' 30dBMax | R R S A N
10-750 MHz _ 35dBMax | 8 e T ‘
VSWR: 4 T8 4 = ; . . 3
50-500 MHz 1.3:1 Max | e et G s !
10-750 MHz . 1.6:1 Max ° T £ 10 :
Amphtude Balance:. 0.2 d8 Max :
Phase Deviation: : : ;
10-500 MHz . 2° Max ) :
10-750MHz 3° Max* VSWR :
- ” " ' i 0, E
. ‘% 1.% }\_ [ SURIR S e e} e _f.li ‘
Operatmg Characteristics __}\‘\ £ ;
e ¢ i 1 ;
lmpedance. ‘”\0 Ohms Nominal el y ‘; «;”‘;5‘:"—'1“1"?:!“’0
- RFInput Level: + 17 dBm Max ’ ‘ : o
Carrier ‘iuppresslon 35dB Typ ' . i
(100 MHz RF, 1 MHz Modulation) . b
e % PHASE DEVIATION - S
- Control Input: § a0 g
i Logic 1 + 10 mA Drive Current z . — —
-Logic0 - 16 mA Drive Current (>
- N 3 [i] e —f
& _,
o
PHASE LOGIC STATE . s a s 13 53 100 500 1000 .
STATE D1 D2 '
0° 1 0
+ 180° 0 1

1 9 W 58 100 500 100
FREQUENCY (MM

0 AMPLITUDE BALANCE

* All spacifications apply with 50 ohm source and load
“unpedance and inpuls to -3 dBm.

BALAKCE (¢8)
=3 (-3
R
n

]
|

Adams  Russell  ANZAC. . .theg u, !atatws, (!sﬁwenw
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. ’ . . O ]
This unit has been designed to meet or exceed the ! i _ s
test requirements of MI1.-5TD-883H, Method 5008 ! o L : i
... for hybrid microcircuits medificd as follows: ~ ' ¢~ = f '
Stabilization Bake Condition i1 ) ’ : : : .
Temperature Cycle Conditinn B ' o S{:hemahc
Burn-in » 85U ) :
Seal, Fine 5 x 17 atm ecisec. )
Specific device testing to these snd other environmental tests i : AF 1N O, ? S
availuble at additional cost. 5 g T
i D1
Typical Performance
‘ o
0° ‘- Mechanical Data o
: ; L Q
‘ : f /""607\ !
B 0.690 DIA a2 .
: n‘s’?z A '.uo.u(I i i
\ ‘ 02— -‘N«v-l '
- | o
o o
!
]
0,187 tAX
(4.6 Max)
(i
'0.253 MIN i L PREO.OB O TYP
! (6.4 MIN) (6.5)
g . S - \ k. \ B,/
STATE \\ N K :
| VA o100 o
-~ __\ * 2.5 b2 i
pee EERCH B ;
TRANSHMISSION LOSS & PHASE ‘ i AN
R H
- DIREE SR e H
T ? “HE N e
| 0.200 L
| (5.4 It
| TYE 0.200 N .
Ba <=~ | “aF out ;
i pom I -
X = 30.9) ! {
.J{xx e 0.008 yep . ;
*DIMENSIONS IN () ARE IN MIA .
PINS NOT MARKED ARE GROUND g
) : i
FINISH: CASE-GOLD ELECTROPLATED PER MIL-G-45204 '
TYPE 1, CLASS 1 i
COVEA-NICKEL, GRADE & i
LEADS: WELDABLE AND SGLOERABLE PER i
MIL-STD-1276D CLASS 1 :
§
|
Ordering Information
: UNIT PRICE
) o S - II4ODEL NO. PART KO. {1-5 LTS}
IMPEOANCE BOTH PORTS :
PM-101 9689 - . 2109
. |Detivary is from stock. !
-
80 Cambridge Street, Buslington, Mass. 01803 (617)273-3333 - TWX 710 <332+ (0258
-3
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Frequenzbereich o TR M
Frequency range
AUq = ~3dB, Verstirkerstufe Fig. 1
Amplifier stage
P .
2 Pin 11 '. fgz 10 250 kHz
Ausgangsstrom
Output current
Verstirkerstufe A, 4 i ) | i
Aempheretufe 1A Ping, 11 Iq 210 300 480 A
Filterstufe a, b, ¢, d Pin 8,
Fiter sto in 8,10, 16, 13 Iq 7_0,7 1 1,6 mA
—- Eingangsstrom Filterstufe ——--—- T LT e T -
Input current filter stage
ab,cd _Pin7,9,15,14. | 15 23
Grenzfrequenzen - ' '
Cut-off frequencies
4Uy = -3dB unterell i y
a ower Fig. 1 1
obere/upper fga * o e
ab 404 43 kHz
S'perrverhalten .
Fig. 1, Pin'#, f= 10 kHz -4y, ‘
f=100 kHz -4y 31; W
a dB
Ug
I 1
- MO, Z >
5
Y 22nF &
o i R U 2508 3
, yy(x)
3
510 k{2
& 7] 8 9; 10 15 14 16 13
u l_j L_J T 192876

ig. 2 MeBschaltung
Test circuit

>

0 B B R I ey T e SV,

e B

|
B T N - J
ladad TNt e et & faem it e e g . .

\ ED

Anwendung:
Application:

Besondere Merkmale:
©® Hohe Eingangsempfindlichkeit

Abmessungen in mm'
Dimensions in mm

Monolithisch Integrierte Schaltung
Monolithic Integrated Circuit

@ GroBer nutzbarer Frequenzbereich
@ Ubersteuerungsfester Eingang

@ Hohe dynamische Stabilitét

® Geringer Leistungsbedarf -

® Geringer Schaltungsaufwand

s 98—

— 4 —

1053008

2,84:03
—— 33254 -~

7 e
\md
o
[EgrEyrs)
T2 3

<48

23

V038 1
105 ——17g:08

LT e

1-GHz-Frequenzteiler fiir Frequenzsynthese in FS-Tunern
1 GHz trequency divider for frequency synthesizers in TV-tuners

Features:
@ High input sensitivity '
@ Large operation frequency range
@ Large signal compatibility
® High dynamic stability
® Low power dissipation

T 7@ GroBer Versorglngsspanniingsbereich™ " """ @ Wide supply voltage range—

® Few external components

Voria'iufige technische Daten « Preliminary specifications

Kunststoffgeh
Plastic
20A8DIN4
DIP 8-
Gewicht - W
max.
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1 8
1 7
Symmeteischer 2 . Symmetrischor
Eingang L - 64 Ausgang
Symmoetrice! input 1 6 ' Symmatricel oviput
2

Rg
Te 2883

Fig.1 Blockschaltbild und AnschiuBbelegung
Block diagram and pin connections

Bemerkungen:

Um Schwingneigungen des Teilers ohne Ein-
gangssignal sicher zu unterdriicken, wird der
Breitbandverstarker auf geringfligige Unsymme-
trie eingestelit. (Widerstand zwischen Pin 1 und
Ug).

Dgr IC ist fiir eine Betrlebsspannung von Ug =

5 V optimiert, die Empfindlichkeit dndert sich
aber im gesamten Betriebsspannungsbereich
nur unwesentiich. Es ist jedoch eventuell erfor-
derlich, bei Ug = 4,5 V den Widerstand Ry zu
verkleinern.

Absolute Grenzdaten
Absolute maximum ratings

N . .
1 Eingangs-Symmetrie-Einstellung
Input balance adjustment

. 2+3 . Ditferentialeingénge mitinterner Vorspannung ™~ —

Differential inputs with internal bias voltage
4+5 Masse, Bezugspunkt

- Earth, reference point

6+7 Differentialausgénge
Ditferential outputs
8 Us ‘

Notes:

To avoid oscillation of the frequency divider
without input signal, the wide band preamplifier
is adjusted to a slight unbalanced bias (resistor
between Pin 1and Ug).

The IC is optimised for supply voltage of Ug =

‘5 V. The sensitivity changes slightly throughout

the supply voltage range.

It may be useful in case of Ug<4.5V1o reduce
resistor Ry,

Bezugspunkt Pin 4+5
Reference point 4+5
- Versorgungsspannung * : Pin8 Us 6 v
Supply voltage
Eingangsspannungsbereich Pin2,3 U - 0...’Us } v
Input voltage range ) )
Verlustleistung -
“Power dissipation
o mo
m
tamb Z: ore D.to.t ACA . mWwW

of

o cendaiee b

S

-
T e

U 26

—— /R PN S 25 oC, Bezugspunkt Pin 4+5, Fig. 2

Sperrschichttemperatur- ' g
Junction temperature

Umgebungstemperaturbereich famb
Ambient temperature range

Lagerungstemperatu'rbereich Istg
Storage temperature range ~

Wiarmewiderstand

Thermal resistance
Sperrschicht-Umgebung " Rynga

Junction ambient

Elektrische KenngroBen
Electrical characteristics

125
0..85

-25..+125
Min. -~ Typ. Max.

100

Reference point Pin 4+5

Versorgungsspannungsberelch Pin8 Ug
Supply.voltage range

Versorgimgsstrom : Pin8

Supply current . g
US =4V . : s
Ug=5V Ig
US 6V’ IS

Eingangsempfindlichkeit

Input sensitivity. ]
RG =500 Pin2 UI

Ubersteuerungsfestlgken

Large signal compatibility i .
Rg=50Q Pin 2 U

Frequenzbereich : fi
Frequency range

Differentielle Ausgangsspannung qu
Differential output voltage

v,
ug 'ad

) 3 [
¢ !

—i—
’ isl 7 © s

.,& U 2648

TR

Fia. 2 Mefischaltiuna

40 50 60

50
65
85

500
10 1000

1.5

1208t —L2 =150 nH —Gde o 045 CuL aufl
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~— — 30 . : . ) ] .
30— L - dBm| L] et S i : \ Us=sv
mvi L] 20— 2R ' 10 . 10
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Anwendungsbeispiel:

Vor dem Teiler wird eine Frequenzweiche fiir
VHF/URF und ein Dadmpfungsglied zur resonanz-
freien Anpassung geschalitet.

Empfindiichkeit und Filtercharakteristik siehe
Fig. 5...8.

low

- R 3 :
12V 1000 3V 4 s
o ——C= - - .
' >
8 7 6 B

SSL U264 B

oF NE2 ———J

1 80

[

Trepesivm

Te 2002

viE b %i:‘s L;_I K] L;'J ‘_‘__A_V

Application note: .
In front of the divider IC a frequency selecting

.VHF/UHF filter and an attenuator for non resonant

input matching is located.
For sensitivity and filter characteristic, see Fig.
5..8.

LR o

, @ 35'1::>

LR

Monolithisch integrierte Schaltung
Monolithic integrated circuit

N-Kanal-Si-Gate-Technologie

N~ChanneI-Si-Gate-TechnoIogy :

Anwendung: Niederohmiges Schalterpaar fiir leistungsloses Umschalten von Signalquelle

bis 10 MHz

Application: - Low ohmic pair of powerless controlled switches for signal sources up to 10

Besondere Merkmale:
. @ Widerstand im ,Ein“-Zustand =5 Q
@ Kleine Kapazitidten

Ly=Lz 20nH-3Wdg ¢ 0,45 CulL auf/on ¢ 2,5
Ly 40 nH -5 Wdg ¢ 0,45 Cul auf/on ¢ 2,56
Ly=Lg 150nH -6 Wdg 2 0,45 CuL auf/on 2 4

Fig. 9 Eingangsteiler fiir Frequenzsynthese in FS-Tunern
Input divider for frequency synthesiser in TV-tuners

" “steuerelektroden
® Leistungslose Ansteuerung

Vorldufige technische Daten

Abn;eésur;gen ’
Dimensions

96 ———e

o N
L‘Luuu T e

® Integrierte Schutzeinrichtung firdie

* Preliminary specifications

Features:
' ® On-state resistance £5Q
® Low capacitances
___® Protectedgates | __

@ Wattless control

Kunststoffgeh
Plastic

DIP 8-

DIP 8
Gewicht - W
ma



FEATURES
B Propagation Delay 2.2ns typ.
_ Latch Set-up Time 1ns max.
Complementary ECL Outputs
50 0 Line Driving Capability
. Excellent Common Mode Rejection

ABSOLUTE MAXIMUM RATINGS

. W Semiconductors

IIFJUUVUVU DL NILY
DATA CONVERSION PRODUCTS

SF’9685

ULTRA FAS.T COM PARATOR

: |
The SP9685 is an ultra-fast comparator manufactured
with a high performance bipolar process which makes

possiblle very short propagation delays (2. 2ns typ.).
The circuit has differential inputs and complementary

outputs fully compatible with ECL logic levels. The

output current capability is adequate for | driving
50 Q terminated transmission lines. The high resolution
available makes the device ideally suited to analogue-
to-digital signal processmg applications. |

A latch function is provided to allow the comparator
to be used in a sample-hold mode. When the latch

enable -input is ECL high, the comparator functions

normally. When the latch enable is driven low, the
outputs are forced to an unambiguous ECL logic state
dependent on the input conditions at the time of the

- latch input transition. If the latch function is not used,
_ the latch enable may be connected to ground. '
The device is pin compatible with the AM68S5 but

operates from conventional +5V and —5.2V rails.

Pin Compatible with AM685 — But Faster

QUICK REFERENCE DATA

» Supply voltages -5V, —5.2V
Operating temperature range
—30°C to +85°C '

Positive supply voltage 6V
Negative supply voltage -6V
Output current ‘ 30mA
input voltage ' 4-5V
Differential input voltage o +5V
Power dissipation 300mwW
Storage —55°Cto +1 50°C

Lead temperature (soldering 60 sec) 300°C

GROUND Y

GROUND 2
/

NON INVERTING

INPUT <

INVERTING —~
INPUT

N 8
LATCH 1
ENABLE v cm10
GROUND 1 dn_\JTj GROUND 2
v [ HY 8 I
NON INVERTING NPT (2 ) ne
invERTING IvPuT Cf-cf- iIL3
g 7 0 ouipur
tarcH enaste e ¢ [1 0 oureur
NC 7 1007 NC : DC16
v-(s 91 ne DG16

On metal package, pin 5 is connected to case. On DIP
pin 8 is connected to case

Fig. 1 Pin connections

o G ourpur

}—0 0 ouTPUT

NON INVERIING
INPUT
INVIRIING
IkPUY

LATCH ENABLE

‘The outputs are open emitters, therefore external pulldown
resistors are required. These resistors may be in the range
of 50-2000Q) connected to -2.0Vor 200-2000() connected
to -5.2V

Fig. 2 Functional diagram
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. Test conditions (unless otherwise stated)

Tams =25°C .
Vee = +5.0V ;i:.25V
Vee = —b.2V +.25V
Ru=50Q
)
Value |
Characteristic Min. Typ. Max. Units Conditions
Input offset voltage -b ‘ “+5 mvV Rs <100Q
| Input bias current o o 10 20 HA
1. Input offset current ; 5 BA
Supply curents lcc 19 23 mA
lee 23 34 mA
Total power dissipation : 210 300 mwW
Min. latch set-up time : 0.5 1 ns
Input to Q output delay ' 2.2 3 ns : :
Input to Q output delay 2.2 3 ns 100 mV pulse
Latch to Q delay ‘ 2.5 3 ns - 10 mV overdrive
Latch to Q delay - 2.5 3 ns
Min. latch pulse width 2 - 3 ns
Min. hold time 1 . ns
Common mode range , —25 : +2.5 Vv
Input capacitance ’ 3 pF
~ Input resistance 60 : kQ
Output logic levels . 4 '
Output High - .96 - .81 \Y) At nominal supply
Output Low . -1.85 —-1.65 \Y) voltages, see Fig. 4
Common mode rejection ratio 80 dB : ‘
Supply voltage rejection ratio 60 dB
TOMPARE
ENABLE
DIFFERENTIAL

INPUT
VOLTAGE,

OPERATING NOTES

Timing diagram

The timing diagram, Figure 3, shows in graphic form
a sequence of events in the SP9685. It should not be '
interpreted .as ‘typical’ in that several parameters are
multi-valued and the worst case conditions are
illustrated. The top line shows two latch enable pulses,
hlgh for ‘compare’, and low for latch. The first pulse
is used to highlight the ’ compare function, where part
of the input action takes place in the compare mode.
The leading edge of the input signal, here illustrated as

Iarge amplitude, small overdrive pulse switches

Fig. 3 Timing diagram

the comparator over after a time tpd. Output Q and

transitions are essentially similar in timing. The inp

signal must occur at a time ts before the latch fallin

edge, and must be maintained for a time th after tt

latch falling edge, in order to be acquired. After t,, tf

output ignores the input status until the latch is agai

strobed. A minimum latch pulse with tow(g) is require

for the strobe operation, and the output transitior

occur after a time tpa(g).

Definition of terms’

Vos Input offset voltage — The potential differenc
required between the input terminals to obtal
zero output potential difference. i

los Input offset current — The difference betwe
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zero potential difference between the outputs
Switching terms (refer to Fig. 3)
tpd+ Input to output high delay — The propagatlon
delay measured from the time the input signal
crosses the input offset voltage to the 50%
. point of an output LOW to HIGH transition.
toa—  Input to output low delay — The propagation
- delay measured from the time the input signal
crosses the input offset voltage to the 50%
. point of an output HIGH to LOW transition.
tpa+(e) Latch enable to output high delay — The
propagation delay measured from the 50%
point of the latch enable signal LOW to HIGH
transition to the 50% point of an output LOW
: to HIGH transition. L
toda—() Latch enable to output- low delay — The
.propagation delay measured from the 50%
point of the latch enable signal LOW to' HIGH

transistion to the 50% point of an output ’

HIGH to LOW transition.

|
s Minimum set-up time — The minimum time

- before the negative transition of the latch
enable signal that an input signal change must
be present in order to be acquired and held at
the outputs.

th The minimum time after the negatlve transmon

of the latch enable sngnal that the input; mgnal
must remain unchanged in order to be acqunred
and held at the outputs.

. tpw(e) . Minimum latch enable pulse wudth The

minimum time that the latch enable !signal
must be HIGH in order to acquire and hold an
input signal change.

Vem Input voltage range — The range of |nput :

voltages for which the offset and propagatlon
delay specifications are valid.

. |
_ CMBR Common mode rejection ratio — The ratio of

the inpUt voltage range t0 the peak-to-peak
change in input offset voltage over this range
Latched and unlatched gain

The gain of a high speed, hlgh gain comparator is
difficult to measure, because of input noise and the
possibility of oscillations when in the linear region.
For a full ECL output level swing, the unlatched input
shift required ‘is approximately 1mV. 'In the latched
mode, the feedback action in effect enhances the
gain ‘and the limitation between the noise/oscillation
level; under these conditions the usable resolution is

100pV although this is only achieved by careful cnrcmt '

design and layout. ;
Interconnection techmques !

High speed components in general need specual
precautions in circuit board design to achieve optimum
system performance. The SP 9685, with around 50 dB
gain at 200MHz, should be provided with a ground
plane having a low inductance ground return. All
lead lengths should be as short as possible, and RF
decoupling capacitors should be mounted close to the
supply pins. In most applications, it will be found to

-be necessary to solder the device directly into the
circuit board. The output lines should be designed as -

microstrip transmission lines backed. by the ground
plane with a characteristic impedance between-50Q

and 150Q. Terminations to -2V, or Thovenin

equivalents, should be used.
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wvieasurement orv propagatlon and latch delays
A simple test circuit is shown in Figure 4. The
operating sequence is*. '

1. Power up and apply input and latch signals.
Input -100mV square wave, latch ECL levels.
Connect monitoring scope(s).

2. Select ‘offset null’. )

3. Adjust offset null potentiometer for an output
which switches evenly between states on clock
pulses.

4. Measure input/output and Iatch/output delays at
5mV offset, 10mV offset and 25mV offset.

+5v

NON-INVERTING
HONITOR INPUT
©

2 -&}—@ 10 50
n
t t2 MEASURING
-t:—@ SYSTEM
50 'Lln
150 150
1o L2
sav 52y
. LATCH
QO inpuT
45V
u
© MONITOR
- ),
oNULL ; ELECTRICAL LENGTHS
Th 10k 1= 1241
OFFSET

NutL

=52V

Fig. 4 SP9685 test circuit
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Fig. 5 Open loop gain as a function of frequency
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Fig. 6 Response to a 100MHz sine wave
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Fig. 8 Propagation delay. input to output as a function overdrive
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Fig. 9 Set-up time as a function of température
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Fig. 12 Propagation delay, latch to output as a fdnctio’n of
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Fig. 13 Output rise and fall times as a function of temperatui

temperature b
. : 1
‘ 28
16
26} - —t
1% - ..
N, i -
h |
N J 74 - e
1 > \ [N SRS
| .
UPPER COMMON MODE : - . . . i —_
<1 I LMIT - ‘é n
2 t i -~
-z \\ ! 5 2
z 8 T~ > ul
) . i s |
3 i o | {
& o S - |
=] Sy i | ! ]
[ —— N
. [ i 1% NS PRI ! —_ %
LOWER (OMMON MODE =] .
LIMIT . 1+ [ \
. H 14 fomn wm '
H : ' !
L o l |
0 » ] 12 . - o R .
-ss  -35 -1 S 25 L5 65 . 85 105 | 1S ‘ i
o i 10 —
TEMPERATURE (°C) f -85 <35 -1y 5 13 s 65 85 105 125
. . . ! R o
Fig. 14 Input bias currents as a function of temperature TEMPERATURE (°C)
i i .
Fig. 15 Supply current as a function of temperature
-06
-07
-0 LI
o8 ‘ —oF
VoH L—"1" - ] -
~09 m—— our
~~ 100my
/{//F/ . \| 225mv. PeRioIv .
o~ 10 fmsmemt : i T
>, ‘ ; TSmv
W U <
] :
< ) : <
3 ) —f—
g 14 i [ £5mv
) P . I B/ . INPUT
: i . Sy
-1 VoL I = : . £25mV
I By : ! ) .
| i e . s10my
—18 fmamm T J— . \ 225mV
-19 :
~20 |

-55 =35 -5 5 5 [13 65 85 105 } 125
TEMPERATURE (°C) e
l

|

Fig. 16 Output levels as a function of temperature
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