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DSP IC’s clock oscillator
uses inexpensive crystals

SERGEY DICKEY, DYNAMIC TELECOMMUNICATIONS INC, GERMANTOWN, MD

Circuit tricks eliminate a DSP chip’s need

for expensive, low-ESR crystals.

The internal clock-oscillator circuit inthe TMB20G0 famly of
L8P chips fromTexas Instrunents (DAl las) nornal ly requires
| ow ESR (ef fective series resistace) crystds for reliad e oper -
aion The |G data sheet (Reference 1) dtes 0 maxi num
for this paraneter. However, the naxi umESR spec for crys-
tals fromseveral nanufacturers is approxinately 80(). BEven
worse, neasurenents show that R, exceeds the specified
val ue by as nuch as 50 to 60€)in as nany as 11%cdf the units
under test. Mreover, even wth crystals whose ERRis | over
than 30(), thesdllaa s gain nargin can be dangerously | ow
for oscillation frequencies approaching 60 M. The circuit
techni que provided here a | ons you to safely use i nexpensi ve
crystals wthrd atively high ER

The reason for these 8P chips needing | owER crystal s
isther rdaivdy lovhigh-frequency gain, dog wth the low
input resistance of the QWS inverter inthe oscillator circut.
F gure 1 shows the nanuf act urer s reconmended cl ock circuit.
Here, the inverter which uses a resistor in a negative-feed-
back | oop for biasing creates approxinat el y 180° phese shi ft.
The external circuit nust provide an additiona 180° a the
series-resonant frequency of the crysta. Gcillation begins if
thecircuit neets the Barkhausen criterion theinitia loop gain
a the frequency of zero phase shift exceeds unity. The val ue
o theganat thisfrequency isthegannargn this vaue pro-
vides a useful neasure of the oscillator s robustness.

The sequence of events leading uptothis designstarted dur -
ing the prototype stage of a wrel ess-product devel opnent pro-
ject, when nany new VI crystal s fail ed
to oscillate in the TMB320G50-57 cl ock
creut. Those crystds that dd cscillae
caused crashes after several hours of

paraneters given in Reference 2; however, Reference 2 does
not dscuss the inverter s input resistance

The crystal -resonator nodel uses a neasured 17.6( ESR
val ue of a good resonator. By choosing a 105 typicd Qval ue,
you can obtain both the crysta s inductance and notional
capacitance. You can aso obtain the crystal hol der s capaci -
tance either fromthe nanufacturer s data sheet or fromnea-
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This configuration, reconmended by the C8P-chip nanufacturer, hes
irsf ficient gainnargnwth highERcrystds.

TABLE 1T—INTERNAL-OSCILLATOR CIRCUIT PARAMETERS

AT 56.32 MHz

operation. Thecircut used third-overtone Paranere Vrsred vel i

crystals wth a nominal series resonant Ginin 500 drait 578

frequency of 56.32 M. Tabe 1 pro- -

vides the snall-signd paraneters of the | Feseshift e

inerrd osdllao drait inthe P chip, | nput i npedance 198Q in pardle wth 17.3 pF
as neasured at 56.32 Mz wth a net - Qut put i npedance 261Qinpadld wth 7.9 pF
vork anal yzer. The val ues agree wth the




CRYSTAL OSCILLATORS Par anet er Val ve
) . ) . Seri es-resonant 56.32 M
surenents. For higher resistance crystas, resistance is the frequency
only parangter that changes in this nodel. Tabe 2 ligs the Q 105
par'aneters. of.the conput er si nul ati on. 'I‘nesmmlatlonof the Srics resi stame 17 to 1500
adllaa drait s open-1oop paraneters uses Spice s ac-anay-
sis node. | nduct ance 4.97 nH
Figure 2 shovs the full schenatic of the openloop. The bl ock Mtional capaci tance 16110 *°F
conpri sing gain stages E, and E,, phese shifter R-C, atpi Shunt  capaci t ance 5.1 pF
section R-C,, and input section R-C, reresents the circutry
internal to the D8P chip. Because the
oscillator is nornally a closed loop, the e
input section lceds the circut s ouput in m ! E, INTERNAL-OSCILLATOR AMPLIFIER E
this open-1oop representation. Masure- : ]
nents and a separate similation in a Vi : j
50Q circuit verify the interna node . ! ;
Ather block, conprisingL,, C,, R,, ad ]
C, rewesets the crystd. FAmdly, tre 1 1
series-resonant circtit forned by L,, C, _I_ ' .
and R, preverts the red-life circuit from - ! !
oscillating at the fundanental freguency. { )
Points A and B show the |ocation of : E
i nductor insertion ) ! 1
The goal vas to find optinal val ues of ! |
externa conponents provi di ng best gain ‘ i * —O Vour
nargin for varyi ng val ues of crysta ER Ca 23R : l
Both simulation and experinents e T EORAT ! E 198 SRs 17(:; F:
shoved that the val ues of the two exter - Ty wro | L ‘ S
nal phase-shifting capacitors nust be B LR 1pH i '
farly large to mairntain osdllaion wth e Co c i = E
crystal s having noderatel y high ESR As I33PF IZZPF IGBPF L
TABLE 3—GAIN MARGIN VS
CRYSTAL RESISTANCE Sicesimiaionyieddsthseqivaent circut of the T30 s asillda draitry.
Series resi stance Gin nargin
3
17.6 25 Ll
45 L3 176 @am)\ \ \
55 0 6= | 1760 \
65 1.2 55 T~
5 n ; e
. o\ | |; ~
) ~ N
TABLE 4—GAIN MARGINS 3 . T
WITH SERIES INDUCTOR 345 GAN T BT =\ 5 Sy
(L=1 ”H, C5=9 PF, C6=8 PF) PHASE, GAIN R Wi %% % % ~<
C.d8) 27 g5 GaN T "I\ o N &
— ¥,
R (©) Gin nargin (B TR TR N
17.6 7.0 . 1 T\ 550 T
60 54 B T B e e T e e v e e e
65Q \
70 50 i i \
80 46 56.3178 56.3179 56.318 56.3181 56.3182 56.3183 56.3184 56.3185 56.3186
100 38 FREQUENCY (MHz)
120 27
140 11 Sice andysis of the circit in Fgue 3 produces these phase and open-|oop-gain response
CUr Ves.
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an exanpl e, FHgure 3 shows the results wth the conponent val -
tesinHgue2 (oL, ). Hre thegoup o nastly verticd lires
conpri ses open-| oop phase responses, whereas the nore hor -
izonta lines are the correspond ng open-l oop gains, wth series
resistance as a paraneter. Tofind agannargn find the fre-
quency where the phase-response curve crosses the 0° lirg
then ook up the value of the corresponding gain curve at the
sane frequency. Tabl e 3 summari zes the results fromH gure 3.

For val ues of R, lover than 30Qinthe range that T recom
nends, a healthy nargin exists; but for higher va ues the oscil -
lationis either shaky or inpossible. This sinulation predction
corelates vell wth experinental resuts. Atenpts to find sig-
nificantly better values of external conponents were unsuc-
cessfu, apparently because it s necessary to increase the va -
tes of phase-shifting capacitors C, and C, to bring the loop
phase shift to the required zero val ue. Sich i ncreases, hovev-
@, reducethevadue of theloopganinthis RCcircut.

Alittleal wll dit

Experinents shoved that by inserting an inductor in series
wth the crystal (between points Aand Bin Hgure 2),it s pos-
sible to redize a nuch greater phase shift wthout increasing
capaci tance tothe level that brings the gaindowmnto 0 dB Even
a snal | inductance hel ps to increase gain nargin. For exam
pe 10 nHyieddds agannargin of greater than 1 dBinacir -
cut wth 60€) R,. Tad e 4 sunmari zes si mil ation results. Apro-
ductionrunthat used crystals wth R as hi gh as 55 confi rned
the inprovenent shown in Table 4. Nt a singe crash has
occurred since i nductor insertion. Fgure 4 shows the schenat -
ico themodfiedoscillator circuit. Ntethat Cjis nissing, and
increasing C; (relaivetothe sinationva ue) takes care of the
phese shift.
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The addition of L, inproves the oscillaor s gain nargin and elinn-
nates the need for C; to bodt.
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