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SUMMARY

o . This report describes. the work done by Bell-Northern Research

" in the development of a manufacturable FFSK modem as contracted
~by CRC." The design prior to this study is described briefly and

“then a detaijled accouht of its evolution into the present design

~ is given. . It is concluded that the»fntegrated circuit (IC) . = 4 S

i fimp]ementationrqf this design is expected to meet all the required

B Performance criteria, and commencement of the IC layout is

- ~“recommended. ' |



1.0 INTRODUCTION

The purpose of this feport 1s'to-descr1be_theuwork done by BNR and, in part,.
by , Canad1an General Electr1c (CGE) in developing a manufacturable FFSK ‘modem

._des1gn

The WOrk, described in CRC Specification DSRD-MC-06, consisted of specific
tasks some of which were assigned to BNR and some'to CGE. The end result
is a general specification for an LSI implementation. ‘

B Sect1on 1.1 of this report describes. the modem design that was .generated by

i
i
¢
1

previous contracts w1th CRC. Section 1.2 out11nes the specifc tasks

" contracted- by BNR and CGE to develop a new modem des1gn Sections 2.7 and

2.2 descr1be in detail the evolution of this des1gn, and in sect1on 2.3
the results of the breadboard 1mp1ementat1on are given. Section 3 concludes
the report'and gives'recommendations for the microcircuit 1mp1ementat10n

The last section lists differences between the CRC spec1f1cat1on, cited above, .

and the f1na1 modem des1gn

The-electrica1_schemat1cs generated'by.this work have been included in the |

Appendices..



1.1 .SUMMARY OF PREVIOUS CONTRACT WORK

. shown in Figure 1. The detailed schematic is given in Reference'l{

»w11] be given, with some .of the prob]ems encountered

Previous to the‘current contract, studies were undertaken to determine the .

feasibility of integrating an FFSK modem in a Large Scale Integrated (LS1)
:circuit' BNR concluded that while most of the modem functions were easily

~integrated, and’ some were integratable cond1t1ona11y,some funct1ons were not )
integratab]e (1. e. would not ach1eve desired spec1f1cat1ons)

N

A block diagram of the modem circuit designed in the previous studies is .
For reference purposes, a br1ef descr1pt1on ‘of each block (in Figure 1)

1;1.1~ Modu]ator

~‘fSystem clocks were generated using a'4.096<MHz 05c11]ator and cascaded
. divide- by two ‘stages. - The phase of the output. signa1 was controlled by an

add-a—pu1se/de1ete a- pu1se circuit and a mixer. In- phase and quadrature

(I and Q) outputs were provided for ‘off-chip baseband filtering and subsequent
m1x1ng with a h1gh frequency IF oscillator output There were no significant
problems with this circuit: o |

1.1.2 Demodulator

Trans]atTon of.the received'signa] from the 455 kHz IF to baseband I and Q

‘channels was accomplished with two pairs of mixers, one pair at 512 kHz

(generated on-chip) and the second at 57 kHz (generated by the VCO) " The .

~latter drove two. pa1rs of image rejection filters: one pa1r were .

used by 1ntegrate and-dump f1]ters to derive the data stream, and the other

T pair were used by the data edge detector and the noise detector. A digital

phase Tock loop (DPLL) recovered the 16 kHz clock from the data edge pu]ses :
and the 512 kHz reference clock. A loss-of-signal (LOS) detector compared
the. noise detector output to the recovered 16 kHz to'determineapresence of
the FFSK signal and could be used to control the mode of operation.

- The carrier phase Tock ]oop,'consisted of a frequency discriminator, a
phase detector, and a voltage controlled oscillator (VC0), and required ten -
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Figure 1. Block Diagram of Previous LSI Design
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~connections (pads) between the.proposed LST chip and external passive components. =
Some problems were encountered -in the three-state output dev1ces required, and
temperature instability was found to be excessive.

The’1mage'rejectioniti1ters,comprised several cascaded RC sections. ' Their
operation caused prob]emsfuntil the‘characteristics of the interfacing
“Exclusive OR gatesmixers“andfinverters were'we11 understood['.The performance
ﬁmproved'greatly when the inverters were replaced by comparators and the.EXOR,_.i
gates were buffered. Comparators»here also used in the integrate-and-dump .
'circuitry" The reference voltage (V DD/2) for these -four comparators was
der1ved us1ng a res1st1ve d1v1der across the power supply.

- The outputs of the two integrate- and—dump circuits were then mixed together
.w1th the 8 kHz recovered clock (us1ng EXOR.gates) to yield the output data

The edge detector used cou]d on]y transm1t edge information synchronous]y
with the 512 kHz c]ock This caused an average delay of one microsecond
for the recovered 16 kHz clock, wh1ch was not a serious prob]em for a 16 kBaud

{ . data rate (5.6° phase error).

‘The OPLL consisted of an up/down binary counter, count decod1ng 1Og1c, a
: b1nary ripple counter, more count decoding logic, and various count inhibit,
.counter reset and analog delay c1rcu1ts Problems were encountered (parthular]y
: 1n the breadboard version of the c1rcu1t) in using the decoded outputs to reset
their respective counters. As well, the analog delays were quite dependent .

on the power supp]y voltage, which caused the phase error to be voltage
dependent '

The LOS detector was 1mp1emented easily, with two parallel b1nary counters,

" decoding 1og1c, an LOS flip-flop and a pulse expander ut111z1ng analog detay
to ensure a minimum width reset pulse.

,Provision was made for se1ect1ng‘var10us threshold options, and an LOS time-
out ‘counter with several delay options was also included. The input to one of
the binary counters was the’ output of the noise detector c1rcu1t, and the
other counter S input was the recovered 16 kHz clock.




1.2 SUMMARY' OF CONTRACT TASKS

~ Contract work consisted of sub- tasks, which were assigned to CGE, and

tasks which were assigned to BNR.

_The{sub—tasks provided for:

(1) the re—design of sections(yfthe eXisting modem design -

- (2) generation-of design information required by BNR to evaluate and

modify the new design,

2(3) eva]uation of -the new modem breadboard built by BNR.

_More specificaiiy, a new, single, down conversion stage for thekFFSK
‘demodulator.input, and frequency and phase discriminators for a new VCO o

(the VCO was de51gned in a separate contract between CRC and CGE) were _
to be designed; the DPLL was to be modified to eliminate decoding_“giitches"§
a new modulator design and detailed chip input/output speeifications were-\
to be provided to BNR and finaiiy, the BNR-buiit breadboard was to be
evaluated. :

BNR was required, in task 1, to evaluate and modify'if)necessary the new. -

modulator design; This included digital simuiations to verify timing »
reiationships, and ana]og simulations to estimate the frequency response'

-of the analog outputs. Task 2 involved evaluation of the demodu]ator
‘which included simulation-and modification of a new 'DPLL, and re-design

to eliminate anaiog delays. Both tasks required the 1mp1ementation of - the .
modem in breadboard form, and the deveTopment of an "automated test procedure
which could be used for the m1croc1rcu1t version. ‘

This‘report fulfills the”requirements of Task 3. A General Specification
of the FFSK modem chip will be submitted by BNR at a later date to complete
Task 4, ' ‘ :



2. THE DESIGN OF A NEW FFSK MODEM

The FFSK modem design prlor to this contract has now been described. Under

" the tasks def1ned in sect1on 1.2 the circuit was redes1gned by CGE and
- BNR to yield a manufacturab]e high performance 16 kBaud modem, for which =

simulations show.that a 64 kBaud data rate is feasible. Its design -
will be descr1bed in detail in the fo]]ow1ng sect1ons A block diagram of

_'the new c1rcu1t is. shown in F1gure 2 and the deta11ed schemat1cs are g1ven :

in Append1ces 1 and 2

'2.1 MODULATOR

The -add-a~ pu]se/delete -a-pulse modulator analyzed in the prev1ous study (1]
was found: to be entirely satisfactory for a 16 kBaud data rate but performance

- was degraded for a 64 kBaud rate To allow the higher baud rate as an- Opt10n,

CGE des1gned at CRC's request, a new modulator with several versions.
The versions differed ‘in the number of summing res1stors requ1red (4 or. 6)

and the use of D- type flip=flops for delay equa11zat1on, which a]]owed for
data rates in excess of 64 kBaud (21

.Computer_simulation of the cirCujt operatidn by BNR revealed the generatioh .

of output "glitches" in the six-resistor version but not in the four-resistor

- version [3]. Also, the four ‘resistor version required signfficantﬁy Tess

chip area, and thus was chosen as the best option.

o o R | | . :
Subsequeht]y,-CGE suggested the addition of transmission gates at the output,
to provide on- Chip mixing with an HF. carrier. It was noted that no additional.
risk -was incurred by incorporating the gates Since DC voltages could be _
connected at the carrier inputs and m1x1ng could then be accomp]1shed off—ch1p

rAna]og\simu]ations of the standard BNR CMOS II transmiQsion gates revealed that::

although the gates give a frequency range equal to that ot a 4016 gate, the .
chanhel ON resistance was very dependent on the DC level of the signal.
Simulation of a modified BNR transmission gate design, similar to that of

a Fa1rch1]d 4066 gate, showed that a much Tower channe] res1stance over the
ent1re voltage range was poss1b]e The. frequency response of the unloaded
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gate is shown in Figure 3.

The use. of off—chip summing resistors was chosen over integrated resistors
for two reaSOns' res1stance accuracy (i.e. laser trimming of hybrid resis-
tors gives < 1% error vs 1ntegrated resistors have up to 5% error); lower
r1sk (i.e. h1gh frequency m1x1ng on- ch1p may affect other chip c1rcu1try)
Automatic testing of thé modu]atorftan'be accomplished easily because of the
small number of states and the large number of outputs. ‘ |
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Figure 3. Computer Simulation of Frequency Response of BNR Trarsmission Gates




2.2 DEMODULATOR -

- 2.2.1 Input Signal Buffers

- Buffering of the low Tevel VCO output signals and the received IF signa1, to
provide square WaVes to the mixers, can be accomplished by capacitively coupling
_ ‘the s1gna1 to an “inverter: 1nput which is resistively coup]ed e1ther to its

| -output,. or to a common reference voTtage

‘The first method has a very low input impedance, (<10Q) at its switching point,
due to negative feedback, but has a very high gain. This impedance 1ncreases

- greatly.as soon as the inverter output goes to the h1gh or lTow logic state.

- An advantage of this approach is the. insensitivity of the switching po1nt to’
‘process variations. | '

The second approach has a constant high input‘impedance but the reference
| roltage.required must be equal to the switching. thresho1d'vo1tagerof the
inverter. It could be obtained us1ng a "phantom ground": an inverter hhose‘
~input is connected to its output If the signal inverter and the reference
Cinverter are Tocated physically close to one another and have the same
orientation their switching thresholds shou1d be equal to within 20 mV.
~ This inaccuracy causes phase error of less -than 3° (opposite errdrs for
rising and falling edges). CGE has stated that both circuits were found
© to work equally well. . The BNR breadboard was constructed us1ng the "phantom
ground“ approach but recommends the former approach for LSI 1mp1ementat1on
- for Tower power consumption {(fewer inverters) and 1ess‘error

2.2.2° The Mixers and the VCO

Convers1on of the received signal to baseband is accomplished 1n the present
design by one pair of EXOR gates, instead of two as in the prev1ous design.
The VCO centre_frequency has been changed to 455 kHz (from 57 kHz) to allow |
the use of a ceramic resonator CGE claims that this design greatly 1mproves
. temperature stability. and sens1t1v1ty to power supply changes.

> The higher mixing frequency also relaxes the bandwidth requirement of the
image‘rejection'fi1ters'since the separation, in frequency, between the
baseband signal and its image is greatly increased. When implemented in
hybrtd'techno}ogy the resistors of the image rejection filters could be
trimmed to obtain the necessary -3 dB frequency.. This method would take"




into account the -output impedaqcelof the .mixer output buffers.

dThe automatic frequency control (AFC) signal.and the phase control (APC)

sigha1, for VCO control, are derived from the outputs of the comparators.

The AFC differential voltage is obtained‘byreffectively multiplying eaeh

data stream, I and Q, by a delayed version of the other. The circuit sub-
mitted by CGE to accomplish this is shown in Figure 4 with its logic table.

~ As stated previously the BNR transmission gates have an impedance which is
‘very dependent on signal voltage. To provide a low impedance output, a
~ different AFC circuit was designed by BNR. As shown in Figure § the logic

table for this circuit is the same as for the CGE designed‘circuit The maxi-
mum output 1mpedance has been reduced approximately from 8 Ko to 200 Q.

:>A1though 'CGE was at first re]uctant to accept this circuit, . no specific reasons’ |

were given. Breadboard tests have since confirmed functional equivalence
of the two circuits. CGE has not g1ven a descr1pt1on of the ¢ircuit's operat1on,
wh1ch wou]d aid further BNR analysis.

- The APC vo1tage 1s'generated by"an EXOR phase combarator, the inputs of which

are the output of the I/Q channe] mixer EXOR- gate and the recovered '8 kHz clock.
In the or1g1na1 CGE des1gn the d1fferent1a1 APC voltage was generated by two

_ EXOR gates: -one connected as above and the other used the 1nverted 8 kHz clock.

Thfs arrangement ensured that’ the outputs of the two EXOR gates were exactly

‘complementary. The design was later simplified byromitting;the latter EXOR

gate and using an inverter to obtain the complement. The delay through an

LST inverter is less than § ns.

2.2.3 ‘Image Rejection Filters and Integrate-and-0Dump

The image rejectidn filters have a -3 dB‘frequency of 30 kHz and provide

: udata centered about V D/2 to the detection circuitry. To ensure a low bit

error rate (BER).the detection threshold must be very close to this m1dpo1nt

- The, BNR comparators to be used have an offset voltage of less than 50 mV,

which meets the requ1rements spec1f1ed by CGE to cause less than 0.1 dB BER
degradat1on [4] ’
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Transm1ss1on gates, used to reset the 1ntegrate and-dump capacitors, are con; :
~ trolled by a 25% duty-cycle clock. For a 16 kBaud data rate the reset. time - is :
© 31.3 uS. .The ‘transmission.gates have an 1mpedance which is maximum at VDD/Z '
{The time constant at this voltage is approximately 8 ko x 620 pF = 5 uS. Thus,
s1x_t1me constants have begen a11owed for discharging the capac1tors;‘_‘ ' -

A1 four capacitors in the image rejection and 1/D filters have been connected
to VSS" Measurements-by‘CGE have'shqnn that connecting the capacitors tol
the‘VDD/Z reference voltage does not affect performance for the breadboard
circuit. Both connections will be tested with the LSI version to ver1fy th1s
;character1st1c ,

1 The dempdulatonictrcuitry used‘to generate the output data from the buffered.
. I.and Q data channe1s is the same as that designed in the previous contract,
with the exception that data at the demodulator output is now non-inverted-
with respect to data at the-mddu]ator inpnt-(preyionsly it was inverted).

2.2.4 Edge Detect1on

An edge detector with essent1a11y 0° phase de]ay at 16 and 64 kBaud was
,:des1gned by CGE to replace the_prey1ous]y used.vers1on,; Analysis, by CGE
previous to this contract, had shown that non-zero phase delay degraded the
BER of the demodulator. One pbtentiaT'problem with this new edge detector is
1ts ab111ty to transfer noise sp1kes at its- 1nput through to its output, 1nto.
the DPLL and’ LOS detector. It 1s expected ‘though, that. a11 high frequency

noise w111 have been great]y attenuated by the image reJect1on f11ters, pr1or
| to edge detect1on ‘ '

" The edge detector in previous studies was clocked using 512 kHz. The new

(CGE) design also used this clock freduenCy,hbut the new DPLL was changed

/| to use 2048 kHz. Computer simulations revealed a new 1ncompatibi1fty between
-these two ciréuits'arjsing from this differenceﬁ It was found that when the
rising edge of an edge pulse was received'by the DPLL (let us assume number

twd puTse for N = 2) it caused a reset pu]se‘te be génerated which was shorter.
~than' the edge pulse. This meant that after the up/down counter had reset, the
falling edge of the same.edge.nd]se clocked the connter again - incorrectly -




register{ng'a count of "one". . __: T :7 ]
. . . The prob]em was so]ved_ by using~1024 kHz to -¢clock the edge detector.

2.2.5 The OPLL

The final LSI des1gn previously subm1tted to CRC by BNR was free of any'"gl1tch"
or race prob]ems according to computer s1mu1at1ons, however the. initial bread-
“board implementation did not corroborate th1s conclusion. Deta11ed exper1menta—

TR I e .

~ tion w1th the breadboard . revea]ed that. all problems were dependent ‘on which
manufacturer's CMOS chips- were used and therefore on. delay. But the: delay .

E'character1st1cs of MSI gates  are quite d1fferent to those of LSI -gates, whose~
propagation delays can be two orders of magn1tude shorter. It was f1na11y

concluded that a1though the BNR-DPLL des1gn would perform well in an LST '

: 1mp1ementat1on, -2 new, simpler, CGE designed DPLL w0u1d be stud1ed and
- simulated by BNR for LSI implementation.

Several changes in the DPLL design were made by BNR to enable substitution of
the: BNR- CMOS 11 synchronOus up/down binary counter for the 40193 counter used

~ by CGE.. The 40193 inputs are a COUNT UP' clock 1nput and a COUNT DOWN clock

input, whereas the BNR counter requires a COUNT clock input and an UP/DOWN
input with the additional restriction that the up/down line can only change -

state when.the count input is Tow. Also, the 40193 is a pos1t1ve edge -
'_tr1ggered counter, whereas the BNR c1rcu1t is a negat1ve edge triggered
. counter.

\

When a data edge pu]se is. presented to the DPLL counter, first the up/down .
11ne must be set (wh11e ‘clock input is Tow) and then, a short time later, the
pu]se c]ocks the count 1nput These pu]ses are asynchronous w1th respect -

. to the master clock and therefore, the short time de]ay requ1red for the up/
'rdown signal to set the counter must be provided by an.analog delay. ,
‘.S-mulat1ons of a 300 nS delay revealed that no phase de]ay was introduced
“but prob]ems occurred at a 64 kBaud data rate because edge pu1ses of shorter -
duration than 300 nS were generated [1/ (2 x 2048 kHz) 244 nS]. Consequent-

VA several "5 ow" logic gates were cascaded to rea11ze a delay of 30 nS,
wh1ch so1ved the prob]ems ‘

!




o ,The.delay was not‘required in the breadboard however, because the UP/DONN"
. | input is permi tted to change any time (200 nS set-up. time) for the CMOS 4029 .
o counter used. - : ' '

. Additional logic was' then 1nc]uded in the DPLL to provide the"counter decoding
. options, N=+/-1orN=+/-2. These thresholds correspond te, N = +/- 2 or
N=+/-4 respect1ve1y, 1n the prev1ous DPLL " In the "track" mode, -the counterA
'threshold is +/- 81 which corresponds to +/— 162 1n the previous DPLL.-

The counter thresholds havefbeen haived_for'the new DPLL and as a result
theiphase adjustments, that occur each time have also been halved. Phase .
adjustments are made using an add-a—pu]Se/de]ete—a~po1se-circuit at the-inpthv
to a 6 stage (%64), binary, ripple counter.. No decoding of this counter's
output is required. ’ h ' S

Chip outputs for the DPLL have changed. . Two phase adjustment monitor points
.wi11 be provided, "pos1t1ve adJust required" and "negative adJust requ1red“
‘ : and the phase Tock Toop will be 1nterrupted between the phase controlled
o . . oscillator output and the. phase detector._ These outputs wﬂ] facﬂitatef
| rapid, automatic testing of the entire DPLL.. ‘

;_2.2.6 Loss-of-Signal Detection V e] _ : o

~ The Toss- of—signa1 (LOS) detection circuitry deSigned'in previous»COntrect
work proved sat1sfactory except for two minor problems: - (1) an analog delay
was used to obtain a minimum reset pulse width; and (2) the time base input
was derived from the recovered 16 kHz c1ock which did not ensure that on]y
- FFSK s1gnals woqu enable the track mode.

The f1rst problem was so]ved us1ng a D-type flip f1op, as shown in F1gure 6.
To-ensure that gate L4 or L9 did not change state after the first decoded '
output is. detected, a lockout.action occurs using NOR gates L3 and L8:
norma]ly the Q outputs of L4 and L9 are low; when a count is detected by

L L4, say, its Q goes high -which maintains the D 1nput to L9 at a low until L14
has captured the output. The reset‘pu1se,‘generated by L14,_1s always one

I I N ve e et A LRI
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Figure 6. LOS Clocked Delay Circuit

The- second prob]em was solved by using the edge detector output, as spec1f1ed

by CRC, as the time base input.

Logic gates have been included to provide off- chip control of the noise threshold
1t is understood that this control pin will be f

as specified in the contract.’
c0nnected permanently h1gh or low when the hybrid is assembled.

The no15e detection circuitry, wh1ch prov1des noise.pulses to one of the
counters in the LOS c1rcu1t, 1s the same as that designed in the previous contract

\
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An LOS timeout circuit has been_incTuded in- the modem design, as asked for by .
CRC, but was not mentioned in this'COhtract Its purpose is. to provide a delayed -
‘version of the LOS s1gna1 for use by externa] circuitry. The delay. can be’ '
set to two-or four,seconds, and is contro11ed,by an external.p1n. The.LOSt
) timequt output is low when “"power on" (initialization) occurs, or when LOS
is high, or'when the NBNB(D) input is Tow. o )

2.2.7 In1t1a11zat1on and G]oba] Reset

;In1t1a11zat1on of all counters and flip-flops is controlled by an on- ch1p cebl”
~nta11ed ”INIZ" ~The 1nputtothﬁce]1 is VDD During power-up, the output of .

this cell is "1ow" when VDD is between 1.2 and 3. volts (approx. ), and fo]]ows‘
VDD above 3 volts. If we assume that on-chip VDD rises no faster than 1 V/usS-

- then the INI2 cell will generate an 1nverted reset pulse of at least 1.8 us
B durat1on, wh1ch is suff1c1ent to reset all on- ch1p c1rcu1try

" To’ provide off- chip control of this. reset funct1on, a ”G]oba] Reset"'p1n has -
_ been provided. This pin will reset only the t1m1ng chain, the modu]ator r1ng

counter, and the phase controlled oscillator. . Thus, all clocks are reset for

.synchron1sm with other system c1ocks The function does not introduce»hiskifor:
the LSI device. = Lo ‘ : L o

2 3 BREADBOARD IMPLEMENTATION

"‘iAfter the new modem c1rcu1t de51gn was comp]eted, and all digital port1ons
T}had been simulated using the BNR F/LOGIC program,-a breadboard c1rcu1t was.
“designed. There were three reasons for building a breadboard version of the :

LSI circuit: (1) it provided a vehicle for verifying the des1gn 1ntent

'.'énsuring that the design would interface with other chlps in the_Spec1a1

Communications Equipment; (2) it,ehsured‘that the breadboard version built

': by CGE, during design development, was a repeatable design - a check that

all resistances, capacitances, etc. had been included in the approved circuit
schematic; (3) it ensured that the tests performed by BNR were sufficient to

~'detect all possible fau]ts, 1nc1ud1ng those of an analog nature. The board
' was not built to verify the computer simulations s1nce MSI gates have de1ay

parameters qu1te_d1fferent to those of LSI gates.

The board was designed usihg 4000 series CMOS chips, and . discrete passive
components. A1l parts were mounted. on wire-wrap modules provided by CRC.
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“Several test circuits were. 1nc1uded on the boards, as suggested by CGE, -to i’v

»-S1mp11fy the test procedure The f1naT breadboard schemat1c is g1ven s

Append1x 3.

- 2.3.17 BNR Breadboard Tests _

- The prime purpose “for test1ng the breadboard at BNR was to ensure that a

."~fu11y debugged modem was sent to CGE for performance evaluation..  The -

. testing also served to check the BNR test procedure wh1ch will be used to test
" the LSI modem ‘ ) R ' '
The BNR test procedure 1ncorporated most of the “Recommendat1ons for BNR

:'Test1ng of Breadboard and LSI Chips at BNR Facilities," which was submitted

¢ by CGE in June, 1980. The ‘tests are not identical (but s1m11ar) to those .

" which w1TT be used’ for the LSI version because. 1nsuff1c1ent t1me was . ava11ab1e
~for wr1t1ng Automatic Test software or building the equivalent hardware.-

’ ; The breadboard‘tests performed by BNR are listed in Table 1. -The power T
~ supply for all tests was set'at 7 volts. ' OnTy a 2.048 MHz crystal was
”'used for the master cTock and onTy 455 kHz was used as the carr1er centre |
}’frequency ‘

2.3, 2 BNR Breadboard Test Results

'ATT_the tests were successfu] (resu]ts T1sted in TabTe 1) except -for .the.
~AFC -test. It was assumed that the 1nstab111ty of this output was caused
‘"by the h1ghTy reguTar test data sequence (OOOTOOOT)‘ Since CGE aTready
| Vhad a pseudo random code generator, BNR asked them to do the test.. The
: CGE test proved successfuT when a 63 bit pseudo random bit sequence was .
used. ‘

1 The output of the IF amplifier is shown in Figure 7. The input signal is
140 .V rms (200 mv amp]itude) at 455 kHz. It can be seen that the sWitching
' point is approximately 40 mV off-centre. For a 300 mV rms signal the

‘ resuTtingsphase error is less than six degrees.

SeveraT DPLL waveforms are shown in F1qure 8. ThehdeTay betmeen the faTTing:
edge of ‘the 8- kHz. 1nput signal and the falling edge of the 16 kHz recovered
“clock is about 140 nS (0.8°). It can be seen that this is entirely due to

| the delay through the edge detector (note the.position'of'the edge pulse in

‘ igg{sf). " The LSI implementation of this circuit‘will have a delay of about

U N, : . ’
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TABLE ] BNR BREADBOARD TEST PROCEDURE

‘ from 400 to 2100 Hz
LOSSEL : VSS
- Noise 1 < 1 kHz
- : 900~ 1100 Hz
- R 500 Hz

- 1 600 ~ 400 Hz

LOSSEL : Vpp

Noise frequenc1es doub]ed

pion to Inputs : OUﬁputs
ested (cumu]at1ve unless stated othenw1se) -
flator | - Tx data: 4 kHz @ 25% duty cycle - I & Q outputs (befokéﬁmixihg)u
: (equivalent to_OOO]OOOl) ‘ compared to computer simulation
' - reference 16 kHz checked
~m - Rx signal: > 300 mV RMS - I: 455 kHz squaré,Wave-»: _ §
"VCO 0°. . VsS Q: 455 kHz square wave (inverted)
VCO 90° - Vpp . - : - A
- Rx signal: VSS. : 4 --1 &40: 455 kHz squére wave
VCO 0° & 90°: 455 kHz - ’
S IR & I/D filters removed - - recovered 16 kHz checked
~ fctor DPLL in.closed loop - for synchronization
JOPLL - [ :"8 kHz square wave : _ R '
‘ : Q : Vss _ o ) - phase error measured as 0.8° -
8 kHz var1ed * 150 Hz S S : ' _
1. = N=1. ' o - bandwidth = + 250 Hz @ 16 kHz"
- N=2 -~ bandwidth = * 125 Hz
~ N=81' - bandwidth = = 2 Hz-
_ R I ) Q : as‘infprevious step - check 'noise' frequency
der _ Noise : square wave varied required to.change LOS

LOS = 1 o
- =1->00@T1 kHz
= O '
= (0 -1 @ 500 Hz
0SS =1-+0 @2 kHz
0 - 1 @ 1 kHz

2NBNB(A) © VsS
IF & I/D filters .inserted’

modulator summed output

connected to demodulator input

- vary 455 kHz of mod. with respect
to 455 kHz of demod S

- observed differential voltage .

. output to be unstable-
 (phase dependent?)

&Ction N

- 455_kHz'of mod. same as
455 kHz of demod.

- Rx Data output, observed to
to be same as Tx Data input
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2.3.3 The CGE Breadboard Evaluation

A rebort ent1t1ed, "Performance Test‘of-Be11 Northern Research FFSK'Modem by
'Canadian.Genera] Electric", was received by BNR, September 27, 1980. '

The report concluded that,

"The FFSK modem has paésed all performance testing with good results except

" for the following items: ... current consumption ... is unacceptable ... LOS -
‘.'programming'is'unacceptab1e for one of the filters (16 KHz) intended for ...

the chip. This report conta1ns many caut1ons and qua11f1cat1ons ... CGE
cannot approve the present LST design until the two items are resolved." [5]

Each of the CGE points concerning the_LSI'design will now_be,addressed.

:The current consumed by the BNR breadboard was in excess of 25 mA, whereas the

bl

microcircuit is requ1red to operate at less than 5 mA. CMOS c1rcu1try consumes‘

power only -during transitions and primarily 1t is used to charge the Tload.
capacitances. The capac1t1ve 1oadsi1n an-LSI chip are approx1mate1yvf1fty,

_ .timeé smaller  than those in the boardboard. There are several circuits
however, that consume more power than their capacitive loads warrant: the,

IF ampTiFier inverters, and the VDD + 2 resistive divider. Power, for the
former, will be reduced by u51ng fewer and smaller inverters; for- the 1atter,
power may be reduced by increasing the res1stances, w1th a 1arger capac1tance
to maintain a Tow, AC 1mpedance '

-Deta11ed ana]og simulations show that each 1nput 1nverter uses a peak current

(during transitions ) ‘of less than 500 pA whereas the corresponding breadboard

~ invert rs requ1red 3 mA average current.

‘A 2048 kHz d1v1de by two gate in the breadboard DPLL has been e11m1nated in

the LSI schemat1c since it was essentially redundant and requ1red a s1gn1f1cant'

: current (measured by CGE).
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It is expected that the cOrrent required by the-LSI»chipvwi11‘be-Tess than
5 mA, but this cannot be determined exactly since power is partially dependent

"'_on thé,parttcu]ar layout of the circuit..

The LOS circuit was programmed for IF filter bandw1dths of 12 kHz and 24 kHz.

- After the breadboard was built (breadboard construction was comp]eted July 29,

1980) the IF bandwidth was changed, by CRC, to 16 kHz. CGE found that the»LOS
circuit did not operate'correct1y for the new bandwidth. CRC then‘commissioned
CGE to determ1ne new programming for the LOS circuit to accommodate the 16 kHz
bandwidth. The new thresholds recommended by CGE for the noise counter are:

v25;and 353 (former1y 32 and 512). Both of these new counts require decoding

of the LSB output of the noise counter. The LOS threshold detectors were
designed by BNR wtth the assumption that the decoded count would be present
for at least two microseconds. - The- new CGE modification does not guarantee.

.this, and therefore cannot be accepted by BNR CGE has stated that, "firing

points are not distinct," [6] for the LOS detector. This suggests that

‘; Achanging the programmmed thresholdsto 24 and 352 would have minimal effect on
- modem performance and yet, wou]d'ensure the presence‘of a decoded count for -
. the required time (2 uS). The LSI schematic in Appendix 1 shows the LOS

| circuit recommended by CGE but not by BNR.:

N

'Two circuit fau1ts were found by CGE in the BNR-built breadboard, after the

board had passed the BNR ‘tests: (1) the switching voltage of the integrate-

.and- dump comparator (1nverter) was. found to be too Tow; (2) a connect1on to
“the noise discriminator flip-flop was found to be incorrect. The BNR test
Aprocedure-wi11 be modified to detect the first type of fault. The'second .
" type of fault is detectable with the automat1c test pattern (which was not.

used for the- breadboard)

.CGE found it necessary to add hysteresis to the four comparators used, to obtatn:
glitch free outputs CGE has recommended 438 mV hysteresis, yet "no degradat1on‘

or improvement in the demod performance with or without 0.4 vo]t hysteres1s, 7]
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was found. BNR will provide this hystefesis using on-chip resistors, since its

| nécessity could then be determined experimenta11y"(if desired);

‘“; Operation of the entire modem was found to be satiSféctory for supply voltages
1+ from 4.5 to 13.5 volts, except of course, for the current consumption.




3.0. cowc\LuSmNs AND_RECOMENDATIONS

The c1rcu1t 111ustrated in Appendix 2 is suitable for LSIL 1mp1ementat1on‘

and can be expected to meet all the requ1rements of CRC Spec1f1cat1on ‘
DSRD-MC-06 subJect to the minor.changes stated in sect1on 4 of this report.
Computer simulations show ‘that the d1g1ta1 Togic in the schematic is. capable
~of handling a ddta rate of 16 kBaud and that 64 kBaud operat1on is feasible
’}Analog simulations. of the modulator outpdt mixers show that transmission of
3 20 MHz carr1er frequency through the chip (with less than. 3 dB attentxation;
"_depend1ng on the 1oad) is also feasible. ' ' o '

It qs recommended that layout of the FFSK modem IC begin as soon as possible,
with .the slight change in the LOS circuit specified on page’ 21 of this report.
Also, some ‘experimentation should be done’ with the finished IC to ensure that
. the off- -chip component values give optimum performance.

\-



4. SPECIFICATION COMPLIANCE

All spec1f1cat1ons 11sted 1n Append1x A of . CRC Spec1f1cat1on DSRD-MC-06
: will: be_ach1eved exactly as stated except ‘for the changes listed below:

’f A.2.1 Basic Functions

pg. 2 1) "It shall be poss1b1e to operate the modem from an external
' 512 kHz clock".:

It'wiII not be possible The new DPLL des1gn requ1res 2048 kHz
~2) "The three configurations are shown in Figure 1." V .
On]y two configurations are possible due to change in. (1).

3) "(b) prov1de a 2048 kHz master reference signal to the deIta
codec and the PFSR."

A bonding optjon w1II provide a choice between 2048 or 1024 kHz.
4) “(dI.brovide internally a 512 kHz reference to ... the DPLL...;"
Changed to 2048 KHz as stated in (1).
pg. 3 5). see FIQure 9 | |

pg.. 4 6) "(a) be capab]e of using 512 kHz references at O° and 90°
o ~ for down-conversion demodulation".

This is possible if IF signal is centered at 512 kHz.
7). "(b) use a.512 kHz reference ... for clock recovery"
_ Changed to 2048 kHz as stated in (1).
"8) “"The actual DPLL contrbI-éignaI is the complement of the carrier
Toop control signal. . Logic level inversion.shall be performed
.on chip." : . ,
- The DPLL control s1gnaI is the same as the carrier Ioob control
signal: Both inputs are connected to separate pads wh1ch may -
- be connected together externaIIy

9) “The PFSR will use LOS and the 16 kHz reference prov1ded to
' 1t by the modu]ator to derive an LOS TIMEOUT s1gna1 "

The LOS TIMEOUT signal w111 be generated by the FFSK modem
.ch1p -
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10) (1) prov1de a monitor of the inputs to the buffers. preceding
the quadrature integrate- and-dump c1rcu1ts "

- Change to, ' ‘provide separate inputs to the quadrature 1ntegrate—
- and-dump c1rcu1ts "

LOS Detect1on

"To allow operation w1th twice as large an SCE IF bandw1dth
the input td the no1se counter shall be divided by 2".

'Change to, "To allow operation with a wider SCE IF bandw1dth
noise count thresholds of 25 and 353, reSpect1ve1y, will a]so

: u'.’ : -,, . - 0o
_ 11) "The track threshold shall be fixed at NTRACK = 161" .

The new DPLL design halves N, and halves the phaée correctjonf-

12) "DPLL NB/NB control s1gna1 from the PFSR.. LOW when’in_the NB
‘ mode. The DPLL signal is the complement of the frequency -
discriminator contro] s1gna1 and shall be der1ved from same

Change to, ”DPLL WB/NB contro] s1gna1 from the PFSR. HIGH when
in the NB mode (the same as LOS). The DPLL signal is the same

as .the frequency discriminator. control signal and-the respective .
Sinput p1ns may be connected together off chip."  This allows
“these pins to be connected off ch1p, directly to Los. -

13) "The output to the RF Modu]at1on c1rcu1try shall be two : '
conditioned CMOS data streams. The modulator shall be capable
of driving up to 8 inch shielded lines on each of the two

Change to; “The output tq-the RF Modulation circuitry Sha]] be

14) _“A”1ock indicator sfgna1 LOS (low when the demodu]ator is in

{ _ “be prov1ded "
1A2.3 DPLL
-pg. .6
I Therefqre, NTRACK 81
S A.3.1 Inputs
:..pg{ 7 -
on chip."
A.3.2 Outputs
.'P9-~8.
output Tines."
four IF-carrier-modulated data streams."
Tock)." A
Change,. "Tow" to‘Whigh“.
A.3.3 Crystal Oscillator Specifications
i pg. 9

15) Delete,.ﬁft shall also be possible to operate the modem using
a 512 kHz external reference," for the same reason as (1).
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