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Sierra at a Glance

Sierra Semiconductor Corporation designs and manufactures CMOS mixed-signal integrated
circuits, which combine analog and digital functions on a single chip or chip set. The
company’s proprietary Triple Technology® process optimizes the combination of analog and
digital capabilities and also permits the efficient addition of reprogrammable nonvolatile
memory.

Sierra’s standard product lines serve three markets: Data Communications, Telecommunica-
tions, and Graphics. Sierra’s cell-based semicustom ASICs serve the same markets plus the
computer and computer peripheral markets with special emphasis on disk drives.

Sierra's products are sold primarily to original equipment manufacturers (OEMs) serving the
computer, computer peripheral, instrumentation, telecommunications and business machine
markets, The Company’s products are sold through manufacturers’ representatives and
distributors in North America, Japan and Southeast Asia. In Europe, the Company’s sales are
through Sierra Semiconductor, B.V. headquartered in the Netherlands. Sierra Semiconductor,
B.V. also employs manufacturers’ representatives.

Sierra operates a 6-inch, 6000 wafer/month fabrication and test facility in Singapore. This
facility utilizes Sierra’s advanced CMOS process and is employed to produce Sierra’s
leading-edge products. Independent foundries are used for mature, high volume products.
The Singapore operation is a joint venture between Sierra and Singapore Technologies
Industrial Corporation.

® Triple Technology is a registered trademark of Sierra Semiconductor Corporation.




Terms of Sale

Devices sold by Sierra Semiconductor Corp. are covered by the warranty and
patent indemnification provisions appearing in its Terms of Sale only. Sierra
Semiconductor Corp. makes no warranty, express, statutory, implied, or by
description regarding the information set forth herein or regarding the
freedom of the described devices from patent infringement. Sierra
Semiconductor Corp. makes no warranty of merchantability or fitness for any
purpose. Sierra Semiconductor Corp. reserves the right to discontinue
production and change specifications and prices at any time and without
notice.

This product is intended for use in normal commercial applications.
Applications requiring an extended temperature range, unusual
environmental requirements, or high reliability applications, such as military
and aerospace, are specifically not recommended without additional
processing by Sierra Semiconductor Corp.

Sierra Semiconductor assumes no responsibility for the use of any circuitry
other than circuitry embodied in a Sierra Semiconductor Corp. product. No
other circuits, patents, licenses are implied.

Life Support Policy

Sierra Semiconductor Corporation’s products are not authorized for use as
critical components in life support devices or systems.

1. Life support devices or systems are devices or systems which, (a) are
intended for surgical implant into the body, or (b) support or sustain life,
and whose failure to perform, when properly used in accordance with
instructions for use provided in the labeling, can be reasonably expected
to result in a signficant injury to the user.

2. A critical component is any component of a life support device or system
whose failure to perform can be reasonably expected to cause the failure
of the life support device or system, or to affect its safety or effectiveness.
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introduction

The functional index beginning on the following page is arranged to facilitate the quick location
of products of interest. Within the three product groupings (Data Communications,
Telecommunications, and Graphics), the individual data sheets are in alphanumeric sequence.
The numerical index on page xii is provided to quickly locate products where the product
number is known.

Sierra Semiconductor uses 9-digit and 11-digit alphanumeric codes to uniquely identify the
Company’s products. The Company’s product line consists of both individual components and
kits, or chip sets. The components used in kits are often used in more than one kit. Hence,
separate data sheets are provided for each component. The two charts below explain the
significance of each digit in the code.

COMPONENTS
T T 7T T T™——— PACKAGE TYPE (See Section 5 for dimensions)

Glass Seal

Molded DIP

Plastic LCC

Plastic Transfer Molded PGA
Plastic PGA

Plastic QFP

Ceramic

Small Outline

TEMPERATURE RANGE
C=0°to 70°C
E =-40° to 85°C
PRODUCT IDENTIFICATION CODE
5 Numeric Digits; Unique for Each Product
COMPONENT
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Modem Package Type
Controller Package Type
KITS [— EEPROM Package Type (If applicable)
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rT T PACKAGE TYPE (See Section 5 for dimensions)

Glass Seal
Molded DIP
Plastic LCC
Plastic Transfer Molded PGA
Plastic PGA
Plastic QFP
Ceramic
Small Outline
TEMPERATURE RANGE

C =0°to 70°C

E =-40° to 85°C

EEPROM OPTION
X =None
1=5C22201
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LAST 2 DIGITS OF MODEM

KIT
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FUNCTIONAL INDEX—Data Communication Products
TYPE OF PRODUCT DESCRIPTION OR PAGE
PRODUCT NUMBER KEY FEATURES NO.

300 bps Modems SC11002CN/CM  Bell 103 Compatible £5 Volts 15
SC11003CN/CM  Same as SC11002, 5 Volt Only 15

1200 bps Modems SC11004CN/CV  Bell 212A, Bell 103 Compatible, V.22 +5 Volts 21
SC11014CN/CV  Same as SC11004 with V.21 21

SC11015CN/CV  Same as SC11014 with Programmable Gain Stage 115

SC11016CN/CV  Same as SC11015, 5 Volt Only 137

1200 bps Modem Kits SK0407XC___ SC11004 Modem 21
SC11007 Parallel Controller 73

SK0417XC_ _ _ S$C11004 Modem 21

S5C11017 Turbo Parallel Controller 157

SK0408XC_ _ _ SC11004 Modem 21

SC11008 Serial Controller 85

SK1407XC___  SC11014 Modem 21

SC11007 Parallel Controller 73

SK1417XC_ _ _ 5C11014 Modem 21

SC11017 Turbo Parallel Controller 157

SK1408XC___  SC11014 Modem 21

SC11008 Serial Controller 85

SK1507XC_ _ _ SC11015 Modem 115

SC11007 Parallel Controller 73

SK1508XC_ _ _ S$C11015 Modem 115

SC11008 Serial Controller 85

SK1517XC___  SC11015 Modem 115

SC11017 Turbo Parallel Controller 157

1200 bps Modem Kits SK1627XC___  SC11016 Modem 137
* 5 Volt Only SC11027 Parallel Controller 253
SK1628XC___  SC11016 Modem 137

SC11028 Serial Controller 265

SK1637XC_ _ _ SC11016 Modem 137

SC11037 Turbo Parallel Controller 281

2400 bps Modems SC11006CN/CV  Modem for V.22 bis, V.22, V.21; Bell 212A & 103 43
SC11024CN/CV 5 Volt Only Version of SC11006 195

SC11026CN/CV  Modem for V.23, V.22 bis, V.22, V.21; Bell 212A & 103 225

SC11046CN/CV  Sendfax™ Modem adds V.27 ter fax to SC11006 293

SC11054CN/CV  Sendfax™ Modem adds V.27ter & V.29 fax to SC11024 321

2400 bps Modem Kits SK0611XC___  SC11006 Modem 43
SC11011 ROMless Controller 91

SK06111C_ _ _ SC11006 Modem 43

SC11011 ROMless Controller 91

$C22201 EE Non-Volatile Memory 459
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FUNCTIONAL INDEX—Data Communication Products (con)
TYPE OF PRODUCT DESCRIPTION OR PAGE
PRODUCT NUMBER KEY FEATURES NoO.
2400 bps Modem Kits SK0619XC___  SC11006 Modem 43
(CONT.) SC11019 Turbo Parallel Controller 169
SK06191C___  SC11006 Modem 43
SC11019 Turbo Parallel Controller 169
5C22201 EE Non-Volatile Memory 459
SK0620XC___  SC11006 Modem 43
SC11020 Serial Controller 169
SK06201C___  SC11006 Modem 43
SC11020 Serial Controller 169
5C22201 EE Non-Volatile Memory 459
SK0621XC___ SC11006 Modem 43
S$C11021 ROMless Controller 169
SK06211C___  SC11006 Modem 43
SC11021 ROMless Controller 169
$C22201 EE Non-Volatile Memory 459
SK0622XC___  SC11006 Modem 43
5C11022 Configurable Controller 169
SK06221C___  SC11006 Modem 43
SC11022 Configurable Controller 169
$C22201 EE Non-Volatile Memory 459
SK0661XC___  SC11006 Modem 43
SC11061 Fast MAC Configurable Controller (ROMless) 351
SK06611C__ _  SC11006 Modem 43
SC11061 Fast MAC Configurable Controller (ROMless) 351
SC22201 EE Non-Volatile Memory 459
SK0691XC___  SC11006 Modem 43
SC11091 UMAC Configurable Controller (ROMless) 375
SK06911C__ _  SC11006 Modem 43
$C11091 UMAC Configurable Controller (ROMless) 375
5C22201 EE Non-Volatile Memory 459
2400 bps Modem Kits SK2411XC___ SC11024 Modem 195
¢ 5 Volt Only $C11011 ROMless Controller 91
SK24111C___  SC11024 Modem A 195
SC11011 ROMless Controller 91
5C22201 EE Non-Volatile Memory 459
SK2419XC___  SC11024 Modem 195
S$C11019 Turbo Parallel Controller 169
SK24191C___  SC11024 Modem 195
SC11019 Turbo Parallel Controller 169
$C22201 EE Non-Volatile Memory 459
SK2420XC___  SC11024 Modem 195
SC11020 Serial Controller 169
SK24201C___  SC11024 Modem 195
SC11020 Serial Controller 169
5C22201 EE Non-Volatile Memory 459
vi




FUNCTIONAL INDEX—Data Communication Products (conm)
TYPE OF PRODUCT DESCRIPTION OR PAGE
PRODUCT NUMBER KEY FEATURES NO.
2400 bps Modem Kits SK2421XC___ SC11024 Modem 195
* 5 Volt Only SC11021 ROMiless Controller 169
(CONT) SK24211C___ SC11024 Modem 195
SC11021 ROMless Controller 169
S$C22201 EE Non-Volatile Memory 459
SK2422XC__ _  SC11024 Modem 195
$C11022 Configurable Controller 169
SK24221C__ _  SC11024 Modem 195
5C11022 Configurable Controller 169
S$C22201 EE Non-Volatile Memory 459
SK2423XC___ SC11024 Modem 195
S$C11023 Parallel Controller 169
SK24231C___  SC11024 Modem 195
SC11023 Parallel Controller 169
$C22201 EE Non-Volatile Memory 459
SK2461XC___ SC11024 Modem 195
SC11061 Fast MAC Configurable Controller (ROMless) 351
SK24611C___  SC11024 Modem 195
SC11061 Fast MAC Configurable Controller (ROMless) 351
$C22201 EE Non-Volatile Memory 459
SK2491XC___ SC11024 Modem 195
SC11091 UMAC Configurable Controller (ROMless) 375
SK24911C___  SC11024 Modem 195
SC11091 UMAC Configurable Controller (ROMless) 375
$C22201 EE Non-Volatile Memory 459
2400 bps Modem Kits SK2611XC___ SC11026 Modem 225
* Quatro Modems SC11011 ROMless Controller 91
SK26111C___  SC11026 Modem 225
SC11011 ROMless Controller 91
5C22201 EE Non-Volatile Memory 459
SK2621XC___ SC11026 Modem 225
SC11021 ROMiless Controller 169
SK26211C___  SC11026 Modem 225
SC11021 ROMless Controller 169
5C22201 EE Non-Volatile Memory 459
SK2622XC___  SC11026 Modem 225
$C11022 Configurable Controller 169
SK26221C___  SC11026 Modem 225
$C11022 Configurable Controller 169
S$C22201 EE Non-Volatile Memory 459
vii



FUNCTIONAL INDEX—Data Communication Products (cont)
TYPE OF PRODUCT DESCRIPTION OR PAGE
PRODUCT NUMBER KEY FEATURES NO.
2400 bps Modem Kits SK2661XC___  SC11026 Modem 225
* Quatro Modems 5C11061 Fast MAC Configurable Controller (ROMless) 351
(CONT,) SK26611C___  SC11026 Modem 225
5C11061 Fast MAC Configurable Controller (ROMless) 351
5C22201 EE Non-Volatile Memory 459
SK2691XC___  SC11026 Modem 225
$C11091 UMAC Configurable Controller (ROMless) 375
SK26911C___  SC11026 Modem 225
$C11091 UMAC Configurable Controller (ROMless) 375
5C22201 EE Non-Volatile Memory 459
2400 bps Modem Kits SK4611XC___  SC11046 Sendfax Modem 293
* 4800 bps Sendfax® 5C11011 ROMless Controller 91
SK46111C___  SC11046 Sendfax Modem 293
$C11011 ROMless Controller 91
5C22201 EE Non-Volatile Memory 459
SK4621XC_ __  SC11046 Sendfax Modem 293
5C11021 ROMless Controller 169
SK46211C___  SC11046 Sendfax Modem 293
§C11021 ROMless Controller 169
5C22201 EE Non-Volatile Memory 459
SK4622XC__ _  SC11046 Sendfax Modem 293
5C11022 Configurable Controller 169
SK46221C___  SC11046 Sendfax Modem 293
5C11022 Configurable Controller 169
SC22201 EE Non-Volatile Memory 459
SK4661XC___  SC11046 Sendfax Modem 293
SC11061 Fast MAC Configurable Controller (ROMless) 351
SK46611C___  SC11046 Sendfax Modem 293
5C11061 Fast MAC Configurable Controller (ROMless) 351
$C22201 EE Non-Volatile Memory 459
SK4691XC___  SC11046 Sendfax Modem 293
$C11091 UMAC Configurable Controller (ROMless) 375
SK46911C___  SC11046 Sendfax Modem 293
5C11091 UMAC Configurable Controller (ROMless) 375
5C22201 EE Non-Volatile Memory 459
2400 bps Modem Kits SK5411XC___  SC11054 Sendfax Modem 321
* 5Volt Only 5C11011 ROMless Controller 91
* 9600 bps Sendfax® gx54111C___  5C11054 Sendfax Modem 321
5C11011 ROMless Controller 91
$C22201 EE Non-Volatile Memory 459
® Sendfax is a registered trademark of Sierra Semiconductor Corporation.
viii
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FUNCTIONAL INDEX—Data Communication Products (conm)

TYPE OF PRODUCT DESCRIPTION OR PAGE

PRODUCT NUMBER KEY FEATURES NO.
2400 bps Modem Kits SK5421XC___  SC11054 Sendfax Modem 321
* 5 Volt Only SC11021 ROMiless Controller 169
* 9600 bps Sendfax®  gys411C_ SC11054 Sendfax Modem 321
(CONT) 5C11021 ROMless Controller 169
5C22201 EE Non-Volatile Memory 459
SK5461XC___  SC11054 Sendfax Modem 321
5C11061 Fast MAC Configurable Controller (ROMless) 351
SK54611C___  SC11054 Sendfax Modem 321
SC11061 Fast MAC Configurable Controller (ROMless) 351
5C22201 EE Non-Volatile Memory 459
SK5474XC__ _ SC11054 Sendfax Modem 321
5C11074 Configurable Controller 169
SK5475XC___  SC11054 Sendfax Modem 321
5C11075 Configurable Controller 169
SK5491XC__ _  SC11054 Sendfax Modem 321
$C11091 Configurable Controller 375
SK54911C___  SC11054 Sendfax Modem 321
5C11091 UMAC Configurable Controller (ROMless) 375
§C22201 EE Non-Volatile Memory 459
Modem Filters SC11000CN/CV  Band Split Filter 3
SC11001CN/CV  Band Split Filter with Call Progress 3

Monitoring and Analog Loopback
SC11005CN/CV  Band Split Filter with Analog Loopback 3
Modem Analog SC11033CN/CV  High Speed Modem AFE 271
Front End Circuits SC11296CN/CV  FAX High Speed Modem 419
EEPROM Memory SC22201CN/CM 128 x 8-Bit Multiplexed Data & Address Modem 459

Arrays Support Memory




FUNCTIONAL INDEX—Telecommunication Products

TYPE OF PRODUCT DESCRIPTION OR PAGE

PRODUCT NUMBER KEY FEATURES NO.
DTMF Products SC11202CN DTMF Receiver 467
SC11203CN DTMF Receiver with Early Detect 467

SC11204CN DTMF Receiver 467

SC11270CN DTMF Receiver 473

SC11271CN DTMF Receiver — European 473

SC11280CN DTMF Transceiver 481

SC11289CN DTMF Transceiver 495

SC11290CN DTMEF Transceiver 501

Line Conditioning SC11310CN/CV  Programmable Gain/Loss Control 517
Products SC11313CN Programmable Sinewave/Squarewave Generator 523
SC11314CN Programmable Sinewave/Squarewave Generator 523

SC11319CN Telephone Line Equalizer w/Programmable 529

Gain/Loss Circuit

SC11330CN 2713 Hz Loopback Detector 573

Switching and SC11036CN Delta Sigma A /D Converter 617
;:::::‘::‘““ SC11305CN Parallel p-Law COMBO CODEC/FILTER 507
SC11306CN Parallel A-Law COMBO CODEC/FILTER 507

SC11320 32 x 32 Digital Cross Point Switch 541

SC11360CN/CV  ADPCM Transcoder 587

PLL and Frequency SC11346 Phase Lock Loop 579
Synthesizers S$C11410 Frequency Synthesizer 665
SC11411 Frequency Synthesizer 665

S$C11327 Programmable Frequency Synthesizer 557

SC11328 Programmable Frequency Synthesizer 565

$C22318 Programmable Frequency Synthesizer 597

Filters SC11122CN MF10 30 kHz Universal Monolithic SCF 629
SC11322CN Mask Programmable Universal Filter 549

SC11324CN Mask Programmable Universal Filter 549

SC22322CN E? Programmable Dual Biquad SCF 607

$C22324CN E2 Programmable Quad Biquad SCF 607




FUNCTIONAL INDEX—Graphics Products
TYPE OF PRODUCT DESCRIPTION OR PAGE

PRODUCT NUMBER KEY FEATURES NO.
Video DAC SC11401CN 8-Bit, 40 MHz Video DAC 659
SC11402CN 8-Bit, 40 MHz Video DAC 659

SC11403CN 8-Bit, 75 MHz Video DAC 659

SC11404CN 8-Bit, 75 MHz Video DAC 659

SC11171CN/CV  Triple 6-Bit, 35 MHz Color Palette 643

SC11176CN/CV  Triple 6-Bit, 50 MHz Color Palette 643

SC11471CV Triple 6-Bit, 35 MHz Color Palette 675

S$C11471CV Triple 6-Bit, 50 MHz Color Palette 675

SC11471CV Triple 6-Bit, 66 MHz Color Palette 675

SC11471CV Triple 6-Bit, 80 MHz Color Palette 675

SC11476CV/CN Triple 6-Bit, 35 MHz Color Palette 675

SC11476CV/CN Triple 6-Bit, 50 MHz Color Palette 675

SC11476CV/CN Triple 6-Bit, 66 MHz Color Palette 675

SC11478CV Triple 8-Bit, 35 MHz Color Palette 675

SC11478CV Triple 8-Bit, 50 MHz Color Palette 675

SC11478CV Triple 8-Bit, 66 MHz Color Palette 675

SC11478CV Triple 8-Bit, 80 MHz Color Palette 675

SC11481CV Triple 6-Bit, 35 MHz Color Palette 691

SC11481CV Triple 6-Bit, 50 MHz Color Palette 691

SC11481CV Triple 6-Bit, 66 MHz Color Palette 691

SC11481CV Triple 6-Bit, 80 MHz Color Palette 691

SC11486CV/CN  Triple 6-Bit, 35 MHz Color Palette 691

SC11486CV/CN Triple 6-Bit, 50 MHz Color Palette 691

SC11486CV/CN Triple 6-Bit, 66 MHz Color Palette 691

SC11488CV Triple 8-Bit, 35 MHz Color Palette 691

SC11488CV Triple 8-Bit, 50 MHz Color Palette 691

SC11488CV Triple 8-Bit, 66 MHz Color Palette 691

SC11488CV Triple 8-Bit, 80 MHz Color Palette 691

PLL and Frequency SC11346 Phase Lock Loop 579
Synthesizers S$C11410 Frequency Synthesizer 665
SC11411 Frequency Synthesizer 665

SC11327 Programmable Frequency Synthesizer 557

SC11328 Programmable Frequency Synthesizer 565

5$C22318 Programmable Frequency Synthesizer 597

xi




NUMERICAL INDEX
Product Page Product Page
Type No. Type No.
SC11000 3 SC11204 467
SC11001 3 SC11270 473
5C11002 15 5C11271 473
SC11003 15 5C11280 481
SC11004 21 S5C11289 495
SC11005 3 SC11290 501
5C11006 43 5C11296 419
SC11007 73 SC11305 507
SC11008 85 SC11306 507
SC11011 91 SC11310 517
SC11014 21 S5C11313 523
SC11015 115 SC11314 523
SC11016 137 SC11319 529
SC11017 157 SC11320 541
SC11019 169 5C11322 549
5C11020 169 5C11324 549
SC11021 169 5C11327 557
5C11022 169 S5C11328 565
SC11023 169 SC11330 573
SC11024 195 SC11346 579
5C11026 225 SC11360 587
SC11027 253 5C11401 659
5C11028 265 5C11402 659
SC11033 271 5C11403 659
SC11036 617 SC11404 659
5C11037 281 SC11410 665
SC11046 293 SC11411 665
SC11054 321 SC11471 675
5C11061 351 5C11476 675
SC11074 169 SC11478 675
5C11075 169 5C11481 691
SC11091 375 S5C11486 691
5C11122 629 5C11488 691
5C11171 643 5C22201 459
SC11176 643 S5C22318 597
SC11202 467 5C22322 607
SC11203 467 5C22324 607
xii
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£ SC11000/5C11001/SC11005

SIERR:&. 'gEMICONDUCI‘OR 212A/V.22/V.22bis Modem Filters
|

FEATURES 24-PIN DIP 28-PIN PLCC
PACKAGE PACKAGE
O Transmit and Receive filters [ Bell 212A, CCITT V.22 and A I 2 « 1 2
with half-channel compromise V.22bis compatible with V.22 2 g 23 s 2
equalizers notch filters 3 E 23
O Call Progress Mode Answer/ [0 Analog Loopback capability :E 2 ‘
Originate mode switching 74 18 " 19
g E :; 12 18
GENERAL DESCRIPTION 10 15 SC11001CV
ng b SC11005CV
TheSC11000,5C11001and SC11005  The SC11000 is pin and function  '* 9 °
modem filters are monolithic  compatible to the AMI $35212 and SC11000CN
CMOS switched-capacitor filtercir-  the Reticon R5632. Likethe $35212, ggnggggs

cuits designed for use in full duplex
1200 and 2400 Bit Per Second mo-
dems. They meet therequirements
of the Bell 212A, CCITT V.22 and
V.22bis specifications and include
high-band (2400 Hz) and low-band
(1200 Hz) filters, half-channel com-
promise amplitude and group de-
lay equalizers and smoothing filters
forbothbands. For CCITT V.22 and
V.22bis applications, a notch filter
is included that can be pro-
grammed for either 550 Hz or 1800
Hz. Also included in the filters are
two uncommitted operational
amplifiers that can be used for anti-
aliasing filters or for gain control.

the high-band filter in the SC11000
can be scaled down by a factor of 6
so that it can be used to monitor call
progress tones in an intelligent
modem.

The SC11005 is pin and function
compatible to the AMI S35212A. It
contains all of the features of the
SC11000, and like the S352124, it
contains an analog loopback
mode—ALB (pin 14)—for testing
the signal path.

The SC11001 is an enhanced ver-
sion of the SC11005. In addition to
all of the features of the SC11005, it

contains two additional control
pins, CPM (pin 12) and NFI (pin 13)
that allow more accurate call prog-
ress monitoring and easier V.22
implementation without the need
for external multiplexers or logic.
Besides being ableto scale the high-
band filter by a factor of six, the low-
band filter can be scaled by a factor
of 2.5 for better centering over the
call progress frequency range of
300 to 660 Hz. It also allows the un-
scaled high-band filter to be used
for monitoring the modem answer
tone, simplifying the design of full
auto-dial/auto-answer modems.

BLOCK DIAGRAM

SIOYL] WISPOIA SIAZCA/TCA/VTIT SO0TTIS/T00ITIS/00011DS

NSEL  NFO  NFIF AO ALB" SEL2 CPM*
17 16 | 13|11 |14 |1 |12
(19) (18) [ (15)|(13) |(16) [(1) [(14)
w—
] N
RN MODE DETECTOR
19 (23) vy Yy
TouT ————r AB CDE
[
18 (21) 1] Sopsand NOTCH — X
TXIN -- - FILTER AND FILTER MUX -+ - wux Lol smoomima 110215 o
NS S <L— FILTER
24 4
Il \\ /’ \\ R)(
p . HIGH BAND ‘ N
rxn —Ep" 4 FiTER AND A smooThinG |H282% pyour
56) EQUALIZER FILTER
ROUT ——— (11) 9 SELY
= f
R+ ©) + (5)4 CLK1
7 e e
cC 5V @ FCy +—] 2 e MUX .
A P 26)22 cLK2
Vss 5y FCp*— PgéﬁE 1; N (153.6 kHz)
D
10 (12) OR
AGND -«
FCs +2 MUX 25
7
panp 2280 c TE

* FOR SC11001. PINS NOT CONNECTED
ON SC11000 AND SC11005.

** FOR SC11001 AND SC11005. PINS NOT
CONNECTED ON SC11000.

PINS 1,4, 11. 12", 13*, 17 AND 22 HAVE
INTERNAL PULL-DOWN REGISTERS TO
GROUND. PIN 14 HAS AN INTERNAL
PULL-UP TO \g .

NOTES: NUMBERS NEXT TO SIGNAL NAMES ARE
DIP PACKAGE PINS; NUMBERS IN () ARE
PLCC PINS. PLCC PINS (4), (7), (20), &
(22) ARE NOT CONNECTED.




SC11000/SC11001/SC11005

PIN DESCRIPTIONS
PIN PIN
NO. NAME DESCRIPTION
1(1) SEL2 Call progress mode selection; SEL2 low for normal operation, SEL2 High scales down the high-
band, filter by 6 for call progress monitoring
2(2) Vs Negative supply
3(3) RXin Receive signal input
45) CLK1 Clock input 1; 2.4576 MHz with SEL1 high, or 1.2288 MHz with SEL1 low
5(6) Rout Output of the R amplifier
6(8) R- Inverting input to the R amplifier
709 R+ Noninverting input to the R amplifier
8(10) Vee Positive supply
9(11) SEL1 Selects clock frequency into pin 4; low for 1.2288 MHz, high for 2.4576 MHz
10(12) AGND Analog ground
11 (13) A/O Answer /originate mode selection; high for answer, low for originate
12(14) CPM Enhanced call progress mode selection; CPM low for normal operation; CPM high scales
down the low-band filter by 2.5 for enhanced call progress monitoring
13(15) | NH Notch filter insert; low for notch filter bypass, high for inserting
14 (16) ALB Analog loopback; high for normal operation, low to loopback TXin to RXout
15(17) TXout Transmit signal output
16 (18) NFO Notch filter output
17 (19) NSEL Notch filter selection; low for 550 Hz, high for 1800 Hz
1821 TXin Transmit signal input
19 (23) Tout Output of the T amplifier
20(24) T+ Noninverting input to the T amplifier
21 (25) T- Inverting input to the T amplifier
22 (26) CLK2 Clock input 2; 153.6 kHz
23(27) | DGND Digital ground
24 (28) RXout Receive signal output
Note: Pin numbers in () refer to 28-lead PLCC pinout.
4



FUNCTIONAL DESCRIPTION
Low-Band Filter

The low-band filter is a 10th order
switched-capacitorband-pass filter
with a center frequency of 1200 Hz.
See Figure 3 for the amplitude re-
sponse of this filter. In the originate
mode this filter is used in the trans-
mit direction; intheanswer mode it
is used in the receive direction.
When analog loopback is used in
the originate mode, this filter, to-
gether with the low-band delay
equalizer, will be in the test loop. In
the Call Progress Monitoring mode
with SEL2 (pin 1) high and CPM
(pin 12) low, the center frequency of
this filteris shifted down by a factor
of 6 to 200 Hz. If pin 12 (CPM) is
high, then the filter response will be
scaled down by 2.5, moving the
center frequency to 480 Hz.

Low-Band Delay Equalizer

The low-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for
the group delay variation of the
low-band filter and half of the com-
promise line characteristics, pro-
ducing a flat delay response within
the pass-band. See Figure 4 for the
group delay response of the low-
band filter cascaded with the
low-band delay equalizer.

High-Band Filter

The high-band filter is a 10th order
switched-capacitor band-pass filter
with a center frequency of 2400 Hz.
See Figure 5 for the amplitude re-
sponse of this filter. In the answer
mode, this filter is used in the trans-
mit direction; in the originate
mode, it is used in the receive direc-
tion. When analog loopback is used
in the answer mode, this filter, to-
gether with the high-band delay
equalizer, will bein the test loop. In
the Call Progress Monitoring
mode, with SEL2 (pin 1) high and
CPM (pin 12) low, the center fre-
quency will be shifted down bya
factor of 6 to 400 Hz. If pin 1 is low
or pin 12 is high, this filter operates
in the normal data mode.

High-Band Delay Equalizer

The high-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for
the group delay variation of the
high-band filter and half of the
compromise line characteristics,
producing a flat delay response
within the pass-band. See Figure 6
for the group delay response of
the high-band filter cascaded with
the high-band delay equalizer.

Transmit Smoothing Filter

The transmit smoothing filter is a
first order low-pass switched-ca-
pacitor filter.

Receive Smoothing Filter

The Receive Smoothing Filter con-
sists of a 2nd order low-pass
switched-capacitor filter cascaded
with a 2nd order, active RC, low-
pass filter.

V.22 Notch Filter

The V.22 Notch Filter is a 2nd order
switched-capacitor notchfilter. The
center frequency of the filter is at
550 Hz when NSEL (pin 17) is low
and is shifted to 1800 Hz when
NSEL is high. This filter is bypassed
in the low-band if NFI (pin 13) is
low. Its output, however, will al-
ways be available at pin 16 (NFO).

Uncommitted Operational
Amplifiers

Two operational amplifiers—
called the R amplifier and the T
amplifier—are included as part of
the SC11001 and SC11005. They are
not used by thefilter circuitand can
be used, for example, as anti-ali-
asing filters or gain stages in a
complete 212A modem circuit.

Analog Loop-Back

When ALB (pin 14) is low, the sig-
nal transmitted by the modem,
TXin, is looped back to the modem
through the RXout pin. If the low
(high)-band filter/equalizer is to be

tested, the A/O pin should be low
(high). The receive smoothing filter
isin thisloop regardless ofthe A/O
level. An internal pull up resistor
keeps this pin high when it is not
connected externally.

Answer/Originate Mode
Selection

When A/O (pin 11) is low, the
modem operates in the originate
mode, transmitting in thelow-band
and receiving in the high-band. If
A/O is high, the modem operates
intheanswermode, transmitting in
the high-band and receiving in the
low-band. An internal pull down
resistor keepsthis pinlow when itis
not connected externally.

Clock Selection

SEL1 (pin 9) is used to select the
correct internal divider, depending
on the frequency of the external
clock. SEL1 is set high for use with
a 24576 MHz clock input on CLK1
(pin4),and setlow fora1.2288 MHz
inputonCLK1 (pin4).Ifa153.6 kHz
clock is used on CLK2 (pin 22),
CLK1 (pin 4) and SEL1 (pin 9)
should be left open.

Normal/Call Progress Mode

When SEL2 (pin 1) and CPM (pin
12) are low, thefilter operates inthe
normal data mode—the modem
mode. When either pin is high, the
filter operates in the Call Progress
Monitoring mode. When SEL2 is
high and CPM is low, the center
frequencies of both the low-band
and the high-band filters are shifted
downto onesixthofthe frequencies
used inthenormal datamode.SEL2
is internally pulled down to keep it
at a low level when it is not con-
nected externally.

When CPM is high, the low-band
filter is scaled down by a factor of
2.5 (Figure 7) and RXout is either
the output of the scaled low-band
filter, or the unscaled high-band
filter, depending on the logic levels
at ALB(pin 14) and A/O (pin 11) as
shown in Table 1.

5
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S$C11000/SC11001/SC11005

shows to which filter each input or
output is connected. “L” refers to
the low-band filter with the re-
sponse shown in Figure 2. “H” is
used to denote the high-band filter
as characterized in Figure 2. When
L or H are divided by a factor (6 or
2.5), this is indicated as L/6, H/6,
etc., meaning the frequency re-
sponse is scaled down by 6.

-4.0
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

Frequency (Hz)

Figure 3. Low-Band Response—Normalized

-25
1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

Frequency (Hz)

Figure 5. High-Band Response—Normalized

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Frequency (Hz)

Figure 7. Low-Band Divided by 2.5 Amplitude
Response—Normalized

Transmit Squelich in Call Prog- transmit signal output. An internal
ress Mode pull down resistor keeps the CPM
pin low when it is not connected
When CPM is high—Call Progress  externally.
Mode—the input of the transmit
smoothing filter is disconnected  SEL2 (pin 1), CPM (pin 12), ALB
and shorted to ground, squelching  (pin 14), and A/O (pin 11) control
the transmitter. In the handshake  the modes of operation of the filter
sequence of a 212A modem, this  as shown in Table 1. For each com-
featurecanbeused toeliminateany  bination of these pins, the table
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Mode | CPM SEL2 | ALB | A/O | TXin TXout RXin RXout
0 0 0 1 0 L L H H
1 0 0 1 1 H H L L
2 0 0 0 (] L L H L
3 0 0 0 1 H H L H
4 0 1 1 0 L/6 L/6 H/6 H/6
5 0 1 1 1 H/6 H/6 L/6 L/6
6 0 1 0 0 L/6 L/6 H/6 L/6
7 0 1 0 1 H/6 H/6 L/6 H/6
8 1 X 1 0 - SQT (L/25+H) | H
9 1 X 1 1 H SQT L/25 L/25
10 1 X 0 0 — SQT (L/25+H) | L/25
11 1 X 0 1 H SQT L/25 H

Note: SQT means the transmitter output is squelched.
“L” refers to center frequency of 1200 Hz.
“H” refers to center frequency of 2400 Hz.
— means no filter connection
+ means connection to both filters
X means “don’t care”

By switching between modes 8 and 10, the filter can be used to detect reception of the call progress
tones in the L/2.5 band as well as the answer tone in the H band.

Table 1. Operating Modes

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage, V. ) 7V
Supply Voltage, V -7V
Input Voltage-Analog Signals Ve 106V
(Pins 3, 6,7, 18, 20, 21) Vi, -06V
Input Voltage-Digital Signals Vi t06V
(Pins 1, 4,9, 11, 12, 13, 14, 17, 22) Vi -06V
Storage Temperature Range -65 to +150°C
Maximum Power Dissipation @ 25°C (Note 2) 500 mW
Lead Temperature (Soldering, 10 sec) 300°C
Operating Temperature Range (Plastic) 0 to +70°C

Note 1. “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed.
Except for “Operating Temperature Range”, the device should not be operated at these limits. The table of
“Electrical Characteristics” provides actual operating limits.

2. Power dissipation temperature derating—plastic “N” package: -12 mW/°C from 65°C to 85°C.
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SC11000/SC11001/SC11005

DC ELECTRICAL CHARACTERISTICS
T, =0°Cto 70°C, V.. = +5 V £10%, V,, =-5 V +10%
PARAM. DESCRIPTION CONDITIONS MIN | TYP | MAX | UNITS
Ve Positive Supply Voltage 45 5.0 55 \'
Vs Negative Supply Voltage -45| 50 -55 A%
Iec Quiescent Current No Load 75 15 mA
I Quiescent Current No Load 75 15 mA
Viu High Level Input Voltage; Digital Signal 20 A\
Pins1,4,9,11,12,13,14,17,22
\ Low Level Input Voltage; Digital Signal 0.8 A
Pins1,4,9,11,12,13,14,17,22
Vomax | Output Signals, Pins 5, 15, 16, 19, 24 V=45V, V=5V 3 A
R, =10kQ (Pins 5, 19)
R, =20kQ (Pins 15, 16, 24)

PERFORMANCE CHARACTERISTICS
T,=25°, V. =+5V,V, =-5V

PARAMETER CONDITIONS MIN | TYP | MAX | UNITS
Output Noise RXout, TXout 30 33 dBrnCo
Crosstalk 55 60 dB
Total Harmonic Distortion 03 %
Dynamic Range 70 dB
Adjacent Channel Rejection
Low band 55 65 dB
High band 55 75 dB
Passband Gain at Center Frequency -1 +1 dB
(1200 Hz, 2400Hz)
Relative Gain—Low Band @400 Hz -35 dB
Reference =1200 Hz @800 Hz -1 +1 dB
@1600 Hz -1.5 +1 dB
@ 1800 Hz -18 dB
@2000 Hz -48 dB
@2400 Hz -55 dB
@2800 Hz -50 dB
Relative Gain—High Band ' @800 Hz =50 dB
Reference = 2400 Hz @1200 Hz -53 dB
@1600 Hz -50 dB
@ 2000 Hz 2.5 +0.5 dB
@2800 Hz 0 +2.5 dB
@3200 Hz -10 dB
@3500 Hz -20 dB
Relative Gain—Low Band @550 Hz, NSEL = Low —40 dB
NFI =High @ 1800 Hz, NSEL = High 40 dB




APPLICATIONS

Modes of Operation

The SC11000, SC11001 and
SC11005 filters can be operated in
three basic modes—a normal data
mode, a test mode and a call prog-
ress monitor mode.

Normal Data Mode

Figures 8 through 11 illustrate the
signal flow diagrams for the filterin
the normal data mode for either a
212A ora V.22 modem. In the origi-
nate mode, the transmit signal goes
through the low-band filter and the
receive signal goes through the
high-band filter. In the answer
mode, the transmit signal goes
through the high-band filter and
the receive signal goes through the
low-band filter.

Test Mode

The filter can be tested by entering
the analog loopback mode as illus-
trated in Figures 12 and 13. In this
mode, the transmit signal is looped
back to the RXout pin after going
through either the low-band filter
or the high-band filter, depending
on originate or answer mode selec-

tion. The analog loopback mode
facilitates testing of the modem
locally, without having to make a
data call.

Call Progress Monitor Mode

The filter operates in one of two
different call progress monitor
modes, depending on whether the
SEL2 or CPM pin is taken high. If
SEL2 is taken high, the center fre-
quency of both the low-band and
high-band filters is shifted down by
a factor of 6 and the bandwidth of
the filters is also reduced by a factor
of 6. Thus the high-band filter is
shifted down to 400 Hz 80 Hz
while the low-band filter is shifted
down to 200 Hz 80 Hz. By select-
ing the originate mode, the receive
signal will go through the modified
high-band filter which now has a
pass-band of approximately 300 Hz
to480 Hz. This allows precisiondial
tone of 350/440 Hz as well as au-
dible ringing tone of 440/480 Hz to
pass. However, only a portion of
the busy or reorder tone of 480/620
Hz will pass through. An external
energy detector circuit, combined
with a method of cadence and tim-
ing determination, distinguishes
between different conditionsonthe

line during establishing a call.

The SC11001 features an additional
mode for monitoring the call prog-
ress tones. This mode s initiated by
taking the CPM pin high. Two defi-
ciencies, inherent in the first mode
described above, are overcome in
this enhanced mode. First, the pass-
band is more accurately centered
over the call progress tone frequen-
cies because the low-band filter is
scaled down by a factor of 2.5. The
low-band filter thus has a pass-
band of 290 Hz to 670 Hz which
allows the busy tone to pass
through completely. Secondly,
since the high-band filter is not
scaled, answer tone can be easily
monitored. The receive signal is
connected to both the high-band
filter and the scaled low-band filter.
By toggling the ALB pin between
high and low levels, either the an-
swer tone or the call progress tone
can be monitored on the RXout pin.

Figures 14 and 15 show the signal
flow diagrams in the call progress
monitor mode. A method for deter-
mining conditions on the line dur-
ing establishing a call is described
in the following section.
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Figure 8. 212A Originate Mode
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Figure 9. 212A Answer Mode 9



S$C11000/SC11001/SC11005

18] TXin LOW-BAND FILTER |__ o} NOTCH ) out |15
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Figure 10. V.22 Answer Mode
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Figure 11. V.22 Originate Mode
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Figure 12. 212A Analog Loopback Mode Using Low-Band Filter (Originate Mode)
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Figure 13. 212A Analog Loopback Mode Using High-Band Fiiter (Answer Mode)
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18] TXin J LOW-BAND FILTER NOTCH TXout ] 15
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Figure 14. Call Progress Monitor Mode: Monitoring Answer Tone/Voice
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Figure 15. Cali Progress Monitor Mode: Monitoring Call Progress Tones

Circuit Description

In the circuit of Figure 16, op amps
U, and U, and resistors R, thru R,
form a 2 to 4 wire converter that
seperates the line signal into the
transmit and receive components.
The receive signal is connected to
the RXin input of the SC11001 filter.
In the call originate mode, it goes
through the high-band filter and
comes outon the RXout pin. For call
progress monitoring the low-band
filter operates in the scaled mode,
thusfiltering thereceivesignalover
the range of 290 Hz to 670 Hz. Op
amps U;and U,, comparator U;and
associated discrete components
form the energy detector. U, oper-
ates as a full wave rectifier. U, is a
buffer that drives a low pass filter
formed by R, and C,. The filtered
signal is compared to a level set by
R, and R,,. The output of U; goes
high if the signal level exceeds the
level set by R g and R, This output
corresponds to the cadence infor-

mation in the call progress tone
signals and can be sampled by the
controller according to the detec-
tion algorithm.

The rest of the circuitry in Figure 16
performs the functions ofthe DAA.
Transformer T, provides isolation
and sinks the line current in the off
hook state. R, R,, V,, Z, and Z,
provide surge protection. Relay
KR, and transistor Q, control on
hook/off hook condition.C,R;, Z1,
Z,,D, and OC/’s internal diode limit
and rectify the high voltage AC
ringing signal. OC, provides isola-
tion. R, and C, filter the rectified
ring signal and Schmidt Trigger IC.
U; converts it into a logic level for
the controller.

A Call Progress Monitoring
Application

Figure 16 shows a schematic for
using the SC11001 filter in a call
progress monitoring application.

Specifically, this arrangement is
well suited for implementing an
intelligent 212A or V.22 modem.
The modem can be designed to be
either stand-alone with RS-232
interface to DTE or integrated in a
computer with a parallel bus inter-
face. It is assumed that a controller
is available that can control the
various operating modes of the fil-
ter, monitor the output of the en-
ergy detector and ring indicator,
and control the switch-hook relay
in the Data Access Arrangement
(DAA). This application illustrates
how the modem filter can be used
withminimum of external circuitry
to implement a fully automatic call
establishment procedure.

Table 2 summarizes various call
progress tone frequencies and their
cadences. A call progress monitor-
ing algorithm based on timing and
cadence characteristics is described
in the flow chart of Figure 17.

11
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Figure 16. A Call Progress Monitoring Application

Call Progress Tone Frequency (Hz) Cadence
Dial tone 350 + 440* Continuous steady tone
400, 425
600 x 120 [PS**
Audible ring 440 + 480* 2son/4s off
400, 450 1son/3s off
420 x 401IPS
400x 25 1IPS
Busy (station) 480 + 620* 0.5s0n/0.5 s off
400, 425, 450
600 x 120 IPS
Busy (circuit) Same as above 0.25s on/0.25 s off
Off hook alert Multifrequency 1son/1s off
*Precision tone specified by AT&T

**IPS means interruptions per second
Table 2. Call Progress Tone Characteristics
12




Detection Algorithm

Figure 17 shows the flowchart of a
detectionalgorithm that utilizesthe
features provided in the SC11001
filter and that uses the cadence in-
formation contained in the call
progress tones to determine the
status of theline. The main criterion
in this algorithm was the high de-
gree of reliability it provides, rather
than the speed in which it executes.
For instance, dial tone is detected
only when the output of the energy

detector is continuously high for at
least one second. If dial tone is not
detected within 5 seconds of going
off hook, the call is aborted. Many
dialers do not wait for the initial
dial tone and begin dialing as soon
as going off hook. This is termed
blind dialing and is avoided by this
algorithm.

Once dial-tone is detected, the first
digit is dialed using the tone mode.
Provision is made to check the ab-
sence of the dial-tone after the digit

isdialed.If dial-toneremains onthe
line, the controller can either hang
upthelineor try to dial using rotary
pulse dialing. If dial-tone is absent,
the rest of the digits can be pulse
dialed.

The algorithm waits for 1 second
after dialing is done to monitor the
energy detector. This insures that
any clicks on the line will not cause
afalse detection. The ALBpin ofthe
filteris then toggled ata 100 ms rate
and the energy detector output is

S00TIDS/T00I1DS/000T1DS
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Figure 17. Call Progress Monitoring Aigorithm
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sampled to see if there is energy in
the call progress band or in the
voice band. If energy is detected in
the call progress band, a 5 second
timer is started and the number of
transitions of the ED output are
counted (N). The cumulative dura-
tionin which the ED outputisinthe
high state is also measured (T).

The algorithm makes a determina-
tion of various conditions based on
N and T. The line is determined to
be busy if N exceeds 7. If N is less
than 7 and T is in the range of 0.7

14

seconds to 3.8 seconds, the signal is
determined to be audible ringing.
The controller can then count the
ring cycles or start a timer. It can
choose to hang up if the timer over-
flows orif thenumber of ring cycles
exceeds a preset value. Any other
value of N or T is classified as un-
known response and it is left to the
controller to take the next action.

If energy is detected in the high
band, EDoutput is monitored to see
if it is continuously high for at least
one second. If so, this is interpreted

as the distant modem answertone,
indicating that the connection is
made. If not, it indicates either si-
lence or voice. In either case the
controller can terminate the call
and take the next step. Minor
variations of this algorithm or fine
tuning of the decision values can
provide the designer with the flexi-
bility he needs to deal with differ-
ent situations. It should be empha-
sized that the algorithm does not
stand aloneand must be integrated
intheapplication software for satis-
factory performance.
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SIERRA SEMICONDUCTOR

SC11002/SC11003
300 Bit Per Second Modems

FEATURES

O Full duplex answer and origi-
nate operation

O Allfiltersand Hybrid circuitson
chip

O Analog loopback capacity

GENERAL DESCRIPTION

The SC11002 and SC 11003 are full
duplex, 0 to 300 Bit Per Second
single chip modems compatible
with Bell 103 specifications. They
are intended for data communica-
tions over the general switched
telephone network and can also be
used on other voice-band channels.

The SC11002 requires +5 volts and
-5 volts; the SC11003 requires a
single +5 volt supply. These 3-
micron, CMOS, switched capacitor

O Output drives 600 Q at 0 dbm
(-9 dbm for SC11003)

O Lower power CMOS design
with power down mode

with the National Semiconductor
74HC942 (SC11002) and the
74HC943 (11003) and are a func-
tional replacement for Texas
Instruments’ TMS99532.

Included onchipare high-band and
low-band filters,an FSK modulator
and demodulator and a line driver
and hybrid for directly driving a
600 Q phone line.

Applications include integrated

20-PIN DIP 20-PIN SOIC
PACKAGE PACKAGE
1 20 i= =2
2 19 E =
3 18 = B
4 17 = =
5 16 10 5 1
§ A SC11002CM
8 13 SC11003CM
9 12
10 1
SC11002CN
SC11003CN

modems for terminals, personal
computersand small business com-
puters and asbuilt-inmodems used
for remote diagnostics in electronic
test systems, computer installa-
tions, industrial control systems
and business machines. Since they
are CMOS, they are ideal as built-
in modems for portable or lap-top

filter circuits are pin compatible and stand-alone low speed  computers.
BLOCK DIAGRAM
1
DSI
0k 20k
1 FSK TRANSMIT
™ MODULATOR FILTER YW 17 1xa
TLA 20 | B exi
15
AXD 5 FSK RECEIVE - RXA2
DEMODULATOR FILTER + o RXAT
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GND/AGND** 19
TIMING AND CARRIER
1
Vs (GND* 2 CONTROL DETECT
o] 8 2| |4 s
NOTES: NUMBERS NEXT TO SIGNAL
XTALS XTALD | ALB | CDT D NAMES ARE PACKAGE PINS;
PIN NUMBERS ARE THE SAME
u| 13| 7 FOR BOTH DIP AND SOIC.
SQT  OA CDA * Vg (SC11002); GND (SC11003)

** GND (8C11002);

);
ANALOG GROUND (1/2 V5 ) ON §C11003
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PIN DESCRIPTION
PIN
NO. | PIN NAME DESCRIPTION
1 Dsl Driver summing Input; used to transmit externally generated tones such as DTMF dialing signals.
When not used, this pin should be left open. See functional description for details on how to use this
input.
2 ALB Analog loopback; low for normal operation, high for looping back the modulator output to the
demodulator input. If ALB and SQT are simultaneously held high, the chip powers down.
cD Carrier detect output; goes low when carrier is detected.

CDT Carrier detect timing input; a capacitor on this pin sets the time interval that the carrier must be
present before CD goes low. For testing purposes, if this pin is connected to Pin 12, then RFCR will
be connected to the output of the receive filter.

5 RXD Received data—the data output.

Vee Positive supply.

CDA Carrier detect adjust input; this is used for adjustment of the carrier detect threshold. Carrier detect
hysteresis is set at 3 dB. For testing purposes, if this pin is connected to pin 12, the Transmit filter can
be tested by using TLA as an input drive from a low output resistance signal source and TXA as the
output.

8 XTALD | Crystal oscillator output; should be connected to a 3.579545 MHz crystal. It can also be driven by an
external clock.

9 XTALS Crystal oscillator input; should be connected to a 3.579545 MHz crystal. If external clock is used; this
pin must be left open.

10 RFCR Receive Filter/Carrier Rectifier; this is normally connected to the output of the carrier rectifier. If
CDT is connected to Pin 12, then this pin is disconnected from the rectifier and instead it will be
connected to a high impedance output of the receive filter. It may thus be used to evaluate filter
performance. For normal modem operation, RFCR is AC grounded (Pin 19) via a 0.1 pF bypass
capacitor.

11 TXD Transmit data—the data input.

12 | Vg /GND | Negative supply: -5 V for SC11002, ground for SC11003.

13 O/A Originate/ Answer mode select; when high (low), this pin selects the originate (answer) mode of
operation.

14 SQT Squelch Transmitter; this disconnects the modulator output from the line driver input when held
high. The EXI input, however, remains active. If SQT and ALB are held high simultaneously, the chip
will power down.

15 RXA2 Receive analog (2); RXA2 and RXA1 are analog inputs. When connected as recommended, they
produce a balanced hybrid.

16 RXA1 Receive analog (1); see RXA2 for details. If not used it MUST be tied to Pin 19.

17 TXA Transmit analog output; line driver output.

18 EXI External input; this is a high impedance input to the line driver. This input may be used to transmit
externally generated tones. When not used for this purpose, it should be connected to Pin 19. See
functional description for further details on how to use this input.

19 GND/ Ground (0 V) for SC11002.

GNDA Analog ground (1/2 VCC) for SC11003.

20 TLA Transmit level adjust; a resistor from this pin to V... sets the transmit level.
Note: Pin Numbers are identical for both DIP and SOIC packages.
FUNCTIONAL DESCRIPTION simultaneously. cations as listed in Table 1.
SC11002/5C11003 canbeused totrans-  gyangmitter Table 1. Bell 103 Transmit and
mit and receive serial digital data over Receive Tones
general switched telephone networks,  As shown in the block diagram, the
leasedlines, orother equivalentnarrow  digital input data (TXD) is first modu- High Band Low Band
band channels. Up to 300 bits per sec-  Jated by the frequency shift keyi
ond can be transmitted and received  (FgK) n):odulator‘.] FSK ymodulatio);\m g ISvIark ggg gz :f); g gz
16 performed according to Bell 103 specifi- pace z z




To separate the transmit and receive
signals, the originating modem trans-
mits in the low band while the answer-
ing modem transmits in the high band.
The transmit filter smooths and band
limits the modulator output. The nomi-
nal center frequency of this filter is
placed at 2125 Hz or 1170 Hz depend-
ing on whether the modem is in the
answer mode or in the originate mode,
respectively.

The output of the transmit filter goes
through the line driver and appears at
TXA (Pin 17). The signal level at TXA
can be controlled by connecting a resis-
tor between TLA (Pin 20) and V. (Pin
6). The open circuit voltage on Pin 20is
0.1 V.. The transmitted power levels
shown in Table 2 refer to the power
delivered toa600 Qload from the exter-
nal 600 Q source impedance. The volt-
age on theload is half the TXA voltage.

Table 2. Resistor Values for Ad-
justment of the Transmit
Level atV..=5.0V.

Line | Transmit | Programming
Loss Level Resistor
(dB) (dBm) (RTLA)
0 -12 Open Ckt
1 -11 19800 Q@
2 ~10 9200 Q
3 -9 5490 Q
4* -8* 3610 @
5* =7 2520 Q
6* -6* 1780 Q
Vad -5* 1240 Q
8* —4* 866 Q
9* -3* 562 Q
10* -2* 336 Q
11* -1* 150 Q
12* 0* 0Q
*Applies only to SC11002.
Receiver

Theanalogsignalreceived from theline
is buffered by the hybrid circuit and
filtered by the receive filter. Thereceive
filter is similar to the transmit filter
except that it always operates at the
band opposite to the transmit filter
band. When the transmit filter operates
at the high band, the receive filter oper-
atesat thelow band and vice versa. The
output of the receive filter is hard
limited and demodulated by the FSK
demodulator. The demodulator output
appears at RXD (Pin 5).

Carrier Detector

An adaptive level detector responds to
the presenceof signal energy within the
receive band and generates an active
lowlogiclevel on the CD output(Pin 3).
This circuit has a built-in hysteresis of
2 dB, minimum. Typically, CD is acti-
vated when the received signal power
exceeds -44 dBm (V. ON= 49 me and
CD is deactivated when the signal
drops below —47 dBm V. = 3.5
mV ). This hysteresis prevents oscil-
latory operation of the carrier detector
when the received signalis close to the
detection threshold.

Carrier Detect Thresholds

The threshold levels can be changed by
applying a voltage to CDA (Pin 7)
according to the equation below:
Vepa =244 x Vo (V)

Vepa=345x Vo (V)

Vopa 6 referenced to Pin 19

The open circuit voltage on Pin 7 is
024V

Converting V,,, and V. to equivalent
power level (across a 600 Q resistor)
in dBM

Vcpa= 189 x10P0N/200r

Pon =201logyg (vgg; )

Vepa= 267 x 10POFE/ 200,
Vepa )
267

Porr =20 loglo (

where Pon and PC,FF are in dBm and
Vpa is in Volts.

Carrier Detect Timing

To reduce the effects of impulse noise
and false triggering of the carrier detec-
tor, CD only goes low (active) when a
carrier is detected and present for at
least a time equal to TON. Also, to deac-
tivated CD (i.e., going from low to
high), the carrier must be removed for
at Jeast a time equal to T, T, and
Topg can be adjusted by proper selec-
tion of the capacitor on CDT (Pin 4)
according to the following equations:
Ton 264 x Copyp

Tops = 054 x Cpyp
where . isinpFand T, and T
are in seconds.

Line Hybrid

To attenuate the transmitted signal at
TXA before it is fed back to the receiver
input, TXA can be connected externally
to RXA2 and also connected viaa 600 Q
resistor to RXA1.

If the line impedance is also 600 Q, then
the transmit signal will appear as a
common mode signal to the receiver
and will effectively be eliminated.
However, because the line impedance
characteristics vary considerably, a
perfect match with a fixed resistor
rarely occurs and part of TXA is fed
back to the receiver.

Transmit Squelch

When SQT is held high, the transmitter
will be squelched and only the signals
at EXI or DS, if any, may be transmit-
ted. See DSI below.

Analog Loopback

When ALB is held high, the output of
the line driver is looped back to the
input of the receive filter. This feature
can be used for testing the modem. If
the modem is in the originate mode,
then the transmitand receive filters will
be tuned to the low band. On the other
hand, when the modem is in the
Answer mode, both filters will tune to
the high band.

Originate/Answer Modes

When the modem is in the originate
mode (O/A = high), it will transmit in
the low band and receive in the high
band. This situation is reversed
when themodem isin the answer mode
(O/A =low).

Power Down Mode

To power down, SQT and ALB should
be held high simultaneously.

Thisinputcanbeused to transmit exter-
nally generated signals, such as DTMF
tones, while the modem is in the
squelched mode. The external tone
should be capacitor coupled through a
resistor into this pin. The gain of the
transmit amplifier will then be deter-
mined by the ratio of the on-chip feed-
back resistor (typically 20 kQ) and the
external series resistor. Since the on
chip resistor value can vary by 125%, it
is recommended that the EXI pin be
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used as described below for accurate
control of the transmitted tone level.
When this pin is not used, it should be

transmit amplifier is configured inter-
nally as a gain of 2 stage. When this pin
is not used, it should be connected to

ABSOLUTE MAXIMUM RATINGS
{Notes 1 and 2)

left open. Pin 19. Supply Voltage, V. 6V
Supply Voltage, V,
Ext | RFCR SCI1002 Only 6V
Thisinputcanbeused totransmitexter-  This output pin is normally connected D Input Voltage
nally generated signals, such as DTMF totheoutputof thefull-wave rectifier of SC11002 V._-06toV_+06V
tones, whilethemodemisinsquelched  the carrier detect circuit. To test the SC11003 _?gv toV Cﬁ, +6V
mode with DSI left open. The external ~ output of the receive filter, CDT should &«
tone should be capacitor coupled  be connected to Pin 12 to disable the ~ Storage Temperature
into this pin with a resistor (typically  rectifier circuit. In this case, RFCR will Range —65 to 150°C
100kQ) connected betweenthispinand  be connected to thereceivefilteroutput  power Dissapation (Note3) 500 mW
the analog ground (Pin 19). Usedinthis  and can be used for testing the receive
manner, the transmitted tone level is filter. Lead TemP erature
twice the input tone level since the (soldering 10 sec) 300°C
OPERATING CONDITIONS
Parameter Description Conditions Min Typ Max Units
T A Ambient Temperature SC11002C, SC11003C 0 70 °C
T A Ambient Temperature SC11002E, SC11003E -40 85 °C
Vee Positive Supply Voltage 45 5.0 5.5 \%
Vs Negative Supply Voltage SC11002 Only 4.5 -5.0 -5.5 v
GND Ground 0 A
GNDA Analog Ground SC11003 Only 1/2 V. v
F. Crystal Frequency 3.576 3.5795 3.583 MHz
Te Tg Input Rise or Fall Time 500 ns
DC ELECTRICAL CHARACTERISTICS (Note 4)
Parameter Description Conditions Min Typ Max Units
Vi High Level Input Voltage 3.15 A
A% Low Level Input Voltage 1.0 v
Vi =Vgor Vg
Vou High Level Output Voltage | 115, | =20pA Ve 01| Ve A%
I oyp | =4mA,V =45V 37 \Y%
VoL Low Level Output Voltage | Vp =VorVy,
I Iogr | =20pA 0.1 v
Ioyp | =4mA, V=45V 04 \%
I Ioyr | =12mA (Pin 3) 05 \%
Iy Input Current Vin =V or GND +1.0 A
Iec Quiescent Supply Current ALB or SQT = GND 8 mA
Transmit Level = -9 dBm
Iec Power Down Supply ALB=SQT =V 400 HA
Current Viy= Ve Vg, =GND

Notes 1. Absolute maximum ratings are those values beyond which damage to the device may occur.
2. Unless otherwise specified, all voltages are referenced to ground.
3. Power dissipation temperature derating:  Plastic package: -12mW/C from 65°C to 85°C.

Ceramic package: -12mW/C from 100°C to 125°C

4. Min and max values are valid over the full temperature and operating voltage range.
18 Typical values are for 25°C and 15 V operation.




PERFORMANCE CHARACTERISTICS
Unless otherwise specified, all specifi-  tionsapplytooperatingSC11002 witha  toorbetter that theSC11002 modulator.
cations apply to the test circuit shown  modulator having frequency accuracy, =~ Typicals are at 25°C and 5 v.
in Figure 1. The demodulator specifica-  phasejitter and harmoniccontent equal
Parameter l Conditions I Min l Typ l Max [ Units
Transmitter
Carrier Frequency Error 4 Hz
Vec=5V,RL=1200Q
Power Output Delivered to Line RTLA =0 (5C11002 0 dBM
=5490 (SC11003) -9 dBm
RTLA open -12 dBm
2nd Harmonic Energy RTLA open —60 dBm
Receive Filter and Hybrid
Hybrid Input Resistance 100 kQ
(pins 15 and 16)
RFCR Output Resistance Pin 10, No External Capacitor 30 kQ
Adjacent Channel Rejection TXD=GND or V.
Input to RXA1; RXA2 = GND (5C11002) 60 dB
=GNDA (5C11003) 60 dB
Demodulator (including hybrid, receive filter and discriminator)
Maximum Carrier Amplitude -12 dBm
Minimum Carrier Amplitude 47 dBm
Dynamic Range 35 dB
SNR =30dB
Bit Jitter Input =-38 dBm 100 us
Baud Rate =300
Bit Bias Distortion 5 %
Carrier Detect Trip Points CDA =12V, Off to On -44 dBm
Referenced to Pin 19 On to Off 47 dBm
25705 MHZ £0.1% 3STOSMHZHOA% o 3.5795 MHZ 0.1% v
Vi
v 0, e pilb, %, 00,9,
2.2 -
L XTALS _ XTALD " TLx:ALs XTALD S XTALS ~ XTALD Q
20
TLA RTLA GNDA GNDA
RTLA Vee fs—o+5V 1 ';’&) 1 sat ® 52,( fr;o
T, ves |05 I, IIuF DTRo—-Ez AB IIVF
SC11002 SC11003 T oy ™ o— ™D vee 3 o4V
Vec f——o # 6
1 - ™A e s RX o——— RXD ok T/'Oo_o 45V
=] Rxaz ) R Deta 45V SC11003 Al
e al
TXD '"— a;':t TXD 1" Input 330 wo | TLA 20 5 okQ sV
| Rxat Axp | B2 ] e RXD f— 08 3 ::I TXA
2x 10pF J;'—‘ RXA2
600 GND
GND 2 GNDA 6000
i R - B I
Test RFCR CDT GDA RFCR_CDT__CDA RFCR_CDT__CDA T
Input _L 00 13 01 I 014F Test %1 i 0.1 &I 0.1 uF -h°0.1 g 0.1 I 0.1 Line
T #F ToF T 0% Rk S L R cond LW IW
= = = GNDA = = = GNDA
Figure 1. SC11002 AC Figure 2. SC11003 AC Figure 3. Simple, Direct Connect,
Specification Circuit Specification Circuit 300 Baud Modem
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S SC11004/5C11014

SIERRA SEMICONDUCTOR 300/1200 Bit Per Second Modem
|

FEATURES 24-PIN DIP 28-PIN PLCC
PACKAGE PACKAGE
O All modulators, demodulators, [ Bell 212A and CCITT V.22 com- d Y b e 1
and filters with compromise patible; includes notch filter 2g s o 000y
equalizers on chip 0O sC11014 supports V.21 4g 21
O Call progress mode, tone gen-  [J Serial control interface H: x
erators for DTMF, V.22 guard [0 Programmable audio port 7 d e " "
and calling tones 0O Allloopback diagnostics 9 g 16 S’é 100::0\/
O On-chip hybrid iz g ig SC110140V
GENERAL DESCRIPTION SC11004CN
SC11014CN

The 5C11004 is a complete 300/
1200 Bit Per Second (bps) modem.
All signal processing functions
needed for a full duplex, 300/1200
bps, Bell 103/212A or V.22 compat-
ible modem, including the FSK and
PSK modulators and demodulators
and high-band and low-band filters
with compromise amplitude and
group delay equalizers are inte-
grated on a single chip.

Built with Sierra’s proprietary
CMOS process that allows analog
and digital functions to be com-
bined on the same chip, the
SC11004 features call progress

monitoring and DTMF generation
and V.22 guard tones. A two-to-
four wirehybrid isalsoincluded on
chip, simplifying the interface to a
data access arrangement (DAA).
An external hybrid may also be
used, if desired. The SC11004 also
includes analog, digital, and re-
mote digital loopback diagnostics
for self testing. The 5C11014 con-
tains all of the features of the
$C11004 and, in addition, supports
V.21 operation.

With the addition of a digital con-
troller, such as an 8-bit micro-

controllerand a DAA, a highly cost
effective, integrated, intelligent
modem can be built. When used
with the Sierra SC11007 modem
controller—an 8-bit processor com-
bined with a UART—a complete
Hayes command set compatible
modem can be configured, occupy-
ing minimumboard area. Allthatis
needed for stand-alone applica-
tions is the SC11004/14 modem,
the SC11008 controller, a DAA and
anRS232-interface. They operatein
synchronous or asynchronous
mode and handle 8, 9, 10 or 11
bit words.

BLOCK DIAGRAM

—
14.(16) ASYNGT ok, | LOW BAND NOTCH
@D i |+ scramaLerf—f JSK- U v FILTER FILTER
AND X
PREFILTER N [ronomo
FSK.
X [ FILTER
FSK. AGC
DEMOD.
axo 20 1 yx
HYBRID AND
ANTI-ALIASING
SYNC/ . PSK.
AsvNe [+ DESCRaMBLER DEMOD 7 (N9
UNSCRAMBLED L z
D1 D2 ] MARKDET. (12) 10
15.(17) -1 RXA2
oo
16 (19)
SCK Do ENERGY
L
5 170 DECODER N \{fgzhg%%o T";ﬁ"#‘éﬁlﬁ'«'ge 1D your
R Jae2) A Tohe LEVEL ADJUST (28) 24 Ve
GENERATOR (412
[ Vss
26) 22
CLOCK @822 1 onp
GENERATOR Je— @1
-=—— AGND
NOTES: NUMBERS NEXTTOSIGNAL  (27) [ (24| (25) () ) @ & o ©
NAMES ARE DIP PACKAGE 23 20| 21 3 2 6 4 5 8 19 7
PINS;NUMBERS IN ( )ARE  ckOUT XTAL1 XTAL2 TXCK! TXCKO RXCK TEST1 TEST2 NC  NC  AUDIOOUT 21

PLCC PINS. PINS (1), {6),
(10), (18),
NOT CONNECT
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SC11004/SC11014

PIN DESCRIPTIONS
PIN PIN
NO. NAME DESCRIPTION
1Q2) AGND Analog ground
23) TXCKO Transmitter clock output. In high speed, synchronous, internal mode, this output suppliesa 1200
Hz clock to the DTE.
3@ TXCK1 In high speed, synchronous, external mode, this pin is an input for receiving a 1200 Hz clock from
the DTE.
4(5) TEST 1, Used by Sierra for testing. Make no connection to these pins—they MUST be left floating.
5@ TEST 2
6,(8) RXCK Receiver clock output. In high speed, synchronous mode, the modem supplies a 1200 Hz clock
on this output.
7,9 Audio Output of the hybrid is passed through a programmable attenuator and brought out on this pin.
Out 4levels of received signal can be programmed using the control codes listed in Table 1 (Page 8).
8,19 (1,6, NC No Connect. These pins must be left floating. Do NOT ground these pins or tie them to
10,18,21,23) Vecor Vg

9(11) RXA1, Received data carrier
10(12) RXA2

11 (13) TXOUT Transmit data carrier output

12 (14) Vs -5V power supply

13 (15) RXD Receive data. The modem demodulates the received carrier and outputs dataon the pin. A logic
low level is space and alogic high level is mark. The controller can force the demodulator output
to the mark state by sending the code 02.

14 (16) TXD Transmit data. Dataon thisinputis modulated by the modem and output on TXOUT pin. Alogic
low is space and a logic high is mark.

15(17) DI/O Data I/O pin. Data is shifted in serially when WR is low on rising edges of SCK clock. Data is
transferred to alatch when WR goes high. Up to 7 data bits can be sent. Input codes are defined
in Table 1. Datais read from the modem serially when RD is low, on rising edges of SCK clock.
Up to 4 data bits can be read. Output codes are defined in Table 1 (Page 8).

16 (19) SCK Serial shift clock is applied to this pin. It is normally high until data is sent to or read from the
modem.

17 20) RD Strobe output from controller for serially reading data from the modem.

18 (22) WR Strobe output from the controller for shifting data to the modem.

20 (24) XTALL1, Pins for connecting a 7.3728 MHz crystal. An external CMOS (+5 V) clock signal can be applied
21 (25) XTAL2 to the XTALL1 pin, with XTAL2 left open. If a TTL clock is used, it must be capacitively (100 pF)
coupled into XTALT.

22 (26) DGND Digital ground

23 (27) CKOUT Buffered crystal oscillator signal is output on this pin. It can drive one LS TTL load.

24 (28) Ve +5 V power supply

Numbersin ( ) refer to 28-Pin PLCC Package.
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FUNCTIONAL DESCRIPTION OF THE $C11004/14 MODEM

Major sections of the SC11004/14
modem are a transmitter, a re-
ceiver, low-band and high-band
filters, a two-to-four wire hybrid,
tone generators and interface logic.
It also contains an energy detector
that’s used for detecting the carrier
and call progress monitoring and
anaudio output for monitoring the
line.

The SC11004/14 modem requires
15V andisavailable in a 24-pin DIP
as well as a 28-lead plastic chip
carrier with ]’ leads for surface
mount applications. The transmit-
ter section consists of an async/
sync convertor, scrambler, PSK
modulator and FSK modulator. In
the high speed mode (1200 bps), the
PSK modulator is connected to the
filter. In the low speed mode (300
bps), the FSK modulator is con-
nected to the filter.

Transmitter

Since data terminal and computers
may not have the timing accuracy
required for 1200 bps transmission
(0.01%), timing correction on the
incoming data stream must be
made. The async/sync convertor
accepts asynchronous serial data
clocked at a rate between 1200 Hz +
1%,-2.5%. It outputs serial data at
a fixed rate of 1200 Hz 10.01% de-
rived from the master clock oscilla-
tor. To compensate for the input
and output rate differences, a stop
bit is either deleted or inserted
when necessary. If the input data
rate is slower than the output
data rate, a stop bit is inserted. If
theinput data rate is faster than the
output data rate, a stop bit is de-
leted. Theoutput of theasync/sync
convertor is applied to the
scrambler.

The scrambler is a 17-bit shift regis-
ter clocked at 1200 Hz. Outputs
from the 14th and 17th stages are
exclusive OR’d and further exclu-
sive OR’d with the input data. The
resultant data is applied to the D
input of the shift register. Outputs

from the first two stages of the shift
register form the dibit that is ap-
plied to the PSK modulator. The
purpose of the scrambler is to ran-
domize data so that the energy of
the modulated carrier is spread
over the band of interest—either
the high band centered at 2400 Hz
or the low band, centered at 1200
Hz. A 1200 bps modem actually
sends two bits at a time, called a
dibit; dibits are sent at 600 baud, the
actual rate of transmission; 600
baud is the optimum rate that can
be transmitted over the general
switched telephone network for a
full duplex FDM (frequency divi-
sion multiplexing) modem because
band limit filters in the central of-
fice cut off at about 3000 Hz.

The dibit applied to the PSK modu-
lator produces one of four differen-
tial phase shifts of the square wave
carrier signal (1200 Hz or 2400 Hz)
at the 600 Hz baud rate. The resul-
tant waveform is passed through a
wave shaping circuit that performs
a raised cosine function (this is the
shape factor called outin the CCITT
V.22 spec, and it also meets the Bell
212A requirement for optimum
transmission). The wave shaped
signal isthen passed through either
the low-band or high-band filter
depending upon originate or an-
swer mode selection.

For low speed operation the FSK
modulatoris used. It produces one
of four precision frequencies de-
pending on orignate or answer
mode and the 1 (mark) or 0 (space)
level of the transmit data. Different
frequencies are used for V.21 and
212A modes. The frequencies are
produced from the master clock
oscillator using programmable
dividers. The dividers respond
quickly to data changes, introduc-
ing negligible bit jitter while main-
taining phase coherence. The out-
putofthe FSK modulatoris applied
to the appropriate filter when the
low speed mode of the operation is
selected.

The filter section consists of low-
band (1200 Hz) and high-band
(2400 Hz) filters, half-channel com-
promise amplitude and group de-
lay equalizers for both bands,
smoothing filters for both bands
and multiplexers for routing of the
transmit and receive signals
through the appropriate band fil-
ters. For CCITT V.22 applications, a
notch filter is included that can be
programmed for either 550 Hz or
1800 Hz. In the call progress moni-
tor mode, the low-band filter is
scaled down by a factor of 2.5 to
center it over a frequency range of
300 to 660 Hz. Thus, during call
establishment in the originate
mode, call progress tones can be
monitored through the scaled low-
band filter and the modem answer
tone or voice can be monitored
through the unscaled high-band
filter.

The low-band filter is a 10th order
switched-capacitorband-pass filter
with a center frequency of 1200 Hz.
In the originate mode, this filter is
used in the transmit direction; in
the answer mode it is used in the
receive direction. When analog
loopback is used in the originate
mode, this filter, together with the
low-band delay equalizer, is in the
test loop. In the Call Progress
Monitoring mode, the filter re-
sponse is scaled down by 2.5, mov-
ing the center frequency to 480 Hz.

The low-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the low-
band filter and half of the compro-
miseline characteristics, producing
a flat delay response within the
pass-band.

The high-band filter is a 10th order
switched-capacitorband-pass filter
with a center frequency of 2400 Hz.
In the answer mode, this filter is
used in the transmit direction; in
the originate mode, it is used in the
receive direction. When analog
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loopback is used in the answer
mode, this filter, together with the
high-band delay equalizer, will be
in the test loop.

The high-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the high-
band filter and half of the compro-
mise line characteristics, producing
a flat delay response within the
pass-band. The transmit smooth-
ing filter is a second order low-pass
switched-capacitor filter that adds
the modem transmit signal to the
DTMF or V.22 guard tones. It also
provides a 3 dB per step program-
mable gain function to set the
output level.

Receiver

The receiver section consists of an
energy detector, AGC, PSK de-
modulator, FSK demodulator,
descrambler, and sync/async
convertor.

The received signal is routed
through theappropriate band-pass
filterand applied to both the energy
detector and AGC circuit. The
energy detector is based on a peak
detection algorithm. It provides a
detection within17to24 ms. Itis set
to turn on when the signal exceeds
—43 dBm and turn off when the
signal falls below —48 dBm meas-
ured at the chip. A 2 dB minimum
hysteresis is provided between the
turn on and turn off levels.

The AGCcircuitisa programmable
gain amplifier that covers a wide
range. Output of the AGC ampli-
fier is rectified and compared with
two preset levels corresponding to
desired high and low limits. Out-
puts of the comparators control an
up/down counter such that the
received signal is amplified to the
desired level. Receive signal input
range is 0 to 45 dBm measured at
the chip.

The PSK demodulator uses a coher-
ent demodulation technique. Out-
putof the AGC amplifier is applied

24

to a dual phase splitter that pro-
duces an in-phase and 90 degree
out of phase component. These
components are then demodulated
to baseband in a mixer stage where
individual components are multi-
plied by the recovered carrier. The
baseband components are low-
pass filtered to produce I and Q
channel outputs. (In phase and
Quadrature). The I and Q channel
outputs are rectified, summed and
passed through a band-pass filter
givinga 600 Hz signal. Thesignalis
applied to a digital phase lock loop
(DPLL) to produce a baud rate
clock. Using the recovered clock
signal, the I and Q channels are
sampled to produce the received
dibit data. Therecovered carrier for
the demodulator is generated by
another PLL which is controlled by
the amplitude of the error signal
formed by the difference of the I
and Q outputs.

The descrambler is similar to the
scrambler. The received dibit data
is applied to the D input of a 17-bit
shift register clocked at 1200 Hz.
Outputs from the 14th and 17th
stages are exclusive OR’d and fur-
therexclusive OR’d withinputdata
to produce received data.

In the asynchronous mode, data
from the descrambler is applied to
the sync/async convertor to recon-
struct the originally transmitted
asynchronous data. For data which
had stop bits deleted at the trans-
mitter (over-speed data), these stop
bits are reinserted. Underspeed
data is passed essentially un-
changed. Outputofthesync/async
convertor along with the output of
the FSKdemodulatorisapplied toa
multiplexer. The multiplexer se-
lects the appropriate output, de-
pending on the operating speed,
and outputs received data on the
RXD pin.

For low speed operation, the FSK
demodulatoris used. The outputof
the AGC amplifier is passed
through a zero crossing detector
and applied toa counterthatisreset
on zero crossings. The counter is
designed to cycle at a rate 4 times

faster than the carrier signal. The
counter output is low-pass filtered
and hard limited to generate FSK
data.

Hybrid

The signal on the phone line is the
sum of the transmit and receive
signals. The hybrid subtracts the
transmitted signal from the signal
on the line to form the received
signal. It is important to match the
hybrid impedance as closely as
possible to the telephone line to
produce only the received signal.
When the internal hybrid is used,
this matching is provided by an
external resistor connected be-
tween the RXA1 and RXAZ2 pins on
the SC11004/14. The filter section
provides sufficient attenuation of
the out of band signals to eliminate
leftover transmit signals from the
received signal. The hybrid also
acts as a first order low-pass anti-
aliasing filter.

Internal Hybrid

The SC11004/14 internal hybrid,
shown in Figure 1, is intended to
simplify the phoneline interface. In
addition, there is a gain select fea-
ture to compensate for the loss in
the line coupling transformer used
inthe DAA. By tyingthis pinto V,,
ground or V,,, compensation lev-
els of 0, +2 or +3 dB, respectively,
are provided.

With a higher loss transformer,
some degradation in performance
at lower signal levels will occur.
Specifically, the bit error rate, when
operating at receive signal levels
below —40 dBm in the presence of
noise, will be higher. The energy
detect on/off levels measured at
the line will also be different from
those specified at the chip. Witha3
dB loss transformer for example,
the energy detect on/off levels
measured at the line will be in the
range of 40/-45 dB rather than
—43/-48 dB as specified at the chip.
An external hybrid circuit, shown
inFigure2,canbe used to overcome
these losses and achieve maximum
performance.




External Hybrid

Theexternal hybrid circuit uses two
operational amplifiers, one in the
transmit path and the other in the
receive path. The 5C110104/14
internal transmit stage provides a
gainof 6 dB overthetransmit signal
level desired at the line. For ex-
ample, if the TLC1, TLCO level
control codes are set to 0 and 1
respectively soas to obtain -9 dBm
attheline, the chip actually putsout
-3 dBm at the TXOUT pin (pin 11).
Under ideal conditions, with no
loss in the transformer and perfect
line matching, the signallevel at the
line will then be the desired -9 dBm.
In practicehowever there is imped-
ance mismatch and a loss in the
coupling transformer. Therefore it
may be desired to providea gainin
the transmit and receive paths to
overcometheloss. The receive gain
G, and transmit gain G, are set by
theratios of resistors R2, R1and R6,
R5 respectively (Figure 2).

The circuit can be analyzed as
follows:

we - B Om) (R (B) Y

__ R
Vy- &%

If R6/R5 is chosen to equal the loss
in the transformer, it can be as-
sumed that V, is twice as high as
Vx (transmit portion of the total
line signal). Since Vi = Vi + Vi
andV, =2V,

__—( *va) (1+m)(m+“)zv.rx
[(“ﬁ)(wm ﬁ] @

To eliminate any transmit signal
from appearing at the received sig-
nal input, the second term in the
above equation must be set to zero,
giving:

%) (&%) -8
Solving for R3/R4
R3 2R1

—= 1+

R4 R2

Additionally,

- R =R6
Gr= 5 *™Cr=§5

__—V

These equations can be solved to
select component values that meet
the desired requirements. For ex-
ample, if the transmit and receive
loss in the coupling transformer is

2.5dB, then:

R2

Bonw g( =1Nvug(.23. =133
L R6 R3 _

Similarly, T =1.333 and =7 =25

Some typical values are:

R1=20kQ, R2=27kQ, R3=13kQ,
R4=5.1kQ, R5=20 kQ and R6=27 kQ

It should be noted that the transmit
amplifier is only needed to over-
comethe lossinlinecoupling. Itcan
be eliminated since the transmit
signal level specification is typi-
cally stated as a maximum. Ampli-
fier B, resistors R5 and R6 and
capacitor C1 can be eliminated and
point X connected to point Y in the
circuit of Figure2 to achieve a more
cost effective external hybrid ar-
rangement.

The SC11004/14 with the internal
hybrid may also be used ona4-wire
system where the transmit and re-
ceive signals are kept separate. In
this mode, RXA2 is connected to
ground and the receive signal is
connected to RXA1. The transmit
signal is connected to a 600 Q line
transformer through a 600 Q
resistor.

Tone Generator

The tone generator section consists
of a DTMF generator and a V.22
guard tone generator. The DTMF
generator produces all of the tones
corresponding to digits 0 through 9
and * and # keys. The V.22 guard
tone generator produces either 550
Hz or 1800 Hz. Selection of either
the 550 Hz or 1800 Hz tone will
cascade the corresponding notch
filter with the low-band filter. The
tones are selected by applying
appropriate codes through the
Data I/0O pin. Before a tone can be

generated, tone mode must be se-
lected. Facility is also provided to
generate single tones correspond-
ing to the individual rows or col-
umns of the DTMF signal.

Audio Output Stage

A programmable attenuator that
candriveaload impedance of 50 kQ
is provided to allow monitoring of
the received line signal through an
external speaker. The attenuator is
connected to the output of the hy-
brid. Four levels of attenuation —
no attenuation, 6 dB attenuation, 12
dB attenuation and squelch are
provided through the ALC1, ALCO
audio output level control codes.
Output of the attenuator is avail-
able on the audio output pin where
anexternal audio amplifier (LM386
type) can be connected to drive a
low impedance speaker. The out-
put candirectly drivea highimped-
ance transducer, but the volume
level will be low.

Crystal Oscillator

TheS5C11004 /14 includesan invert-
ing amplifier between pins 20 and
21 with an internal bias resistor to
simplify the design of the crystal
oscillator. The parallel resonant,
7.3728 MHz #0.001% crystal, de-
signed for a load capacitance of 20
PF, should be connected across pins
20and 21. Two capacitors of typical
values 27 pF from pin 20 to digital
ground (DGND pin 22) and 47 pF
from pin 21 to DGND should be
connected. With the recommended
crystal, Saronix, NYMPH, NYP073-
20 and these capacitor values, a
highly accurate and stable crystal
oscillator can be designed. Since
the carrier frequency must be
within #0.01% of the normal 1200/
2400 Hz, it is important to measure
the actual crystal oscillator fre-
quency at CKOUT (pin 23) and
adjust the external capacitors for
a given circuit board layout, if
necessary.
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Figure 2. Using an External Hybrid with the SC11004/14

FUNCTIONAL DESCRIPTION OF THE SC11007 AND SC11008 CONTROLLERS

The SC11007 modem controller,
implemented in Sierra’s two mi-
cron CMOS process, was designed
specifically to handle all of the
modem control functions, as well as
the interface to a system bus. Be-
sides including an 8-bit micropro-
cessor, 8k by 8 bytes of ROM and
128 by 8 bytes of RAM, it also con-
tains the functionality of an 8250B
UART, greatly simplifying the in-
terface to a parallel system bus,
suchastheoneused inIBM’s PC. In
fact, a complete, Hayes compatible
modem for the PC consists of the
SC11007 controller, the SC11004/
14 modem and the DAA. All ofthe
popular communications software
written for the PC will work with
the SC11004/14/SC11007 set.

Another version of the controller,
the SC11008, is intended for RS-232
applications. It contains the same
processor, memory and UART as
the SC11007 and has the same inter-
face to the modem chip. Thediffer-
ence is that the UART is turned
around so the serial data from the
RS-232 port is converted to parallel
data handled by the internal
26

processor. Pins are provided for
connecting the familiar switches
and indicator lamps found on most
stand-alone modems, although the
switches and lamps are not needed
for operation—all of the switch set-
tings canbedonethrough software.

The SC11008 provides a standard
5 V logic level interface—RS-232
drivers are required to interface to
the port. Like the SC11007, the
SC11008 comes preprogrammed
with the Hayes ‘AT’ command set,
and when used with the SC11004/
14 modem, emulates a Hayes-type
stand-alone modem. The SC11007
and SC11015 emulates a Hayes-
type IBM PC plug-in card modem.

But the chip set is by no means
limited to implementing a Hayes-
type smart modem. Sierra is in the
custom IC business and both chips
were designed with this in mind.
For example, only about 6k bytes of
the SC11007’s ROM is used for the
handshaking and smart modem
code, leaving 2k bytes for addi-
tional features that a customer may
specify. And since the controller is

ROM programmable, any com-
mand set, not just the Hayes ‘AT’
set, can be implemented.

Both the SC11007 and SC11008
require +5 V and are available in
either a 28-pin DIP or a 28-lead
plastic chip carrier with 7’ leads for
surface mount applications. Be-
sides the four-line interface for the
SC11004/14 modem, the SC11007
controller has an 8-bit data port,
three address lines, a chip select
input, an interrupt line, and the
DOST and DIST control lines found
in the 8250B UART. It also has
control lines for ring indication, the
off-hook relay and data/voice re-
lay; these three lines connect to the
DAA.

In the SC11008, the 8-bit port be-
comes the switch input lines and
the address, chip select, DIST and
DOST lines become the six lines for
theRS-232 interface. These six lines
are also used to drive the LEDs.
Internally, all of these lines are
treated as programmable /O ports
under software control—so the
main difference between the




S$C11007 and SC11008 is the ROM
code. It also contains the same
modem and DAA interface lines as
the SC11007.

The SC11007 and SC11008 are truly
ASIC controllers—they are de-
signed to control a modem or other
peripheral that operatesatamoder-
ately slow rate up to 1200 bits per
second. What’s unique about the
SC11007, for example is that it al-
lows a slow peripheral to interface
to a high speed bus, without mak-
ing the main processor slow down.

This is done through the UART
interface and the on-chip registers
which look somewhat like dual
port registers. The main processor

can write to and read from them at
will, while the on-chip controller
cando thesame. Thecontroller was
designed this way because most
communications software has to
have unrestrained access to the
UART registers. To make the
SC11007 compatible with this soft-
ware, the registers were included.

The internal processor monitorsthe
registers to determine the mode of
operation—command mode or
data mode; at power-up it is auto-
matically put in the command
mode and it looks for instructions.
Once carrier is detected, it goes into
thedata mode, and stays there until
an escape sequence is entered, just

like in a Hayes-type modem. The

escape sequence is three + signs—
+++ —in the default mode, but it
can be changed in software.

The actual processor contains an
8-bit data path and can execute 19
instructions with five different
addressing modes: direct, indirect,
immediate, register direct and reg-
ister indirect. There is 8k by 8 of
ROM on chip for program storage.

To the system bus, the SC11007
looks and acts just like an 8250B
UART. Communications software
written for this UART will work
withthe5C11007 and SC11008. The
Sierra chip set is truly a Hayes-type
modem in two chips.

CONNECTION DIAGRAMS—SC11007 AND SC11008 CONTROLLERS

SC11007

MODEM
CONTROLLER FOR

PARALLEL BUS

INTERFACE

e [
Ne 2]
TeST [3]
Kov [4]
ri 3]
oH [§]
cik 3]
wr 3]
Ap [3]
sck [19]
piro [i1]
™0 2]
RXD [13]

GND [i4]

SC11008

MODEM
CONTROLLER FOR
RS-232
INTERFACE

THE SC11004/14 & SC11007/SC11008 SYSTEM

The only external components re-
quired by the SC11004/14 are the
600 Q line matching resistor, a
7.3728 MHz crystal—a standard
frequency—and a 20 pF capacitor
from each leg of the crystal to
ground. That’sall! If it is desired to
drive a speaker to monitor the line,
an amplifier like the LM386 can be
added, but the output provided on
theSC11004 /14 can directly drivea
high impedance (50 kQ) earphone-
type transducer.

The SC11007 modem controller’s

clock in line is driven by the
SC11004/14’s clock outline, so only
one crystal is needed. The 5C11007
interfaces directly to an IBM PC
bus—no buffers are required. The
only external parts may be a 8 input
NAND gate for COM1 and COM2
decoding inside the PC.

For tone dialing, the controller
sends a code to the modem chip
whichin turn puts out the called for
DTMF tone on the line via the on-
chip DTMF generator. For pulse
dialing, the controller pulses the

OH (off hook) relay. Both dialing

‘modes work with the built-in call
progress algorithm so they won’t
start dialing until a dial tone is
detected.

All modems require a DAA. A
DAA or data access arrangement
is a piece of equipment required by
the FCC to connect anything to the
general switched telephone net-
work. It consists of an isolation
transformer, typically 600 Q to 600
Q; a relay for disconnecting the
modem from the line; a ring
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detector, typically an optoiso-
lator; and high voltage surge pro-
tectors. The DAA has to be FCC
registered and this can be done by
any of many consultants and labs
around the country. Thefeeis typi-
cally $2,000 and it takes several
months. Another alternative is to
buy a DAA, supplied by several
manufacturers.

212Aisa Bell specification that calls
for 1200 bit per second, full or half
duplex data transmission with a
fallback mode of 300 baud (Bell
103). It is not 1200 baud; the spec
calls for transmission of dibits—

2 bits per baud so the 1200 bps
transmission takes place at 600
baud. The same is true for V.22—
it’s 1200 bps or 600 baud. V.22 does
not call for a 300 baud fallback;
there is a CCITT standard for 300
and that’s V.21.

V.22 also calls for guard tones to be
sent along with the data. In most of
Europethetoneis 1800 Hz exceptin
Sweden where 550 Hz is used. The
5C11004/14 modem hasthe 550 Hz
and 1800 Hz tone generators built
in as well as the 550 and 1800 Hz
notch filter to remove the guard
tone when in the receive mode.

All modems require a Hybrid.
Hybrid is a term used to describe a
circuit, passive or active, that takes
the separate transmit and receive
signals and combines them to go
over the phone line. In the
SC11004/14, this is done with op
amps, but the separate signals—
TXOUT and RXA2—are also
brought out so an external hybrid
can be used, if desired. The com-
bined signal comesoutontheRXA1
pin and matching resistor—typi-
cally 600 Q —is connected between
RXA1 and RXA2.

$C11004/14 SPECIFICATIONS
Table 1. Definition of I/O Codes

modem as shown below:

1. Instructions to the modem IC (See Note 1 and 2). Dataon the D1/O pin shifted into the modem when WRis low,
onrising edges of the SCK clock. Data is transferred into a latch when WR goes high. (See Figure 2 for write cycle
waveforms). Up to 7 data bits (D0-D6) can be sent to the device. These bits control the operating modes of the

HEX
Dé D5 D4 D3-DO CODE MODE/FUNCTION
Non tone mode:
0 1/0 0 0 20/00 Reset (set default values)
0 1/0 0 1 21/01 Tone On/Off (tone mode enable/disable)
0 1/0 0 2 22/02 Force Receive Data to Mark Off/On (forces RXD pin High if On)
0 1/0 0 3 23/03 TLCO Transmit Level Control bit 0 (default 0)
0 1/0 0 4 24/04 TLC1 Transmit Level Control bit 1 (default 0)
0 1/0 0 5 25/05 TX Transmitter On /Off (if Off, TXOUT is grounded)
0 1/0 0 6 26/06 ALB Analog Loopback On /Off
0 1/0 0 7 27/07 CPM Call Progress Monitor mode On/Off
0 1/0 0 8 28/08 Connection Indicator (CI) On /Off (see note 4 below)
0 1/0 0 9 29/09 ALCO Audio Output Level Control bit 0 (default 0)
0 1/0 0 A 2A/0A  ALCI Audio Output Level Control bit 1 (default 0)
0 1/0 0 B 2B/0B WLS0 Word Length Select 0 (default 0)
0 1/0 0 C 2C/0C WLS1 Word Length Select 1 (default 1)
0 1/0 0 D 2D/0D Sync/Async
0 1/0 0 E 2E/OE LS/HS: Low Speed/High Speed (FSK/PSK)
0 1/0 0 F 2F/0F A/O: Answer/Originate
0 1/0 1 0 30/10 Transmit Mark On /Off
0 1/0 1 1 31/11 Transmit Space On/Off
0 1/0 1 2 32/12 Scrambler Off/On
0 1/0 1 3 33/13 DLB Digital Loopback On/ Off (also sets Synchronous, Slave Mode)
0 1/0 1 4 34/14 TXDP Transit Dotting Pattern On/Off (Not valid for V.21 mode)
0 1/0 1 5 35/15 Sync Mode Transmit Timing Locked /Free Running
0 1/0 1 6 36/16 Sync Mode Transmit Timing Source External /Slave
0 1/0 1 7 37/17 2100 Hz tone On/Off. Must select low speed mode for operation.
0 2/0 1 8 38/18 1300 Hz tone On/Off. Must select low speed mode for operation.
0 1/0 1 9 39/19 V.21 mode. Must select low speed mode for operation.




HEX
Dé D5 D4 D3-D0O CODE MODE/FUNCTION
Tone mode:
1 1/0 0 0 60/40 Dial 0
1 1/0 0 1 61/41 Dial 1
1 1/0 0 2 62/42 Dial 2
1 1/0 0 3 63/43 Dial 3
1 1/0 0 4 64/44 Dial 4
1 1/0 0 5 65/45 Dial 5
1 1/0 0 6 66/46 Dial 6
1 1/0 0 7 67/47 Dial 7
1 1/0 0 8 68/48 Dial 8
1 1/0 0 9 69/49 Dial 9
1 1/0 0 A 6A/4A Dial *
1 1/0 0 B 6B/4B Dial #
1 1/0 0 C 6C/4C Output 550 Hz and insert 550 Hz notch in low-band filter
1 1/0 0 D 6D/4D Output 1800 Hz and insert 1800 Hz notch in low-band filter
1 1/0 0 E 6E/4E Row disable On/Off (For DTMF test only)
1 1/0 0 F 6F/4F Column disable On /Off (For DTMF test only)
WLS1 WLSO0 Word Length
0 0 8 bits
0 1 9 bits
1 0 10 bits (default)
1 1 11 bits
TLC1 TLCO Transmitter Output Level (dBm) (Note 3).
0 0 —6 (default)
0 1 -3
1 0 0
1 1 +6
ALC1 ALCO Audio Output Level
0 0 Output Off (default)
0 1 12 dB attenuation
1 0 6 dB attenuation
1 1 No attenuation
Notes: 1. Default values for the operating modes on power up are those shown to the right of the ‘/” unless otherwise
specified.
Data is shifted in and out of the modem with LSB first.
SC11014 only.

Using the internal hybrid and a 600 Q resistor, these levels will be 6 dB lower at the input to the transformer.
After a connection is established, turn CI on to disable unnecessary functions, i.e. if a PSK connection is
established, turning CI on will turn off the FSK demodulator.

Rl ol ol

2. Information from the modem IC. Data is read serially from the modem when RD is low, on rising edges of the
SCK clock. (See Figure 3 for read cycle waveforms). Up to 4 data bits (D0-D3) can be read as defined below:

DO Energy Detect 0—no energy 1—energy present

In the CPM mode, the energy detector is connected to the output of the high band filter, if ALB is off, or the scaled
low band filter, if ALB is on.

D1 Received data (FSK)  1—Mark 0—Space
D2 Received data (PSK) 1—Mark 0—Space
D3 Unscrambled Mark 1—Detected 0—Not Detected

VLO0LIDS/P001ILOS
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Figure 3. Waveforms for Write and Read Cycles

Serial Interface — The 4 line serial
interface consists of a bidirectional
data pin (DI/O), a write control pin
(WR), aread control pin (RD) and a
clock pin (SCK). In the inactive
state, WR, RD and SCK lines must
be held in the high state. The read
and write functions are controlled
only by the mircocomputer. To
write data into the SC11004/14 (see
timing waveforms of Figure 2), the
controller must first make the WR
linelow. Theleast significant bit DO
of thedatais then placed onthe DI/
Oline. The SCK line is then toggled
low and then high to shift the data
bit into the SC11004/14 input reg-
ister. Data is shifted into the input
register on the rising edge of SCK.

There is no special requirement on
the duty cycle of the clock signal.
The minimum pulse width and
data setup times specified in the
specifications table must be met.
The remaining data bits D1 thru Dé

are shifted by repeating the above
procedure. Only 7 data bits should
besent. Ifan 8th databitis sent, the
first data bit DO will be lost from the
input register. The received data
will then be D7-D1 rather than
D6-D0. To read data from the
S5C11004/14 (see timing wave-
forms of Figure 3), the RD line is
first madelow. Theleast significant
bit D0 is now available onthe DI/O
line. The SCK line is toggled low
and then high to shift the next data
bit out of the 5C11004/14 output
register. The SC11004/14 shifts the
data out on the rising edges of SCK.
The controller should read data on
thefallingedges of SCK when it will
be stable. Note that D0 appears on
theDI/Olineas soonasRDis taken
low. If the controller only wants to
read the status of the energy detec-
tor, there is no need to toggle SCK
line. By makingRDlow, the energy
detector level can be read by read-
ing DI/O. RD can then be taken

high. Read operation is terminated
by makingtheRDlinehigh. If more
than 4 bits are read, the additional
bits are returned as 0’s.

In the READ mode, the values of
D0, D1,D2 and D3 do not changeas
long as RD is low, even though the
chip status may be changing. To
read out the updated values of
these bits, RD must be pulled high
for at least 1 ms and then taken low
again to initiate another read cycle.

The read and write operations can
be performed by two simple I/0O
drivers shown in table 2. The
RDMO-DEM subroutine reads
data from the SC11004/14 and
places it in the accumulator with
the high nibble set to zero. The
WTMODEM subroutine sends
data placed in the accumulator to
the SC11004/14. Both subroutines
useregister R7 inbank1asadatabit
counter.

SYNCHRONOUS OPERATION
Transmitter Timing

Case 1— SC11004 /14 Provides the
Timingto the Data Terminal Equip-
ment (DTE). See Figure 4.

If the DTE can lock to an external
clock, then all that needs to be done
isto put theSC11004/14 in the syn-
chronous mode (2D). This provides
a 1200 Hz clock on the TXCKO Pin
thatcanbeused asaclock source for
the DTE to synchronize its TXD to.
The Transmit Phase-Locked-Loop
(TXPLL) of the SC11004 /14 will be
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in free-runing mode. As a result,
External/Slave input codes will be
ignored by the chip.

Case 2 —SC11004/14 Should Lock
Its Transmit Timing to the Clock
Source Provided by the DTE.

In this case, after selecting synchro-
nous mode (2D), also select
“Locked” (35) and “External” (36)
modes.

The TX PLL of SC11004/14 will
then synchronize itself to the clock
provided on its “TXCK1” pin.

Receiver Timing

In synchronous mode, the recov-
ered clock will be provided on the
RXCK pin and the transitions of
RXD will be on the falling edges of
this clock.




Free Running (15) External/Slave TXPLL is free running and ignores External or Slave inputs.

SYNCHRONOUS MODE CHART %
Transmitter Timing =
(=]

Locked (35) External (36) TX PLL locks to clock provided on TXCK1 g
=2

Slave (16) TX PLL locks to receiver timing. Should be used in DLB mode only. %

i
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TRANSMITTER

TXCK1
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TXD ] l
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TXCKO — |
TXPLL OUTPUT I
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< 1200 Hz

RECEIVER

RXCK i ; *

- X X

Note: 1 SC11004/14 will sample the data on the rising edge of TXCK1 clock.

Figure 4. SC11004/14 Synchronous Mode Diagrams

ABSOLUTE MAXIMUM RATINGS (NOTES 1, 2 AND 3)

Supply Voltage, V. 6V
Supply Voltage, V -6V
DC Input Voltage (Analog Signals) V0.6 to V  +0.6 V
DC Input Voltage (Digital Signals) V~0.6to V,+0.6 V
Storage Temperature Range -65 to 150°C
Power Dissipation (Note 3) 500 mW
Lead Temperature (Soldering 10s) 300°C

Notes: 1. Absolute maximum ratings are those values beyond which damage to the device may occur.
2. Unless otherwise specified, all voltages are referenced to ground.
3. Power dissipation temperature derating — Plastic Package: 12 mW /C from 65°C to 85°C.

OPERATING CONDITIONS
PARAMETER DESCRIPTION CONDITIONS MIN TYP MAX UNITS

T, Ambient Temperature 0 70 °C
Vee Positive Supply Voltage 4.5 5.0 5.5
Vo Negative Supply Voltage 4.5 -5.0 -5.5

GND Ground 0
F. Crystal Frequency 73721 | 73728 | 7.3735 MHz

TR, TF Input Rise or Fall Time (Note 4) 500 ns

Notes: 4. Does not apply to CKOUT. 31
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S e P A S RN PR
DC ELECTRICAL CHRACTERISTICS (NOTE 5)

PARAM. DESCRIPTION CONDITIONS MIN | TYP | MAX | UNITS
Iec Quiescent Current V=5V 15 mA
Igs Quiescent Current V=5V 15 mA
Digital Signal Pins

Vi High Level Input Voltage RD, WR, D1/0, SCK, 20 \%
TXCK1, TXD
Digital Signal Pins

Vi Low Level Input Voltage RD, WR, D1/0, SCK, 0.8 v
TXCK1, TXD
Digital Signal Pins Ioy=40pA 4.0 \Y

Vou High Level Input Voltage D 1/0, RXD, TXCKO,
RXCK o =500 pA 20 \
Digital Signal Pins

Vou Low Level Input Voltage DI1/0,RXD, TXCKO, I, =1.6mA 04 0.6 A%
RXCK

Voum Maximum Output Signal TXOUT, RL =1200 Q 4.0 Voo
(TLC=1, TLCO=0)

Viu Maximum Input Signal RXA1, RXA2 (Using Internal Hybrid) 4.0 Voo

Note:  5.Min and max values are valid over the full temperature and operating voltage range. Typical values are from 25°C
and *5 V operation.

DTMF Generator (Note 1)

PARAMETER NOMINAL FREQ. ALLOWABLE ERROR ACTUAL ERROR
Row 1 697 Hz +1% +0.17%
Row2 770 Hz *1% -0.26%
Row 3 852 Hz +1% +0.16%
Row 4 941 Hz +1% -0.47%
Column 1 1209 Hz +1% -0.74%
Column 2 1336 Hz +1% -0.89%
Column 3 1477 Hz +1% -0.01%
550 Hz 20 Hz -14 Hz
Guard Tones 1800 Hz 20 Hz +7 Hz
PARAMETER CONDITIONS MIN TYP MAX UNITS
Second Harmonic Distortion —40 dB
Row Output Level V=45V 0 dBm
Column Output Level Vg =5V 2 dBm
TLCO=1
550 Hz Guard Tone TLC1 =1 -3 dB (Note 2)
1800 Hz Guard Tone Measured at TXOUT Pin - dB (Note 2)

Notes: 1. This assumes a crystal of exactly 7.372800 MHz.
2. These levels are referenced to the TX signal level. When guard tones are added, the TXOUT level is adjusted to
maintain a constantlevel on theline. For 1800 Hz, the adjustment is -0.97 dB; for 550 Hz, the adjustment is -1.76 dB,
per the CCITT specification.

32



Modem Transmit Signals—Hz (Assume 7.372800 MHz Crystal)
BELL 103 CCITT V.21 212A/V.22
MODE NOMINAL | ACTUAL | NOMINAL | ACTUAL| NOMINAL | ACTUAL
Mark 2225 2226 1650 1649.4
Answer 2400 2400
Space 2025 20244 1850 1850.6
Mark 1270 1269.4 980 978.34
Originate 1200 1200
Space 1070 1070.4 1180 1181.53
Calling Tone 1300 1301.7 1300 1301.7
Answer Tone 2100 2096.9 2100 2096.9
Transmitter
PARAMETER CONDITIONS MIN TYP | MAX | UNITS
Input Character Length Start Bit + Data Bit + Stop Bit 8 11 bits
Intra-Character Bit Rate AT TXD (Pin 14) 1170 1200 1212 bps
Input Break Sequence Length M = Character Length 2M +3 bits
Output Level Tolerance +1 dB
Receiver
PARAMETER CONDITIONS MIN TYP MAX | UNITS
Input Signal Range AT RXA1 -45 0 dBm
Intra-Character Bit Rate AT RXD (Pin 13) 1170 1200 1224 bps
Carrier Detect AT RXA1 (Pin 9) —48 —43 dBm
Carrier Detect Hysteresis 2 dB
Carrier Detect Delay For 103, 212A and V.22 10 20 30 ms
Carrier Detect Hold For 103, 212A and V.22 15 20 24 ms
Carrier Detect Delay For V.21 Mode 15 30 40 ms
Carrier Detect Hold For V.21 Mode 20 30 50 ms
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APPLICATIONS INFORMATION
Why a Modem/What'’s a Modem

The voice frequency channels of the
general switched telephone net-
work have been used extensively
for the transmission of digital data.
To use these channels, the data
must be put in a form that can be
sent over a limited bandwidth line.
In voice grade telephone networks,
transformers, carrier systems and
loaded lines attenuate all signals
below 300 Hz and above 3400 Hz.

While the bandwidth from 300 Hz
to 3400 Hz is fine for voice transmis-
sion, it is not suitable for the trans-
mission of digital data because
the data has many frequency com-
ponents outside this range. To
transmit data over phone lines, it
is necessary to convert the digital
data into a signal that is totally
within the voice frequency range.
This conversion is performed
by a MODEM (MODulator
DEModulator).

In full duplex data transmission—
the simultaneous sending and
receiving of data—Frequency Divi-
sion Multiplexing (FDM) can be
used for data rates up to 2400 bits
persecond. InFDM, the voicechan-
nel isdivided into upper and lower
bands (called the high band and the
low band); one is used for sending
and the other for receiving data.
The originating terminal transmits
in the low band and receives in the
high band, while the answering
terminal transmits in the high band
and receives in the low band.

In low speed modems (300 bit per
second transmission rate), the
modulation technique commonly
employed is called Frequency Shift
Keying (FSK). In FSK modems,
four separate frequencies are used;
1070 Hz for a zero (also called a
space) in the low band, 1270 Hz for
aone {amark) inthe lowband, 2025
Hz for a zero in the high band and
2225 Hz for a one in the high band.
The transmitting modem takes the
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digital ones and zeros from the ter-
minal and converts them into the
proper tones which are then sent
over the phone line. The receiving
modem takes the tones and con-
verts them back to ones and zeros
and sends them to the receiving
terminal. Since four frequencies are
used, simultaneous transmitting
and receiving of data can be accom-
plished.

Because of the limited bandwidth
of the phone line, FSK modems
only work up to 600 bits per second
for full duplex transmission. Thisis
due to the fact that when the mo-
dem shifts between the two fre-
quencies (for mark and space) it
generates a frequency spectrum (it
is a type of FM—frequency modu-
lation—transmission). The faster
the data rate, the wider the spec-
trum. The limit for full duplex FSK
transmission is 600 bits per second,
before the available audio spec-
trum is used up—allowing for
enough separation between the
frequency bands to reliably decode
or demodulate the data. There are
1200 bps FSK modems, but these
are half duplex—they can only
send OR receive data at 1200 bps.

In higher speed, full duplex mo-
dems (1200bit per second transmis-
sion rate) a different modulation
technique isemployed. Called PSK
(for Phase Shift Keying), this tech-
niqueusesone carrier frequency for
the high band—2400 Hz—and one
for the low band—1200 Hz—for
sending and receiving data. For
each carrier frequency (one for
transmitting and one for receiving),
one of four phase angles is used: 0,
90, 180, or 270 degrees. The data is
sent two bits at a time, or in dibits.
Since there are four ways to send
twobitsat atime—00,01,10or 11—
each of the four phases represents
one unique dibit. While the data
rate is 1200 bits per second, the
baud rate (the rate at which infor-
mation packets are sent) is 600
because two bits (dibits) are sent in

each packet. Again, 600 packets per
second (600 baud and, in this case,
1200 bps) is the limit for transmit-
ting full duplex data over the gen-
eral switched telephone network
using FDM.

Call Progress Monitor Operation

The modem controller uses the
high-band and low-band filters in
the SC11004/14 for call progress
monitoring. When the SC11004/14
is put in the CPM mode, the ALB
mode provides a means of connect-
ing either the high-band filter (ALB
= 0) or the scaled low-band filter
(290-660 Hz) (ALB = 1) to the en-
ergy detector. Output of theenergy
detector is monitored by reading bit
DO for detection of call progress or
voice/answer information, using
the duration and repetition rate as
the criteria for detection.

A typical call establishment
sequence is as follows:

Dial tone detection— The control-
ler puts the SC11004/14 in the
Originate, CPM mode with ALB=1
and operates the off-hook relay in
the DAA by making the OH output
high. After a short delay (typically
300 ms), it monitors the output of
the energy detector (ED). If the
output is continuously high for at
least 1 second,; it is recognized as a
valid dial tone. If the output is not
continuous then the controller con-
tinues to monitor until a timeout
occurs (typically 5 seconds). If a
dial tone is not detected within this
timeout, the controller returns a
‘NO DIAL TONE’ message to the
DTE and aborts the call. If a dial
tone is detected, it proceeds to dial
the number as follows.

Dialing—The controller will use
the specified format (tone or pulse)
or determine the best way, if not
specified. Assuming that the for-
mat is not specified, the controller
will dial the first digit in the tone
format. It will wait for a short time




(typically 80 ms) after dialing and
check the output of the ED. If the
output is low, it will mean that the
dialing can proceed in the tone for-
mat. If the output is high, it will
mean the dial tone is still present.
Thecontroller willthenrevert tothe
pulse format and redial the first
digit. Inall cases, the controller will
check for loss of dial tone after a
short delay (typically 80 ms) after
dialing thefirstdigit. Ifthedialtone
is absent it will proceed to dial the
remainder of the number. During
the inter-digit pause (IDP), the
controller will monitor the ED out-
put after waiting for a short time
(typically 80ms). If the ED outputis
high, it will halt dialing, abort the
call and return ‘BUSY’ message to
the DTE.

If a pause is required in the dialing
sequence for a second dial tone, the
controller will repeat the above
process. After dialing is done, the
controller will wait for approxi-
mately 2.5 secondsand then start to
monitor the ED output by alter-
nately toggling the ALB mode at a
rate of approximately 200 ms. This
allows detection of ringback/busy
call progresstonesorvoice/answer
tone. The toggling rate is based on
the settling times of the filters as
well as the response time of the ED.
Once energy is detected at the out-
put of the ED, the controller will
maintain the selected ALB mode
until detection is made. Thecriteria
forvarious detectionsare described

below.

Ringback tone detection—Both
duration and repetition rate are
used to determine ringback tone. If
the ED output is high for a cumula-
tive duration of at least 0.7 second,
but less than 3.8 seconds, with the
number of transitions less than 7
over a period of 5 seconds, it is
recognized asa valid ringback tone.
The 5 second window is started
when the ED output first goes high.
Once the ringback is detected, the
controller counts the number of
ringback cycles and compares to

the value stored in the ringback
counter register (S1). If the ring-
back tone continues to be present
after the preset number of cycles,
the controller will abort the call and
return 'NO ANSWER’ message to
the DTE.

If the ringback tone is removed
prior to the preset value, the con-
troller will switch the ALB to 0 to
monitor the voice/answer tone.
During the silent portion of the
ringback cycle, the controller will
also switch to monitor the high-
band filteroutput to seeif thereisan
answer. This speeds the response
to an answer condition.

Busy tone detection—If the num-
ber of transitions of the ED output
exceeds 7 over the 5 second win-
dow when looking for ringback
tone, it will be assumed tobe a busy
signal. The controller will then
abort the call and return a ‘BUSY’
message to the DTE.

Answer tone detection—If the
output of the high-band filter is
continously high for at least 2 sec-
onds, the controller will assume it
to be an answer tone from the dis-
tant modem, return a ‘connect’
message to the DTE and proceed
with handshaking sequence neces-
sary to establish a data call.

Voice detection—If the output of
the ED is not continuously high
over a 2 second period, it will be
assumed to be voice and the con-
troller will return a “'VOICE’ mes-
sage to the DTE and abort the call.

Silence detection—If the cumula-
tive duration over the 5 second
window is less than 0.7 second,
once the window is started, it is
recognized as silence. The control-
ler then returns a ‘NO ANSWER’
message to the DTE and aborts the
call.

Specific Applications
The SC11004/14 modem performs

all the signal processing functions
required in a 212A/V.22 modem.
Like all modems, it requires an ex-
ternal controller to implement the
handshaking protocols and control
functions. The controller’s task is
simplified by the use of a 4 line
serial interface as opposed to a
multiline parallel interface. In par-
ticular, only I/O pins are used ona
single chip microcomputer. More
pins are then available for other
interfaces such as DAA, RS-232,
switches and lights. In most mo-
dem applications this will elimi-
nate the need for external latches
and buffers foradditional1/O pins.

Figure 5 shows the SC11004/14
modem IC used with the SC11007
controller to make a complete par-
allel bus Hayes-type smart modem.

Figure 6 shows the SC11004/14
modem IC used with the SC11008
controller to make a complete
RS-232 serial interface Hayes-type
smart modem.

Figure 7 shows the schematic of a
stand-alone smart modem imple-
mented with the SC11004/14 and
the 8031—the ROMless version of
the 8051 microcomputer. Even
though 16-port I1/O pins are used
up on the 8031 for interfacing with
the external ROM, enough pins are
still available for the other inter-
faces because of the serial interface
used on the SC11004/14. The 8031
microcomputer was selected be-
cause of its wide use in current
stand-alone and integrated smart
modems.

Oscillator—The SC11004/14 in-
cludes an inverting amplifier and a
bias resistor so that a crystal oscilla-
tor can be designed by connectinga
7.3728 MHz crystal and two capaci-
tors (27 pFand 47 pF) to XTAL1 and
XTAL2 pins as shown in the sche-
matic. A buffered TTL compatible
clock output is available on the
CLOCK OUT pin to drive the
microcomputer.
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WTMODEM: CLR P14 ;WR — 0; Initiate Write Cydle %
SETB RSO #Select Bank 1 =
MOV R7,#7 Set Data Bit Counter to 7 {1
OUTNEXT: RRC A ;Bit — Carry §
CLR P16 ;Toggle Clock Line Low 'e)
JC SETPB ;Set/Clear DI/O Line on Carry :
CLR P17 S
LIMP OUTPUT =
SETPB: SETB P17
OUTPUT: SETB P16 ;Toggle Clock Line High
DINZ R7, OUTNEXT ;Loop Till Data Bit Counter is Zero
SETB P17 ;Return to Initial Condition
SETB P14
CLR RSO
RET
RDMODEM: CLR P15 RD - 0; Initiate Read Cycle
SETB RSO
MOV R7, #8
INNEXT: CLR P1.6
MOV C,P17 ;Data Bit — Carry
RRC A ;And into Accumulator
SETB Pl1.6
DJNZ R7, INNEXT ;Loop Till Data Bit Counter is Zero
SETB P15 ;Return to Initial Condition
CLR RSO
RET

To dial a digit, the sequence shown below can be used. It is assumed that register R2 holds the digit to be dialed and
memory location S11 holds the on/off duration of the tines in milliseconds.

TDIAL: MOV A, #21H ;Turn on Tone Mode
LCALL WTMODEM
MOV A, R2 ;Read Digit
ORL A, #60H ;Form Digit On Command
LCALL WTMODEM
MOV A, S11
MOV B, #10
DIV AB ;Find Number of 10 ms Increments
MOV RL A Save It
LCALL DLOOP ;Wait 10 ms Times Number in R1
MOV R1, A :Restore R1
MOV AR ;Form Digit Off Command
ORL A, #40H
LCALL WTMODEM
LCALL DLOOP ;Wait 10 ms Times Number in R1
LIMP NEXTDG ;,Go for Next Digit

Table 2. Serial 1/0 Driver Routines
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In the following examples it is as-
sumed that the clock frequency for
the 8031 is 7.3728 MHz and that
timer O is set in the auto-reload
mode cycling at the rate of 416.66
Hs. References are also made to
certain registers used in Hayes
compatible smart modems.

Initialization—The SC11004/14
does not have a power on reset cir-
cuit. The controller must put the
device into the proper operating
modeon powerturnon. By sending
a reset code, the device will enter a
default mode as follows: high
speed, asynchronous, originate,
transmitter off, RX data clamped to
mark, transmit level = =12 dBm,
audio off and scrambler on. This
mode is set up by the following
lines of code:

MOV A, #0 ;Reset Code
LCALL WTMODEM ;Write It

Dialing—The SC11004/14 in-
cludesan on chip DTMF dialer. Itis
necessary to adjust the transmit
level during dialing since the tone
level is internally set to be 6 dB
below the transmitted carrier level.
The following lines of code will set
the tone level at the line to be -6
dBm for low group and -4 dBm for

the high group tone:

MOV A, #23H ;TLCO=1
LCALL WTMODEM

MOV A, #24H ;TLC1=1
LCALL WTMODEM

Call Progress Monitoring—The
progress tones can be monitored
readily by activating the call prog-
ress monitor (code = 27H) and ana-
log loopback (code = 26H) modes.
The low band filter is then scaled
down by a factor of 2.5 to center
over the frequency range of 300 Hz
to 660 Hz. Output of the energy
detector monitored on the DO bit
then provides the necessary ca-
dence information for detection of
various call progress conditions.
For example, dialtone is detected if
the energy detector output is con-
tinuously high for at least 1 second.
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Busy line condition is recognized if
the number of transitions of the
energy detector output exceeds 7
overa period of 5 seconds and if the
cumulative on duration exceeds 2
seconds.

Handshaking Sequences—Se-
quences necessary for establishing
calls in various operating modes
are provided in the following para-
graphs. Numbers in parentheses
indicate the hex code values sent to
the SC11004/14 to implement that
function of data bit received from
the SC11004/14 for monitoring a
given function.

A. Originating call in high speed
(212A) mode:

1. Clamp receive data to mark condi-
tion (2)

2. Sample energy detector output
(DO0) to seeif answer toneis present.

3. If continuous answer tone is de-
tected for time set in register S9
(typically 600 ms) prior to timeout
set in register S7 (typically 30 s)
proceed with handshaking. Other-
wise output NO CARRIER to data
terminal and abort call.

Transmit mark (30).
Turn transmitter on (25).
Wiat for 300 ms.

Sample PSK data output (D2) at
twice the bit rate (every 416.66 ps).

N & ¢

8. If continuous PSK data mark signal
is received for 64 bit intervals, pro-
ceed to step 9. If PSK data mark
signal is not received prior to time-
out set in 57, output NO CARRIER
to data terminal and abort call.

9. Wait for 700 ms.

10. Turn connection indicator on (28).
11. Turn transmitter mark off (10).
12. Unclamp receive data (22).

13. Turn on carrier detect output.

14. Send CONNECT or CONNECT
1200 message to data terminal.

. Originating call in low speed

(103) mode:

Perform steps 1 thru 3 as in A)
above.

Put SC11015 in low speed mode
(2E).

Carry out steps 4 thru 6 as in A)
above.

Go tostep 11 in A) above.

10.

. Answering call (212A-103)

mode:

Put SC11004/14 in answer mode
@P.

Wait 2.1 seconds (billing timeout).

Put SC11004/14
mode (2E).

in low speed

Transmit mark (30).
Turn transmitter on (25).

Sample energy detector output
(DO) to see if carrier is present. If
carrier is received continuously for
200ms, proceed tostep 7. If timeout
set in S7 occurs, output NO CAR-
RIER and abort call.

Sample PSK detector output (D2) at
twice the bit rate (every 416.66 ps).

If continuous PSK data mark is re-
ceived for 64 bit intervals, prior to
one second timeout, proceed to
step 9. If continuous FSK datamark
is received for 256 bit intervals,
proceed to step 10 in A) above. If
neither PSK or FSK data mark is
received prior to timeout set in 57,
output NO CARRIER to data termi-
nal and abort call.

Put SC11004/14 in high speed
mode (0E).

Go to step 9 in A) above.




]
. Originating call in high speed

(V.22) mode:

Clamp receive data to mark condi-
tion (02).

Select low speed mode (2E), V.21
mode (39).

Turn on calling tone (38) for 0.6 sec-

onds followed by 1.5 seconds of
off period until answer tone is
detected.

Turn off calling tone (18) and V.21
mode (19).

Select high speed mode (0E).
Wait for unscrambled mark.

Wait 456 ms, then proceed to step 4
in A) above.

© ® N o o s

. Originating call in low speed

(V.21) mode:

Perform steps 1 thru 4 as in D)
above.

Wait for 1 second, then send FSK
mark.

Wait for carrier to drop. Start a 3
second timer. If carrier drops prior
to timeout proceed to step 4. Other-
wise proceed to step 4 after time-
out.

Wait for FSK mark.

Turn on connection indicator (28).
Turn transmit mark off (10).
Unclamp receive data (22).

Turn on carrier detect output.

Send CONNECT message to
terminal.

Answering call (CCITT mode)
with auto speed detection
(V.22/V.21):

Select answer mode (2F).
Turn scrambler off (32).

Wait for 2.1 second billing timeout.

10.
11.

12.

13.

14.
15.

16.
17.

Select low speed mode (2E); V.21
mode (39).

Turn on 2100 Hz answer tone (37).
Start 3.3 second timer.

Turn off 2100 Hz answer tone (17)
after timeout.

Turn transmitter off (05).
Wait 60 ms.

For next 20 ms look for carrier and
continuous FSK mark. If detected,
assume low speed and proceed to
step 14.

Turn transmitter on (25).

Select high speed mode (0E). Turn
off V.21 mode (19).

Turn on 1800 Hz guard tone; (21),
(6D).

Start 1 second timer. Look for con-
tinuous PSK mark for 64 bit inter-
vals over 1 second period. If PSK
mark is not detected within 1 sec-
ond, turn off high speed mode,
(select low speed mode), turn off
guard tone, turn on V.21 mode and
look for continuous FSK mark for
64 bit intervals over the next 1 sec-
ond period. If FSK mark is not de-
tected, repeat from start. If timeout
set in S7 occurs prior to detecting
either PSK or FSK mark, outputNO
CARRIER and abort call. If either
PSK or FSK mark is detected, go to
step 10in A).

Turn transmitter on (25).

Send CONNECT message to
terminal.

Turn connection indicator on (28).

Turn carrier detector on.

. Requesting remote digital

loopback to far end modem:

Clamp receive data to mark condi-
tion (2).

Force transmitter to mark (30).

Disable scrambler (32).

4.

Wait for 180 ms (send unscrambled
mark).

Sample PSK detector output (D2)
to seeif dotting pattern (alternating
1/0 pattern) is received. If dotting
pattern is not received within 212
ms, output ERROR to data terminal
and return to on line state.

Turn scrambler on (12).

Wait 270 ms (send scrambled
mark).

Go to step 11 in A) above.

AN S H

. Terminating remote digital

loopback:

Force transmitter to mark (30).
Clamp receive data to mark (2).
Turn transmitter off (5).

Wait 80 ms.

Turn transmitter on (25).

Wait 270 ms (send scrambled
mark).

Go to step 11 in A) above.

Response to remote digital
loopback request:

In on line state monitor un-
scrambled mark detector output
(D3). Go to step 2 if unscrambled
mark is detected.

Clamp receive data to mark (2).
Transmit dotting pattern (34).

Wait until unscrambled mark de-
tector turns off.

Turn off dotting pattern (14).

Put 5C11015 in digital loopback
(33).

Remain in digital loopback until
loss of carrier is detected.

Terminate digital loopback.

Return to on line state.

41

PIO0TIDS/P00TIOS




|
THIS PAGE INTENTIONALLY LEFT BLANK

SC11004/SC11014

42



AN
N7
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FEATURES

0O Complete 2400 bps modem
conforming to V.22 bis

O Compatible with CCITT V.22
bis, V.22,V.21and Bell212A and
103 standards

GENERAL DESCRIPTION

The SC11006 is a complete 2400 bps
modem IC containing all modem
functions except the adaptive
equalizer. It is used in conjunction
with an external controller such as
the Sierra SC11019 (for parallel bus
applications), the SC11020 (for RS-
232 applications), the SC11022 (for
either configuration or ROMless
microcontroller such as the Sierra
S5C11011, 11021, 11061 or 11091 to
implement a 2400 bps full duplex
intelligent modem, compatible
with the CCITT V.22 bis recom-

O Integrated DTMF/Guard Tone
Generators, call progress
monitor

O All loopback diagnostics

O Programmable audio port

mendation. The controller per-
formsall modem controland hand-
shaking functions as well as the
adaptive equalization.

The SC11006 operates in 2400 bps
QPSK/QAM and 1200 bps PSK as
well as 0 to 300 baud FSK modes,
compatible with Bell 103 and 212A
as well as CCITT V.21, V.22 and
V.22bis standards. When used with
theSC11019 or SC11020 controllers,
the SC11006 becomes an intelligent

SC11006

2400 Bit Per Second Modem Analog Peripheral
R

28-PIN PLCC
PACKAGE

4 1 26

28-PIN DIP
PACKAGE

<
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SC11006CV
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modem controlled by the industry
standard “AT” command set. The
interface between the SC11006
modem and controller is a standard
microcontoller interface that easily
connects to the SC22201 (128 by 8)
EE memory for permanent storage
of configuration settingsand phone
numbers.
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SC11006

The SC11006 includes:

O Full transmitter consisting of
— Async to Sync converter
— Scrambler
— Data encoder
- 75% square root of raised
cosine pulse shaper

— Quadrature modulator

- FSK (Bell 103 and CCITT V.21)
modulator

— Hybrid
O High band and low band filters
O High band and low band com-
promise equalizers
0O V.22 notch filter (selectable at 550
or 1800 Hz)
[ Transmit smoothing filter
U Programmable attenuator for
transmit level adjust
0 DTMEF, 550 Hz, 1300 Hz, 1800 Hz,
and 2100 Hz tone generator
[0 Transmit clock circuit for syn-
chronous operation (slave,
external, and internal modes)
[ Pattern generator for generating
fixed digital patterns in hand-
shaking mode
[0 Receive section consisting of
- 64-step programmable gain
controller (PGC)

— Energy detector at the output
of the PGC ’

- Hilbert transformer

— Quadraturedemodulator (free
running carrier) with low pass
filters

- Baud timing recovery circuit
(sampling clock of 600 Hz)

— FSK demodulator

— Sync to Async converter

[ 8-bit analog to digital converter
(ADC)

[0 Control and Status registers

O 8-bit microprocessor interface
with interrupt and multiplexed
address/data lines

O Audio output with level adjust

Transmitter

Since data terminals and comput-
ers may not have the timing
accuracy required for 2400/1200
bps transmission (0.01%), timing
correction on the incoming data

44

FUNCTIONAL DESCRIPTION OF THE SC11006 MODEM

stream must be made. The async/
sync converter accepts asynchro-

- nous serial data clocked at a rate

between 2400/1200 Hz +2.3%,
—2.5%. It outputs serial data at a
fixed rate of 2400/1200 Hz £0.01%
derived from the master clock oscil-
lator. To compensate for the input
and output rate differences, a stop
bit is either deleted or inserted
when necessary. If the input data
rate is slower than the output data
rate, a stop bit is inserted. If the
input data rate is faster than the
output data rate, a stop bit is
deleted. The output of the async/
sync converter is applied to the
scrambler.

The scrambler is a 17-bit shift regis-
ter clocked at 2400/1200 Hz. Out-
puts from the 14th and 17th stages
are exclusive OR’d and further
exclusive OR’d with the input data.
The resultant data is applied to the
D input of the shift register.
Outputs from the first four/two
stages of the shift register form the
quad/dibit that is applied to the
QAM/QPSK modulator. The pur-
pose of the scrambler is to random-
ize data so that the energy of the
modulated carrier is spread over
the band of interest—either the
high band, centered at 2400 Hz, or
the low band, centered at 1200 Hz.
In the 2400 bps mode, the modem
actually sends four bits at a time,
called a quadbit. The actual rate of
transmission for a quadbit is 600
baud. This is the optimum rate of
transmission over the general
switched telephone network for a
full duplex FDM (frequency divi-
sion multiplexing) modem because
band limit filters in the central
office cut off at about 3000 Hz.

Inthe 2400 bps data rate, the data to
be transmitted is divided into
groups of four consecutive bits
(quadbits). The first two bits of the
quadbit are encoded as a phase
quadrant change relative to the
quadrant occupied by the preced-
ing signal element. Thelasttwo bits

define one of the four signaling
elements associated with the new
quadrant.

In the 1200 bps data rate, the data
stream is divided into groups of
two consecutive bits (dibits). The
dibits are used to determine the
phase quadrant change relative to
the quadrant occupied by the pre-
ceding signal element. The result-
ing signaling elements from the
inphase (I) and quadrature (Q)
channels are passed through base-
band filters with a square root of
raised cosine shape. The filtered
signals subsequently modulate
sine and cosine carriers, and add to
form the QAM/QPSK signal. The
wave-shaped signal is then passed
through either the low-band or
high-band filter, depending upon
originate oranswer modeselection.

For low speed operation, the FSK
modulatoris used. It produces one
of four precision frequencies, de-
pending upon originate or answer
mode selection and the 1 (mark) or
0 (space) level of the transmit data.
Different frequencies are used for
V.21 and 212A modes. The fre-
quencies are produced from the
master clock oscillator using pro-
grammable dividers. The dividers
respond quickly to data changes,
introducing negligible bit jitter
while maintaining phase coher-
ence. The output of the FSK
modulator is applied to the appro-
priate filter when the low speed
mode of the operation is selected.

The filter section consists of low-
band (1200 Hz) and high-band
(2400 Hz) filters, half-channel com-
promise amplitude and group
delay equalizers for both bands,
smoothing filters for both bands,
and multiplexers for routing of the
transmit and receive signals
through the appropriate band
filters. For CCITT V.22 bis applica-
tions, a notch filter is included that
can be programmed for either 550
Hz or 1800 Hz. In the call progress




monitor mode, the low-band filter
is scaled down by a factor of 2.5 to
center it over a frequency range of
300 to 660 Hz. Thus, during call
establishment in the originate
mode, call progress tones can be
monitored through the scaled low-
band filter and the modem answer
tone or voice can be monitored
through the unscaled high-band
filter.

The low-band filter is a 10th order
switched-capacitor band-pass filter
with a center frequency of 1200 Hz.
In the originate mode, this filter is
used in the transmit direction; in
the answer mode, it is used in the
receive direction. When analog
loopback is used in the originate
mode, this filter, together with the
low-band delay equalizer, is in the
test loop.

The low-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the low-
band filter and half of the compro-
mise line characteristics, producing
a flat delay response within the
pass-band.

The high-band filter is a 10th order
switched-capacitor band-pass filter
with a center frequency of 2400 Hz.
In the answer mode, this filter is
used in the transmit direction; in
the originate mode, it is used in the
receive direction. When analog
loopback is used in the answer
mode, this filter, together with the
high-band delay delay equalizer,
will be in the test loop.

The high-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the high-
band filter and half of the compro-
miseline characteristics, producing
a flat delay response within the
pass-band. The transmit smooth-
ing filteris a second-order low-pass
switched-capacitor filter that adds
the modem transmit signal to the
V.22 guard tones. Italso providesa

2 dB per step programmable gain
function to set the output level.

Receiver

The receiver section consists of an
energy detector, programmable
gain control (PGC), part of the
QAM/QPSK demodulator, FSK
demodulator, 8-bit ADC and sync/
async converter.

The received signal is routed
through the appropriate band-pass
filter and applied to the energy
detector and PGC circuit. The
energy detector provides detection
within 17 to 24 msec. Itis settoturn
on when the signal exceeds —43
dBm and turn off when the signal
falls below —48 dBm measured at
the chip. A 2 dB minimum hyster-
esis is provided between the turn
on and turn off levels. In call prog-
ress mode, the energy detector is
connected to the output of the PGC
toallow detectionlevel adjustment.

The output of the receive filter is
applied to the programmable gain
control. This circuit has a wide
overall range of 47.25 dB and pro-
vides 64 steps of 0.75 dB/step. The
PGC gain is controlled by the exter-
nal processor. Italso providesauto-
zeroing to minimize the output DC
offset voltage.

The QAM/QPSK demodulator
uses a coherent demodulation tech-
nique. Output of the program-
mable gain control (PGC) isapplied
to a Hilbert transformer that pro-
duces an in-phase and 90° out of
phase component. These compo-
nents are then demodulated to
baseband in a mixer stage where
individual components are multi-
plied by a free-running carrier. The
baseband components are low-
pass filtered to produce I and Q
(Inphase and Quadrature) channel
outputs. The I and Q channel out-
puts are both filtered by 300 Hz
band-pass filters. Thenthey are rec-
tified, summed and passed through
a band-pass filter giving a 600 Hz

signal. This signal is applied to a
digital phase lock loop (DPLL) to
produce a baud rate clock. Using
therecovered clock signal, theland
Q channels are sampled and digit-
ized into 8-bit samples by the ADC.
Each channel (I and Q) is sampled
twice during a baud period, once at
the middle and once at the end of
the baud period, allowing T/2or
T sampling operation. The external
processor is interrupted once every
baud period (1.667 msec). The
processor should read the I and Q
samples (within 100 ps from the
time interrupt is issued), and per-
form adaptive equalization, carrier
phase tracking, data decoding, and
data descrambling. One quad/
dibit is transferred from the
SC11006 during each baud period.

In the asynchronous mode, data
received from the processor is ap-
plied to the sync/async converter
to reconstruct the originally trans-
mitted asynchronous data. For
data which had stop bits deleted at
the transmitter (overspeed data),
these stop bits are re-inserted.
Underspeed data is passed essen-
tially unchanged. The sync/async
converter has two modes of opera-
tion. In the basic signaling mode,
the buffer can accept an overspeed
which corresponds to one missing
stop bit in eight characters. The
length of the start and data ele-
ments will bethe same, and thestop
bit will be reduced by 12.5%. Inthe
extended-signaling range, the
buffer can accept one missing stop
bit in four characters and the stop
bits will bereduced by 25% to allow
for overspeed in the transmitting
terminal. Outputofthesync/async
converter, along with the output of
the FSK demodulator, is applied to
a multiplexer. The multiplexer
selects the appropriate output, de-
pending on the operating speed
and output data received on the
RXD pin.

For low-speed operation, the FSK
demodulatoris used. The outputof
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the PGC amplifier is passed
through a zero crossing detector
and applied toacounterthatis reset
on zero crossings. The counter is
designed to cycle at a rate 4 times
faster than the carrier signal. The
counter output is low-pass filtered
and hard limited to generate
FSK data.

To improve the performance of the
receiver at low signal levels, while
maintaining a wide amplitude
range, a 1-bit AGC circuit is placed
prior to the band-pass filter. The
decision thresholds of this AGC are
controlled by the AGCVT bit.
When AGCVT = 1, the thresholds
willbe6 dB furtherapart than when
AGCVT =0, so that the probability
of gain change will bereduced. The
status of the AGC gain is available
through the AGCO bit. AGC will
have 8 dB more gain when AGCO =
1. Status of AGCO should be moni-
tored at every baud timing and
when it makes a transition (causing
a gain-hit) the PGC’s gain should
be modified accordingly to prevent
divergence of the adaptive
equalizer.

Hybrid

The signal on the phone line is the
sum of the transmit and receive
signals. The hybrid subtracts the
transmitted signal from the signal
on the line to form the received
signal. It is important to match the
hybrid impedance as closely as
possible to the telephone line to
produce only the received signal.
When the internal hybrid is used,
by turning the “Hybrid” code on
through the interface, this match-
ing is provided by an external resis-
tor connected between the TXA and
RXA pinsonthe SC11006. Thefilter
section provides sufficient attenu-
ation of the out-of-band signals to
eliminate leftover transmit signals
from the received signal. The
hybrid also acts as a first order
low-pass antialiasing filter. The
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hybrid can be deactivated by the
controller.

The SC11006 internal hybrid is in-
tended to simplify the phone line
interface. The internal hybrid can
compensate for the loss in the line
coupling transformer used in the
DAA. By tying the GS pin to V
ground, or V., compensation lev-
els of 0, +2, +3 dB, respectively,
are provided.

With a higher loss transformer,
some degradationin performance
at lower signal levels will occur.
Specifically, thebit error rate, when
operating at receive signal levels
below —40 dBm in the presence of
noise, will be higher. The energy
detect on/off levels measured at
the line will also be different from
those specified at the chip. An ex-
ternal hybrid circuit, shown in Fig-
ure2, can beused toovercomethese
losses and achieve maximum per-
formance. In this case, the internal
hybrid must be turned off by set-
ting bit 6 of the TXCR register to 0.

The external hybrid circuit uses two
operational amplifiers, one in the
transmit path and the other in the
receive path. The SC11006 internal
transmit stage provides a gain of 6
dB over the transmit signal level
desired at the line. Under ideal
conditions, with no loss in the
transformer and perfect line match-
ing, the signal level at the line will
then be the desired value. In prac-
tice, however, there is impedance
mismatchand aloss in the coupling
transformer. Therefore, it may be
desired to provide a gain in the
transmit and receive paths to over-
cometheloss. Thereceive gain (Gyp)
and transmit gain (G,) are set by the
ratios of resistors R2, 'Rland R6,R5
respectively (Figure 2).

The circuit can be analyzed as
follows:

R= - m("ﬂ) B ()Y

v, =- RSx

If R6/R5 is chosen to equal the loss
in the transformer, it can be as-
sumed that Vy istwiceashighas V.,
(transmit portion of the total line
signal). Since V., =V, + V., and
V, =2Vy,

Vo= - (m*vkx) (B (F) v

0B (&%) -]
VRx rt)\mera) Rid '1x

To eliminate any transmit signal
from appearing at the received sig-
nal input, the second term in the
above equation must be set to zero,

giving:

8 (&) &
Solving for R3/R4:

R3 2R1
-V TR
Additionally,
Gg= Banac =58
These equations can be solved to
select component values that meet
the desired requirements. For ex-
ample, if the transmit and receive
loss in the coupling transformer is
2.5dB, then:

G
g INVLg( —RdB —INVLog( ) 1333
Similarly, R5—1333and E‘i =25

Some typical values are:

R1=20KQ, R2=27KQ, R3=13KQ,
R4=5.1KQ, R5=20KQ, and R6=27KQ

It should be noted that the transmit
amplifier is only needed to over-
comethelossinlinecoupling. Itcan
be eliminated since the transmit
signal level specification is typi-
cally stated asa maximum. Ampli-
fier B, resistors R5 and R6, and
capacitor C1 can be eliminated, and
point X can be connected to point Y
in the circuit of Figure 2 to achieve
a more cost effective external
hybrid arrangement.




The SC11006 with the internal
hybrid may also be used ona4-wire
system where the transmit and
receive signals are kept separate. In
this mode, the “Hybrid” code must
beturned off. Thetransmit signalis
connected to a 600 Q line trans-
former through a 600 Q resistor.

Tone Generator

The tone generator section consists
of a DTMF generator, V.22 guard-
tone, and 1300 and 2100 Hz tone
generators. The DTMF generator
produces all of the tones corre-
sponding to digits 0 through 9 and
A,B,C,D,* and # keys. The V.22
guard-tone generator produces ei-
ther 550 Hz or 1800 Hz. Selection of
either the 550 Hz or 1800 Hz tone
will cascade the corresponding

notch filter with the low-band filter.
The tones are selected by applying
appropriate codes through the tone
control register. Before a tone can
be generated, tone mode must be
selected. Facility isalso provided to
generate single tones correspond-
ing to 1300 and 2100 Hz and the
individual rows or columns of the
DTMF signal.

Audio Output Stage

A programmable attenuator that
can drive a load impedance of 50K
Ohms is provided to allow moni-
toring of the received line signal
through an external speaker. The
attenuator is connected to the out-
put of the hybrid. Four levels of
attenuation—no attenuation, 6 dB

attenuation, 12 dB attenuation, and
squelch are provided through the
ALC1and ALCOaudio outputlevel
control codes. Outputof theattenu-
atorisavailableontheaudio output
pin where an external audio ampli-
fier (LM386 type) can be connected
to drive a low impedance speaker.
Theoutputcandirectly driveahigh
impedance transducer, but the vol-
ume level will be low.

Clock Input

CLKIN (Pin 22) of the SC11006
should be connected to a 9.8304
MHz clock source with an accuracy
of 10.01%. Alternatively, a 12.288
MHz clock can be used if the
CLKSEL bit in the MCRB control
register is set.
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$C11023 CONTROLLERS

The SC11019 modem controller,
implemented in Sierra’s 1.5 micron
CMOS process, was designed spe-
cifically to handle all of the modem
control functions, as well as the
interface to a system bus. Besides
including a 16-bit microprocessor,
16K by 8 bytes of ROM and 128 by 8
bytes of RAM, it also contains the
functionality of an 16C450 UART,
greatly simplifying the interface to
a parallel system bus, such as the
one used in IBM’s PC. In fact, a
complete, Hayes compatible
modem for the PC consists of the
SC11019 controller, the SC110024
modem and the DAA. All of the
popular communications software
written for the PC will work with
the SC11006/SC11019 set.

Another version of the controller,
the SC11020, is intended for R$-232
applications. It contains the same
processor, memory, and UART as
the5C11019 and has the same inter-
face to the modem chip. The differ-
ence is that the UART is turned
around so that the serial data from
the RS-232 port is converted to par-
allel data handled by the internal
processor. Pins are provided for
connecting the familiar switches
and indicator lamps found on most
stand-alone modems, although the
switches and lamps are not needed
for operation—all of the switch set-
tings canbedonethroughsoftware.

The controller receives an 8-bit sig-
nal sample from the 5C11006 and
performs adaptive equalization,
carrier phase recovery, data de-
code, and descrambling. SC11019
and SC11020 have identical silicon
but are bonded differently in the 44
pin package. Each controller can
be configured as an SC11019 or
SC11020 by the software. The con-
troller is designed by using a 16-bit
2900 processor to perform the digi-
tal signal processing and the con-
trol functions. Itsinstructionsetisa
subset of the Intel 8096 instruction
set, but operates faster than the
8096.
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The SC11020 provides a standard
5V logic level interface—RS-232
drivers are required to interface to
the port. Like the SC11019, the
5C11020 comes programmed with
the Hayes “AT” command set, and
when used with the SC11006
modem, emulates a Hayes-type
stand-alone modem. The SC11019
and SC11024 emulate a Hayes-type
IBM PC plug-in card modem.

But the chip set is by no means
limited to implementing a Hayes-
type smart modem. Sierra is in the
custom IC business and both chips
were designed with this in mind.
For example, only about 15K bytes
of the 5C11019’s ROM is used for
thehandshaking and smart modem
code, leaving 1K bytes for addi-
tional features that a customer may
specify. And since the controller is
ROM programmable, any com-
mand set, not just the Hayes “AT”
set, can be implemented.

Both the SC11019 and SC11020 are
available in two pinout options.
They are 48 pin DIP, and 44 pin
PLCC.

Please refer to the SC11019 series
data sheet for complete details on
controller features and perform-
ance characteristics.

The SC11021 is a ROMless version
ofthe SC11019 & 20. Itisavailablein
a 68 pin PLCCand operates with up
to 24K external ROM. It can be con-
figured for either serial or parallel
operation.

A fourth version, SC11022, is avail-
able in48 pin DIP and 68 pin PLCC.
This version can be configured as
either a serial or a parallel modem
and comes in the 68 pin package. It
can also address up to 24K external
ROM.

The SC11022 includes 16K ROM
programmed with the samecodeas
$C11019 and 5C11020.

FUNCTIONAL DESCRIPTION OF THE $SC11019, SC11020 SC11021, SC11022 AND

Both the controllers require +5 V
power supply. Besides the inter-
face for the SC11006 modem, the
SC11019 controller has an eight-bit
data port, threeaddresslines, a chip
select input, an interrupt line, and
the DOST and DIST control lines
found in the 16C450 UART. It also
has controllines for ring indication,
the off-hook relay, and a data/
voice relay; these lines connect to
the DAA.

In the SC11020, the eight-bit port
becomes the switch input lines, and
the address, chip select, INTO,
DIST and DOST lines become the
lines for the RS-232 interface, and
modem status. These lines are also
used to drive the LEDs. Internally,
all of these lines are treated as pro-
grammable I/O ports under
software control—so the main dif-
ference between the 5C11019 and
SC11020 is the ROM code. The
SC11020also containsthe samemo-
dem and DAA interface lines as the
SC11019.

The interface to the SC11006 is via
an 8-bit address/data bus and the
control lines forread and write. The
same interface is used for access to
an electrical erasable random
access memory (5C22201). There
are six clock multiplexed address/
data bus cycles. A ready signal is
provided for the interface to a high
speed PC-AT type bus cycle. For
the 68 pin packages, there are 15
extra address lines and chip selects
for external ROM and external
RAM interfaces. An EA pin is also
available for selection of internal
ROM or external ROM.

The 5C11019 and SC11020 are truly
ASIC controllers—they are de-
signed to control a modem or other
peripheral that operatesatamoder-
ately slow data rate up to 2400 bits
per second. What's unique about
the SC11019, for example, is that it
allows a slow peripheral to inter-
face to a high speed bus without
making the main processor add
unnecessary wait states.




This is done through the UART
interface and the on-chip registers
which look somewhat like dual
port registers. The main processor
can write to and read from them at
will, while the on-chip controller
cando the same. Thecontroller was
designed this way because most
communications software has to
have unrestrained access to the
UART registers. To make the
SC11019 compatible with this soft-
ware, the registers were included.

Theinternal processor monitors the
registers to determine the mode of
operation—command mode or
data mode; at power-up, it is auto-
matically put in the command
mode and it looks for instructions.
Once carrier is detected, it goes into
the data mode, and stays there until
an escape sequence is entered, just
like a Hayes-type modem. The
escape sequence is three + signs—
+++ —in the default mode, but it
can be changed in the software.

The actual processor contains a 16-
bit data path and can execute 54
instructions with three different
addressing modes: direct, indirect,
and immediate. There is 16K by 8
of ROM on the chip for program
storage.

To the system bus, the SC11019
looks and acts like a 16C450 UART.
Communications software written
for this UART will work with the
SC11019 and SC11020. The Sierra
chip set is truly a Hayes-type
modem in two chips.

The only external components re-
quired by the SC11006 are a 600
Ohm line matching resistor and a
1.0 uF capacitor from the EDC pin
to ground. That’s all! Ifitis desired
to drive a speaker to monitor the
line, an amplifier like the LM386
can be added, but the output pro-
vided on the SC11024 can directly
driveahigh impedance (50 kQ) ear-
phone-type transducer.

The SC11006 modem’s CLKIN pin
line is driven by the SC11019
CKOUT line at 9.8304 MHz. The
SC11019 interfaces directly to an
IBM PC bus. The only external
parts may bean 8 input NAND gate
for COM1 and COM2 decoding
inside the PC. A ready signal is
provided to control the IOCHRDY
pin on the bus to allow operation
with higher speed computers
(AT, XT TURBO, etc.)

For tone dialing, the controller
sends a code to the modem chip
whichinturn putsout the called for
DTMF tone on the line via the on-
chip DTMF generator. For pulse

THE SC11006 & SC11019/SC11020 SYSTEM

dialing, the controller pulses the
OH (off-hook) relay. Both dialing
modes work with the built-in call
progress algorithm so they won’t
start dialing until a dial tone is
detected.

All modems require a DAA. A
DAA or data access arrangement is
a piece of equipment required by
the FCC to connect anything to the
general switched telephone net-
work. It consists of an isolation
transformer, typically 600 Q to 600
Q; a relay for disconnecting the
modem from the line; a ring detec-
tor, typically an optoisolator; and
high voltage surge protectors. The
DAA has to be FCC registered and
this can be done by one of many
consultants and labs around the
country. The fee is typically
$2,000 and it takes several weeks.
Another alternative is to buy a
DAA, supplied by several
manufacturers.

V.22bis is a CCITT specification
that calls for 2400 bit per second,
full or half duplex data transmis-

sion with a fallback mode of
1200 bps. It is not 2400 baud; the
spec calls for transmission of
quadbits—4 bits per baud so the
2400bpstransmission takes placeat
600 baud. The same is true for
V.22—it is 1200 bps or 600 baud.
V.22 does not call for a 300 baud
fallback; there is a CCITT standard
for 300 bps and that's V.21.

V.22 and V.22bis also call for guard
tones to be sentalong with the data.
In most of Europe the tone is 1800
Hz except in Sweden where 550 Hz
is used. The SC11006 modem has
the 550 Hz and 1800 Hz tone gen-
erators built in as well as the 550
and 1800 Hz notch filter to remove
the guard tone in the receiver.

All modems require a Hybrid; a
term used to describe a circuit,
passive or active, that takes the
separate transmit and receive sig-
nals and combines them to go over
the phone line. In the SC11006, this
is done with op amps. The hybrid
can be disabled so an external hy-
brid can be used, if desired.
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1
CONNECTION DIAGRAM FOR CONTROLLERS
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PIN DESCRIPTIONS %
PIN NO. PIN NAME DESCRIPTION E

(=3

1 SCR Synchronous Clock Receive (Data set source); Output; TTL; Used only in bit =)

synchronous mode; Recovered by the Receiver Phase Locked Loop from the far
end modem. Data on RXD is valid at the rising edge of this clock.

2 AGND Analog Ground.

3 SCT Synchronous Clock Transmit (Data set source); Output; TTL; Used only in bit
synchronous mode; Generated internally by the SC11006 Clock Generator;
Rate = 1200 Hz $0.01% or 2400 Hz +0.01%.

4 SCTE Synchronous Clock Transmit External (DTE source); Input; TTL; Used only in bit
synchronous mode; Data on TXD line s latched by the SC11006 at therising edge
of this clock. Clock rate = 1200 Hz +0.01% or 2400 Hz +0.01%.

5 AUDIO Audio output; The hybrid output is passed through a programmable attenuator
and fed to this analog pin. Four different levels can be attained by controlling bit
0and bit 1 of the AUDIO register as specified under AUDIO register description.

6 EDC Capacitor for energy detect; A 1.0 uF capacitor should be connected between this
pin and AGND.
7 DGND Digital ground
8 Cs Chip Select; Input; TTL; Active low.
9 WR Write; Input; TTL; Normally high; Data on AD7-ADOis written into the SC11006
registers at the rising edge of this pulse.
10 " RD Read; Input; TTL; Normally high; Data on AD7-ADOis to be read by the processor
at the rising edge of this pulse.
12,13,17,18 AD1-AD4 Multiplexed address/ data bus (8-bits); Input/Output; TTL; A /D4-A/D1 (4-bits)
are used for multiplexed addressing of internal registers.
14 Vs -5V Supply
15 RXA Receive analog; Input
16 TXA Transmit analog; Output
11,19-21 D0, D5-D7 Bits 0, 5, 6 and 7 are don't cares as far as address is concerned.
22 CLKIN Clock input; 9.8304 MHz or 12.288 MHz clock input from the controller.
23 GS Gain Select to compensate for loss in line coupling transformer. When left open

or tied to V., the compensation is 0 dB; connected to ground, +2 dB compensation
is provideg; and when tied to VCC, the compensation is +3 dB.

24 ALE Address Latch Enable; Input; TTL; The addresson A/D4-A /D1 islatched into the
5C11006 Address decoder at the falling edge of this normally low pulse.

25 INT Interrupt; Output; TTL; Normally low; A short (13 ps typical) positive pulse is
generated after all A to D conversions are completed.

26 RXD Received Data; Output; TTL

27 TXD Transmit Data; Input; TTL

28 Vee +5 V supply
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REGISTERS

Therearetwelve8-bitregistersinterfac-
ing to the microprocessor bus. Five of
these registers can only be read by the
processor (called READ registers) and

theremainingseven can be writteninto
by the processor (called CONTROL
registers). Bit 1 of the “Tone” register
can be read and written by the

processor, Table 1 shows the address
and bit assignments for these registers.
A chip select pin is provided for multi-
peripheral addressing by the processor.

Table 1. READ Registers

ADDRESS BITS NAME MSB BIT NUMBER LSB
A4 A3 A2 A1 7 6 5 4 3 2 1 0
0 0 0 0 Q1 Q17 Q16 Q15 Q14 Q13 Q12 Q11 Q10
0 0 0 1 It 117 116 115 114 13 12 I11 110
0 0 1 0 Q2 Q27 Q26 Q25 Q24 Q23 Q22 Q21 Q20
0 0 1 1 2 27 26 125 24 123 122 21 120
0 1 0 0 Status X X X AGCO PA PR FSKD ED
0 1 X 1 Unused Unused
0 1 1 X Unused Unused
STATUS Register: Address (A4-A1) = 0100
BIT NUMBER  BIT NAME DESCRIPTION
Bits 7-5 Unused
Bit4 AGCO Status of internal 1-bit AGC. When this bit is set, RXA signal is amplified by 8 dB before
entering the bandpass filters.
Bit3 PA This bit is set whenever the clock recovery DPLL advances one step (skips a count) to lock. It
is cleared only when STATUS register is read.
Bit 2 PR Thisbit is set whenever the clock recovery DPLL retards one step (adds an extra count) tolock.
It is cleared only when STATUS register is read.
Bit1 FSKD Received FSK data. FSKD =1 when mark is received.
Bit0 ED Energy detect circuit output. ED =1 when energy detected.

Note 1: When DPLL neither advances nor retards, then PA =PR =0.
Note 2: When reading unused bits, the corresponding bus lines will not be driven by the SC11024 and will be floating.

Table 1a. READ Registers
Q1 Register: Stores midbaud inphase sample output of ADC.
I1 Register: Stores midbaud quadrature sample output of ADC.
Q2 Register: Stores endbaud inphase sample output of ADC.
12 Register: Stores endbaud quadrature sample output of ADC.

Note: All samples are represented in two’s complement form.

Table 2. CONTROL Registers

ADDRESS BITS | NAME BIT NUMBER

A4 A3 A2 A1 7 6 5 4 3 2 1 0

1 0 0 0 |TXCR X HYBRID TXSEL2 TXSEL1 TXSELO SQT BR1 BRO
1 0 0 1 MCRA X LCK/INT RNGX SYNC WLS1 WLSO A/O  RXMRK
1 0 1 0 |MCRB X X CLKSEL CPM ALB TL2 TL1 TLO
1 0 1 1 TONE X HNDSHK TONEON  DTMF D3 D2 D1 DO

1 1 0 0 |PGCR X AGCVT G5 G4 G3 G2 G1 GO

1 1 0 1 DATA X PLLJAM PLLFRZ  PLLFAST RD3 RD2 RD1 RDO
1 1 1 0 | AUDIO X DISsS PGCZ TST2 TST1 TSTO ALC1 ALCO
1 1 1 1 UNUSED




CONTROL REGISTERS »n
Q
Transmit Control Register (TXCR): Address (A4-A1) = 1000 S
(Note: When writing into these registers, the bus lines corresponding to the unused bits are ignored by the SC11006.) g
BIT NUMBER BIT NAME DESCRIPTION
Bit7 Unused
Bit 6 HYBRID When set, the transmitter output (TXA) is connected to the inverting input of the receive buffer
to allow the use of the on-chip hybrid circuit for 2 to 4 wire conversion.
Bit5 TXSEL2 Transmit Select bits. These 3 bits determine the data transmitted by the transmitter according
and to the following table:
Bit4 TXSEL1
and
Bit3 TXSELO TXSEL2 | TXSEL1 | TXSELO TRANSMITTED DATA
0 0 0 External data sent by DTE.
0 0 1 Unscrambled S1 (Note 1).
0 1 0 Unscrambled Space.
0 1 1 Unscrambled Mark.
1 0 0 Scrambled RX. Digital loop back mode (Note 2).
1 0 1 Scrambled Reversals (Notes 3 and 4).
1 1 0 Scrambled Space (Note 4).
1 1 1 Scrambled Mark (Note 4).

Note1: S1is a pattern of 0011 transmitted at 1200 bps rate regardless of BR1. If in
FSK mode (BRO = 1), then reversals are sent. This pattern cannot be sent at
2400 bps rate.

Note2: In this mode, the received data, after being descrambled, is sent back to the
scrambler. The modem will automatically go to the Synchronous mode with
Slave timing.

Note 3: Reversals are continuous streams of 01.

Note4: When in FSK mode (BRO = 1), TXSEL2 is ignored since scrambling is not

applicable.
Bit 2 SQT When this bit is set, the transmitter is squelched by connecting the output of MUX1
(see the block diagram) to analog ground.
Bit1 BR1 Bit Rate Selection bits based on the following table:
and
Bit0 BRO BR1 | BRO BIT RATE
0 0 2400 bps V.22 bis
1 0 1200 bps V.22/212A
0 1 0-300 bps Bell 103
1 1 0-300 bps CCITT V.21
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CONTROL REGISTERS (Cont.)
Mode Control Register A (MCRA): Address (A4-A1) = 1001
BIT NUMBER BIT NAME DESCRIPTION

Bit7 unused

Bit6 LCK/INTB  Determines the clock source for the transmitter. When this bit is set, the clock source is
externally provided on SCTE (pin 4), and when cleared, it is internally generated (SCT).
This bit can select the clock source independent of Sync/Async mode selection (see below).
When in Digital Loop-Back mode, the clock source will be forced to the Slave mode (SCR).

Bit5 RNGX Range extender for the receiver Sync/Async converter. When set, the receiver Sync/Async
can insert up to one stop bit per four (8, 9, 10 or 11-bit) characters to compensate for a far end
DTEbeing up to2.3% overspeed. The transmitter Async/Syncalways handles thisoverspeed
condition regardless of this bit’s condition.

Bit4 SYNC When set, operate in bit synchronous mode; when clear, operate in character asynchronous
mode. When in Digital Loop-Back mode, the SC11006 will be forced to the Synchronous
mode.

Bit3 WLS1 Word length select bits in asynchronous mode, according to the following table:

and
Bit 2 WLSO WLS1 | WLSO | NUMBER OF BITS PER CHARACTER
1 0 8
1 1 9
0 0 10
0 1 11
Bit1 A/O When set, operate in answer mode; when clear, operate in originate mode.
Bit0 RXMARK When set, the RXD pin is clamped to the high logical level.

Mode Control Register B (MCRB): Address (A4-A1) = 1010

BIT NUMBER BIT NAME DESCRIPTION
Bit7 unused
Bit 6 unused
Bit5 CLKSEL This bit must be set when CLKIN = 12.288 MHz, and clear when CLKIN = 9.8304 MHz.
Bit4 CPM Call progress monitor mode. When set, the receive path can be connected to the high band

filter to detect answer tone (ALB=0) or to the low band filter scaled down 2.5 times (ALB=1)
to listen for the call progress tones during auto dialing.

Bit3 ALB Analog Loop Back. When set, the transmitter output (TXA) is connected to the receive path,
bypassing the receive filter.
Bit 2 TL2 Transmit level adjust bits based on the following table:
and
Bit 1 TL1
and TL2 | TL1 | TLO TRANSMIT LEVEL AT TXA PIN
Bit 0 TLO
0 0 0 0dBm
0 0 1 -2 dBm
0 1 0 —4 dBm
0 1 1 -6 dBm
1 0 0 -8 dBm
1 0 1 -10dBm
1 1 0 -12 dBm
1 1 1 -14 dBm




CONTROL REGISTERS (Cont.) C(l))
[y
TONE Register: Address (Ad4-A1) = 1011 S
BIT NUMBER  BIT NAME DESCRIPTION g
Bit7 Unused
Bit 6 HNDSHK  This bit is set only during handshaking sequence. When set, both FSK and PSK/QAM
demodulators are enabled. When cleared, FSK demodulator is disabled when in high speed
mode.
Bit 5 TONEON  When set, the output of the tone generator appears at TXA. When cleared, the output of the

tone generator is squelched.

Bit 4 DTMF* When set, the DTMF generator is turned on. When cleared, the DTMF generator is turned off,
but other tones can be generated.

Bits 3-0 D3-D0 Specify the desired tone (see the following table):

DTMF D3 D2 D1 DO DIGIT DIALED TONE OUTPUT FREQUENCIES (HZ)
1 0 0 0 0 0 941 1336
1 0 0 0 1 1 697 1209
1 0 0 1 0 2 697 1336
1 0 0 1 1 3 697 1477
1 0 1 0 0 4 770 1209
1 0 1 0 1 5 770 1336
1 0 1 1 0 6 770 1477
1 0 1 1 1 7 852 1209
1 1 0 0 0 8 852 1336
1 1 0 0 1 9 852 1477
1 1 0 1 0 * 941 1209
1 1 0 1 1 (A) 697 1633
1 1 1 0 0 (B) 770 1633
1 1 1 0 1 © 852 1633
1 1 1 1 0 # 941 1477
1 1 1 1 1 (D) 941 1633
0 0 0 0 0 No tone; tone generator turned off
0 0 0 0 1 550
0 0 0 1 0 1800
0 0 0 1 1 2100
0 0 1 0 0 1300
0 0 1 0 1 No tone; tone generator turned off
0 0 1 1 X No tone; tone generator turned off
0 1 X X X No tone; tone generator turned off

Note: TONEON must also be set to generate DTMF signals.

Programmable Gain Controller Register (PGCR): Address (A4-A1) = 1100

BIT NUMBER BIT NAME DESCRIPTION
Bit 7 Unused
Bit6 AGCVT When set, prevents gain hit due to AGC’s gain step. This bit must be set during the
handshaking after detecting the four point constellation and before switching to 16-way
decision making.
Bits 5-0 G5-GO Control the gain of the PGC within a range from -10 to +37.5 dB in 0.75 dB steps. (See the
following table):

55




SC11006

CONTROL REGISTERS (Cont.)

G5| G4| G3| G2| G1| GO | PGCGAIN (dB)
0 0 0 0 0 0 -10.0
0 0 0 0 0 1 -9.25
0 0 0 0 1 0 -85
0 0 0 1 0 0 -7.0
0 0 1 0 0 0 —4.0
0 1 0 0 0 0 +2.0
1 0 0 0 0 0 +14.0
1 1 1 1 1 1 +37.25

Note: Signal level is adjusted (before entering the filter) by an
internal AGC with +12 dB or 0 dB gain, plus a fixed gain of 5 dB.

DATA Register: Address (Ad-A1) = 1101

BIT NUMBER BIT NAME

DESCRIPTION

Bit7 Unused
Bit6 PLLJAM
Bit5 PLLFRZ
Bit4 PLLFAST
Bit 3-0 RD3-RDO

When this bit is set, the DPLL will be reset by the next rising edge of the received baud clock.
This bit must remain high for at least one baud period. It should be cleared by the processor
to end the jamming mode. PLLFRZ (see below) overrides PLLJAM when both are enabled.

Phase locked loop freeze. When this bit is set, the DPLL begins torun freely regardless of the
received baud clock. Tore-enable the DPLL locking, the bit must be cleared by the processor.
PLLFRZ overrides PLLJAM when both are enabled.

When set, the DPLL operates in “fast” locking mode. In this mode, the DPLL is updated on
every baud period by 13 ps steps. When this bit is cleared (default mode), the DPLL operates
in “normal” locking mode and is updated once every 8 baud periods by 6.5 ps steps.

Four-bit Received Data. Used only in high speed (1200 or 2400 bps) mode, they are
descrambled by the processor and shifted out by the SC11006. Sync to Async s also done by
the SC11006, when in the asynchronous mode. RDO is the first bit appearing on the RXD pin,
followed by RD1, RD2 and RD3. In the 1200 bps mode, only RD0and RD1 are shifted out dur-
ing one baud period.

AUDIO Register: Address (A4-A1) =1110

BIT NUMBER BIT NAME

DESCRIPTION

Bit7 Unused
Bit6 DISS
Bit5 PGCZ
Bit4-2 TEST
Bit1 ALC1
Bit 0 ALCO

When this bitis set, the scrambler is disabled, when cleared, it is enabled. Transmit select bits
(TXSELO0-2) override this bit when in “transmit internal mode”.

When set, the output of the PGC is grounded. DC offset of the demodulator can be stored and
canceled by the controller.

Test bits used for factory testing. For normal chip operation, these bits must be cleared.
Audio level control bit 1.

Audio level control bit 0. These two bits are used to control the audio level at AUDIO pin
acoording to the following table:

ALC1 | ALCO | AUDIO ATTENUATION (dB)

0 0 Audio off

0 1 12

1 0 6

1 1 0 (no attenuation)

Note: The audio signal may be amplified by 12 dB by the line
receiver AGC before being fed to the audio attenuator.




SYNCHRONOUS OPERATION

Transmitter Timing

Case 1—SC11006 Provides the
Timing to the Data Terminal Equip-
ment (DTE). See Figure 3.

If the DTE can lock to an external
clock, then all that needs to be done
isto putthe SC11006 in the synchro-
nous mode. This provides a 2400/
1200 Hz clock on the SCT pin that
can be used as a clock source for the
DTE. The Transmit Phase-Locked-
Loop (TX PLL) of the SC11006 will
be in free-running mode.

Case 2—5C11006 Should Lock Its
Transmit Timing to the Clock
Source Provided by the DTE.

In this case, after selecting synchro-
nous mode, also select “Locked”
mode.

The TX PLL of SC11006 will then
synchronize itself to the clock pro-
vided on its “SCTE” pin.

Case 3—Slav e mode. The Transmit
Timing is slaved to the receiver

recovered clock. Select synchro-
nous mode and connect SCTE to
SCR.

In either case, the SC11006 will
sample the data on the rising edge
of the clock.

Receiver Timing

In synchronous mode, the recov-
ered clock will be provided on the
SCR pin and the transitions of RXD
will be on the falling edges of this
clock. Data is valid on the rising
edge of the clock.

SYNCHRONOUS MODE CHART

Transmitter Timing

TRANSMITTER

STCE
INPUT TX CLOCK

TXD INPUT
DATA

A A

RECEIVER

SCT I
TXPLL OUTPUT _l—[—_—_—l—
CLOCK
S S T S

RXD —_—X x

Figure 3. SC11006 Synchronous Mode Timing Diagrams.
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SC11006 SPECIFICATIONS

Absolute Maximum Ratings (Notes 1-3)

Supply Voltage, V(.. 6V
Supply Voltage, Vg, -6V
DC Input Voltage (Analog Signals) . Vgg06to V. +0.6V
DC Input Voltage (Digital Signals) Vg 06t0V  +0.6V
Storage Temperature Range -65 to 150°C
Power Dissipation (Note 3) : 500 mW
Lead Temperature (Soldering 10 Sec.) 300°C

Notes: 1. Absolute maximum ratings are those values beyond which damage to the device may occur.
2. Unless otherwise specified, all voltages are referenced to ground.
3. Power dissipation temperature derating—Plastic package: =12 mW/C from 65°C to 85°C.

Operating Conditions
PARAMETER DESCRIPTION CONDITIONS MIN TYP MAX | UNITS
T, Ambient Temperature 0 70 °C
Vee Positive Supply Voltage 45 5.0 5.5 \Y%
Vs Negative Supply Voltage —45 -5.0 -5.5 \%
GND Ground 0 \%
Fc Clock Frequency CLKSEL =0 9.8295 9.8304 9.8313 MHz
CLKSEL =1 12.2868 | 12.288 | 122892 | MHz
Te T Input Rise or Fall Time All digjtal inputs 500 ns
except CLKIN
TR, TF Input Rise or Fall Time CLKIN 20 ns
DC Electrical Characteristics (T, =0 TO 70°C, V. = +5 V+ 10%, Vg = -5 V £ 10%)
PARAMETER DESCRIPTION CONDITIONS MIN TYP MAX | UNITS
Ic Quiescent Current Normal 18 35 mA
Iss Quiescent Current 18 35 mA
Vi High Level. Inpuf Voltage; 24 A
. Digital pins
Vi Low Level Input Voltage; 08 \
Digital pins
Vou High Level Ouput (I,;; = 0.5 mA) 24
VOL Low Level Ouput (IOL =1.6 mA) 0.6
VXTA Maximum Peak Output Level Vee=15V 13
on TXA pin V=5V

Notes: 1. Absolute maximum ratings are those values beyond which damage to the device may occur.
2. Unless otherwise specified, all voltages are referenced to ground.
3. Power dissipation temperature derating—Plastic package: -12 mW/C from 65°C to 85°C.




$C11006 SPECIFICATIONS (Cont.) %
AC Electrical Characteristics E
(=4
SYMBOL PARAMETER CONDITIONS MIN TYP | MAX |UNITS| |S
Processor Bus Interface:
(See Figure 4)
1 TMCAL MCS low to ALE high 10 ns
2 TALE ALE pulse width 40 ns
3 TAVLE Address valid to ALE low 30 ns
4 THAD Hold address after ALE low 40 ns
5 TALRD Delay from ALE low to RD low 45 ns
6 | TDVRL Data valid after RD low 180 ns
7 TDH Data hold after RD high 0 ns
8 TWR Write pulse width 148 ns
9 TDVWR Data setup before WR high 40 ns
10 | TDHWR | Datahold after WR high 0 ns
11 TRHLH End of RD to next ALE 55 ) ns
12 | TWHLH | Endof WR tonext ALE 120 ns
BUS TIMING
MCS
- 2
—
ALE X f
4——»‘ 4
AD[7:0] (Read) ADDRESS IN DATAOUT
3 4+‘¢— 5 —»{— 6 — > |7
ﬁ }
1 11—
WA \t P
t— 10 —»
f 8 12
: 9
AD[7:0] (Write) —( ADDRESS IN DATA IN
Figure 4. Processor Bus Timing
When the controller is reading or ~ When the controller is writing,data ~ When reading from the MAP, data
writing to the SC1106, the address ~ must be valid at least 40 ns before  is valid a maximum of 185 ns after
must be valid at least 30 ns before =~ WRgoes falseand stay validuntilat ~ RDgoestrueand stays valid at least
ALE goes low and stay valid 40 ns  least O ns after WR goes false. until 0 ns after RD goes false.
or more.
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$C11006 SPECIFICATIONS (Cont.)

Modem Transmit Signals—Hz (Assume 9.8304 Crystal) )
l PARAMETER CONDITIONS ] | NOM. | ACT. ]UNITs ]

FSK Mod/Demod Frequencies

Bell 103

Answer Mark 2225 2226 Hz
Answer Space 2025 20244 Hz
Originate Mark 1270 12694 Hz
Originate Space 1070 10704 Hz
CCITT V.21

Answer Mark 1650 16494 Hz
Answer Space 1850 1850.6 Hz
Originate Mark 980 978.34 Hz
Originate Space 1180 1181.53 Hz
Call progress monitor mode: MIN TYP MAX

Center frequency ALB=1 480 Hz
Detect level (ED high) measured at RXA 43 dBm
Reject level (ED low) measured at RXA -48 dBm
Hysterisis 2 dB
Delay time (ED low to high) EDC=1.0pF 10 15 24 ms
Hold time (ED high to low) EDC=1.0 uF 10 15 24 ms

DTMF Generator {Note 1)

PARAMETER NOMINAL FREQUENCY ALLOWABLE ERROR ACTUAL ERROR
Row1 697 Hz 1% -0.23%
Row2 770 Hz 1% -0.01%
Row 3 852 Hz 1% -0.12%
Row 4 941 Hz 1% -0.39%
Column 1 1209 Hz 1% -0.35%

Column 2 1336 Hz +1% -0.93%
Column 3 1477 Hz +1% -0.48%
Column 4 1633 Hz +1% -091%

550 Hz +20Hz -2Hz
Guard Tones

1800 Hz +20Hz —2Hz
Calling Tone 1300 Hz -6 Hz
Answer Tone 2100 Hz -12Hz




SC11006 SPECIFICATIONS (Cont.) %
' =i
DTMF Generator (Cont.) "‘c“
(=]
PARAMETER CONDITIONS MIN TYP MAX UNITS S
Second Harmonic Distortion 40 dB
Row Output Level VCC=+5V 0 dBm
VSS=-5V
Column Ouput Level 2 dBm
550 Hz Guard Tone TL2=TL1=TLO=0 -3 dB (Note 2)
1800 Hz Guard Tone Measured at TXA Pin -6 dB (Note 2)
1300 Hz Calling Tone 0 dB
2100 Hz Answer Tone 0 dB
Transmit level measured Load = 1200 Ohms
at TXA TL2=TL1=TLO=0 0 dBm
Squelched -50 dBm

Notes: 1: This assumes a clock of exactly 9.8304 MHz.

2: These levels are referenced to the TX signal level. When guard tones are added, the TXA level is
adjusted to maintain a constant level on the line. For 1800 Hz, the adjustment is -0.97 dB; for 550 Hz,
the adjustment is —1.76 dB, per the CCITT specification.

PARAMETER CONDITIONS MIN TYP MAX UNITS
EDC = 1.0 uF;
Data Mode . measured at RXA
PGC=0
Energy detect level (ED low to high) 43 dBm
Loss of energy detect level (ED low to high) 48 dBm
Hysterisis 2 3 dB

Programmable Gain Controller (PGC)

Gain step size 0.75 dB
Dynamic range 47.25 dB
Response time (from change in PGC register 1.0 ms

to output of A to D converter)

Filter Characteristics

Crosstalk rejection 70 dB
Power supply rejection 0 dB
DPLL Response times JAM or FRZ 20 us

Fast 200 Us
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APPLICATIONS INFORMATION
Applications

The SC11006 with an external con-
trol microprocessor, a telephone
line interface and a suitable com-
puter interface, can implement a
complete 2400 bps modem for
many applications with a mini-
mum of components and cost. Fig-
ure 7 shows the common portion of
such a modem using the SC11006
with a telephone line interface.
Sierra’s $5C22101, 128 byte E? mem-
ory is used to store default parame-
tersand often used phonenumbers.
The SC11019/20/21 /22 controllers
also support a serial E> memory as
analternative. Figures 6 and 7 show
thestand-aloneand PCbus integral
modems implemented with
Sierra’s SC11019/20 controllers.
Figure 8 shows the connections for
an internal ROM special purpose
controller using the 5C11021. Fig-
ure9 shows an RS-232C serial inter-
face for implementing a stand-
alone modem. Figure 10 shows a
parallel bus interface for imple-
menting an internal modem for an
IBM PC/XT/AT compatible com-
puter when used with Sierra’s
SC11019 controller shown in Figure
6, while Figure 13 shows the inter-
facerequired for implementingthe
same internal modem when used
with the controller shown in Figure
12. Figure 11 shows a power supply
schematic for a stand-alone

modem application.

Various modem configurations can
be realized by combining schemat-
ics shown in Figures 5 thru 13.

A Hayes compatible stand-alone
smart modem (Fig. 5) can beimple-
mented by combining Figures 7, 8,9
and 11.

The internal version for an IBM
PC/XT /AT compatible (Fig. 6) can
be implemented using Figures 7, 8
and 10.

An Alternative to the controller of
Figure 8 is shown in Figures 12 and
13.

For performance evaluation, the
circuit shown in Figure 14 can be
used to obtain the receiver constel-
lation. Quality of the signal proc-
essing performed by the modem
canthus bevisualized by observing
the constellation for various line
conditions and signal to noise
ratios.

Power Supply Decoupling and
Circuit Layout
Consideration

For optimum performance at low
received signal levels with low s/n
ratios, it is important to use the
recommended power supply

decoupling circuit as shown in
Figure 7.

Small inductors in series with the
supplies help suppress RFI as well
as improve the power supply noise
rejection capability of the SC11006.
A10Q,1/4Wresistorin placeof, or
in series with, the inductor in the
SC11006 power leads has been
found to be helpful in computer
based products where the power
supplies are particularly noisy.

The 10 uF capacitors should be a
tantalum type while the 0.1 pF ca-
pacitors should have good high
frequency rejection characteris-
tics—monolithic ceramic types are
recommended. It is important to
locate the decoupling capacitors as
close to the actual power supply
pinsof the SC11006 as possible. Itis
also recommended that the analog
ground and digital ground buses be
routed separately and connected at
the common ground point of the
power supply. Avoid routing digi-
tal traces through the analog area.

Ferrite beads on the 5 V input to
the circuit board should also be
considered, both from a modem
performance standpoint, as well as
an aid in reducing RF radiation
from the phone lines.

XTAL2

Note: Crystal oscillator: The controller requires a parallel resonant 19.6608 MHz crystal designed with CL = 18 pF and
tolerance of +.01% (such as Saronix NYP196-18). With this crystal, use 27 pF to ground from XTAL1 (Pin 10) and

(Pin 11). Clock frequency measured at CKOUT (Pin 7) must be within £0.01% of 9.8308 MHz.
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[y
RS-232C =
Interface S
Connector )
DB-25
Female
i 1488 I oH
WS “He sgrioeo o8 DAA o LINE
D [t ———————+«0O
cD o] MAC i TELSET
RXD RXD e = 50T
INT1 fe—
RTS —_ AE INT RXA
TR 1489 RTS _ADO-AD7, <6000
DTR " v
10 sn  cxour 2K CKIN TXA —T
SCTE - | 1 cTs RD
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xTDL1  xTDL2 | $3 SC11006
tor Lo | ™
= AP
j:: ; AUDIO M
RXD
XD GS —o0 +5V
SCTE el
e o T
scT =
e cTs
=" DSR
Figure 5. V22 bis Standalone Intelligent Modem with Internal ROM.
Computer
Parall%l Bus SC11019  oH O LINE
741.S245 MAC  wov DAA O TELSET
_ Do-D7 . _bo-D7 Al
« . Buffer . N bo-o7
DIR_EN _ —
— A0 mcs cs RXA
At INT1 INT
— A2 RXD o] sciios feom
iOCHRDY SouT TXD
on RDY _ADO-AD? MAP ~ TXA
R DisT . v
iow —_—
— DOUT ALE T ALE
AEN | INT1
I Address cs CKOUT D> CLKIN
%- Decoder INTO 9.830 MHz AMP  SPEAKER
RD
AB-A9_, ] (See Fig.10) SIN ] SPK
v XTDL1 _ XTDL2
O asf—o s
:=[ :l: EDC — 1
I
Figure 6. Internal Smart Modem for PC Bus Applications with Internal ROM.
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SCR 2 N g1
scT
ADO- & -l
AD? 3 1 4
12 SCT SCR SCTE
CcE2 (] 100
Apo f[—e 1 Apo vee P2 +5Vy
+5V Bivec 1k AD1 i—o—% AD1 , TOWF = Lo
01 E2PROM  AD2 |2—{o| 2] ap2 oanp —¢—T o mvraum
WFT SC22201 AD3 l‘—-o+7 AD3 2 =
:{— GND AD4 = el A4 AGND 100 4F 0+5V
= Note2  AD5 [-—e@—H AD5 SC11006 > maNTaLum) Note 1 104F
D6 [ o[ 24 a06 ~ MAP  ygg | SV
AD7 |=—o}-211 AD7 s 100 M sl
14 b SPK '—i 02w
s ALE [l 92 ale 2204F SPEAKER
= I OE fb EDC
ECs CE1 WE e o| wa
TXA
INT1 24 s
MCS > cs
(SOUTy SIN 23 ™0
(SIN)" RXDM RXD
CLKIN RXA o
= ERZCO7
CKOUT T DK241U LINE
ALE
AD o
WA K2
1 16 W5V o\
OH 1 an 1 |6 14
K1, K2: FBR244D0505 RELAY 5_ 250V T ! JreLser
=, P -
Q1, Q2-2N4401 TYPE 1 \13
oV 2K o2 (At o —o
1 “
10 uF
gl = MODULAR
‘ 5.6KQ12W ACKS
¥V 3 IN5254
51KQ 27Vz
= o 5
Al '
4N25
j;+ IN914 #s
2

Note 1: Connect analog ground directly to common of the power supply filter capacitor.

Note 2: A serial E2PROM may be substituted when using the SC11019, SC11020, SC11021 or
SC11022 Modem Advanced Controller (48 and 68 pin versions), or SC11020 44 pin version.

Note 3: For external clocking of the transmitter, install J1 and set bit 6 of the MCRA; omit J2.
For slave clocking of the transmitter, install J2 and set bit 6 of the MCRA; omit J1.
For normal operation, omit J1 and J2, and clear bit 6 of the MCRA.

*When used in the configuration as a parallel modem (Figure 63, connect Pin 27 of SC1
to SOUT pin of controller and connect Pin 26 of SC11006 to S

N pin of controller.

1006

Figure 7. Common Portion of 2400 BPS Modem.

Serial EEPROM

NMC9346N .5y
SC11019CN p—l
$C11020CV :cs Vee
SC11020CN 102 ; SK NG
sci1021cV | o
sci1ozecy 'O ! :]D' NC
EA 100 I DO GND
T__ o
i3 external J3 J5 N
oxt hybrid Serial
ROM ~= (RS232)
(68-pin 3*a ke <
only) = =

64

CONFIGURATIONS FOR SC11019CN, 20CN, 20CV, 22CV BIG MACS

All models listed above can operate
with either serial or multiplexed
EEPROMs for configuration and num-
ber storage. Theinternal ROM program
automatically determines which kind
of EEPROM is connected and adapts
accordingly.

Note that the SC11022 pin configura-
tion matches that of the SC11011 con-
troller except five new pins are used
that were formerly not connected. Four
of these are the I/O pins described
above. One is the TDOUT pin which

will be used in later versions for V.23
signalling.

When substituting SC11022 for
SC11011itis only necessary to open the
EA pin and remove the external
EPROM. Connect the jumpers as
shown if required to operate with
external hybrid or in serial mode.

Three of the four I/O pins on the speci-
fied models of the internal ROMed
MAC are programmed to set the con-
figuration at power-up or reset. Inter-
nal weak pull-up resistors will set the
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= M MA14 |18 SC11021 54| MAB
or install Capacitors. L H— ADs |7 s S| . -~
o spedfamoystal {1 | vee |1s scgrozz ot GNDP —,
Tolerance M.om*sv | -C_SRAOD': ;so sC11011 : ::s s
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== ==== [ pel o
SC11011 is ROMiless and does not provide 'IDOUT or IO0-103 lines. These pins 1
are “No Connect” on SC11011. OPTIONAL DIP
S$C11021 is ROMless and can address 32k external ROM. SWITCH
SC11022 has 16k internal ROM and can address 24k external ROM.
Consult controller data sheet for programming information.
Figure 8. Special Purpose Control Processor for Stand-Alone or Parallel Applications.

default configuration to internal hy-

brid, and Parallel mode if there is no

external pull-down. CONT. PACKAGE INT. EXT. UART

. PART NO. ROM | ROM MODE

External pull-down resistors must be

added to select other options as indi- SC11019CV 44PLCC 16k - Parallel

cated in the table. The I/O drivers will SC11019CN 48-DIP 16k - Parallel

overcome these pull-up or pull-down SC11020CV 44-PLCC 16k - Serial

resistors in normal operation to operate SC11020CN 48-DIP 16k - Serial

the serial EEPROM. The 1/O pins may SC11021CV 68-PLCC 0 32k Serial /Par.

be directly grounded if the serial SC11022CV 68-PLCC 16k 24k Serial /Par.

EEPROM is not used. SC11022CN 48-DIP 16k - Serial /Par.

I/0 pins are not externally available.
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Figure 9. RS-232C Interface for Stand-Alone Modem Application.
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Figure 10. IBM PC/XT/AT Compatible Computer Bus Interface for SC11019 Controller of Figure 7.

67



APPLICATIONS INFORMATION (Cont.)

SC11006

iHe

IN4002

470 IN4002

-
:E_ 2200 pF/3sV

|

POWER
SWITCH

-1A

A
12 VAC
700 mA

||lv—-|
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Figure 11. A Typical Power Supply for Stand-Alone Modem Application.
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Figure 12. Control Processor Using 8095
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Figure 13. IBM PC/XT/AT Compatible Computer Bus Interface for 8095 Controller of Figure 12.
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Figure 14. Test Circuit to Generate “Eye Pattern”.
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A
N7
SIERRA SEMICONDUCTOR

FEATURES

O Direct interface to SC11004 &
5C11014 single chip modems

0O Complete “AT” command set in
firmware

GENERAL DESCRIPTION

The SC11007 Modem Interface
Controller is specifically designed
to control Sierra’s SC11004 and
5C11014 single chip, 300/1200 bit
per second modems. Built with
Sierra’s advanced CMOS process,
the SC11007 provides a highly cost
effective solution for interfacing a
modem IC to a system bus. When
connected to the SC11004 /14, with
the addition of a data access
arrangement (DAA), the SC11007
implements a Hayes-type smart
modem for board level, integral

SC11007

Parallel Bus Modem Controller
|

[J Built-in UART
O Direct IBM PC bus interface
O 28-pin DIP or PLCC package

modem applications. Because the
SC11007 fully emulates the func-
tionality of the 8250B UART with
increased speed, and includes data
bus transceivers, it can be directly
interfaced to a computer’s parallel
databusand in particular tothebus
of theIBM PC, XT, or AT. All of the
popular communications software
written for the PC will work with
the 5C11004/5C11007 chip set.
Besides including the functionality
of the 8250B UART, the SC11007
contains an 8 bit microprocessor,

28-PIN DIP 28-PIN PLCC

PACKAGE PACKAGE
1 28 4 1 26

2 27

3 E e 5 25
54 24

¢ E 2 1 19
8 a 21 12 18

9 20
104 a SC11007CV
11 18
12 g 17
13 g 16
14 Q 15

SC11007CN

8K by 8 bytes of ROM and 128 by 8
bytes of RAM. For specific high
volume applications, the control
program can be modified by Sierra
to include additional commands
and functions.

BLOCK DIAGRAM

Rl WR sCK
GND  Vee RXD kov | on ¢ RD 4 Do
b
14 |28 Lz 13 4 15 |6 8|9 [10]11
—— 1
DOST CONTROL RAM
oisT ——~ UART Lo JL 2% 1] PORT 1 |
cs TRANSMITTER] RECEIVER ,
UART
A0-A2 { 24-26 REGISTERS
|_REGISTERS
RBR | LCR INSTRUCTION I TMER
THR_| MCR BAUD | INTERRUPT REGISTER
D0-D7 < 15-22 J IER LSR RATE CONTROL |
B DLM | MSR_J GENERATOR
IR_| STR 1]
-« 23 |
INT l ROM I
8K X 8
7 I UART MONITOR l UART CONTROL
CLK — REGISTER REGISTER ACCUMULATOR
TesT ——2o [X]
8

NOTE: NUMBERS NEXT TO SIGNAL NAMES
REFER TO PACKAGE PINS. NUMBERS
ARE FOR BOTH DIP & PLCC

Figure 1.
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COMPUTER
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. DO-D7 .
- A0 . ! SC11007 o o
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25 PHONE
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iR MODEM O
g DIST RXD RXD RXA1
— DosT TXD TXD
| AEN s DO fe DI/o
B} appR, SCK sck  RxA2
‘A;m‘n (giEEE PG, F;) RD »{RD  TXOUT SPEAKER
9: je«—] INT WR WR AUDIO
— CLK CKOuT  OUuT
XTAL1  XTAL2 AMP

T T

OPTIONAL
SWITCHES

Figure 2. Integral Smart Modem Configuration for PC Bus Applications

PIN/FUNCTION DESCRIPTIONS

Pin
No.

Pin
Name

o

Description

1 | DOST

The CPU can write data or control words into a selected register of the SC11007 when DOST is low
and the chip is selected. Data is latched on the rising edge of the signal.

2 DIST

The CPU can read data or status information from a selected register of the SC11007 when DIST is
low and the chip is selected.

3 TEST

When the test input is high, the SC11007 enters a test mode—used for factory testing only. It must
be connected to ground for normal operation.

4 KDV

This output controls the operation of the data/voicerelay. When low, the data/voicerelay is off and
the phone line is connected to the phone set. During a data call, the SC11007 makes this output high
to operate the data/voicerelay, disconnecting the phone set from the phone line. It may also be used
to drive a relay for multi-line phone applications to close the A and Al leads.

The output of the ring detector in the DAA is connected to this input. A low level on this input
indicates the On duration of the ring cycle. This is a Schmidt Trigger input, allowing for slow rising
and falling signals on this pin.

This output controls the operation of the hookswitchrelay in the DAA. During a data call, this output
is high. It operates the hookswitch relay which causes the phone line to be seized. During rotary
dialing, the SC11007 pulses this output at arate of 10 pulses per second with appropriate mark /space
ratio depending on 212A or V.22 mode.

7 CLK

A 7.3728 MHz clock signal must be connected to this input. Normally, the CKOUT pin of the
S$C11004/14 modem is connected to this pin. All internal timing is derived from this clock.

170

This pin is used to initiate writing of data to the SC11004/14 modem. On power-up, itis an input for
a brief time in which the SC11007 reads the carrier status switch connected to this pin. If the switch
is closed to ground thru an 18 kQ resistor, the SC11007 sets the Received Line Signal Detect (RLSD)
bit in the Modem Status Register. If the switch is open or tied to V. thru 18k, the SC11007 resets
this bit and writes the actual status of the carrier detector during a data call. However, NO switch is
required, sincean internal pullup sets the status during power-up to the default state (pullup to V)
which is to follow the remote modem'’s carrier.
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Pin Pin N
No. | Name | IO Description =
(=4

9 RD 1/0 | This pin is used toinitiatereading of data from the 5C110104/14 modem. On power-up, this pin S‘l

is an input for a brief time in which the SC11007 reads the DTR status switch connected to this
pin. If this switch is open or tied to V. thru 18k, the SC11007 reacts to the status of the DTR bit
in the UART Modem Control Register. If the switch is closed to ground thru 18 kQ, the SC11007
ignores the state of the DTR bit. When the switchis open, writinga 0 to the DTR bit in the Modem
Control Register forces the SC11007 into the command state and when on line, causes it to hang
up. However, NO switch is required, since an internal pullup to V. sets the status during
power-up to the default state — to follow the DTR status.

10 SCK I/0 | TheSC11007 supplies a shift clock on this pin to the S5C11004/14 modem for reading or writing
data. On power-up, this pinisaninput for a brief time in which the SC11007 reads the Bell /CCITT
select switch connected to this pin. If this switch is open or tied to V. thru 18k, Bell protocol is
selected. If this switchis closed to ground 18 kQ, CCITT V.22 protocéi is selected. However, NO
switch isrequired, since an internal pullup sets the status during power-up to the default state—
212A mode.

11 DI/O | I/O | TheSC11007 shifts data serially out of this pin to SC11004/14 during a write operation and shifts
data serially into this pin during a read operation from the SC11004/14. On power-up this pin
is an input for a brief time in which the SC11007 reads the Make/Break ratio select switch
connected to this pin for selecting the pulse dialing standard. With the switch open or tied to V..
thru 18k, the Bell standard 39% Make, 61% Break is selected. With the switch closed to ground
thru 18 kQ, the CCITT standard 33% Make, 67% Break is selected. However, NO switch is
required, since an internal pullup sets the status during power-up to the default state—Bell
standard.

12 TXD O During adata call, after the connectionis established, the SC11007 converts parallel datareceived
from the computer bus and outputs itina serial, asynchronous format to the SC11004/14 modem
for modulation. At all other times the SC11007 holds this output in the Mark (high) condition.

13 RXD I Demodulated data from the SC11004/ 14 modem is received on this pin during adata call. A high
level is considered Mark and a low level is a Space. The SC11007 converts the serial datainto a
parallel data byte and stores it in the Receiver Buffer Register (RBR). The Data Ready bit in the
LineStatus Register (LSR) is then set, and an appropriate interrupt indentification codeis written
in the Interrupt Identification Register (IIR) tosignal to the computer, the reception of anew data
byte.

14 GND —_ Ground reference (0 Volts).

15-22 | DO-D7 | I/O | This is the 8 bit data bus comprised of three state input/output lines. This bus provides
bidirectional communication between the SC11007 and the CPU. Data, control words and status
information are transferred via the DO-D7 data bus. Because on-chip high drive buffers are used,
no external transceiver IC, such as the 7415245, is needed between the computer bus and the
SC11007.

23 INT O | Thisoutputgoeshigh whenever any one of the following interrupt types has an active condition
and is enabled via the IER: Receiver Line Status Flag, Received Data Available, Transmitter
Holding Register Empty and Modem Status. It is reset low upon the appropriate interrupt
servicing. The INT pin is forced to a Hi-Z state when the OUT2 bit of the Modem Control Register
(MCR) is low (power on state).

24-26 | A0-A2 I These three address inputs are used during read or write operation to select a UART register in
the SC11007 as shown in Table 1. The Divisor Latch Access Bit (DLAB) must be set high by the
system software to access the bit rate divisor latches as shown in Table 2.

27 cs I TheSC11007 is selected when this input is low. When high, the SC11007 forces the Data bus lines
into a high impedance state.
28 Vee — | Positive supply (+5 Volts).
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SC11007 SPECIFICATIONS
DLAB | A2 Al A0 Register
0 0 0 0 Receiver Buffer (read only) (RBR)
0 0 0 0 Transmitter Holding (write only) (THR)
0 0 0 1 Interrupt Enable (IER)
X 0 1 0 Interrupt Identification (read only) (IIR)
X 0 1 1 Line Control (LCR)
X 1 0 0 Modem Control (MCR)
X 1 0 1 Line Status (LSR)
X 1 1 0 Modem Status (read only) (MSR)
X 1 1 1 Speed (STR)
1 0 0 0 Divisor Latch (LSB) (write only) (DLL)
1 0 0 1 Divisor Latch (MSB) (write only) (DLM)
Table 1. SC11007 UART Registers
INTERNAL
DATA BUS
DATA T RECEIVER RECEIVER
DO-D7 +—] BUS fe—o Je— BUFFER SHIFT le—— RXD
BUFFER REGISTER REGISTER
1 H
LINE RECEIVER
e—s1  CONTROL TIMING AND
REGISTER | CONTROL
A0—H DIVISOR
LATCH
A1 — (Ls) BAUD
A2— SEINEDCT DIVISOR GENERATOR
_ CONTROL L?J‘s;)“
CS— LOGIC
DIST —
. o sAs NG AND
DOST — REGISTER CONTROL
SPEED
*—" REGISTER
TRANSMITTER TRANSMITTER
—{  HOLDING SHIFT —» TXD
REGISTER REGISTER
MODEM
[e—a CONTROL
REGISTER
MODEM
CONTROL
LOGIC
MODEM
fe—i STATUS
REGISTER
INTERRUPT INTERRUPT
o ENABLE CONTROL > INT
REGISTER LOGIC
. INTElFII)RUPT
REGISTER
Figure 3. UART Block Diagram




Name Bit0 Bit1 Bit 2 Bit3 Bit4 Bit5 Bit6 Bit7
RBR Data Data Data Data Data Data Data Data
THR Data Data Data Data Data Data Data Data
IER Receive THRE Receive Modem 0 0 0 0
Data Interrupt Line Status
Available Enable Status Interrupt
Interrupt Interrupt Enable
Enable Enable
IIR 0If Interrupt Interrupt 0 0 0 0 0
Interrupt ID Bit 0 IDBit1
Pending
LCR | 0=7Bit Data 1 0=1Stop Bit | 1 ="Parity 1=Even | 1==5tick 1 =Set DLAB
1=8Bit Data 1 =2 Stop Bits Enable Parity Parity Break
MCR Data Request OUT1 OouT2 No 0 0 0
Terminal to Send 0=INT Function
Ready Output
toHI-Z
LSR Data Overrun Parity Framing Break THRE TSRE 0
Ready Error Error Error Interrupt
MSR 0 0 Trailing Delta 1(CTs) 1(DSR) Ring RLSD
Edge Ring RLSD
DLM Data Data Data Data Data Data Data Data
STR Data Data Data Data Data Data Data Data
Table 2. SC11007 UART Register Function Summary
Register Range/Units Description Default
S0 0-255rings Ring to answer telephone on 0
S1 0-255rings Number of rings 0
S2 0-127 AsCII Escape code character 43(+)
S3 0-127 AsCIl Character recognized as carriage return 13(CR)
S4 0-127 ASCII Character recognized as line feed 1ML
S5 0-32, 127 ASCII Character recognized as back space 8(BS)
S6 2-255 sec. Wait time for dial tone 2
S7 1-255 sec. Wait time for carrier 30
S8 0-255 sec. Pause time (caused by comma) 2
S9 1-2551/10 sec. Carrier detect response time 6
S10 1-2551/10 sec. Delay between loss of carrier and hang up 7
S11 50-255 millisec. Duration and spacing of Touch-Tones 70
S12 20-2551/50 sec. Escape code guard time 50
513 bit mapped UART status register —
S14 bit mapped Option register —
S15 bit mapped Flag register -
516 0,124 Test modes 0
Table 3. SC11007 S Registers (Software Registers) Used by AT Commands
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Com- Com- Com-
mand  Desc. (Notes1and 2) mand  Desc. (Notes1and 2) mand-  Desc. (Notes1and 2)
Prefix, Repeat and Escape Other Commands Other Commands
Commands
AT  Attention prefix: precedes all A Answer call without wait- (6] Go to on-line state
command lines except + + + ing for ring o1 Remote digital loopback
(escape) and A/(repeat) B/B0 CCITT V.22 mode (Note3) off*
commands B1 Bell 103 and 212A mode* 02 Remote digital loopback
A/ Repeat last command line C/Co Transmit carrier off request
(A/ is not followed by C1 Carrier on* Q/Q0  Result codes displayed*
carriage return) E/E0  Characters not echoed Q1 Result codes not displayed
+++ Escape code: go from on-line E1 Characters echoed* Sr? Requests current value of
state to command state (one F/F0 Half duplex register r
second pause before and after F1 Full duplex* Sr=n  Sets register r to value of n
escape code entry; + + + is H/HO  On hook (hang up) V/V0  Digit result codes
not followed by carriage Hi1 Off hook, line and auxil- Vi Word result codes*
return) iary relay X/X0  Compatible with Hayes-
. H2 Off hook, line relay only type 300 modems*
Dialing Commands /0 Request product ID code X1 Resultcode CONNECT
D Dial (130) 1200 enabled
P  Pulse* I Firmware revision X2 Enables dial tone detection
T  Touch-Tone number X3 Enables busy signal detec-
,  Pause 2 Test internal memory tion
! Flash L/L1 Low speaker volume X4 Enables dial tone and busy
/  Wait for 1/8 second L2 Medium speaker volume* signal detection
@ Wait for silence L3 High speaker volume Y/Y0  Long space disconnect
W Wait for second dial tone M/MO  Speaker always off disabled*
;  Return to command state Mi Speaker on until carrier Y1 Long space disconnect
after dialing detected* enabled
R  Reverse mode (to call M2 Speaker always on Z Software reset: restores all
originate-only modem) default settings

Notes: 1. Default Modes are indicated by *.

2. Commands entered with null parameters assume 0-X is the same as X0.
3. When used with the SC11014 modem IC, which has CCITT V.21 as well as V.22 modes, when the ATB command is
used, in the answer mode, the SC11007 will put the SC11014 in either the V.21 mode or the V.22 mode, depending on

the response from the remote modem. In the originate mode, the SC11007 will sense if the baud rate is set at 300 or
1200 bits per second and will adjust the S5C11014 accordingly.
Table 4. Command Summary
Digit
Code Word Code Description
0 OK Command Executed
1 CONNECT Connected at 300 or 1200 bps.
Connected at 300 bps., if result of X1, X2, X3 or X4 command
2 RING Ringing signal detected (Note 1)
3 NO CARRIER Carrier signal not detected or lost
4 ERROR Illegal command
Error in command line

Command line exceeds buffer (40 character, including punctuation)

Invalid character format at 1200 bps.

Connected at 1200 bps. Results from X1, X2, X3, or X4 commands only

Dialtone not detected and subsequent commands not processed. Results from X2 or X4

5 CONNECT 1200
6 NO DIALTONE

commands only.

7 BUSY Busy signal detected and subsequent commands not processed. Results from X3 or X4
commands only.

8 NO ANSWER Silence not detected and subsequent commands not processed. Results from @ command
only.

Note 1. When the SC11007 detects a ringing on the telephone line, it sends a RING result code. However, the SC11007
will answer the call only if it is in auto-answer mode or is given an A command.

Table 5. Result Codes
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ABSOLUTE MAXIMUM RATINGS (Note 1) %
Supply Voltage, V. +6V E
Input Voltage —06VtoV.+06 3
Storage temperature range —65° to +150°C.
Maximum power dissipation @ 25°C. 500 mW
Lead temperature (soldering, 10 sec) 300°C.

0° to 70°C.

Operating temperature range

Note 1. Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. Except for
Operating temperature range, the device should not be operated at these limits. The Table of Electrical Characteristics
provides actual operating limits.

DC ELECTRICAL CHARACTERISTICS

Parameter Description Conditions Min Typ Max Units
Vee Positive Supply Voltage 4.5 5.0 55 A
Iec Operating Current @V, =5V 10.0 mA
Vin High Level Input Voltage all pins except R 2.0 \
Vu Low Level Input Voltage all pins except R . 038 \'
LA Positive hysterisis Rl pin 25 v
threshold
\A Negative hysterisis Ripin 18 A
threshold
Von High Level Output Voltage | Digital signal pins DO to D7 & Ve -10 A
INT@I, =6mA
All other output or I/O pins Ve -1.0 v
@], =2mA
Vi Low Level Output Voltage | Digital signal pins D0 to D7 & 04 V'
INT@I ;=6mA
All other output or I/O pins 04 \%
@] ,;=2mA
Il Leakage Current (Note 2) +1.0 A
£k Clock frequency 73721 7.3728 | 7.3735 MHz

Note 2. This applies to all pins except TEST, and WR, RD, SCK, and the DI/O pins which have internal pullups.
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AC ELECTRICAL CHARACTERISTICS (T, =010 +70°C, Vo = +5V + 10%)

Symbeol Parameter Test Conditions Min Max Units
tow | DIST Strobe Width 1TTL Load 300 ns
tee Read Cycle Delay 1TTL Load 300 ns
RC Read Cydle =t + to . +20ns 1TTL Load 620 ns
tsop Delay from DIST to Data 1TTL Load 300 ns
tys DIST to Floating Data Delay 1TTL Load 60 ns
toow | DOSTStrobe Width 1TTL Load 300 ns
twe Write Cycle Delay 1TTL Load 300 ns
WC Write Cyde =t ., + t,, - +20ns 1TTL Load 620 ns
ths Data Setup Time 1TTL Load 60 ns
ton Data Hold Time 1TTL Load 40 ns
toe DIST Delay from Select 1TTL Load 80 ns
tooc DOST Delay from Select 1TTL Load 50 ns
tacr Address and Chip Select Hold Time from DIST 1TTL Load 10 ns
thew Address and Chip Select Hold Time from DOST 1TTL Load 70 ns

Receiver
teny | Delay from DIST (Read RBR) to Reset Interrupt 100 pF Load I 1 | s
Transmitter
tr Delay from DOST (Write THR) to Reset Interrupt 100 pF Load 1 s
trs Delay from Initial INTR Reset to Transmit Start 1 Baud Cycle
tor Delay from Initial Write to Interrupt 1 Baud Cycle
teg Delay from Stop to Next Start 1 us
ter Delay from Stop to Interrupt (THRE) 1 Baud Cycle
tr Delay from DIST (Read IIR) to Reset 100 pF Load 22 us
Interrupt (THRE)
Register/Signal Reset Control Reset State

Receiver Buffer Register First Word Received Data

Transmitter Holding Register Writing into the Transmitter Holding Register | Data

Interrupt Enable Register Power On Reset All Bits Low

Interrupt Identification Register Power On Reset Bit 0 High; Bits 1-7 Low

Line Control Register Writing into the LCR Data

MODEM Control Register Power On Reset All Bits Low

Line Status Register Power On Reset Bits 04, 7 Low; Bits 5 and 6 High

Modem Status Register Power Reset Bits 0-3, 6-7 Low; Bits 4-5 High

Divisor Latch (high order bits) Power On Reset 1200 BPS

TXD Master Reset High

INT Power On Reset Low (High-Z)

Table 6. Reset Control of Registers and Pinout Signals
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AC ELECTRICAL CHARACTERISTICS (T, = 010 +70°C, V., = +5V  10%)

L0011DS

b—-——o'—tAcn
cs ;
AO, A1, A2 X VAuD X
L————‘Dnc tow thc
DIST Y actve o \ acmive
N OR <' N
1 <\
DOST RC ___JRAcTIvVE

le—toDD 4—-—0‘— thz
DATA VALID
DO-D7 DATA

Figure 4. Read Cycle Timing

<~__.f_ tacw
s i
A0, A1, A2 >|< VALD X
f tooc tbow twe
DOST \ actve o on (\ ACTIVE
wC N
AL
DIST \\; ACTIVE
tps 1—-——.'— tou
DATA VALID
DO-D7 DATA
Figure 5. Write Cycle Timing
RXD (RECEIVER A
INS"UT BATA) \ sTART / . DATA >-< STOP \ START /—
SAMPLE CLK | I ) , l | | I r
INTERRUPT / F\:
DIST ———I tRINT
READ REC -
DA'IIA BUFFER
) Figure 6. Receiver Timing \———

PARITY

TXD
SERIAL OUT

: s-rARTf
tsm

INTERRUPT (THRE)

DOST
(WR THR)

DIST
(RDIIR) Figure 7. Transmitter Timing
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UART REGISTERS
Line Control Register

This register controls the format of
the asynchronous data communi-
cations.

Bits 0 and 1: Bit 1is always high. Bit
0 specifies the number of bits in
each transmitted or received serial
character. Theencoding of bit 0is as
follows:

Word

Bit1 Bit0 Length
1 0 7 Bits
1 1 8 Bits

Bit 2: This bit specifies the number
of Stop bits in each transmitted or
received serial character. Ifbit2isa
logic 0, 1 Stop bit is generated or
checked in the transmit or receive
data, respectively.Ifbit2isalogic1,
when 7-bit word length with no
Parity is selected, 2 Stop bits are
generated or checked.

Bit 3: This bit is the Parity Enable
bit. When bit 0 is a logic 0 and bit 3
isalogic 1, a Parity bit is generated
(transmit data) or checked (receive
data) between the last data word bit
and the Stop bit of the serial data.
(The Parity bitis used to producean
even or odd number of 1s when the
data word bits and the Parity bitare
summed).

Bit 4: This bit is the Even Parity
Select bit. Whenbit 3isalogic1 and
bit 4 is logic 0, an odd number of
logic 1s is transmitted or checked in
the data word bits and Parity bit.
When bit 3 is logic 1 and bit 4 is a
logic 1, an even number of bits is
transmitted or checked.

Bit 5: This bit is the Stick Parity bit.
Whenbit3islogic1and bit5islogic
1, the Parity bit is transmitted and
then detected by the receiver in the
opposite state indicated by bit 4.

Bit 6: This bit is the Set Break Con-
trol bit. When bit 6 is a logic 1, the
serial output (TXD) is forced to the
Spacing state (logic 0) and remains
there (until reset by a low-level bit
6) regardless of other transmitter
82

activity. This feature enables the
CPU to alert a terminal in a com-
puter communications system.

Bit 7: This bit is the Divisor Latch
Access Bit (DLAB). It must be set
high (logic 1) to access the Divisor
Latches of the Baud Rate Generator
during aRead or Writeoperation. It
must be set low (logic 0) to access
theReceiver Buffer, the Transmitter
Holding Register, or the Interrupt
Enable Register.

Programmable Baud Rate
Generator

The SC11007’s Baud Rate Genera-
tor can be programmed for one of
six Baud rates. The desired speed is
selected by writing into the Divisor
Latch (DLM). On reset, the rate will
be 1200 baud.

DLM
(HEX Code) Baud Rate
00 1200
01 300
03 150
04 110
06 75
09 50

Line Status Register

This 8-bit register provides status
information to the CPU concerning
the data transfer. The contents of
the Line Status Register are indi-
cated in Table 2 and are described
below.

Bit 0: This bit is the receiver Data
Ready (DR) indicator. Bit 0 is set to
a logic 1 whenever a complete in-
coming character has been received
and transferred into the Receiver
Buffer Register. Bit 0 will reset to a
logic 0 either by the CPU reading
the data in the Receiver Buffer
Register or by writing a logic 0 into
it from the CPU. ‘

Bit 1: This bit is the Overrun Error
(OE) indicator. Bit 1 indicates that
data in the Receiver Buffer Register
was not read by the CPU before the
next character was transferred into
the Receiver Buffer Register,
thereby destroying the previous

character. The OE indicator is reset
whenever the CPU reads the con-
tents of the Line Status Register.

Bit2: This bit is the Parity Error (PE)
indicator. Bit 2 indicates that the
received data character does not
havethe correct even or odd parity,
as selected by the even parity
select bit. The PE bit is set to a logic
1upondetection of parity errorand
is reset to a logic 0 whenever the
CPU reads the contents of the Line
Status Register.

Bit 3: This bit is the Framing Error
(FE) indicator. Bit 3 indicates that
the received character did not have
avalid Stop bit. Bit 3 is set to a logic
1 whenever the Stop bit following
the last data bit or parity bit is
detected as a zero (Spacing level).

Bit 4: This bit is the Break Interrupt
(BI) indicator. Bit 4 is set toa logic 1
whenever thereceived data inputis
held in the Spacing (Logic 0) state
for longer than a full word trans-
mission time—the total time of
Start bit + data bits + Parity + Stop
bits.

Bit 5: This bit is the Transmitter
Holding Register Empty (THRE)
indicator. Bit 5 indicates that the
S§C11007 is ready to accept a new
character for transmission. In addi-
tion, this bit causes the SC11007 to
issue an interrupt to the CPU when
the Transmit Holding Register
Empty Interrupt enable is set high.
The THRE bit is set to alogic 1 when
a character is transferred from the
Transmitter Holding Register into
the Transmitter Shift Register. The
bit is reset to logic 0 concurrently
with the loading of the Transmitter
Holding Register by the CPU.

Bit 6: This bit is the Transmitter
Shift Register Empty (TSRE) indica-
tor. Bit 6 is set to alogic 1 whenever
the Transmitter Shift Register is
idle. It is reset to logic 0 upon adata
transfer from the Transmitter Hold-
ing Registerto the Transmitter Shift
Register.




Bit 7: This bit is permanently set to
logic 0.

Bits 1 through 4 are the error condi-
tions that produce a Receiver Line
Status interrupt whenever any of
the corresponding conditions are
detected.

UART REGISTERS

Interrupt Identification
Register

The SC11007 has an on chip inter-
rupt capability that allows for
complete flexibility ininterfacing to
all popular microprocessors. To
provide minimum software over-
head during data character trans-
fers, the SC11007 prioritizes inter-
rupts into four levels. The four lev-
els of interrupt conditions are as
follows: Receiver Line Status (pri-
ority 1); Received Data Ready
(priority 2); Transmitter Holding
Register Empty (priority 3); and
MODEM Status (priority 4).

Information indicating that a pri-
oritized interrupt is pending and
the source of that interrupt is stored
in the Interrupt Identification Reg-
ister (referto Table 7). The Interrupt
Identification Register (IIR), when

addressed during chip-select time,
freezes the highest priority inter-
rupt pending and no other inter-
rupts are acknowledged until the
particular interrupt is serviced by
the CPU. The contents of the [IR are
indicated in Table 2 and are de-
scribed below.

Bit 0: This bit can be used in eithera
hardwired prioritized or polled
environment to indicate whether
an interrupt is pending. When bit 0
is logic 0, an interrupt is pending
and thelIR contents may be used as
a pointer to the appropriate inter-
rupt serviceroutine. When bit Oisa
logic 1, no interrupt is pending.

Bits 1 and 2: These two bits of the
IIR are used to identify the highest
priority interrupt pending as indi-
cated in Table 7.

Bits 3 through 7: These five bits of
the IIR are always logic 0.

Interrupt Enable Register

This 8-bit register enables the four
interrupt sources of the SC11007 to
separately activate the Interrupt
(INT) output signal. It is possible to

totally disable the interrupt system
by resetting bits 0 through 3 of the
Interrupt Enable Register. Simi-
larly, by setting theappropriate bits
of this register to a logic 1, selected
interrupts can be enabled. Dis-
abling the interrupt system inhibits
the Interrupt Identification Regis-
terand theactive (high) INT output
from the chip. All other system
functions operate in their normal
manner, including the setting of the
Line Status and MODEM Status
Register. The contents of the Inter-
rupt Enable Register are indicated
in Table 2 and are described below.

Bit 0: This bit enables the Received
Data Available Interrupt when set
to logic 1.

Bit 1: This bit enables the Transmit-
ter Holding Register Empty Inter-
rupt when set to a logic 1.

Bit 2: This bit enables the Receiver
Line Status Interrupt when set to
logic 1.

Bit 3: This bit enables the MODEM
Status Interrupt when set to logic 1.

Bits 4 through 7: These four bits are
always logic 0.

LO0TIDS

Interrupt
Identification
Register Interrupt Set and Reset Functions
B2 B1 B0 Priority Level Interrupt Flag Interrupt Source Interrupt Reset
0 0 1 — None None —
1 1 0 Highest Receiver Line Overrun Error or Reading the Line
Status Parity Error or Status Register
Framing Error or
Break Interrupt
1 0 0 Second Received Data Receiver Data Reading the Receiver
Available Available Buffer Register
0 1 0 Third Transmitter Holding Transmitter Holding Reading the IIR (if
Register Empty Register Empty source of interrupt) or
Writing into the Trans-
mitter Holding Register
0 0 0 Fourth MODEM Status Ring Indicator or Reading the MODEM
Received Line Status Register
Signal Detect

Table 7: Interrupt Control Functions
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MODEM Control Register

This 8-bit register controls theinter-
face with the MODEM. The
contents of the MODEM Control
Register are indicated in Table 2
and are described below.

Bit 0: This bit controls Data Termi-
nalReady (DTR) signal. If theexter-
nal switch on the RD pin is set to
V¢ thru an 18 kQ resistor, setting
the DTR low will force the SC11007
into the command state and, if on
line, it will hang up.

Bit 1: This bit controls the Request
to Send (RTS) signal. This signal is
not used by the SC11007.

Bit 2: This bit controls the Output 1
(OUT 1) signal. This signal is not
used by the SC11007.

Bit 3: This bit controls the Output 2
(OUT 2) signal. When OUT 2is a0,

the interrupt output is in High-Z
state.

Bit 4: Not used.

Bits 5 through 7: These bits are per-
manently set to logic 0.

MODEM Status Register

This 8-bit register provides the cur-
rent state of the control lines from
the MODEM (or peripheral device)
to the CPU. In addition to this cur-
rent-state information, two bits of
the MODEM Status Register pro-
videchangeinformation. These bits
are set to a logic 1 whenever a
control input from the MODEM
changes state. They are reset to
logic 0 whenever the CPU reads the
MODEM Status Register.

The contents of the MODEM Status
Register are indicated in Table 2
and are described below.

Bit 0 and 1: These bits are always 0.

Bit 2: This bit is the Trailing Edge of
Ring Indicator (TERI) detector. Bit2
indicates that the RI input to the
chip has changed from an On (logic
1) to an Off (logic 0) condition.

Bit 3: This bit is the Delta Received
Line Signal Detector (DRLSD) indi-
cator. Bit 3 indicates that the carrier
detector has changed state.

Bit 4: This bit is always 1.
Bit 5: This bit is always 1.

Bit 6: This bit is the complement of
the Ring Indicator (RI) input.

Bit 7: This bit is the Received Line
Signal Detect (RLSD) signal.

Wheneverbit2is set tologic1, orbit
3 changes state, a MODEM Status
Interrupt is generated if enabled.

APPLICATIONS

PC Bus Name

741830

SC11007

74504
o3 122 _ D coMm ...
T COM1

gLy COM! ..

o5 |IR® com2 2 INT

Bl4 P2 DIST 2 DisT
I B13 ='°w posT 1 DosT
A29 A2 26 A2
| A30 {M 25 Al

A31 Ao 24 AD

Figure 8. PC Bus Interface Address Decoder
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<> SC11008
SIERRA SEMICONDUCTOR Stand-Alone Modem Interface Controller
FEATURES 28-PIN DIP 28-PIN PLCC
PACKAGE PACKAGE
O Direct interface to SC11004, O Complete AT command set - 4 1 2
SC11014 and SC11015 single in firmware for intelligent 25 2 s »
chip modems modems 34 % :
O Built-in UART for RS-232C [ 28-pin DIP or PLCC package sd 24
interface 4 E 2 " 1
8 d 21 12 18
GENERAL DESCRIPTION 1: E fg SC11008CV
14 18
The SC11008 Modem Interface 1 g 4
Controller is specifically designed 144 15
to control Sierra’s SC11004, SC11008CN

SC11014 and SC11015 single chip,
300/1200 bit per second modems.
Built with Sierra’s proprietary
CMOS process, the SC11008 pro-
vides a highly cost effective
solution for interfacinga modem IC
to a computer’s RS-232 port. When
connected to the SC11004/14/15,
with the addition of a data access

arrangement (DAA), the SC11008
implements a Hayes-type smart
modem for stand alone modem
applications. All of the popular
communications software written
for the PC will work with the
S5C11004/5C11008 chip set. The

SC11008 contains an 8-bit micro-
processor, 8k bytes of ROM and 128
bytes of RAM and a UART. For
specific high volume applications,
the control program can be modi-
fied by Sierra to include additional
commands and functions.

BLOCK DIAGRAM

A DTR Rl WR scK
GND  Veo T)Af‘D RXD HS EP ‘ kv | on 4 R ‘mko
4
14 28 12 13 24|25{26| 27 4 ls )6 |8 |0 |10l11
CONTROL
l PLA I [ PORT 2 ] I PORT 1 l
UART  |ITRANSMITTER| RECEIVER l ]
Ps 15 E
WORD —18 S [ l
RESEN g INSTRUCTION TIMER —I r RAM |
ECHOON > UART BAUD INTERRUPT REGISTER 128 X 8
AADS z INTERFACE RATE CONTROL
REGISTERS | GENERATOR
cwDeN — 41 5
2222 —; E H
i~ —— A%
8K X 8
ok —2 UART MONITOR | | UART CONTROL PC/SUBROUTINE ROM BLOCK ACCUMULATOR
s REGISTER REGISTER STACK REGISTER
TEST ————H

NOTE: NUMBERS NEXT TO SIGNAL NAMES
REFER TO PACKAGE PINS. NUMBERS
ARE FOR BOTH DIP & PLCC. PINS 1,2,
AND 23 ARE NOT CONNECTED.
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P S
PIN DESCRIPTIONS

PIN PIN
NO. NAME Vo DESCRIPTION

1 N.C. — No connection

2 N.C. — No connection

3 TEST I Whenthetestinputis high, the SC11008 enters a test mode— used for factory testing only.
For normal operation, this pin must be connected to ground.

4 KDV (0] This output controls the operation of the data/voice relay. The polarity of this output is
selected by PS pin. If PSis connected to ground, this output is active high, i.e. it is low
when the modem is on hook, causing the data/voice relay to be off and the phone line
is connected to the phone set. During a data call, this output goes high to operate the
data/voice relay, disconnecting the phone set from the phone line. It may also be used
to drive a relay for multi-line phone applications to dlose the A and A1 leads. If PS pin
is left open or connected to V, this output is active low, i.e. it is high when the modem
is on hook and low when the modem makes a data call.

5 RI I The output of the ring detector in the DAA is connected to this input. A low level on this
input indicates the On duration of the ring cycle. This is a Schmidt Trigger input,
allowing for slow rising and falling signals on this pin.

6 OH O Thisoutput controls the operation of thehookswitch relayin the DAA. The polarity of this
output is selected by PS pin. If PS pin is connected to ground, this output is active high,
i.e. it is low when the modem is on hook. During a data call, it goes high to operate the
hookswitch relay and seize the phone line. During rotary dialing, the SC11008 pulses
this output at arate of 10 pulses per second with appropriate mark/space ratio depend-
ingon 212A or V.22 mode. If PS pin is left open or connected to V., this output is active
low, i.e. it is high when the modem is on hook and low during data call.

7 CLK I A7.3728 MHz clock signal must be connected to this input. Normally, the CKOUT pin of
the SC11004/14/15 modem is connected to this pin. All internal timing is derived from
this clock.

8 WR (0] This pin is used to initiate writing of data to the 5C11004/14/15 modem.

9 RD (o] This pin is used to initiate reading of data from the SC11004/14/15 modem.

10 SCK (0] The SC11008 supplies a shift clock on this pin to the SC11004/14/15 modem for reading
or writing data.

11 DI/O 1/0 TheSC11008 shifts dataserially out of this pin to SC11004/14 /15 during a write operation
and shifts data serially into this pin during a read operation from the SC11004/14/15.

12 TXD o The SC11008 outputs serial data in asynchronous start/stop format at the data rate
selected by theterminal. This datais either echo of commands received from the terminal
or result codes generated by the controller during processing of the commands. This
output is normally high and should be “AND”ed with the RXD output of the SC11004/
14/15 to form RXD data to the terminal.

13 RXD I The SC11008 receives command data from the terminal on this pin. The UART in the
controller connects the serial asynchronous start/stop data into a parallel byte for
processing by the controller.

14 GND —_ Ground reference (0 V)

&

15 This input controls the polarity of KDV and OH outputs. When left open or connected to
Vo it forces the KDV and OH output to be active low. If this input is connected to

ground, KDV and OH outputs are active high.
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PIN PIN @)
NoO. NAME rvo DESCRIPTION =
(=4
16 WORD I When this input is open or connected to V., the SC11008 sends result codes as words. 8

When this input is low, result codes are sent as digits. This setting can also be changed

by entering the V command.
17 RESEN I When this input is low, the SC11008 sends result codes. When this input is high or left

open, commandsreceived from the terminal are performed but result codes are not sent.
This setting can also be changed by entering the Q command.

18 ECHOEN I When this input is high or left open, the SC11008 echoes characters received from the
terminal in the command state. When this input is low, the SC11008 won’t echo
characters unless itis set for half duplex and it is on line. This setting can also be charged
by entering the E command.

19 AADIS I When this input islow, the SC11008 won’t answer incoming calls. When this input is high
or left open, the SC11008 automatically answers incoming calls on the first ring. This
function can also be enabled/disabled by writing to the SO register.

20 CMD EN I When this input is low, the SC11008 recognizes commands sent to it. For some applica-
tions such as unattended answering operation it is better to disable this function by
leaving this input open or connecting it to V.

21 212A/V.22 I When this input is open or connected to V., the SC11008 supports Bell 103 and 212A
modes. When this input is low, the SC11008 supports the CCITT V.22 and V.21 modes.
This setting can also be charged by entering the B command.

22 MSSEL I When this input is open or connected to Vo the Mark/Space ratio is U.S. standard,
40/60 Make/Break. When it is low, the Mark/Space ratio is European standard,
33/67 Make/Break.

23 N.C. — No connection

24 HS o This output, when low, indicates that the modem is in the high speed (1200 bps) mode.

When high, it indicates that it is in the low speed (300 bps) mode. This output can be
directly connected to a light emitting diode thru a 330 Q resistor.

25 AA (o] This output is low when the SC11008 is set for auto-answer mode, either by switch input
AADIS (pin 19) or register SO. The output goes high during each ring. If the device is not
set toanswer the phone (pin 19 islow or S0=0), this output goes low each time the phone
rings. A light emitting diode thrua 330 resistor can be directly connected to this output.

26 cD o This output goes low when the SC11008 detects a carrier signal from the remotemodem.
If the connection is broken or never established, it remains high. A light emitting diode
can be directly connected to this output thru a 330 Q resistor.

27 DIR I When this input is low, the SC11008 executes data call commands. If during a data call,
this input goes high, the SC11008 terminates the data call, hangs up the phone line and
returns to command state.

28 Vee — Positive supply (+5 V)
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Register Range/Units Description Default
S0 0-255 rings Ring to answer telephone on 0
S1 0-255 rings Number of rings 0
S2 0-127 ASCII Escape code character 43(+)
S3 0-127 AsCII Character recognized as carriage return 13(CR)
S4 0-127 ASCII Character recognized as line feed 10LP
S5 0-32, 127 ASCII Character recognized as back space 8(BS)
S6 2-255 sec. Wait time for dial tone 2
S7 1-255 sec. Wait time for carrier 30
S8 0-255 sec. Pause time (caused by comma) 2
S9 1-2551/10 sec. Carrier detect response time 6
S10 1-2551/10 sec. Delay between loss of carrier and hang up 7
S11 50-255 millisec. Duration and spacing of Touch-Tones 70
S12 20-255 1/50 sec. Escape code guard time 50
S13 bit mapped UART status register —
S14 bit mapped Option register —
S15 bit mapped Flag register —
S16 0124 Test modes 0

Table 1. SC11008 S Registers (Software Registers) Used by AT Commands

Com- Com- Com-
mand  Desc. (Notes1and 2) mand  Desc. (Notes1and 2) mand  Desc. (Notes1and 2)
Prefix, Repeat and Escape Other Commands Other Commands
Commands
AT  Attention prefix: precedes all A Answer call without wait- O Go to on-line state
command lines except + + + ing for ring 01 Remote digital loopback
(escape) and A/(repeat) B/B0 CCITT V.22mode (Note 3) off*
commands B1 Bell 103 and 212A mode* 02 Remote digital loopback
A/ Repeat last command line C/Co Transmit carrier off request
(A/ is not followed by C1 Carrier on* Q/Q0  Result codes displayed*
carriage return) E/E0  Characters not echoed Q1 Result codes not displayed
++ + Escape code: go from on-line El Characters echoed* Sr? Requests current value of
state to command state (one F/FO  Half duplex register r
second pause before and after F1 Full duplex* Sr=n  Sets register r to value of n
escape code entry; + + +is H/HO  On hook (hang up) V/V0  Digit result codes
not followed by carriage Hi Off hook, line and auxil- V1 Word result codes*
return) iary relay X/X0  Compatible with Hayes-
o H2 Off hook, line relay only type 300 modems*
Dialing Commands /10 Request product ID code X1 Result code CONNECT
D Dial (130) 1200 enabled
P  Pulse* nn Firmware revision X2 Enables dial tone detection
T  Touch-Tone number X3 Enables busy signal detec-
,  Pause 2 Test internal memory tion
! Flash L/L1 Low speaker volume X4 Enables dial tone and busy
/  Wait for 1/8 second L2 Medium speaker volume* signal detection
@ Wait for silence L3 High speaker volume Y/Y0  Long space disconnect
W  Wait for second dial tone M/MO  Speaker always off disabled*
;  Return to command state Mi Speaker on until carrier Y1 Long space disconnect
after dialing detected* enabled
R Reverse mode (to call M2 Speaker always on V4 Software reset: restores all
originate-only modem) default settings

Notes: 1. Default Modes are indicated by *.

2. Commands entered with null parameters assume 0-X is the same as X0.

3. When used with the SC11014 or SC11015 modem IC, which has CCITT V.21 as well as V.22 modes, when the ATB
command is used, in the answer mode, the SC11008 will put the SC11014 or SC11015 in either the V.21 mode or the
V.22 mode, depending on the response from the remote modem. In the originate mode, the SC11008 will sense if the
baud rate is set at 300 or 1200 bits per second and will adjust the S5C11014 or SC11015 accordingly.

Table 2. Command Summary




Digit %
Code Word Code Description :
0 OK Command Executed 8
1 CONNECT Connected at 300 or 1200 bps. @
Connected at 300 bps., if result of X1, X2, X3 or X4 command
2 RING Ringing signal detected (Note 1)
3 NO CARRIER Carrier signal not detected or lost
4 ERROR Illegal command
Error in command line

Command line exceeds buffer (40 character, including punctuation)

Invalid character format at 1200 bps.

Connected at 1200 bps. Results from X1, X2, X3, or X4 commands only

Dialtone not detected and subsequent commands not processed. Results from X2 or X4

5 CONNECT 1200
6 NO DIALTONE

commands only.

7 BUSY Busy signal detected and subsequent commands not processed. Results from X3 or X4
commands only.

8 NO ANSWER Silence not detected and subsequent commands not processed. Results from @ command
only.

Note 1. When the SC11008 detects a ringing on the telephone line, it sends a RING result code. However, the SC11008
will answer the call only if it is in auto-answer mode or is given an A command.

Table 3. Result Codes

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage, V.. +6V
Input Voltage -0.6V to V+0.6
Storage temperature range —65 to +150°C.
Maximum power dissipation @ 25°C. 500mW
Lead temperature (soldering, 10 sec) 300°C.

0to 70°C.

Operating temperature range

Note 1. Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. Except for
Operating temperature range, the device should not be operated at these limits. The Table of Electrical Characteristics
provides actual operating limits.

DC ELECTRICAL CHARACTERISTICS

Param. Description Conditions Min Typ Max Units
Vee Positive Supply Voltage 45 5.0 5.5 v
Ic Operating Current @V . =5V, outputs unloaded 10.0 mA
Vin High Level Input Voltage all pins except RT 20 v
Vi Low Level Input Voltage all pins except RT 0.8 \%
Ve Positive hysterisis Rl pin 25 v
threshold
V- Negative hysterisis Rl pin 18 Y
threshold
Von High Level Output Voltage | @1, =2mA Ve -1.0 v
ol Low Level Output Voltage @], =2mA 04 \%
I Leakage Current (Note 2) +1.0 uA
fox Clock frequency 73721 7.3728 | 7.3735 MHz

Note 2. This applies to all pins except TEST, WR, RD, SCK, DI/O and switch pins 15-21 which have internal pullups.
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SC11011
2400 bps Modem Advanced Controller (MAC)

FEATURES

0O V.22 bis, V.22, V.21, 212A and
103 standards

O Direct interface to SC11006 /024

O Complete “AT” command set

available in firmware
[ Built-in UART

GENERAL DESCRIPTION

The Modem Advanced Controller
(MAC) is a specialized controller
which interfaces directly to the
SC11006 or SC11024 Modem
Analog Processor (MAP) to imple-
ment a 2400 bps full duplex intelli-
gent modem. The two-chip set,
when combined with an external
ROM containing Sierra provided
firmware, performs all the modem
functions and automatic control
features compatible with the Hayes
“AT” Command Set. The chip set
meets CCITT V.22bis standards
with V.22 fallback and Bell 212A
standards with 103 fallback, as well
as V.21 standards.

The SC11011 interfaces to a parallel
system bus, such as that in the IBM
PC, or by changing one bit in the
ROM code it interfaces to an RS232
port. The SC11011 includes an on
board 8250B compatible, industry
standard UART. With the RDY

O Direct IBM PC bus interface

OO External ROM/RAM address-
able for application flexibility

0O CMOS technology

O 8k x 8 Internal ROM available
for custom applications

output whichis used to inject “wait
states” into the computer, the MAC
can be used to directly interface
with any speed computer. The
MAC has a configuration bit which
switches the UART to bring out the
parallel or the serial side of the
UART.

The MAC receives 8-bit signal
samples from the MAP and per-
forms adaptive equalization, car-
rier phase recovery, data decode,
and descrambling.

The SC11011 is for use with exter-
nal memory. For fully internal
ROM versions see the SC11019
series. Detailed application infor-
mation is contained in SC11006,
S$C11024 and SC11046 data sheets.

The MAC is interrupted once every
1.667 msec (600 Hz). It reads two I
channel samples and two Q chan-

68-PIN PLCC PACKAGE

9 1 61

=3

Anccoanononnaancd

60

N
o

SC11011CV

nel samples (T /2 sampling) within
100 psec of receiving the interrupt.
After the samples are processed a
quad-bit (4 bits) of descrambled
data is written back to the MAP.
The MAP performs the synchro-
nous to asynchronous conversion
function, if operating in asynchro-
nous mode, and outputs the re-
ceived data on the RXD pin.

The MAC uses a bit slice core pro-
cessor to perform the digital signal
processing (DSP) and the control
functions. Its instruction set is a
subset of the Intel 8096 instruction
setbut operates faster than the 8096.
For instance, a signed (2’s comple-
ment) 16 bit by 16 bit multiply
with 32 bit result takes 3.5 psec.
(Intel 8096 takes 6.5 psec with a 12
MHz clock.)
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PIN DESCRIPTION

| Parallel System Interface (to PC Bus)

Cs Chip select, active low, input, TTL.

A2-A0 Address lines for UART register select, input,
TTL.

INTO Interrupt, output, CMOS/TTL. Tristate™*

D7-D0  8-bit data port, input-output, TTL.

DOS Data out strobe (PC writes into UART regis-
ters), active low, input, TTL.

DIs Data in strobe (PC reads from UART registers),
active low, input, TTL.

RDY Ouput, ready signal for high speed PC-AT
interface.

Il RS-232 (Data Set Mode) and Display Interface

DTR Data terminal ready, input, TTL.

AA Automatic answer enable (low), output, TTL/
CMOS.

Bs High speed indicator, output, TTL/CMOS.
Low when operating at 2400 bps rate. High
otherwise.

MRDY  Modem ready.

RLSD Carrier detect, output, TTL/CMOS.

DSR Data set ready, output, TTL/CMOS.

RTS Request to send, input, TTL.

CTS Clear to send, output, TTL/CMOS.

Il MAP Interface

AD7-ADO  8-bit bidirectional multiplexed address/data
bus, CMOS.

RD RAM read, output, CMOS/TTL, normally high,
data on AD7-ADO must be valid at the rising
edge of this pulse.

WR RAM wrrite, output, CMOS/TTL, normally high,
data on AD7-ADQ is valid at the rising edge of
this pulse.

ALE Address Latch Enable, output, CMOS/TTL, the
address on ECS, MCS, AD7-ADQ are valid at the
falling edge of this normally low pulse.

Transmit data, output, CMOS/TTL. Serial data
to be transmitted by the modem.

SIN Received data, input; TTL. Serial data received
from the MAP.

INTI Interrupt input, TTL; interrupt received from the
MAP at 600 Hz. Interrupt is detected when this
pin has alow to high transition. The line has to
stay high for at least 200 ns.

Map chip select for MAP interface, output, TTL/
CMOS, addressing space is from 1000H to
10FFH.

ECS External EERAM chip select or for second MAP
chip select, output, TTL/CMOS, addressing
space is fom 1100H to 11FFH.

IV Switch Port Pins (RS-232 Mode)

7-bit input port for sensing switch setting
inputs. External pull-up resistors (10 kQ) must
be used on these inputs or tied to +5V if no
switches used.

V DAA Interface

|

Ring indicator, input, TTL, when low, indicates
the modem is receiving a ringing signal.

OH Off-hook, output, TTL/CMOS, when high,

indicates the DAA should go off-hook.
KDV  Data/voice Relay Control, output, TTL/CMOS.
When high, indicates the voice (telephone set)
relay is closed and the modem is in the voice
mode.

VI External ROM/RAM Interface

MAO-MA14 Output, TTL/CMOS, 15 bit address bus
for external program/data access.
CSROM Output, TTL/CMOS, chip select for external

ROM, address from 8000H to DFFFH.

CSRAM Output, TTL/CMOS, chip select for external
RAM, address from 4000H to 7FFFH.

EA Input, External access enable. Low will cause
the chip to jump to external vector. Also
when this pin is low, the chip will use ex-
ternal interrupt vector. These functions are
controlled by internal ROM code.

Vil Other Pins
RESET Master reset Schmitt input, TTL, active high.
When RESET is high, MAC program counter
resets to location 2000H. It resumes counting
after RESET goes low.
XTAL1  Together with XTAL2 for crystal input (19.6608
MHz).
XTAL2  Crystal output pin (19.6608 MHz).
CKOUT Clock output pin, TTL/CMOS, from MAC
(9.8304 MHz, ~100 ns. cycle time).

VCCI +5V

VCCP Second Vce pin

GNDI Ground

GNDP  Second Gnd pin

GNDP  Third Gnd pin

GNDI Fourth Gnd pin

Tristate is a trademark of National Semiconductor.
*INTO pin will be tristated with rev. G silicon and up.
93

TI0TIDS




SOFTWARE ARCHITECTURE

Operand Types 4. Long Integers: Long integers 2. Register Direct Addressing: In

SC11011

1. Short Integers: Short integers

are 8-bit signed 2's complement
variables. Arithmetic opera-
tions which generate results
outside the range -128 and +127
will set the overflow bit in the
Program Status Byte (PSB).
There are no alignment restric-
tions on short integers.

. Integers: Integers are 16-bit

signed 2’s complement vari-
ables. Arithmetic operations
which generate results outside
the range -32768 and +32767
will set the overflow bit in the

are 32-bit signed 2’s comple-
ment variables. The result of a
16 x 16-bit multiply will be
stored in a long integer. Only
SHRL and SHLL manipulate
this data type. Long integers are
addressed by the address of
their least significant byte in the
register file. They should be
aligned suchthattheiraddressis
evenly divisible by 4. The most
significant byte of a long integer
resides on “address” +3, where
“address” is the long integer’s
address.

this modean 8-bit field is used to
access a register from the 320
byte register file. The regiter
address must conform to the
alignment rules.

e.g. ADD AX, BX:AX, BX must
be “even” numbers

ADDB AX, BX :AX, BX can
be “odd” or “even”

. Indirect Addressing: A mem-

ory location can be addressed
indirectly by placing its 16-bit
address in the register file. Only
one operand (the right most

Operand Addressing operand) within an instruction

PSB. Theleast significant byte of
can be indirect.

the integers is in the even byte  Three types of addressing are

allowed:

address and the next most sig-
nificant byteis in the next higher
(odd) address. Therefore, the
integers must be aligned at even
byte boundaries in the address
space. The address of a word is
the address of its least signifi-
cant byte (always an even ad-
dress).

. Bits: The bits within the bytes of

the register file are numbered
from 0 to 7 with O referring to the
LSB. The only instructions that
use bit addressing are JBC and
JBS.

1. Immediate Addressing: This is

a direct field within the instruc-
tion. For shortintegers, thisisan
8-bit field, whereas, for the inte-
gers this is a 16-bit field. Only
one operand within an instruc-
tion can be immediate reference
type. This operand must always
be the last (right most) operand
within an instruction.

e.g. ADD AX, #340H is allowed
ADD AX, #340H, BX is NOT

e.g. ADDBAL,BL,[CX]isallowed

ADDB AL, [CX], BL is NOT
allowed

Program Status Byte (PSB),
location 0192H

This is an 8-bit register storing the
condition flags of arithmetic, shift,
and compare instructions (see the
following table). The programmer
can access these bits by using
address 0192H.

allowed
Program Status Byte (PSB) Location 0192H
BIT | NAME FUNCTION
7 | Unused | N/A
Unused | N/A

5 1P Global interrupt pending bit. Set upon receipt of interrupt. Cleared when interrupt service
begins.

4 IE Global interrupt enable bit; when zero, all interrupts are disabled.

3 z Zero bit; indicates the last arithmetic or compare instruction produced a zero result.

2 N Negative bit; indicates the last arithmetic or compare instruction produced a negative result.

1 C Carry bit; indicates the state of the arithmetic carry from the most significant bit of the ALU for
an arithmetic operation or the state of the last bit shifted out of the operand for a shift.
Arithmetic “Borrow” after a subtract is the complement of the C flag (i.e. if borrow generated
then C=0).

0 \'/ Overflow bit; indicates the last arithmetic operation produced an overflow.
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SOFTWARE ARCHITECTURE (Cont.)

Interrupt Structure

Four interrupt sources exist in the
MAC, namely the external inter-
rupt, timer interrupt, ring leading
edge interrupt, and UART inter-
rupt. The interupt service routine
address is 2004H.

1) Externalinterrupt: Alowtohigh
transition on the INTI pin initi-
ates this interrupt.

2) Timerinterrupt: Timeroverflow
interrupt—4.8 kHz frequency.

3) Ring leading edge: Interrupt
generated by leading edge of
ring input.

4) UART interrupt: Interrupt from
UART.

a) Parallel version: From UMR
register. Any one of the fol-
lowing can generate this in-
terrupt.

RBR was read by external
processor

Data was transferred from
THR to TSR

LCR was changed
MCR was changed
DLL or DLM was changed

b) Serial version: In this con-
figuration the interrupt sig-
nal from 8250B compatible
UART is brought in as an
interrupt source to the
internal CPU.

This is an 8 bit register to enable or
disable each of the four interrupt
sources and to record the interrupt
sources. The upper four bits are
read/write registers while the
lower four bits are read only regis-
ters. A read operation to the regis-
ter will automatically clear the
lower four bits.

BITO: “1” indicates UART re-
quested an interrupt.

BIT1: “1” indicates RING leading
edgerequested an interrupt.

INTERRUPT CONTROL REGISTER (ICR), location 0193H

BIT2: “1” indicates TIMER over-
flow requested an interrupt.

“1” indicates EXTERNAL
source requested an
interrupt.

BIT4: “1” to enable
interrupt.

“1” to enable RING leading
edge interrupt.

“1” to enable TIMER over-
flow interrupt.

BIT3:

UART

BITS5:

BIT®6:

BIT7: “1” to enable EXTERNAL
interrupt.

Any one of these four interrupts
will drive the processor to address
2004H. From therethe software can
check interrupt sources and do pri-
ority control to branch to different
service routines.

INSTRUCTION SET

The MAC instruction set is a subset
of Intel 8096 instruction set. The
object codes, formats and the flags
they effect are identical to those of
8096. The differences are:

* No VT or ST flags exist in the
MAC.

 Register locations in the UART
section can only be accessed by
using indirect addressing.

* The operands refer to one or
more bytes of the register file.
ROM locations can only be
addressed  using indirect
addressing.

¢If a memory location is
addressed between 1000H and
11FFH, an external six clock
multiplexed bus operation is ini-
tiated. Themultiplexed address/
data will use AD7-ADO bus.

¢ When using ST or STB opera-
tions, the destinations are always
considered to be indirect
addresses.

eg. ST, AX, [BX]is allowed
ST, AX, BXis NOT allowed
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INSTRUCTION SET (Cont.)

Instruction Set Table
MNEMONIC NO. OF OPERANDS OPERATION BYTES! TIME?
ADD/ADDB 2 B«~A+B 3 10
ADD/ADDB 3 D«A+B 4 10
AND/ANDB 2 B« AANDB 3 10
AND/ANDB 3 D« AANDB 4 10
CMP/CMPB 2 D-A 3 10
DINZ 1 Decrement & JNZ 3 9/12
EXTB 1 Sign Extend Byte 2 7
JBC 0 Jump if bit clear 3 10/13
JBS 0 Jump if bit set 3 10/13
JC 0 Jump if Carry Set 2 5/8
JNC 0 Jump if no carry 2 5/8
JE 0 Jumpif = 2 5/8
JNE 0 Jump if not = 2 5/8
JGT 0 Jump if > 2 5/8
JGE 0 Jump if >= 2 5/8
JLE 0 Jumpif < or= 2 5/8
JLT 0 Jump if < 2 5/8
v 0 Jump if Overflow 2 5/8
JNV 0 Jump if no overflow 2 5/8
JH 0 Jump if higher 2 5/8
JNH 0 Jump if not higher 2 5/8
LCALL 0 Long Call 3 11
LD/LDB 2 Load 3 10
MUL 3 D«<A*B 5 33
NOP 0 NO Operation 1 2
OR/ORB 2 D«DORA 3 10
XOR/XORB 2 D« DXORA 3 10
PUSHF 0 Push PSB 1 5
POPF 0 Pop PSB 1 5
RET 0 Return 1 10
SHL/SHLB 1 Shift Left 3 11+ N3
SHLL 1 Shift Left Long 3 15+N°
SHR/SHRB 1 Shift Right 3 11+N°3
SHRL 1 Shift Right Long 3 15+N3
SHRA 1 Arith. Right Shift 3 10 + N3
SHRAL 1 Arith. Right Long 3 15+ N3
SJMP 0 Short Jump 2 7
LIMP 0 Long Jump 3 9
ST/STB 2 Store to Memory 3 13!
SUB/SUBB 2 B«~B-A 3 10
SUB/SUBB 3 D«B-A 4 10
1Add one for immediate words.
2Add 9 for indirect mode and 2 or 0 for immediate mode—see table. (Cycle times @ 100 ns)
3N is number of bit shifts.
“Indirect Mode.
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HARDWARE ARCHITECTURE

The MAC device is organized with two
buses that interconnect four main logic
sections. The two buses are the internal
data bus (DB) and address bus (Y). The
four sections of the device are the inter-
nal processor, registers, memory, and
dual port UART.

The two bus architecture was chosen to
allow the MAC to execute the 8096 in-
struction set as fast or faster than the
8096 itself. The device is intended to
run at 9.8304 MHz. A typical three
operand instruction effectively exe-
cutes in 10 clock cycles. The signed 16 x
16 multiply operation requires 34 clock
cycles.

The internal data bus (DB) is the main
bus of the device. Itis an 8-bit bus that
interconnects all four sections of the
device. Allinternaldata travelsonDB.
The Y bus is a 16-bit output only bus
from the internal processor that pro-
vides addresses to the memory and
register sections of the device. This bus

allows memory control to be resident
inside the internal processor without
degrading performance.

The internal processor controls MAC
operations and performs all of the re-
quired computation functions. The
internal processor consists of a micro-
control PLA and a 16-bit registered
arithmetic/logic unit (RALU). The
microcontrol PLA accepts asinput 8096
instruction opcodes and generates the
control sequences necessary to imple-
ment the instructions. The RALU
performs instruction execution, oper-
and address calculation, jump address
calculation, program sequencing, and
stack control. The program counter
(PC) and stack pointer (SP) are
contained within the RALU. TheRALU
is implemented with the 2901 silicon
compiler.

The register section of the MAC
includes RAM and the ports of the
device. These locations are all treated

as registers and may be accessed in
register direct mode. Code can’t be
executed from registers. The UART
registers are functionally, but not
physically, part of the register section.
The UART registers are accessed via
indirect addressing mode only. There
are 304 bytes of RAM to support DSP
functions and the Hayes Smartmodem
command set. The memory section of
the MAC includes the program ROM
and the external memory interface. The
device contains 16K bytes of program
ROM. The external memory interface
allows the MAC to access program stor-
age or data storage from external
memory.

The UART section of the device imple-
ments the industry standard 8250
UART. In its parallel version the MAC
appears as a 8250 to the user. The
UART contains dual-port capability to
allow the user and the internal proces-
sor access to its internal registers.

MEMORY DESCRIPTION
Internal ROM:

The 8k bytes of internal ROM are lo-
cated at 2000H to 3FFFH

The ROM may be mask programmed
for special applications. For example
SC11013 MNP4 and SC11018 MNP5
modem controllers.

The SC11011 controller is built with the
same architecture as the SC11019/20/
21/22/23 so that firmware will be

External Read/Write:

Three different types of external mem-
ory operations are defined.

A) For address from 1000H to 11FFH:

These external operations occur
through the AD bus. These operations
take six clock cycles, four more than
internal operations. These are mainly
for MAP & EEROM interfaces, how-
ever, instructions and data can also be

B) Foraddress from 4000H to 7FFFH:
68 pin only.

These memory spaces are reserved for
external DATA storage. The MAC can
access external RAM through MA
addressbusand AD databus. Thereare
six clock memory cycles for each access.

C) For address from 8000H to FFFFH:

The chip fetches instructions from ex-
ternal program storage by MAG-MA14

upward compatible. fetched from these memory spaces. and ADO-AD?7. These operations are
exactly the same as internal ROM fetch
and they take 2 clock cycles.
Memory Address MAP
NAME ABV ADDRESS R/W SIZE (bytes)
INTERNAL RAM/REG RAM* 0000H-013FH R/W 304
REG* 0180H-0193H R/W 17 registers
EXTERNAL MAP/EERAM MAP 1000H-10FFH R/W 256
EERAM 1100H-11FFH R/W 256
INTERNAL ROM™*** IROM1 2000-3FFFH RO 8K
EXTERNAL RAM** RAM 4000H-7FFFH R/W 16K
EXTERNAL ROM** ROM 8000H-FFFFH RO 32K

CSROM and CSRAM.

* These may only be accessed as memory locations (16-bit address) in an indirect mode. For direct addressing
a 9th bit (GCR [1], called Page Bit) must be set to switch from the first 256 bytes to the rest of the RAM.
** For 68 pin package only. Memory address has 15 bits (MA14-MAO); 16th bit is accessed through
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REGISTER DESCRIPTION

This section contains a description
of each of the registers in the MAC
device. All of the registers of the
device are 8-bits with 16-bit
addresses. The registers are made
up of bits that are either inputs or
outputs. Input bits are read-only
(RO). Output bits are read /write
(R/W). The state of an output may

are exactly the same as those in
8250B UART. However in serial
mode, (CONF = 1), the UART is
turned around and controlled by
the internal processor and it be-
comes adata set UART. The DTR,
RTS, and OUT1 in MCR register
becomes DSR, CTS, and RLSD
outputs. The CTS, DSR in MSR

3) Set CM = RDI in the same
register.

4) SOUT willbethe samestateas
CM.

5) Receiver is functioning,
ignoring it.

6) After finishing all echoing,
reset “BI” in LCR.

7) Update DLL, DLM, and set

be read back by the processor. register become RTS, DTR input CM =1 for normal operation.
status from RTS, DTR pins. 8) Do a SET then RESET to

Test Mode: RTRST bit to RESET RCV and
RAM locations 00Hand 100Hare  Note: TMR. Do a READ to LSR to

reserved for test mode. User ac-

In serial version to echo SIN to

clear LSR.

cess is prohibited. SOUT after RESET and then go 9) The UART is ready for normal
back to normal operation. operaton.
Serial Mode: N o
In parallel mode (CONF = 0) the 1) Set “BI” in L_CR to “1%. .
functions of the UART registers 2) San.lple RDIin UART monitor
register.
Register Address MAP
INTERNAL? EXTERNALS
NAME ABV INDIRECT DIRECT ADDRESS RW
ADDRESS* ADDRESS® R/W A[2:0]

UART Registers:
Receive Buffer! RBR 80H 180H R/W 00H RO
Transmit Holding! THR 8AH 18AH R/W 00H WO
Interrupt Enable! IER 81H 181H R/W 01H R/W
Interrupt ID IIR 82H 182H RO 02H RO
Line Control LCR 83H 183H R/W 03H R/W
Modem Control MCR 84H 184H R/W 04H R/W
Line Status LSR 85H 185H R/W 05H R/W
Modem Status MSR 86H 186H R/W 06H R/W
Scratch Pad (8 bit) STR 87H 187H R/W 07H R/W
Divisor Latch LSB? DLL 88H 188H R/W 00H R/W
Divisor Latch MSB? DLM 89H 189H R/W 01H R/W
UART Monitor UMR 8BH 18BH R/W
Internal Registers:
Switch Port SWP 8DH 18DH RO
General I/0 Port

Direction Register DIR 8EH 18EH WO

Data Register DAR 8FH 18FH R/W
General Control GCR 90H 190H R/W
TIMER TIM 91H 191H R/W
Processor Status Byte PSB 92H 192H R/W
Interrupt Control ICR 93H 193H R/W

1DLAB bit (LCR [7]) must be zero for external access.
2DLAB bit (LCR [7]) must be one for external access.
3Register access through MA bus.
48-bit addresses for indirect addressing only, with Page bit (GCR [1]) used.
516-bit addresses for direct addressing only.
ss‘UART register access through PC parallel system bus.




ACCESSIBLE REGISTERS %
-t
The system programmer may ac- Line Control Register tents of the Line Control Register =
cess or control any of the UART  (LCR, location 183H) for inspection. This feature simpli- | =
registers summarized in Table 1 via i i i
S . The system programmer specifies ﬁ?s 'system programming and
the CPU. Theseregisters are used to eliminates the need for separate
. the format of the asynchronous )
control UART operations and to N - storage in system memory of the
. . A data communications exchange via . L
transmit and receive data. Their X . . line characteristics. The contents of
. o the Line Control Register. In addi- . . o
reset functions are summarized in . . the Line Control Register are indi-
Table?2 tion to controlling the format, the ted inTable1 and are describedi
’ programmer may retrieve the con- ~ S2‘€cIntavie andaredescribedin
the following.
Table 1: Summary of Accessible Registers
Register Address
O(DLAB=0) | O(DLAB=0) | (DLAB=0) 2 3 4 5 6 7 (DLAB=1) | (DLAB=1)
Receiver Transmitter Interrupt Interrupt Line MODEM Line MODEM | Scratch Divisor
Buffer Holding Enable iden. - Control Control Status Status | Register Latch Latch
Bit | Register Register Reg| Regi gl Regi gi Regi (LS) (MS)
No | (Read Only) | (Write Only) (Read Only)
RBR THR IER IR LCR MCR LSR MSR STR DLL DLM
0 | DataBito* Data Bit 0 Enable 0" if Word Data Data Delta Bit 0 Bit 0 Bit 8
Received Interrupt Length Terminal Ready Clear
Data Pending Select Ready (DR) to Send
Available Bit 0 (DTR) (DCTS)
Interrupt (WLS0)
(ERBFI)
1 Data Bit 1 Data Bit 1 Enable Interrupt Word Request Ovemrun Delta Bit 1 Bit 1 Bit9
Transmitter D Length to Send Error Data
Holding Bit (0) Select (RTS) (OE) Set
Register Bit 1 Ready
Empty (WLS1) (DDSR)
Interrupt
(ETBEI)
2 Data Bit 2 Data Bit 2 Enable Interrupt Number Out 1 Parity Trailing Bit2 Bit2 Bit 10
Receiver D of Stop Error Edge Ring
Line Status Bit (1) Bits (STB) (PE) Indicator
Interrupt (TERI)
(ELSI)
3 | DataBit3 Data Bit 3 Enable 0 Parity Out2 Framing Delta Bit3 Bit3 Bit 11
MODEM Enable INTO is Error Data
Status (PEN) High-Z (FE) Carrier
Interrupt when Detect
(EDSSI) out2=0 (DDCD)
4 | DataBit4 Data Bit 4 0 (] Even Loop Break Clear to Bit4 Bit4 Bit 12
Parity Interrupt Send
Select (8I) (CTS)
(EPS)
5 | DataBits Data Bit 5 [ 0 Stick [} Transmitter Data Bit5 Bits Bit 13
Parity Holding Set
Register Ready
(THRE) (DSR)
6 Data Bit 6 Data Bit 6 [} 0 Set 0 Transmitter Ring Bite Bite Bit 14
Break Empty Indicator
(TEMT) (RI)
7 | DataBit7 Data Bit 7 0 0 Divisor 0 0 Data Bit7 Bit 7 Bit 15
Latch Carrier
Access Detect
Bit (DCD)
(DLAB)
*Bit 0 is the least significant bit. It is the first bit serially transmitted or received.
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Bits 0 and 1: These two bits specify
the number of bits in each trans-
mitted or received serial character.
The encoding of bits 0 and 1 is as
follows:
Bit1 | Bit0 Word
Length
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

Bit 2: This bit specifies the number
of Stop bits in each transmitted
character. If bit 2 is a logic 0, one
Stop bit is generated in the trans-
mitted data. If bit 2is a logic 1 when
a 5-bit word length is selected via
bits 0and 1, one and a half Stop bits
are generated. If bit 2 is a logic 1
when either a 6-, 7-, or 8-bit word
length is selected, two Stop bits are
generated. The Receiver checks the
first Stop-bit only, regardless of the
number of Stop bits selected.

Bit 3: This bit is the Parity Enable
bit. When bit 3 is a logic 1, a Parity
bit is generated (transmit data) or
checked (receive data) between the
last data word bit and Stop bit of the
serial data. (The Parity bit is used to
produce an even or odd number of
1s when the data word bits and the
Parity bit are summed.)

Bit 4: This bit is the Even Parity
Select bit. When bit 3isalogic1and
bit 4 is a logic 0, an odd number of
logic 1s is transmitted or checked in
the data word bits and Parity bit.
When bit 3isalogic1and bit4isa
logic1,an even numberoflogic 1sis
transmitted or checked.

Bit 5: This bit is the Stick Parity bit.
When bits 3, 4 and 5 are logic 1 the
Parity bit is transmitted and
checked by the receiver as a logic 0.
Ifbits3and 5are1and bit4isalogic
0, then the Parity bit is transmitted
asal.

Table 2. Summary of Accessible Registers

Register/Signal Reset Control Reset State
Interrupt Enable Register | Master Reset All Bits Low (0-3) forced
and 4-7 permanent)
Interrupt Identification Master Reset Bit 0is High, Bits 1 and 2 Low,
Register Bit 3-7 are permanently Low
Line Control Register Master Reset All Bits Low
Modem Control Register | Master Reset All Bits Low
Line Status Register Master Reset “All Bits Low, Except Bits 5
and 6 are High”
MODEM Status Register Master Reset “Bits 0-3 Low, Bits 4-7—
Input Signal”
SOUT Master Reset High
INTRPT (RCVR Errs) Read LSR/MR Low
INTRPT Read BRR/MR Low
(RCVR Data Ready)
INTRPT (THRE) Read IIR/Write Low
THR/MR
INTRPT (Modem Read RBR/MR Low
Status Changes)
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Bit 6: This bit is the Break Control
bit. When it is set to a logic 1, the
serial output (SOUT) is forced tothe
Spacing (logic 0) state. The break is
disabled by setting bit 6 to a logic0.
The Break Control bit acts only on
SOUT and has not effect on the
transmitter logic.

Note: This feature enables the CPU to
alert a terminal in a computer commu-
nications system. If the following
sequence is followed, no erroneous or
extraneous characters will be transmit-
ted because of the break.

1. Load an all 0s, pad character, in
response to THRE.

2. Set break after the next THRE.

3. Wait for the transmitter to be idle,
(TEMT=1), and clear break when
normal transmission has to be re-
stored.

During the break, the Transmitter can
be used as a character timer to accu-
rately establish the break duration.

Bit 7: This bit is the Divisor Latch
Access Bit (DLAB). It must be set
high (logic 1) to access the Divisor
Latches of the Baud Generator dur-
ing a Read or Write operation. It
must be set low (logic 0) to access
theReceiver Buffer, the Transmitter
Holding Register, or the Interrupt
Enable Register.

Programmable Baud Generator

The UART contains a program-
mableBaud Generatorthat takesan
internal clock of (3/32)(XTAL1) =
1.8432 MHz and divides it by any
divisor from 1to (21°-1). The output
frequency of the Baud Generator is
16 x the Baud [(divisor # = (fre-
quency input) + (baud rate x 16)].
Two 8-bit latches store the divisor
in a 16-bit binary format. These
Divisor Latches must be loaded
during initialization in order to
ensure desired operation of the
Baud Generator. Upon loading ei-
ther of the Divisor Latches, a 16-bit
Baud counter is immediately
loaded. This prevents long counts
on the initial load.




Table 3 illustrates the used of the
Baud Generator with a crystal fre-
quency of 19.6608 MHz. The accu-
racy of the desired baud rate is de-
pendent on the crystal accuracy.
Communicaiton software writing
values to the divisor latches
typically expects the input to the
UART to be 1.8432 MHz. They will
work correctly only if the MAC
input clockis maintained at 19.6608
MHz.

Divisor Error
Desired Used to Between

Baud Generate Desired
Rate 16 x Clock | and Actual

50 2304 —

75 1536 —_

110 1047 0.026
1344 857 0.058

150 768 —
300 384 —
600 192 —
1200 96 —
1800 64 —
2000 58 0.69
2400 48 —
3600 32 —
4800 24 —
7200 16 —_
9600 12 —_
19200 6 —
38400 3 —_—
57600 2 —_

Line Status Register
(LSR, location 185H)

This 8-bit register provides status
information to the CPU concerning
the data transfer. The contents of
the Line Status Register are indi-
cated in Table 1 and are described
below.

Bit 0: This bit is the receiver Data
Ready (DR) indicator. Bit 0 is set to
a logic 1 whenever a complete in-
coming character has been received
and transferred into the Receiver
Buffer Register. Bit 0 is reset to a

logic 0 by reading the data in the
Receiver Buffer Register.

Bit 1: This bit is the Overrun Error
(OE) indicator. Bit 1 indicates that
data in the Receiver Buffer Register
was not read by the CPU before the
next character was transferred into
the Receiver Buffer Register,
thereby destroying the previous
character. The OE indicator is reset
whenever the CPU reads the con-
tents of the Line Status Register.

Bit 2: This bit is the Parity Error (PE)
indicator. Bit 2 indicates that the
received data character does not
have the correct even or odd parity,
as selected by the even-parity-se-
lect bit. The PE bit is set to a logic 1
upondetection of a parity errorand
is reset to a logic 0 whenever the
CPU reads the contents of the Line
Status Register.

Bit 3: This bit is the Framing Error
(FE) indicator. Bit 3 indicates that
the received character did not have
avalid Stop bit. Bit 3 is set to a logic
1 whenever the Stop bit following
the last data bit or parity bit is de-
tected as a zero bit (Spacing level).
The FE indicator is reset whenever
the CPU reads the contents of the
Line Status indicator.

Bit 4: This bit is the Break Interrupt
(BI) indicator. Bit 4 is set to alogic 1
whenever thereceived data input is
held inthe Spacing (logic 0) state for
longer than a full word transmis-
sion time (that is, the total time of
Start bit + data bits + Parity + Stop
bits). The Bl indicator is reset when-
ever the CPU reads the contents of
the Line Status indicator.

Note: Bits 1 through 4 are the error con-
ditions that produce a Receiver Line
Status interrupt whenever any of
the corresponding conditions are
detected.

Bit 5: The bit is the Transmitter
Holding Register Empty (THRE)

indicator. Bit 5 indicates that the
ACE is ready to accept a new
character for transmission. In addi-
tion, this bit causes the UART to
issuean interrupt to the CPU when
the Transmit Holding Register
Empty Interrupt enable is set high.
The THREbit is settoalogic 1 when
a character is transferred from the
Transmitter Holding Register into
the Transmitter Shift Register. The
bit is reset to logic 0 concurrently
with the loading of the Transmitter
Holding Register by the CPU.

Bit 6: This bit is the Transmitter
Empty (TEMT) indicator. Bit 6 is set
to alogic 1 whenever the Transmit-
ter Holding Register (THR) and the
Transmitter Shift Register (TSR) are
both empty. It is reset to a logic 0
whenever either the THR or TSR
contains a data character.

Bit 7: This bit is permanently set to
logic 0.

Note: The Line Status Register is in-
tended for read operations only.
Writing to this register is not recom-
mended as this operation is used for
factory testing.

Interrupt ldentification
Register (lIR, location 182H)

The UART has on-chip interrupt
capability that allows for flexibility
in interfacing popular micropro-
cessors presently available. In or-
der to provide minimum software
overhead during data character
transfers, the UART prioritizes
interrupts into four levels. The four
levels of interrupt conditions are as
follows: Receiver Line Status (pri-
ority 1); Received Data Ready
(priority 2); Transmitter Holding
Register Empty (priority 3); and
MODEM status (priority 4).

Information indicating that a pri-
oritized interrupt is pending and
the type of that interrupt are stored
in the Interrupt Identification
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Register (IIR). When addressed
during chip-select time, the IIR
freezes the highest priority inter-
rupt pending and no other
interrupts change the IIR, even
though they are recorded, until the
particular interrupt is serviced by
the CPU. The contents of the [IRare
indicated in Table 1 and are
described below.

Bit 0: This bit can be used in eithera
hardwired prioritized or polled
environment to indicate whether
an interrupt is pending. When bit 0
isa logic 0, an interrupt is pending
and thelIR contents may be used as
a pointer to the appropriate inter-
rupt service routine. When bit 0isa
logic 1, no interrupt is pending and
polling (if used) continues.

Bits 1 and 2: These two bits of the
IIR are used to identify the highest
priority interrupt pending as indi-
cated in Table 4.

Bits 3 through 7: These five bits of

Interrupt Enable Register
(IER, location 181H)

The 8-bit register enables the four
types of interrupts of the UART to
separately activate the chip inter-
rupt (INTRPT) output signal. It is
possible to totally disable the inter-
rupt system by resetting bits 0
through 3 of the Interrupt Enable
Register. Similarly, by setting the
appropriate bits of this registerto a
logic 1, selected interrupts can be
enabled. Disabling the interrupt
system inhibits the Interrupt Iden-
tification Register and the active
(high) INTRPT output from the
chip. All other system functions
operate in their normal manner,
including the setting of the Line
Status and MODEM Status Regis-
ters. The contents of the Interrupt
Enable Register are indicated in
Table 1 and are described below.

Bit 0: This bit enables the Received
Data Available Interrupt when set
to logic 1.

Bit 1: This bit enables the Transmit-
ter Holding Register Empty
Interrupt when set to logic 1.

Bit 2: This bit enables the Receiver
Line Status Interrupt when set to
logic 1.

Bit 3: This bit enables the MODEM
Status Interrupt when set to logic 1.

Bits 4 through 7: These four bits are
always logic 0.

Modem Control Register

This 8-bit register controls theinter-
face with the MODEM or data set
(or a peripheral device emulating a
MODEM). The contents of the
MODEM Control Register are indi-
cated in Table 1 and are described
below.

Bit 0: This bit controls the Data
Terminal Ready (DTR) output.
Whenbit0Oissettoalogicl,theDTR
output is forced to a logic 0. When
bit 0 is reset to a logic 0, the DTR

the IR are always logic 0. output is forced to a logic 1.
Interrupt Identification Interrupt Set and Reset Functions
Register
Bit2 | Bit1 | Bit0 | Priority | Interrupt Type Interrupt Source Interrupt Reset Control
Level
0 0 1 — None None —
1 1 0 Highest | Receiver Line Status Overrun Error or Parity | Reading the Line Status
Error or Framing Error Register
or Break Interrupt
1 0 0 Second | Receiver Data Available | Receiver Data Available | Reading the Receiver
Buffer Register
0 1 0 Third Transmitter Holding Transmitter Holding Reading the IIR Register
Register Empty Register Empty (If source of interrupt) or
Writing into the Transmitter
Holding Register
0 0 0 Fourth | MODEM Status Clear to Send or Data Set | Reading the MODEM
Ready or Ring Indicator | Status Register
or Data Carrier Detect




Bit 1: This bit controls the Request
to Send (RTS) output. Bit 1 affects
the RTS output in a manner identi-
cal to that described above for bit 0.

Bit 2: Outl. Auxiliary user-desig-
nated bit. It is connected to MSR[6]
(RI) during local loopback.

Bit 3: Out 2. Auxiliary user-desig-
nated bit. It is connect to MSR[7]
(DCD) during local loopback.
When Out2 = 0, INTO pin is Hi-Z.

Bit 4: This bit provides a local
loopback feature for diagnostic
testing of the UART. When bit 4 is
set to logic 1, the following occur:
the transmitter Serial Output
(SOUT) is set to the Marking (logic
1) state; the receiver Serial Input
(SIN) is disconnected; the output of
the Transmitter Shift Register is
“looped back” into the Receiver
Shift Register input: the four
MODEM. Status Register bits CTS,
DSR, DCD and Rl are disconnected
internally; and the four MODEM
Control Register bits DTR, RTS,
OUT1 and OUT2 are internally
connected to the four MODEM
Status Register inputs, and the
MODEM Control output pins
RLSD, CTS, DSR are forced to their
inactive state (high). In thediagnos-
tic mode, data that is transmitted is
immediately received. This feature
allows the processor to verify the
transmit and received-data pathsof
the UART.

Inthe diagnostic mode, thereceiver
and transmitter interrupts are fully

operational. The MODEM Control
Interrupts are also operational, but
the interrupts’ sources are now the
lower four bits of the MODEM
Control Register instead of the four
MODEM Control inputs. The inter-
rupts are still controlled by the
Interrupt Enable Register.

Bits 5-7: These bits are perma-
nently set to logic 0.

Modem Status Register
(MSR, location 186H)

This 8-bit register provides the cur-
rent state of the control lines from
the MODEM (or peripheral device)
to the CPU in addition to this cur-
rent-state information, four bits of
the MODEM Status Register pro-
vide changeinformation. Thesebits
are set to a logic 1 whenever a con-
trol input from the MODEM
changes state. They are reset to
logic 0 whenever the CPU readsthe
MODEM Status Register.

The contents of the MODEM Status
Register are indicated in Table 1
and are described below.

Bit 0: This bit is the Delta Clear to
Send (DCTS) indicator. Bit 0 indi-
cates that the CTS input to the chip
has changed statesincethelast time
it was read by the CPU.

Bit 1: This bit is the Delta Data Set
Read (DDSR) indicator. Bit 1 indi-
cates that the DSR input to the chip
has changed state sincethe last time
it was read by the CPU.

Bit 2: This bit is the Trailing Edge of
Ring Indicator (TERI) detector. Bit2
indicates that the RI input to the
chip has changed from a low to a
high state.

Bit 3: This is the Delta Data Carrier
Detect (DDCD) indicator. Bit 3 indi-
cates that the DCDinput to the chip
has changed state.

Note: Whenever bit 0,1, 2, or 3 is set to
logic 1, a MODEM Status Interrupt is
generated.

Bit 4: This bit is the complement of
the Clear to Send (CTS) input. If bit
4 (loop) of the MCR s set to a 1, this
bit is equivalent to RTS in the MCR.

Bit 5: This bit is the complement of
the Data Set Ready (DSR) input. If
bit 4 of the MCR is set to a 1, this bit
is equivalent of DTR in the MCR.

Bit 6: This bit is the complement of
theRing Indicator (RI) input. If bit 4
of the MCR is set to a 1, this bit is
equivalent to OUT 1 in the MCR.

Bit 7: this bit is the complement of
the Data Carrier Detect (DCD) in-
put. If bit 4 of the MCRis settoa 1,
this bit is equivalent to OUT 2 of the
MCR.

Scratchpad Register
(STR, location 187H)

This 8-bit Read/Write Register
does not control the ACE in any
way. It is intended as a scratchpad
register to be used by the program-
mer to hold data temporarily.

MAC Operation

The MAC s interrupted once every
1.667 ms (600 Hz). It reads two I
channel samples and two Q chan-
nel samples (T /2 sampling) within
100 ps of receiving the interrupt.

After the samples are processed a
quad-bit (4 bits) descrambled of
data is written back to the MAP.
The MAP will perform the synch
to asynch conversion function, if

operating in asynchronous mode,
and outputs received data on SIN

pin.
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REGISTER DESCRIPTION
UART Monitor (UMR, location 18BH):
The UART Monitor register allows the processor to monitor UART operations. A read operation to the UART Monitor register
will clear Bit 0 to Bit 4.
BIT NAME DESCRIPTION
7 RTRST Reset receiver and transmitter. When set high both receiver and transmitter will be put into re-
set state.
6 M UART Command/Modem Output. When set HIGH the UART is placed in modem mode. At

reset it islow, in command mode. This bit together with Bl in LCR are used for bit by bitechoing.
In serial version the user can set Bl =1 and CM = RDI to echo a bit. When CONF =1 for normal
operation set CM = 1.

5 RDI Receive Data Input. This bit monitors the RXD input of the UART.

4 DLF Divisor Latch Flag. This bit indicates if a new baud rate count has been written to the Divisor
Latch.

3 LCF Line Control Flag. This bit indicates if the line control register has been written.

2 TXF Transmit Buffer Full Flag. This bit indicates if a new character is in the transmit shadow

register.

1 RXF Receive Buffer Empty Flag. This bit indicates if thelast character has been read from the receive
buffer.

0 MCF Modem Control Flag. This bit indicates if the modem control register has been written.

Internal Registers:
Switch Port (SWP, location 18DH): for serial mode only

The Switch Port is a 7-bit input port used only in the serial mode of the MAC. It allows for reading of the external switches of
a stand-alone modem.

BIT NAME DESCRIPTION

6-0 56-0 Switch Input. These bits monitor external switches.
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REGISTER DESCRIPTION
Timer (TIM, location 191H):

The Timer includes an 11 bit counter
and a timer flip-flop. It is used to aid
software timing functions. The counter
isnotreadable. It can only be reset by a

write. The timer flip-flop can beread to
test if it is already set.

The counter and flip-flop will be reset

that the counter sends out a pulse train
at4.8 kHz rate to set the timer flip-flop.
The flip-flop can be cleared on a read.
The Timer is constantly counting by the

L1I0TIDS

on a write (value is don’t care). After internal clock CP (9.8304 MHz).
BIT NAME DESCRIPTION
0 TFFO Timer flip-flop bit.

General Control Register (GCR, location 0190H):

GCR contains a miscellaneous set of control and status bits.

BIT NAME DESCRIPTION

7 CONF Configuration output. This bit controls the state of the MAC configuration. When
HIGH, the MAC is configured with the SERIAL interface. It is configured with the
PARALLEL interface after a reset.

6 OH Off Hook Output. When set HIGH, the phone will be placed off hook.

5 KDV KDV Output. Data/Voice Relay Control. When high, the modem is in the voice mode.

4 MRDY Modem ready.

3 AA Active HIGH AA indicator. When high this bit sets the AA pin low.

2 HS Active HIGH HS indicator. When high this bit sets the HS pin low.

1 PAGE Register Page Bit. This bit selects the active register page. When LOW, the lower 256
registers are accessed during register operations and when HIGH, the upper page is
active.

0 EA Inverted external access enable status from EA pin. When on it is high. Low indicates
EA is off.
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COMMAND SUMMARY
Configuration & Async/Sync Commands
COMMAND DESCRIPTION | | COMMAND DESCRIPTION
General: Immediate Action Commands:
B BELL/CCITT Protocol A Go OFF-Hook in Answer Mode
E Command Echo A/ Re-Execute Last Command
L Speaker Volume D Dial Telephone Number
M Speaker Control H Switch Hook Control
Q Quiet Command (o) Return to On-Line
S= Writing to S-Register Z Fetch Configuraton Profile from
Nonvolatile Memory
S? Reading S-Registers
&F Fetch Factory Configuration Profile
\Y% Enable Short-form Result Codes
&W Write Active Configuration Profile
Enable Extended Result Code Set to Nonvolatile Memory
&] Telephone Jack Sel.* &Z Store Telephone Number
&M Async/Sync Mode Sel. Dial Modifiers:
P Pulse Dial
Async/Sync Commands—International:
T Touch-Tone Dial
&G Guard Tone Sel.
R Originate Call in Answer Mode
&P Make/Break Dial Pulse Ratio Sel.
w Wait for Dial Tone B/4 Continue
to Dial
Async-Only Commands:
, Delay a Dial Sequence
Y Enable Long Space Disconnect
@ Wait for Quiet Answer B/4 Continue
&C Data-Carrier-Detect (DCD) Options to Dial
&D Data-Terminal-Ready (DTR) Options ! Initiate a Flash
&S Data-Set-Ready (DSR) Options ; Return to Command State after Dialing
S=n Dial A Stored Number (n=0 to 3)
Sync-Only Commands:
Self Test and Diagnostics:
&R Clear-to-Send (CTS)/Request-to-Send
(RTS) 1/10 Request Prod Code
&X Select Sync Transmit Clock Source 11/12 ROM Checksum
* See Figure 10 for Hardware Implementation. B Manufacturer’s LD.
4 Configuration Mode (Serial or Parallel)
&T Test Modes
These are the basic “Hayes” type commands shown here as an example.
Specific command sets contained in external ROM are separately documented. Sierra provides example source code for
these commands as well as special applications incdluding error correction, compression and facsimile operations.
Please consult the nearest sales office for details.
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SPECIFICATIONS %)
ABSOLUTE MAXIMUM RATINGS: E
Vc Supply Voltage +6V :
Input Voltage -0.6VtoV, +06V
Storage Temperature Range -65 to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
Operating Temperature Range 0to 70°C

DC ELECTRICAL CHARACTERISTICS: (T, =0 TO 70°C, V., = +5 V +10%)

PARAMETER DESCRIPTION MIN TYP MAX UNITS
Vee Positive Supply Voltage 4.5 5.0 55 A%
Iec Nominal Operating Current @ V. =5.5V 50 75 mA
Vi High Level Input Voltage
for TTL input pins 2 \%
for CMOS input pins 08V \'
Vi Low Level Input Voltage
for TTL input pins 038 A%
for CMOS input pins 02V \Y
VT+ Positive Hysteresis Threshold for RESET
& /Rlinput pins 2.5 A%
VT- Negative Hysteresis Threshold for RESET
& /Rlinput pins 1.8 \'
Vou High Level Output Voltage
for D7-DQ0, into @ IOH =8mA 07V c
for RDYP—open collector +0.§ \
for other output @I, =2 mA
VoL Low Level Output Voltage
for D7-D0, into pins @ IOL =8 mA 03 VCC
for RDYP @1, =8mA -0.5 \
for other output pins @1, =2mA
I Leakage Current +1 +20 HA
Fox Crystal Clock Frequency 19.6608 MHz

107




SC11011

| TIMING DIAGRAMS

=

MA[14:0]
—>| (8
ALE
41 9
< i I 10 —»=
AD[7:0] (WRITE) ADDRESS X DATAWRITTEN

WR (WRITE CYCLE)

U

13 14—
RD (READ CYCLE) Jf
15 w-l e
AD[7:0] READ ( DATA
16 ——I o
Figure 4. RAM Read or Write Cycle
RAM Read or Write Cycle Timing Table
TEST
NO.| SYMBOL PARAMETER CONDITIONS | MIN TYP MAX | UNITS
1 TXTHCH XTAL high to CKOUT high 45 ns
2 TXTHCL XTAL high to CKOUT low 45 ns
3 | TCHCSL CKOUT high to CSRAM low 25 ns
4 | TCHCSH CKOUT high to CSRAM high 25 ns
5 TCHMAV CKOUT high to MA valid 25 ns
6 TCHMAI CKOUT high to MA invalid 25 ns
7 | TCLALH CKOUT low to ALE high 15 ns
8 TCLALL CKOUT low to ALE low 15 ns
9 TCLADV CKOUT low to AD valid 35 ns
10 | TCLADI CKOUT low to AD invalid 5 ns
11 | TCLWRL CKOUT low to WR low 25 ns
12 | TCLWRH CKOUT low to WR high 25 ns
13 | TCLRDL CKOUT low to RD low 15 ns
14 | TCLRDH CKOUT low to RD high 15 ns
15 | TADVCL AD valid to CKOUT low 50 ns
(Read Set-up Time)
16 TCLADI CKOUT low to AD invalid 0 ns
(Read Hold Time)
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TIMING DIAGRAMS (Cont.)

CKOUT

CP =~100ns

MA [14:0]

AD[70]

Figure 5. External Program Storage Read Bus Cycle

External Program Storage Read Bus Cycle Table

TEST
NO.| SYMBOL PARAMETER COMMENTS MIN TYP MAX | UNITS
1 TCHMAV CKOUT high to MA valid 15 ns
2 TCHMAI CKOUT high to MA invalid 15 ns
. — CSROM may
3 TCHCSL CKOUT high to CSROM low already be low 15 ns
4 | TCHCSH | CKOUT high to CSROM high CSROM may 15 ns
not go high
TADVCH AD valid to CKOUT high 35 ns
6 TCHADZ CKOUT high to AD high-Z 0 ns
A2, A1, AO X x
cs 500 - 630
1 >0 r— 2 0
_ \ A
oIS [ trc 230ns N\
le— 3 4 l
500 - 600
RDY <30 /
<250 <|15
l——5 —-‘ 6 —»l |<—
oo a7 AN ——
Figure 6. Read Cycle (PC Bus Read From UART Register)
Read Cycle (PC Bus Read From UART Register) Table
TEST
NO.| SYMBOL PARAMETER CONDITIONS | MIN TYP MAX | UNITS
1 TCSLDIL CSlow to DISlow 0 ns
2 | TDIHCSH | DIShigh to CShigh 0 ns
3 TDILRDL DIS low to RDY low 30 ns
4 TRDL RDY low time (~5-6CP) 500 600 ns
5 TDILDV DIS low to D valid 250 ns
6 TDIHDZ DIS high to D high-Z 15 ns
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TIMING DIAGRAMS (Cont.)

A2, A1, AD X v X

cs

s ) S

r—
RDY L : ) /I
]

Figure 7. Write Cycle (PC Bus Write Into UART Register)
Write Cycle (PC Bus Write Into UART Register) Table

D[7:0] DATA

NO.| SYMBOL PARAMETER CONTI;%TIONS MIN TYP MAX | UNITS

1 TCSLDOL CSlow to DOSlow 0 ns
2 | TDOHCSH [ DOShigh toCShigh 0 ns
3 | TDOLRDL | DOSlow to RDYlow 30 ns
4 | TRDL RDY low time (~5-6CP) 500 600 ns
5 | TDOLDV DOS low to D valid 260 ns
6 | TDOHDZ DOS high to D high-Z 0 ns

MCS

1
ALE 2 \ J
- ] —pj— 9
WA 5 __E( 212CP ;!
3 — 6 > [ 8 ¥
¢ < 4
AD[7:0] (Write) ADDRESS OUT DATA OUT
Figure 8. MAP and E2 RAM Interface Write Cycle
MAP and E2 RAM Interface Write Cycle Table
TEST
NO.| SYMBOL PARAMETER CONDITIONS | MIN TYP MAX | UNITS

1 | TMCAL MGCS low to ALE high 10 20 ns
2 | TALE ALE pulse width 45 ns
3 | TAVLE Address valid to ALE low 30 ns
4 THAD Hold address after ALE low 48 ns
5 | TALRD Delay from ALE low to WR low 45 ns
6 TDVRL Data valid after WR low 25 ns
7 | TWR Write pulse width 230 ns
8 TDHWR Data hold after WR high 30 ns
9 TWHLH End of WR to next ALE 200 ns

When the SC11011 is reading or writing to the MAP, the address is valid at least 30 ns before ALE goes low and stays valid
48 ns or more begond the trailing edzel of ALE. When writing, data id valid within 25 sn afte WRn goes true and stays valid

i=until at least 3|
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TIMING DIAGRAMS (Cont.)

TI0TLDS

Mcs
1
ALE
2 —-b\
- 4
AD(7:0] (Read) ADDRESS OUT DATA IN
PEN 8—»| |
6 7 —>|

— 5 9
RD \\ 312CP }

Figure 9. MAP and E2RAM Interface Read Cycle
MAP and ERAM Interface Read Cycle Table

NO.| SYMBOL PARAMETER CONTI§I$TT£ONS MIN TYP MAX UNITS
1 | TMCAL MCS low to ALE high 10 20 ns
2 TALE ALE pulse width 45 ns
3 TAVLE Address valid to ALE low 30 ns
4 THAD Hold address after ALE low 48 ns
5 | TALRD Delay from ALE low to RD/WR low 45 ns
6 TDVRL Data valid after RD low 300 ns
7 TDVRH Data valid setup to RD high 15 ns
8 | TDH Data hold after RD high 0 ns
9 TRD Read pulse width 330 370 ns

When reading from the MAP, data must be valid a maximum of 300ns after RD goes true and stays valid at least until Ons
after RD goes false.

CIRCUIT DIAGRAMS (L——I—q VCC (+5V)

RELAY
1 16
(SC11011 PIN 31) P CL oK VCC (+5V)
ADO——] D Q
(SC11011 PIN 23) HC74 6 POSITION

|
1
= : MODULAR JACK
1
|

S T
WR

(SC11011 PIN 25)

Figure 10. Circuit for Implementing & J1 Command
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THE MAC AND INTEL 8096 SPEED COMPARISON
Theattachedisaninstructionexecution  are also about twice faster. The other  The following comparison is for the
time comparison for the MACandIntel ~ arithmetic and logic instructions are 8096 with 12 MHz crystal and the MAC
8096. The biggest improvement over ~ about the same speed. Indirect ad-  with 19.6608 MHz. The time unit is
8096 is the 16 bit multiplication, itis 3.3 dressing instructions in the MAC is “us”. The instructions and operands
s versus 6.5 ps. The jump instructions about 20% slower than in the 8096. are all from internal storage. Both the
are twice as fast. The shift instructions MAC and Intel 8096 will run slower for
external storage access.
DIRECT IMMEDIATE INDIRECT
INSTRUCTION OPERANDS MAC 8096 MAC 8096 MAC 8096
ADD 2 1.02 1.00 122 125 194 150
ADD 3 1.02 125 122 150 194 175
ADDB 2 1.02 1.00 1.02 100 194 150
ADDB 3 102 125 1.02 125 194 175
AND 2 1.02 075 122 125 194 150
AND 3 1.02 100 122 150 194 175
ANDB 2 1.02 100 1.02 100 194 150
ANDB 3 1.02 125 1.02 125 194 175
CMP 2 1.02 1.00 122 125 194 150
CMPB 2 1.02 1.00 1.02 100 194 150
DINZ 0.92/125 1.25/2.25 (NO JUMP/JUMP)
EXTB 071 1.00
JBC 1.02/1.32 1.25/2.25
JBS 1.02/1.32 1.25/2.25
JC 0.51/082 1.00/2.00
JE 051/082 1.00/2.00
JGE 051/082 1.00/2.00
JGT 0.51/082 1.00/2.00
JH 051/082 1.00/2.00
JLE 0.51/0.82 1.00/2.00
JLT 051/082 1.00/2.00
JNC 0.51/082 1.00/2.00
JNE 0.51/082 1.00/2.00
JNH 0.51/082 1.00/2.00
JNV 051/082 1.00/2.00
\Y 051/082  1.00/2.00
LCALL 112 325
LD 2 1.02 1.00 122 125 194 150
LDB 2 1.02 1.00 1.02 - 1.00 194 150
LJMP 1 092 2.00 1.02 1.00 194 150
MUL 3 336 6.50 (BIGGEST IMPROVEMENT)
NOP 024 1.00
OR 2 1.02 1.00 122 125 194 150
ORB 2 1.02 1.00 1.02 1.00 194 150
PUSHF 051 200
POPF 051 225
RET 102 3.00
SHL 1.12+0.10N  1.75+0.25N (N = SHIFT COUNT)
SHLB 1.12+0.10N  1.75+0.25N
SHLL 1.53+0.10N  1.75+0.25N
SHR 1.12+0.10N  1.75+0.25N
SHRB 1.12+0.10N  1.75+0.25N
SHRL 1.53+0.10N  1.75+0.25N
SHRA 1.02+0.10N  1.75+0.25N
SHRAL 153+0.10N  1.75+0.25N
S]MP 071 200
ST 132 175
STB 132 175
SUB 2 1.02 1.00 122 125 194 150
SUBB 2 1.02 1.00 1.02 100 1.94 150
SUB 3 1.02 125 122 150 194 175
SUBB 3 1.02 125 1.2 125 194 175
XOR 2 102 1.00 122 125 194 150
112 XORB 2 1.02 1.00 1.02 1.00 194 150




APPLICATIONS

[ Bos |-~

SINGLE OR MULTI-TURN
FERRITE BEAD

] A

f—— BO1 | GND
|-—$—4n
K J___
=
D1 74L.S245
A07 5100 Do |- Do
D3 | 101 D1 [ D1
l A06 I 1 =102 D2 == D2
D4 {03 D3 |-= D3
A05 104 D4 |2 D4
:Ds [ 8 D5 D5 12 D5
A04 9 De Ds 1 Ds
D6 107 D7 D7
A03 GND
o7 vce
A02 | | 20
L AW Py
+5V
oR 741504\ 74LS04
DIST
cs
INTO
[ A2z [
A23 22
Bos A3
IRQ4
B24 — o
B13 PV » DoST
A31 A0 > A0
A30 A > Al
Bo2 JRESET > RESET
A0 Je-IOCHRDY RDY

Figure 11. PC Bus Interface Address Decoder

For additional application information, consult the MAP data sheets (SC11006, SC11024, etc.).

Detailed firmware information is available through your local Sierra sales office.
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N
SIERRA SEMICONDUCTOR

FEATURES

[0 All modulators, demodulators
and filters with compromise
equalizers on chip

O Call progress mode, tone gen-
erators for DTMF, V.22 guard
and calling tones

O On-chip hybrid

O Pin programmable receiver gain

GENERAL DESCRIPTION

The SC11015 is a complete 300/
1200 bit per second modem. All
signal processing functions needed
for a full duplex, 300/1200 bps
212A/103 or V.22/V .21 compatible
modem, including the FSK and PSK
modulators and demodulators and
the high-band and low-band filters
with compromise amplitude and
group delay equalizers are inte-
grated on a single chip. Built with
Sierra’s proprietary CMOS process
that allows analog and digital func-
tions to be combined on the same
chip, the SC11015 features call
progress monitoring and circuits

SC11015

300/1200 Bit Per Second Modem

0 Bell212A/103and CCITT V.22/
V.21 compatible; V.22 notch fil-
ter included

[ Serial control interface

O Programmable audio port

O Allloopback diagnostics

O Pin compatible to SC11004/
5C11014

guard tones. A two-to-four wire
hybrid with pin programmable
receiver gain is also included on
chip simplifying the interface to a
DAA. An external hybrid may also
be used, if desired. The SC11015
also includes analog, digital and
remote digital loopback diagnos-
tics for self-testing. The SC11015
contains all of the features of the
SC11014 and, in addition, offers a
pin programmable receiver gain
amplifier to compensate for the
insertion loss of the DAA coupling
transformer.

24-PIN DIP 28-PIN PLCC

PACKAGE PACKAGE
14 U 24 4 1 26
2 23

34 22 5 %
4 21

5 20

6 O 19 " 19
74 18

8 17 12 18

9 g 16
10 G 15 SC11015CV
11 14
12 ¢ 13

SC11015CN

troller, such as an 8-bit microcon-
troller and a data access arrange-
ment (DAA), a highly cost effective,
integrated, intelligent modem can
be built. When used with the Sierra
5C11007 modem controller—an 8-
bit processor combined with a
UART—a complete Hayes com-
mand set compatiblemodem canbe
configured, occupying minimum
board area. All that is needed for
stand-alone applications is the
SC11015 modem, the SC11008 con-
troller,aDAA and RS-232 interface.
They can operate in synchronous
or asynchronous mode and handle

for generating DTMF and V.22  With the addition of a digital con- 8,9 or 10 bit words.
BLOCK DIAGRAM
14(16) ASYNG! Pk, | LOW BAND NOTCH [ yux
D Lol scrAMBLER|—+ FILTER FILTER
SYNC MOD. MUX \/ \/
AND X
PREFILTER ‘N Trenem A
I FILTER
FSK. AGC Mux
DEMOD. ||
13 (15) 1
RXD MUX
ANTEALIASING
SYNC/ PSK. :
le—| DESCRAMBLER e
ASYNC DEMOD 7 (DLI.
G b3
UNSCRAMBLED b(‘
D1} (D2 ] MARkDET. [ N (12) 10
15(17) -1 RXA2
16 (19)
SCK Do ENERGY
1o DETECT
pECODERfe2 Lo xswoomne | | rgyn
fip 1229 N V.22 GUARD FILTER AND TXOUT
R Jee2) ) TONE AND LEVEL ADJUST @92e
[— Vcc
GENERATOR (1412
— Vss
26) 22
cLocK 1292 nenp
GENERATOR
(2)1
‘_I |-—— AGND
NOTE: NUMBERS NEXTTO SIGNAL  (27)|  (24)] (25) (4) (3) (8) (10) (s)l (7)| l (9)|
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P PN R 1r Ey), CKOUT XTAL1 XTAL2 TXCK! TXCKO RXCK @S TEST1 TEST2 N.C.AUDIO OUT 115

(218 (23) ARE NOT
ONNECTED.
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SC11015

PIN DESCRIPTIONS
PIN - PIN
NO. NAME DESCRIPTION
12 AGND Analog ground
2(3) TXCKO Transmitter dock output. In high speed, synchronous, internal mode, this output supplies a 1200
Hz clock to the DTE.
3@ TXCK1 Inhigh speed, synchronous, external mode, this pin is an input for receiving a 1200 Hz clock from
the DTE.
4(5) TEST 1, Used by Sierra for testing. Make no connection to these pins — they MUST be left floating.
5@) TEST 2
6,(8) RXCK Receiver clock output. In high speed, synchronous mode, the modem supplies a 1200 Hz clock
on this output.
7,9 Audio Output of the hybrid is passed through a programmable attenuator and brought out on this pin.
Out 4levels of received signal can be programmed using the control codes listed in Table 1 (Page 8).

8, (10) GS Gain Select. When left open or tied to V, the compensation is 0 dB; connected to ground, +2 dB
compensation is provided; And when tied to V., the compensation is +3 dB.

19(1, 6, NC No Connect. These pins must be left floating. Do NOT ground these pins or tie them to

18,21, 23) Vecor Vg
931 RXA1, Received data carrier

10 (12) RXA2

11 (13) TXOUT Transmit data carrier output

12 (14) Vs -5V power supply

13 (15) RXD Receive data. The modem demodulates the received carrier and outputs data on the pin. Alogic
low level is space and alogic high level is mark. The controller can force the demodulator output
to the mark state by sending the code 02.

14 (16) TXD Transmit data. Data on thisinputis modulated by the modem and output on TXOUT pin. A logic
low is space and a logic high is mark.

15(17) | DI/O | Datal/O pin. Datais shifted in serially when WR is low on rising edges of SCK clock. Data is
transferred to alatch when WR goes high. Up to 7 data bits can be sent. Input codes are defined
in Table 1. Data is read from the modem serially when RD is low, on rising edges of SCK clock.
Up to 4 data bits can be read. Output codes are defined in Table 1 (Page 8).

16 (19) SCK Serial shift clock is applied to this pin. It is normally high until data is sent to or read from the
modem.

17 20) RD Strobe output from controller for serially reading data from the modem.

18 (22) WR Strobe output from the controller for shifting data to the modem.

20 (24) XTALL1, Pins for connecting a 7.3728 MHz crystal. An external CMOS (+5 V) clock signal can be applied

21 (25) XTAL2 to the XTAL1 pin, with XTAL2 left open. If a TTL clock is used, it must be capacitively (100 pF)
coupled into XTALI.

22 (26) DGND Digital ground

23(27) | CKOUT Buffered crystal oscillator signal is output on this pin. It can drive one LS TTL load.

24 (28) Vee +5 V power supply

Numbersin ( ) refer to 28-Pin PLCC Package.
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FUNCTIONAL DESCRIPTION OF THE SC11015 MODEM

Major sections of the SC11015
modem are a transmitter, a re-
ceiver, low-band and high-band
filters, a two-to-four wire hybrid,
tone generators and interface logic.
It also contains an energy detector
that’s used for detecting the carrier
and call progress monitoring and
anaudio output for monitoring the
line.

The SC11015 modem requires 5 V
and is available in a 24-pin DIP as
well as a 28-lead plastic chip carrier
with 7J’ leads for surface mount
applications. The transmitter sec-
tion consists of an async/sync con-
vertor, scrambler, PSK modulator
and FSK modulator. In the high
speed mode (1200 bps), the PSK
modulator is connected to thefilter.
In the low speed mode (300 bps),
the FSK modulator is connected to
the filter.

Transmitter

Since data terminal and computers
may not have the timing accuracy
required for 1200 bps transmission
(0.01%), timing correction on the
incoming data stream must be
made. The async/sync convertor
accepts asynchronous serial data
clocked at a rate between 1200 Hz +
1%,-2.5%. It outputs serial data at
a fixed rate of 1200 Hz +0.01% de-
rived from the master clock oscilla-
tor. To compensate for the input
and output rate differences, a stop
bit is either deleted or inserted
when necessary. If the input data
rate is slower than the output
data rate, a stop bit is inserted. If
theinput datarate is faster than the
output data rate, a stop bit is de-
leted. The outputoftheasync/sync
convertor is applied to the
scrambler.

The scrambler is a 17-bit shift regis-
ter clocked at 1200 Hz. Outputs
from the 14th and 17th stages are
exclusive OR'd and further exclu-
sive OR'd with the input data. The
resultant data is applied to the D
input of the shift register. Outputs

from the first two stages of the shift
register form the dibit that is ap-
plied to the PSK modulator. The
purpose of the scrambler is to ran-
domize data so that the energy of
the modulated carrier is spread
over the band of interest—either
the high band centered at 2400 Hz
or the low band, centered at 1200
Hz. A 1200 bps modem actually
sends two bits at a time, called a
dibit; dibits are sent at 600 baud, the
actual rate of transmission; 600
baud is the optimum rate that can
be transmitted over the general
switched telephone network for a
full duplex FDM (frequency divi-
sion multiplexing) modem because
band limit filters in the central of-
fice cut off at about 3000 Hz.

The dibit applied to the PSK modu-
lator produces one of four differen-
tial phase shifts of the square wave
carrier signal (1200 Hz or 2400 Hz)
at the 600 Hz baud rate. The resul-
tant waveform is passed through a
wave shaping circuit that performs
a raised cosine function (this is the
shape factor called out in the CCITT
V.22 spec, and it also meets the Bell
212A requirement for optimum
transmission). The wave shaped
signal is then passed througheither
the low-band or high-band filter
depending upon originate or an-
swer mode selection.

For low speed operation the FSK
modulator is used. It produces one
of four precision frequencies de-
pending on orignate or answer
mode and the 1 (mark) or 0 (space)
level of the transmit data. Different
frequencies are used for V.21 and
212A modes. The frequencies are
produced from the master clock
oscillator using programmable
dividers. The dividers respond
quickly to data changes, introduc-
ing negligible bit jitter while main-
taining phase coherence. The out-
putofthe FSK modulatoris applied
to the appropriate filter when the
low speed mode of the operation is
selected.

The filter section consists of low-
band (1200 Hz) and high-band
(2400 Hz) filters, half-channel com-
promise amplitude and group de-
lay equalizers for both bands,
smoothing filters for both bands
and multiplexers for routing of the
transmit and receive signals
through the appropriate band fil-
ters. For CCITT V.22 applications,a
notch filter is included that can be
programmed for either 550 Hz or
1800 Hz. In the call progress moni-
tor mode, the low-band filter is
scaled down by a factor of 2.5 to
center it over a frequency range of
300 to 660 Hz. Thus, during call
establishment in the originate
mode, call progress tones can be
monitored through the scaled low-
band filter and the modem answer
tone or voice can be monitored
through the unscaled high-band
filter.

The low-band filter is a 10th order
switched-capacitor band-passfilter
with a center frequency of 1200 Hz.
In the originate mode, this filter is
used in the transmit direction; in
the answer mode it is used in the
receive direction. When analog
loopback is used in the originate
mode, this filter, together with the
low-band delay equalizer, is in the
test loop. In the Call Progress
Monitoring mode, the filter re-
sponse is scaled down by 2.5, mov-
ing the center frequency to 480 Hz.

The low-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the low-
band filter and half of the compro-
mise line characteristics, producing
a flat delay response within the
pass-band.

The high-band filter is a 10th order
switched-capacitorband-passfilter
with a center frequency of 2400 Hz.
In the answer mode, this filter is
used in the transmit direction; in
the originate mode, it is used in the
receive direction. When analog
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loopback is used in the answer
mode, this filter, together with the
high-band delay equalizer, will be
in the test loop.

The high-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the high-
band filter and half of the compro-
mise line characteristics, producing
a flat delay response within the
pass-band. The transmit smooth-
ing filter is a second order low-pass
switched-capacitor filter that adds
the modem transmit signal to the
DTMF or V.22 guard tones. Italso
provides a 3 dB per step program-
mable gain function to set the
output level.

Receiver

The receiver section consists of an
energy detector, AGC, PSK de-
modulator, FSK demodulator,
descrambler, and sync/async
convertor.

The received signal is routed
through the appropriate band-pass
filterand applied to both the energy
detector and AGC circuit. The
energy detector is based on a peak
detection algorithm. It provides a
detection within17to24 ms. Itisset
to turn on when the signal exceeds
—43 dBm and turn off when the
signal falls below -48 dBm meas-
ured at the chip. A 2dB minimum
hysteresis is provided between the
turn on and turn off levels.

The AGCcircuitisa programmable
gain amplifier that covers a wide
range. Output of the AGC ampli-
fier is rectified and compared with
two preset levels corresponding to
desired high and low limits. Out-
puts of the comparators control an
up/down counter such that the
received signal is amplified to the
desired level. Receive signal input
range is 0 to -45 dBm measured at
the chip.

The PSK demodulator uses a coher-
ent demodulation technique. Out-
put of the AGC amplifier is applied
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to a dual phase splitter that pro-
duces an in-phase and 90 degree
out of phase component. These
components are then demodulated
to baseband in a mixer stage where
individual components are multi-
plied by the recovered carrier. The
baseband components are low-
pass filtered to produce I and Q
channel outputs. (In phase and
Quadrature). TheI and Q channel
outputs are rectified, summed and
passed through a band-pass filter
giving a 600 Hzsignal. Thesignalis
applied to a digital phase lock loop
(DPLL) to produce a baud rate
clock. Using the recovered clock
signal, the I and Q channels are
sampled to produce the received
dibitdata. Therecovered carrier for
the demodulator is generated by
another PLL which is controlled by
the amplitude of the error signal
formed by the difference of the I
and Q outputs.

The descrambler is similar to the
scrambler. The received dibit data
is applied to the D input of a 17-bit
shift register clocked at 1200 Hz.
Outputs from the 14th and 17th
stages are exclusive OR’d and fur-
ther exclusive OR’d withinputdata
to produce received data.

In the asynchronous mode, data
from the descrambler is applied to
the sync/async convertor to recon-
struct the originally transmitted
asynchronousdata. Fordata which
had stop bits deleted at the trans-
mitter (over-speed data), these stop
bits are reinserted. Underspeed
data is passed essentially
unchaged. Output of the sync/
async convertor along with the
output of the FSK demodulator is
applied toamultiplexer. The multi-
plexer selects the appropriate out-
put, depending on the operating
speed, and outputs received data
on the RXD pin.

For low speed operation, the FSK
demodulatoris used. The output of
the AGC amplifier is passed
through a zero crossing detector
and applied toacounterthatis reset
on zero crossings. The counter is

designed to cycle at a rate 4 times
faster than the carrier signal. The
counter output is low-pass filtered
and hard limited to generate FSK
data.

Hybrid

The signal on the phone line is the
sum of the transmit and receive
signals. The hybrid subtracts the
transmitted signal from the signal
on the line to form the received
signal. It is important to match the
hybrid impedance as closely as
possible to the telephone line to
produce only the received signal.
When the internal hybrid is used,
this matching is provided by an
external resistor connected be-
tween the RXA1 and RXA2 pins on
the SC11015. The filter section
provides sufficient attenuation of
the out of band signals to eliminate
leftover transmit signals from the
received signal. The hybrid also
acts as a first order low-pass anti-
aliasing filter.

Internal Hybrid

The SC11015 internal hybrid,
shown in Figure 1, is intended to
simplify thephone line interface. In
addition, there is a gain select fea-
ture to compensate for the loss in
the line coupling transformer used
inthe DAA. By tyingthis pintoV,
ground or Vj,;, compensation lev-
els of 0, +2 or +3 dB, respectively,
are provided.

With a higher loss transformer,
some degradation in performance
at lower signal levels will occur.
Specifically, the bit error rate, when
operating at receive signal levels
below —40 dBm in the presence of
noise, will be higher. The energy
detect on/off levels measured at
the line will also be different from
those specified at the chip. Witha3
dB loss transformer for example,
the energy detect on/off levels
measured at the line will be in the
range of —40/-45 dB rather than
—43/-48 dB as specified at the chip,
if the internal compensation is not
used.




External Hybrid

Theexternal hybrid circuit uses two
operational amplifiers, one in the
transmit path and the other in the
receive path. The SC11015 internal
transmit stage provides a gain of 6
dB over the transmit signal level
desired at the line. For example, if
the TLC1, TLCO level control codes
are set to 0 and 1 respectively so as
toobtain—-9dBmattheline, the chip
actually puts out -3 dBm at the
TXOUT pin (pin 11). Under ideal
conditions, with no loss in the
transformerand perfect line match-
ing, the signal level at the line will
then be the desired -9 dBm. In
practice however there is imped-
ance mismatch and a loss in the
coupling transformer. Therefore it
may be desired to provide a gain in
the transmit and receive paths to
overcome theloss. The receivegain
Gy and transmit gain G, are set by
theratios of resistors R2,R1 and R6,
RS respectively (Figure 2).

The circuit can be analyzed as
follows:

-_R R2}(_R4
R=" R (VTR) "(1 +m) (R3+R4) Yy

Vy = % vx

If R6/R5 is chosen to equal the loss
in the transformer, it can be as-
sumed that V, is twice as high as
Vi (transmit portion of the total
line signal). Since Vi =V, + Vp,
and V, =2V,

R R2) (Rt
R"=-® (V'IX*VRX)*(“RI)(R;MN)WTX
_ R R\ (2R | R
=- /1 VRx *[(“m) (x.w"_m m]VTX

To eliminate any transmit signal
from appearing at the received sig-
nal input, the second term in the
above equation must be set to zero,
giving:

8 (F)-%

Solving for R3/R4
R3 2R1

— ] —

R2
Additionally,

R2 R6
=R andG.l,:E

These equations can be solved to
select component values that meet
the desired requirements. For ex-
ample, if the transmit and receive
loss in the coupling transformer is

2.5dB, then:

R _ GRrdB 25Y) _
ﬁ_mvu;s( X )=INVL03(20)-1.333

o R6 _ R3 _
Similarly, T= 1.333 and R =25
Some typical values are:

R1=20kQ, R2=27kQ, R3=13kQ,
R4=5.1kQ, R5=20 kQ and R6=27 kQ

It should be noted that the transmit
amplifier is only needed to over-
comethelossinlinecoupling. Itcan
be eliminated since the transmit
signal level specification is typi-
cally stated as a maximum. Ampli-
fier B, resistors R5 and R6 and
capacitor C1 can be eliminated and
point X connected to point Y in the
circuit of Figure 2 to achieve a more
cost effective external hybrid
arrangement.

The SC11015 with the internal hy-
brid may also be used on a 4-wire
system where the transmit and re-
ceive signals are kept separate. In
this mode, RXA2 is connected to
ground and the receive signal is
connected to RXA1. The transmit
signal is connected to a 600 Q line
transformer through a 600 Q
resistor.

Tone Generator

The tone generator section consists
of a DTMF generator and a V.22
guard tone generator. The DTMF
generator produces all of the tones
corresponding to digits 0 through 9
and * and # keys. The V.22 guard
tone generator produces either 550
Hz or 1800 Hz. Selection of either
the 550 Hz or 1800 Hz tone will
cascade the corresponding notch
filter with the low-band filter. The
tones are selected by applying
appropriate codes through the
Data I/O pin. Beforea tone can be

generated, tone mode must be se-
lected. Facility is also provided to
generate single tones correspond-
ing to the individual rows or
columns of the DTMF signal.

Audio Output Stage

A programmable attenuator that
candriveaload impedance of 50 kQ
is provided to allow monitoring of
the received line signal through an
external speaker. The attenuator is
connected to the output of the hy-
brid. Four levels of attenuation —
no attenuation, 6 dB attenuation, 12
dB attenuation and squelch are
provided through the ALC1, ALCO
audio output level control codes.
Output of the attenuator is avail-
able on the audio output pin where
anexternal audio amplifier (LM386
type) can be connected to drive a
low impedance speaker. The out-
putcandirectly drivea highimped-
ance transducer, but the volume
level will be low.

Crystal Oscillator

The SC11015 includes an inverting
amplifier between pins 20 and 21
with an internal bias resistor to
simplify the design of the crystal
oscillator. The parallel resonant,
7.3728 MHz 10.001% crystal, de-
signed for a load capacitance of 20
PF, should be connected across pins
20and 21. Two capacitors of typical
values 27 pF from pin 20 to digital
ground (DGND pin 22) and 47 pF
from pin 21 to DGND should be
connected. With the recommended
crystal, Saronix, NYMPH, NYP073-
20 and these capacitor values, a
highly accurate and stable crystal
oscillator can be designed. Since
the carrier frequency must be
within #0.01% of the normal 1200/
2400 Hz, it is important to measure
the actual crystal oscillator fre-
quency at CKOUT (pin 23) and
adjust the external capacitors for
a given circuit board layout, if
necessary.
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Figure 2. Using an External Hybrid with the SC11015

FUNCTIONAL DESCRIPTION OF THE SC11007 AND SC11008 CONTROLLERS

The SC11007 modem controller,
implemented in Sierra’s two mi-
cron CMOS process, was designed
specifically to handle all of the
modem control functions, as wellas
the interface to a system bus. Be-
sides including an 8-bit micropro-
cessor, 8k by 8 bytes of ROM and
128 by 8 bytes of RAM, it also con-
tains the functionality of an 8250B
UART, greatly simplifying the in-
terface to a parallel system bus,
suchastheoneused inIBM’sPC. In
fact, a complete, Hayes compatible
modem for the PC consists of the
SC11007 controller, the SC11004/
14/15 modem and the DAA. All of
the popular communications soft-
ware written for the PC will work
with the 5C11004/14/15/5C11007
set.

Another version of the controller,
the SC11008, is intended for RS-232
applications. It contains the same
processor, memory and UART as
the 5C11007 and has the same inter-
face to the modem chip. Thediffer-
ence is that the UART is turned
around so the serial data from the
RS-232 port is converted to parallel
120

data handled by the internal proc-
essor. Pins are provided for con-
necting the familiar switches and
indicator lamps found on most
stand-alone modems, although the
switches and lamps are not needed
for operation—all of the switch set-
tings canbedonethrough software.

The SC11008 provides a standard 5
V logic level interface—RS-232
drivers are required to interface to
the port. Like the SC11007, the
S5C11008 comes preprogrammed
with the Hayes ‘AT’ command set,
and when used with the SC11015
modem, emulates a Hayes-type
stand-alone modem. The SC11007
and SC11015 emulates a Hayes-
type IBM PC plug-in card modem.

But the chip set is by no means
limited to implementing a Hayes-
type smart modem. Sierra is in the
custom IC business and both chips
were designed with this in mind.
For example, only about 6K bytes of
the SC11007’s ROM is used for the
handshaking and smart modem
code, leaving 2K bytes for addi-
tional features that a customer may

specify. And since the controller is
ROM programmable, any com-
mand set, not just the Hayes ‘AT’
set, can be implemented.

Both the SC11007 and SC11008
require +5 V and are available in
either a 28-pin DIP or a 28-lead
plastic chip carrier with 7}’ leads for
surface mount applications. Be-
sides the four-line interface for the
SC11004/14/15 modem, the
SC11007 controller has a 8-bit data
port, three address lines, a chip se-
lect input, an interrupt line, and the
DOST and DIST control lines found
in the 8250B UART. It also has
control lines for ring indication, the
off-hook relay and data/voice re-
lay; these three lines connect to the
DAA.

In the SC11008, the 8-bit port be-
comes the switch input lines and
the address, chip select, DIST and
DOST lines become the six lines for
the RS-232 interface. These six lines
are also used to drive the LEDs.
Internally, all of these lines are
treated as programmable /O ports
under software control—so the




main difference between the
SC11007 and SC11008 is the ROM
code. It also contains the same
modem and DAA interface lines as
the SC11007.

The SC11007 and SC11008 are truly
ASIC controllers—they are de-
signed to control a modem or other
peripheral that operatesatamoder-
ately slow rate up to 1200 bits per
second. What's unique about the
SC11007, for example is that it al-
lows a slow peripheral to interface
to a high speed bus, without mak-
ing the main processor slow down.

This is done through the UART
interface and the on-chip registers
which look somewhat like dual

port registers. The main processor
can write to and read from them at
will, while the on-chip controller
cando the same. Thecontroller was
designed this way because most
communications software has to
have unrestrained access to the
UART registers. To make the
SC11007 compatible with this soft-
ware, the registers were included.

Theinternal processor monitorsthe
registers to determine the mode of
operation—command mode or
data mode; at power-up it is auto-
matically put in the command
mode and it looks for instructions.
Once carrier is detected, it goes into
the data mode, and stays there until
an escape sequence is entered, just

like in a Hayes-type modem. The
escape sequence is three + signs—
+++ —in the default mode, but it
can be changed in software.

The actual processor contains an
8-bit data path and can execute 19
instructions with five different
addressing modes: direct, indirect,
immediate, register direct and reg-
ister indirect. There is 8K by 8 of
ROM on chip for program storage.

To the system bus, the SC11007
looks and acts just like an 8250B
UART. Communications software
written for this UART will work
withtheSC11007 and SC11008. The
Sierra chip set is truly a Hayes-type
modem in two chips.

CONNECTION DIAGRAMS—SC11007 AND SC11008 CONTROLLERS
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THE SC11015 & SC11007/SC11008 SYSTEM

The only external components re-
quired by the SC11015are the 600 Q
line matching resistor, a 7.3728
MHz crystal—a standard fre-
quency—and a 20 & 47 pF capacitor
from each leg of the crystal to
ground. That’sall! If it is desired to
drive a speaker to monitor the line,
an amplifier like the LM386 can be
added, but the output provided on
the SC11015 can directly drive a
high impedance (50 kQ) earphone-
type transducer.

The controllers support asynchro-
nous, 10-bit words only.

The SC11007 modem controller’s
clock in line is driven by the
SC11015’s clock out line, so only
one crystal is needed. The SC11007
interfaces directly to an IBM PC
bus—no buffers are required. The
only external parts may be for
COM1, COM2 & CS decoding
inside the PC.

For tone dialing, the controller
sends a code to the modem chip
which in turn puts out thecalled for
DTMF tone on the line via the on-
chip DTMF generator. For pulse
dialing, the controller pulses the

OH (off hook) relay. Both dialing
modes work with the built-in call
progress algorithm so they won’t
start dialing until a dial tone is
detected.

All modems require a DAA. A
DAA or data access arrangement
is a piece of equipment required by
the FCC to connect anything to the
general switched telephone net-
work. It consists of an isolation
transformer, typically 600 Q to 600
Q; a relay for disconnecting the
modem from the line; a ring
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detector, typically an optoiso-
lator; and high voltage surge pro-
tectors. The DAA has to be FCC
registered and this can be done by
any of many consultants and labs
around the country. The fee s typi-
cally $2,000 and it takes several
months. Another alternative is to
buy a DAA, supplied by several
manufacturers.

212A isa Bell specification that calls
for 1200 bit per second, full or half
duplex data transmission with a
fallback mode of 300 baud (Bell
103). It is not 1200 baud; the spec
calls for transmission of dibits—2

bits per baud so the 1200 bps trans-
mission takes place at 600 baud.
The same is true for V.22—it’s 1200
bps or 600 baud. V.22 does not call
for a 300 baud fallback; there is a
CCITT standard for 300 and that’s
V.21,

V.22 also calls for guard tones to be
sent along with the data. In most of
Europethetoneis 1800 Hz except in
Sweden where 550 Hz is used. The
5C11015modem hasthe550 Hzand
1800 Hz tone generators built in as
well as the 550 and 1800 Hz notch
filter to remove the guard tone
when in the receive mode.

All modems require a Hybrid.
Hybrid is a term used to describe a
circuit, passive or active, that takes
the separate transmit and receive
signals and combines them to go
overthe phoneline. IntheSC11015,
this is done with op amps, but the
separate signals—TXOUT and
RXA2—are also brought out so an
external hybrid can be used, if de-
sired. The combined signal comes
out on the RXA1 pin and matching
resistor—typically 600 Q — is con-
nected between RXA1 and RXA2.

SC11015 SPECIFICATIONS
Table 1. Definition of /O Codes

modem as shown below:

1. Instructions to the modem IC (See Note 1and 2). Data on the DI/O pin shifted into the modem when WRis low,
onrising edges of the SCK clock. Dataistransferred into alatch when WR goes high. (See Figure 2 for writecycle
waveforms). Up to 7 data bits (D0-D6) can be sent to the device. These bits control the operating modes of the

HEX
Dé D5 D4 D3-DO CODE MODE/FUNCTION
Non tone mode:
0 1/0 0 0 20/00 Reset (set default values)
0 1/0 0 1 21/01 Tone On/Off (tone mode enable/disable)
0 1/0 0 2 22/ Force Receive Data to Mark Off/On (forces RXD pin High if On)
0 1/0 0 3 23/03 TLCO Transmit Level Control bit 0 (default 0)
0 1/0 0 4 24/04 TLC1 Transmit Level Control bit 1 (default 0)
0 1/0 0 5 25/05 TX Transmitter On/Off (if Off, TXOUT is grounded)
0 1/0 0 6 26/06 ALB Analog Loopback On/Off
0 1/0 0 7 27/07 CPM Call Progress Monitor mode On/Off
0 1/0 0 8 28/08 Connection Indicator (CI) On/Off (see note 4 below)
0 1/0 0 9 29/09 ALCO Audio Output Level Control bit 0 (default 0)
0 1/0 0 A 2A/0A ALC1 Audio Output Level Control bit 1 (default 0)
0 1/0 0 B 2B/0B WLS0 Word Length Select 0 (default 0)
0 1/0 0 C 2C/0C WLS1 Word Length Select 1 (default 1)
0 1/0 0 D 2D/0D Sync/Async
0 1/0 0 E 2E/OE LS/HS: Low Speed/High Speed (FSK/PSK)
0 1/0 0 F 2F/0F A/O: Answer /Originate
0 1/0 1 0 30/10 Transmit Mark On/Off
0 1/0 1 1 31/11 Transmit Space On /Off
0 1/0 1 2 32/12 Scrambler Off/On
0 1/0 1 3 33/13 DLB Digital Loopback On/ Off (also sets Synchronous, Slave Mode)
0 1/0 1 4 34/14 TXDP Transit Dotting Pattern On/Off (Not valid for V.21 mode)
0 1/0 1 5 35/15 Sync Mode Transmit Timing Locked /Free Running
0 1/0 1 6 36/16 Sync Mode Transmit Timing Source External /Slave
0 1/0 1 7 37/17 2100 Hz tone On/Off. Must select low speed mode for operation.
0 2/0 1 8 38/18 1300 Hz tone On/Off. Must select low speed mode for operation.
0 1/0 1 9 39/19 V.21 mode. Must select low speed mode for operation.
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HEX
Dé D5 D4 D3-DO CODE MODE/FUNCTION
Tone mode:
1 1/0 0 0 60/40 Dial 0
1 1/0 0 1 61/41 Dial 1
1 1/0 0 2 62/42 Dial 2
1 1/0 0 3 63/43 Dial 3
1 1/0 0 4 64/44 Dial 4
1 1/0 0 5 65/45 Dial 5
1 1/0 0 6 66/46 Dial 6
1 1/0 0 7 67/47 Dial 7
1 1/0 0 8 68/48 Dial 8
1 1/0 0 9 69/49 Dial 9
1 1/0 0 A 6A/4A Dial *
1 1/0 0 B 6B/4B Dial #
1 1/0 0 C 6C/4C Output 550 Hz and insert 550 Hz notch in low-band filter
1 1/0 0 D 6D/4D Output 1800 Hz and insert 1800 Hz notch in low-band filter
1 1/0 0 E 6E/4E Row disable On/Off (For DTMF test only)
1 1/0 0 F 6F/4F Column disable On /Off (For DTMF test only)
WLS1 WLSO0 Word Length
0 0 8 bits
0 1 9 bits
1 0 10 bits (default)
1 1 11 bits
TLC1 TLCO Transmitter Output Level (dBm) (Note 3).
0 0 -6
0 1 -3 (default)
1 0 0
1 1 +6
ALC1 ALCO Audio Output Level
0 0 Output Off (default)
0 1 12 dB attenuation
1 0 6 dB attenuation
1 1 No attenuation

Notes: 1. Default values for the operating modes on power up are those shown to the right of the ‘/’ unless otherwise
specified.

Data is shifted in and out of the modem with LSB first.

Using the internal hybrid and a 600 Q resistor, these levels will be 6 dB lower at the input to the transformer.
After a connection is established, turn CI on to disable unnecessary functions, i.e. if a PSK connection is
established, turning CI on will turn off the FSK demodulator.

RN

2. Information from the modem IC. Data is read serially from the modem when RD is low, on rising edges of the
SCK clock. (See Figure 3 for read cycle waveforms). Up to 4 data bits (D0-D3) can be read as defined below:

DO Energy Detect 0—no energy 1—energy present

In the CPM mode, the energy detector is connected to the output of the high band filter, if ALB is off, or the scaled
low band filter, if ALB is on.

D1 Received data (FSK)  1—Mark 0—Space
D2 Received data (PSK) ~ 1—Mark 0—Space
D3 Unscrambled Mark 1—Detected 0—Not Detected
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Figure 3. Waveforms for Write and Read Cycles

Serial Interface — The 4 line serial
interface consists of a bidirectional
data pin (DI/O), a write control pin
(WR), aread control pin (RD)and a
clock pin (SCK). In the inactive
state, WR, RD and SCK lines must
be held in the high state. The read
and write functions are controlled
only by the mircocomputer. To
write data into the SC11015 (see
timing waveforms of Figure 2), the
controller must first make the WR
linelow. Theleast significant bit DO
of the dataisthen placed ontheDI/
Oline. The SCK lineis thentoggled
low and then high to shift the data
bit into the SC11015 input register.
Data is shifted into the input regis-
ter on the rising edge of SCK.

There is no special requirement on
the duty cycle of the clock signal.
The minimum pulse width and
data setup times specified in the
specifications table must be met.
The remaining data bits D1 thru Dé

are shifted by repeating the above
procedure. Only 7 data bits should
besent. Ifan 8th databit is sent, the
first data bit DO will be lost from the
input register. The received data
will then be D7-D1 rather than
D6-D0. To read data from the
SC11015 (see timing waveforms of
Figure 3), the RD line is first made
low. The least significant bit DO is
now available on the DI/O line.
The SCK line is toggled low and
then high to shift the next data bit
out of the SC11015 output register.
The SC11015 shifts the data out on
the rising edges of SCK. The con-
troller should read data on the fall-
ing edges of SCK when it will be
stable. Note that DO appears on the
DI/O line as soon as RD is taken
low. If the controller only wants to
read the status of the energy detec-
tor, there is no need to toggle SCK
line. By making RD low, the energy
detector level can be read by read-
ing DI/O. RD can then be taken

high. Read operation is terminated
by makingthe RDline high. If more
than 4 bits are read, the additional
bits are returned as 0’s.

In the READ mode, the values of
DO, D1, D2 and D3 do not changeas
long as RD is low, even though the
chip status may be changing. To
read out the updated values of
these bits, RD must be pulled high
for at least 1 ms and then taken low
again to initiate another read cycle.

The read and write operations can
be performed by two simple I/O
drivers shown in table 2. The
RDMO-DEM subroutine reads
data from the 5C11015 and places it
in the accumulator with the high
nibble set to zero. The WTMODEM
subroutine sends data placed inthe
accumulator to the SC11004/14.
Both subroutines use register R7 in
bank 1 as a data bit counter.

SYNCHRONOUS OPERATION

Transmitter Timing

Case 1 — SC11015 Provides the
Timing to the Data Terminal Equip-
ment (DTE). See Figure 4.

If the DTE can lock to an external
clock, then all that needs to be done
isto putthe SC11015inthe synchro-
nous mode (2D). This provides a
1200 Hz clock on the TXCKO Pin
that canbe used asa clock source for
the DTE to synchronize its TXD to.
The Transmit Phase-Locked-Loop
(TX PLL) of the SC11015 will be in
free-runing mode. As a result,
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External/Slave input codes will be
ignored by the chip.

Case 2 — S5C11015 Should Lock Its
Transmit Timing to the Clock
Source Provided by the DTE.

In this case, after selecting synchro-
nous mode (2D), also select
“Locked” (35) and “External” (36)
modes.

The TX PLL of SC11015 will then

synchronize itself to the clock pro-
vided on its “TXCK1” pin.

Receiver Timing

In synchronous mode, the recov-
ered clock will be provided on the
RXCK pin and the transitions of
RXD will be on the falling edges of
this clock.




SYNCHRONOUS MODE CHART

Transmitter Timing

Locked (35) External (36) TX PLL locks to clock provided on TXCK1

Slave (16) TX PLL locks to receiver timing. Should be used in DLB mode only.

STOLLDS

Free Running (15) | External/Slave TXPLL is free running and ignores External or Slave inputs.

TRANSMITTER

TXCK1
INPUT TX CLOCK
TXD
INPUT DATA

TXCKO | |
TXPLL OUTPUT

CLOCK |  —
[¢———— 1200 Hz ————J

RECEIVER

RXCK i § {

RXD :)l( )|(

Note: 1 SC11015 will sample the data on the rising edge of TXCK1 clock.

Figure 4. SC11015 Synchronous Mode Diagrams

Absolute Maximum Ratings (Notes 1, 2 and 3)

Supply Voltage, V. 6V
Supply Voltage, V, -6V
DC Input Voltage (Analog Signals) V0.6 to V +0.6 V
DC Input Voltage (Digital Signals) V0.6 to VCC:O.G \%
Storage Temperature Range —65 to 150°C
Power Dissipation (Note 3) 500 mW
Lead Temperature (Soldering 10's) 300°C

Notes: 1. Absolute maximum ratings are those values beyond which damage to the device may occur.
2. Unless otherwise specified, all voltages are referenced to ground.
3. Power dissipation temperature derating — Plastic Package: -12 mW/C from 65°C to 85°C.

Operating Conditions
PARAMETER DESCRIPTION CONDITIONS MIN TYP MAX | UNITS

T, Ambient Temperature 0 70 °C
Ve Positive Supply Voltage 4.5 5.0 5.5 v
Vs Negative Supply Voltage —4.5 -5.0 -5.5 A

GND Ground 0 \'
F. Crystal Frequency 73721 | 73728 | 73735 MHz

Te T Input Rise or Fall Time (Note 4) 500 ns

Notes: 4. Does not apply to CKOUT. 125
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DC Electrical Chracteristics (Note 5)
PARAM. DESCRIPTION CONDITIONS MIN | TYP | MAX | UNITS
Ic Quiescent Current V=5V 15 mA
I Quiescent Current V=5V 15 mA
Digital Signal Pins
Vi High Level Input Voltage RD, WR, D 1/0, SCK, 2.0 \Y%
TXCK1, TXD
Digital Signal Pins
\ Low Level Input Voltage RD, WR, D1/0, SCK, 08 \%
TXCK1, TXD
Digital Signal Pins Ioy=40pA 40 \Y%
Vou High Level Input Voltage D1/0, RXD, TXCKO,
RXCK Iy =500 pA 2.0 \Y%
Digital Signal Pins
Vou Low Level Input Voltage DI/O,RXD, TXCKO, I, =1.6mA 04 0.6 \%
RXCK
Vom Maximum Output Signal TXOUT, RL = 1200 Q 4.0 VW
(TLC=1,TLCO=0)
Viu Maximum Input Signal RXA1, RXA2 (Using Internal Hybrid) 4.0 VH’
Note:  5.Min and max values are valid over the full temperature and operating voltage range. Typical values are from 25°C
and 15 V operation.
DTMF Generator {(Note 1)
PARAMETER NOMINAL FREQ. ALLOWABLE ERROR ACTUAL ERROR
Row 1 697 Hz +1% +0.17%
Row 2 770 Hz +1% —0.26%
Row3 852 Hz +1% +0.16%
Row 4 941 Hz +1% -0.47%
Column 1 1209 Hz +1% -0.74%
Column 2 1336 Hz +1% -0.89%
Column 3 1477 Hz +1% -0.01%
550 Hz +20Hz -1.4Hz
Guard Tones
1800 Hz +20Hz +7 Hz
PARAMETER CONDITIONS MIN TYP MAX UNITS
Second Harmonic Distortion —40 dB
Row Output Level V=45V 0 dBm
Column Output Level Vs =5V 2 dBm
TLCO=1
550 Hz Guard Tone TLC1=1 -3 dB (Note 2)
1800 Hz Guard Tone Measured at TXOUT Pin - dB (Note2)

Notes: 1. This assumes a crystal of exactly 7.372800 MHz.
2. These levels are referenced to the TX signal level. When guard tones are added, the TXOUT level is adjusted to
maintain a constantlevel on theline. For 1800 Hz, the adjustmentis -0.97 dB; for 550 Hz, the adjustment is-1.76 dB,
per the CCITT specification.




Modem Transmit Signals—Hz (Assume 7.372800 MHz Crystal) (q))
BELL 103 CCITT V.21 212A/V.22 ".5‘
MODE NOMINAL | ACTUAL | NOMINAL | ACTUAL| NOMINAL | ACTUAL G
Mark 2225 2226 1650 1649.4
Answer 2400 2400
Space 2025 2024.4 1850 1850.6
Mark 1270 1269.4 980 978.34
Originate 1200 1200
Space 1070 1070.4 1180 1181.53
Calling Tone 1300 1301.7 1300 1301.7
Answer Tone 2100 2096.9 2100 2096.9
Transmitter
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Character Length Start Bit + Data Bit + Stop Bit 8 11 bits
Intra-Character Bit Rate AT TXD (Pin 14) 1170 1200 1212 bps
Input Break Sequence Length M = Character Length 2M +3 bits
Output Level Tolerance +1 dB
Receiver
PARAMETER CONDITIONS MIN TYP MAX | UNITS
Input Signal Range AT RXA1 —45 0 dBm
Intra-Character Bit Rate AT RXD (Pin 13) 1170 1200 1224 bps
Carrier Detect AT RXA1 (Pin 9) -48 43 dBm
Carrier Detect Hysteresis 2 dB
Carrier Detect Delay For 103, 212A and V.22 10 20 30 ms
Carrier Detect Hold For 103, 212A and V.22 15 20 24 ms
Carrier Detect Delay For V.21 Mode 15 30 40 ms
Carrier Detect Hold For V.21 Mode 20 30 50 ms
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APPLICATIONS INFORMATION
Why a Modem/What's a Modem

Thevoice frequency channelsofthe
general switched telephone net-
work have been used extensively
for the transmission of digital data.
To use these channels, the data
must be put in a form that can be
sent over a limited bandwidth line.
In voice grade telephone networks,
transformers, carrier systems and
loaded lines attenuate all signals
below 300 Hz and above 3400 Hz.

While the bandwidth from 300 Hz
to 3400 Hz is fine for voice transmis-
sion, it is not suitable for the trans-
mission of digital data because
the data has many frequency com-
ponents outside this range. To
transmit data over phone lines, it
is necessary to convert the digital
data into a signal that is totally
within the voice frequency range.
This conversion is performed
by a MODEM (MODulator
DEModulator).

In full duplex data transmission—
the simultaneous sending and
receiving of data—Frequency Divi-
sion Multiplexing (FDM) can be
used for data rates up to 2400 bits
persecond. InFDM, the voicechan-
nelis divided into upper and lower
bands (called the high band and the
low band); one is used for sending
and the other for receiving data.
The originating terminal transmits
in the low band and receives in the
high band, while the answering
terminal transmits in the high band
and receives in the low band.

In low speed modems (300 bit per
second transmission rate), the
modulation technique commonly
employed is called Frequency Shift
Keying (FSK). In FSK modems,
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four separate frequencies are used;
1070 Hz for a zero (also called a
space) in the low band, 1270 Hz for
aone (amark) inthelowband, 2025
Hz for a zero in the high band and
2225 Hz for a one in the high band.
The transmitting modem takes the
digital ones and zeros from the ter-
minal and converts them into the
proper tones which are then sent
over the phone line. The receiving
modem takes the tones and con-
verts them back to ones and zeros
and sends them to the receiving
terminal. Since four frequencies are
used, simultaneous transmitting
and receiving of data can beaccom-
plished.

Because of the limited bandwidth
of the phone line, FSK modems
only work up to 600 bits per second
for full duplex transmission. Thisis
due to the fact that when the mo-
dem shifts between the two fre-
quencies (for mark and space) it
generates a frequency spectrum (it
is a type of FM—frequency modu-
lation—transmission). The faster
the data rate, the wider the spec-
trum. The limit for full duplex FSK
transmission is 600 bits per second,
before the available audio spec-
trum is used up—allowing for
enough separation between the
frequency bands to reliably decode
or demodulate the data. There are
1200 bps FSK modems, but these
are half duplex—they can only
send OR receive data at 1200 bps.

In higher speed, full duplex mo-
dems (1200 bit per second transmis-
sion rate) a different modulation
technique isemployed. Called PSK
(for Phase Shift Keying), this tech-
niqueusesonecarrier frequency for
the high band—2400 Hz—and one
for the low band—1200 Hz—for

sending and receiving data. For
each carrier frequency (one for
transmitting and one for receiving),
one of four phase angles is used: 0,
90, 180, or 270 degrees. The data is
sent two bits at a time, or in dibits.
Since there are four ways to send
twobitsat atime—00,01,100r 11—
each of the four phases represents
one unique dibit. While the data
rate is 1200 bits per second, the
baud rate (the rate at which infor-
mation packets are sent) is 600
because two bits (dibits) are sent in
each packet. Again, 600 packets per
second (600 baud and, in this case,
1200 bps) is the limit for transmit-
ting full duplex data over the gen-
eral switched telephone network
using FDM.

Call Progress Monitor Operation

The modem controller uses the
high-band and low-band filters in
the SC11015 for call progress moni-
toring. When the SC11015 is putin
the CPM and originate mode, the
ALB mode provides a means of
connecting either the high-band fil-
ter (ALB=0) orthe scaled low-band
filter (290660 Hz) (ALB = 1) to the
energy detector. Output of the
energy detector is monitored by
reading bit DO for detection of call
progress or voice/answer informa-
tion, using the duration and repeti-
tion rateas thecriteria for detection.

A typical call establishment
sequence is as follows:

Dial tone detection— The control-
ler puts the SC11015 in the Origi-
nate, CPM mode with ALB =1 and
operates the off-hook relay in the
DAA by making the OH output
high. After a short delay (typically
300 ms), it monitors the output of




the energy detector (ED). If the
output is continuously high for at
least 1 second; it is recognized as a
valid dial tone. If the output is not
continuous then the controller con-
tinues to monitor until a timeout
occurs (typically 5 seconds). If a
dial tone is not detected within this
timeout, the controller returns a
‘NO DIAL TONE’ message to the
DTE and aborts the call. If a dial
tone is detected, it proceeds to dial
the number as follows.

Dialing—The controller will use
the specified format (tone or pulse).

If a pause is required in the dialing
sequence for a second dial tone,
then after dialing is done, the con-
troller will wait for approximately
2.5 seconds and then start to moni-
tor the ED output by alternately
toggling the ALB mode at a rate of
approximately 200 ms. This allows
detection of ringback/busy call
progress tones or voice/answer
tone. The toggling rate is based on
the settling times of the filters as
well as the response time of the ED.
Once energy is detected at the out-
put of the ED, the controller will
maintain the selected ALB mode
until detection is made. The criteria
forvariousdetectionsare described
below.

Busy tone detection—If the num-
ber of transitions of the ED output
exceeds 7 over the 5 second win-
dow when looking for ringback
tone, it will beassumed to be a busy
signal. The controller will then
abort the call and return a ‘BUSY’
message to the DTE (in X4 mode).

Answer tone detection—If the
output of the high-band filter is
continously high for at least 2 sec-
onds, the controller will assume it
to be an answer tone from the
distant modem, then returns
‘CONNECT’ and proceeds with
handshaking sequence necessary
to establish a data call.

If bust tone or answer tone is not
detected within the time specified
in S7, the controller hangs up and
returns 'NO CARRIER’ message.

Silence detection—If the cumula-
tive duration of ED over the 5 sec-
ond window is lessthan 0.7 second,
once the window is started, it is
recognized as silence. The control-
ler then returns a ‘'NO ANSWER’
message to the DTE and aborts the
call.

Specific Applications

The SC11015 modem performs all
the signal processing functions
required in a 212A/V.22 modem.
Like all modem:s, it requires an ex-
ternal controller to implement the
handshaking protocols and control
functions. The controller’s task is
simplified by the use of a 4 line
serial interface as opposed to a
multiline parallel interface. In par-
ticular, only I/O pins are used ona
single chip microcomputer. More
pins are then available for other
interfaces such as DAA, RS-232,
switches and lights. In most mo-
dem applications this will elimi-
nate the need for external latches
and buffers foradditional /O pins.

Figure 5 shows the SC11015
modem IC used with the SC11007
controller to make a complete par-
allel bus Hayes-type smart modem.

Figure 6 shows the SC11015
modem IC used with the SC11008
controller to make a complete
RS-232 serial interface Hayes-type
smart modem.

Figure 7 shows the schematic of a
stand-alone smart modem imple-
mented with the SC11015 and the
8031—the ROMless version of the
8051 microcomputer. Even though
16-port1/O pins are used up on the
8031 for interfacing with the exter-
nal ROM, enough pins are still
available for the other interfaces
because of the serial interface used
on the SC11015. The 8031 micro-
computer was selected because of
its wide use in current stand-alone
and integrated smart modems.

Oscillator— The SC11015 includes
an inverting amplifier and a bias
resistor so that a crystal oscillator
can be designed by connecting a
7.3728 MHz crystal and two capaci-
tors (27 pF and 47 pF) to XTALT and
XTAL2 pins as shown in the sche-
matic. A buffered TTL compatible
clock output is available on the
CLOCK OUT pin to drive the
microcomputer.

ST0TIOS
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Figure 5. Internal 212A/V.22 Smart Modem Using the SC11015 Modem IC and the SC11007 Controlier

Notes:
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1. Connecting GS (pin 8) to ground compensates for 2 dB loss in the coupling transformer.

2. Analog ground (<) and digital ground (-1) should be routed separately and connected together at the
common point of the power supply for best performance.

3. Power supply decoupling capacitors should be tantalum type.
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common point of the power supply for best performance.
3. Power supply decoupling capacitors should be tantalum type. 131
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Figure 7. 212A/V.22 Stand-Alone Smart Modem Using the 8031 Controller with SC11015 Modem

Notes: 1. Connecting GS (pin 8) to ground compensates for 2 dB loss in the coupling transformer.
2. Analog ground (<) and digital ground (L) should be routed separately and connected
together at the common point of the power supply for best performance.
3. Power supply decoupling capacitors should be tantalum type.
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Power Supply Decoupling and
Circuit Layout Considerations

For optimum performance and to
obtain the best possible perform-
ance at low received signal levels
with low S/N ratio, it is important
to use the recommended power
supply decoupling circuitas shown
in Figures 5,6, and 7. Small induc-

negative supplies help suppress
RFI as well as improve the power
supply noise rejection capability of
the SC11015 when used with the
decoupling capacitors. The 10 uF
capacitors should be tantalum type
while the 0.1 pF capacitors should
have a good high frequency rejec-
tion characteristic, monolithic
ceramic types are recommended.

It is important to locate the decou-
pling capacitors as close to the ac-
tual power supply pins of the
SC11015 as possible. It is also rec-
ommended that the analog ground
and digital ground buses be routed
separately and connected at the
common ground pointofthe power

supply.

ST0TLDS

tors in series with the positive and

WTMODEM: CLR P14 ;WR - 0; Initiate Write Cycle
SETB RSO Select Bank 1
MOV R7, #7 ;Set Data Bit Counter to 7
OUTNEXT: RRC A ;Bit — Carry
CLR P16 ;Toggle Clock Line Low
JC SETPB ;Set/Clear DI/O Line on Carry
CLR P17
LJMP OUTPUT
SETPB: SETB P17 !
OUTPUT: SETB P1.6 ;Toggle Clock Line High
DINZ R7, OUTNEXT ;Loop Till Data Bit Counter is Zero
SETB P17 ;Return to Initial Condition
SETB P14
CLR RSO
RET
RDMODEM: CLR P15 RD-0 ; Initiate Read Cycle
SETB RSO
MOV R7, #8
INNEXT: CLR P1.6
MOV C,P1.7 ;Data Bit — Carry
RRC A ;And into Accumulator
SETB P1.6
DJNZ R7,INNEXT ;Loop Till Data Bit Counter is Zero
SETB P15 ;Return to Initial Condition
CLR RSO
RET

To dial a digit, the sequence shown below can be used. It is assumed that register R2 holds the digit to be dialed and
memory location S11 holds the on/off duration of the tines in milliseconds.

TDIAL: MOV A, #21H ;Turn on Tone Mode
LCALL WTMODEM
MOV A R2 ;Read Digit
ORL A, #60H ;Form Digit On Command
LCALL WTMODEM
MOV A, S11
MOV B, #10
DIV AB ;Find Number of 10 ms Increments
MOV R1,A Save It
LCALL DLOOP ;Wait 10 ms Times Number in R1
MOV R1,A ;Restore R1
MOV A R2 ;Form Digit Off Command
ORL A, #40H
LCALL WTMODEM
LCALL DLOOP ;Wait 10 ms Times Number in R1
LJMP NEXTDG ;Go for Next Digit

Table 2. Serial /O Driver Routines
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In the following examples it is as-
sumed that the clock frequency for
the 8031 is 7.3728 MHz and that
timer 0 is set in the auto-reload
mode cycling at the rate of 416.66
us. References are also made to
certain registers used in Hayes
compatible smart modems.

Initialization—The SC11015 does
not have a power on reset circuit.
The controller must put the device
into the proper operating mode on
power turn on. By sending a reset
code, the device will enter a default
mode as follows: high speed, asyn-
chronous, originate, transmitter
off, RX data clamped to mark,
transmit level =-12 dBm, audio off
and scrambler on. This mode is set
up by the following lines of code:

MOV A #0 ;Reset Code
LCALL WTMODEM ;Write It

Dialing—The SC11015 includes an
onchip DTMF dialer. It is necessary
to adjust the transmit level during
dialing since the tone level is inter-
nally set to be 6 dB below the trans-
mitted carrier level. The following
lines of code will setthetonelevel at
the line to be -6 dBm for low group
and -4 dBm for the high grouptone:

MOV A, #23H ;TLCO=1
LCALL WTMODEM
MOV A, #24H ;TLC1 =1
LCALL WTMODEM

Call Progress Monitoring—The
progress tones can be monitored
readily by activating the call prog-
ress monitor (code = 27H) and ana-
log loopback (code = 26H) modes.
The low band filter is then scaled
down by a factor of 2.5 to center
over the frequency range of 300 Hz
to 660 Hz. Output of the energy
detector monitored on the DO bit
then provides the necessary ca-
dence information for detection of
various call progress conditions.
For example, dialtone is detected if
the energy detector output is con-
tinuously high for at least 1 second.
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Busy line condition is recognized if
the number of transitions of the
energy detector output exceeds 7
overa period of 5 seconds and if the
cumulative on duration exceeds 2
seconds.

Handshaking Sequences—Se-
quences necessary for establishing
calls in various operating modes
are provided in the following para-
graphs. Numbers in parentheses
indicate the hex code values sent to
the 5C11015 to implement that
function of data bit received from
the SC11015 for monitoring a given
function.

A. Originating call in high speed
(212A) mode:

1. Clamp receive data to mark condi-
tion (2)

2. Sample energy detector output
(DO0) to seeif answer toneis present.

3. If continuous answer tone is de-
tected for time set in register S9
(typically 600 ms) prior to timeout
set in register S7 (typically 30 s)
proceed with handshaking. Other-
wise output NO CARRIER to data
terminal and abort call.

Transmit mark (30).
Turn transmitter on (25).
Wiat for 300 ms.

Sample PSK data output (D2) at
twice the bit rate (every 416.66 ps).

N & o »

8. If continuous PSK data mark signal
isreceived for 64 bit intervals, pro-
ceed to step 9. If PSK data mark
signal is not received prior to time-
out set in S7, output NO CARRIER
to data terminal and abort call.

9. Wait for 700 ms.

10. Turn connection indicator on (28).
11. Turn transmitter mark off (10).

12. Unclamp receive data (22).

13. Turn on carrier detect output.

14. Send CONNECT or CONNECT
1200 message to data terminal.

B. Originating call in low speed
(103) mode:

1. Perform steps 1 thru 3 as in A)
above.

2. Put SC11015 in low speed mode

(2E).

3. Carry out steps 4 thru 6 as in A)

above.

4. Go tostep 11in A) above.

C. Answering call (212A~103)

mode:

1. Put SC11015 in answer mode (2F).
2. Wait 2.1 seconds (billing timeout).
3. Put SC11015 in low speed mode

(2E).

4. Transmit mark (30).
5. Turn transmitter on (25).

6. Sample energy detector output

(DO0) to see if carrier is present. If
carrier is received continuously for
200ms, proceed tostep 7. If timeout
set in S7 occurs, output NO CAR-
RIER and abort call.

7. Sample PSK detector output(D2) at

twice the bit rate (every 416.66 ps).

8. If continuous PSK data mark is re-

ceived for 64 bit intervals, prior to
one second timeout, proceed to
step 9. If continuous FSK data mark
is received for 256 bit intervals,
proceed to step 10 in A) above. If
neither PSK or FSK data mark is
received prior to timeout set in 57,
output NOCARRIER to data termi-
nal and abort call.

9. Put SC11015 in high speed mode

(OE).
10. Go to step 9in A) above.
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D. Originating call in high speed

(V.22) mode:

Clamp receive data to mark condi-
tion (02).

Select low speed mode (2E), V.21
mode (39).

Turn on calling tone (38) for 0.6 sec-

onds followed by 1.5 seconds of
off period until answer tone is
detected.

Turn off calling tone (18) and V.21
mode (19).

Select high speed mode (0E).
Wait for unscrambled mark.

Wait 456 ms, then proceed to step 4
in A) above.

v ® N o s

. Originating call in low speed

(V.21) mode:

Perform steps 1 thru 4 as in D)
above.

Wait for 1 second, then send FSK
mark.

Wait for carrier to drop. Start a 3
second timer. If carrier drops prior
to timeout proceed tostep 4. Other-
wise proceed to step 4 after time-
out.

Wait for FSK mark.

Turn on connection indicator (28).
Turn transmit mark off (10).
Unclamp receive data (22).

Turn on carrier detect output.

Send CONNECT message to
terminal.

Answering call (CCITT mode)
with auto speed detection
(V.22/v.21):

Select answer mode (2F).

Turn scrambler off (32).

10.
11.

12.

13.

14.
15.

16.
17.

Wait for 2.1 second billing timeout.

Select low speed mode (2E); V.21
mode (39).

Turn on 2100 Hz answer tone (37).
Start 3.3 second timer.

Turn off 2100 Hz answer tone (17)
after timeout.

Turn transmitter off (05).
Wait 60 ms.

For next 20 ms look for carrier and
continuous FSK mark. If detected,
assume low speed and proceed to
step 14.

Turn transmitter on (25).

Select high speed mode (0E). Turn
off V.21 mode (19).

Turn on 1800 Hz guard tone; (21),
(6D).

Start 1 second timer. Look for con-
tinuous PSK mark for 64 bit inter-
vals over 1 second period. If PSK
mark is not detected within 1 sec-
ond, turn off high speed mode,
(select low speed mode), turn off
guard tone, turn on V.21 mode and
look for continuous FSK mark for
64 bit intervals over the next 1 sec-
ond period. If FSK mark is not de-
tected, repeat from start. If timeout
set in S7 occurs prior to detecting
either PSK or FSK mark, outputNO
CARRIER and abort call. If either
PSK or FSK mark is detected, go to
step 10in A).

Turn transmitter on (25).

Send CONNECT message to
terminal.

Turn connection indicator on (28).

Turn carrier detector on.

. Requesting remote digital

loopback to far end modem:

Clamp receive data to mark condi-
tion (2).

Force transmitter to mark (30).

3.

Disable scrambler (32).

Wait for 180 ms (send unscrambled
mark).

Sample PSK detector output (D2)
toseeif dotting pattern (alternating
1/0 pattern) is received. If dotting
pattern is not received within 212
ms, output ERROR to data terminal
and return to on line state.

Turn scrambler on (12).

Wait 270 ms (send scrambled
mark).

Go to step 11 in A) above.

A

. Terminating remote digital

loopback:

Force transmitter to mark (30).
Clamp receive data to mark (2).
Turn transmitter off (5).

Wait 80 ms.

Turn transmitter on (25).

Wait 270 ms (send scrambled
mark).

Go to step 11 in A) above.

*®

Response to remote digital
loopback request:

In on line state monitor un-
scrambled mark detector output
(D3). Go to step 2 if unscrambled
mark is detected.

Clamp receive data to mark (2).
Transmit dotting pattern (34).

Wait until unscrambled mark de-
tector turns off.

Turn off dotting pattern (14).

Put SCI1015 in digital loopback
(33).

Remain in digital loopback until
loss of carrier is detected.

Terminate digital loopback.
Return to on line state.
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N SC11016

SIERRA SEMICONDUCTOR 300/1200 Bit Per Second Modem
|

FEATURES 24-PIN DIP 28-PIN PLCC
PACKAGE PACKAGE
[J All modulators, demodulators  [J Bell212A/103and CCITT V.22/ - ‘1 2
and filters with compromise V.21 compatible; V.22 notch fil- > z o (Eoooona,
equalizers on chip ter included 3g 22
O Call progress mode, tone gen- [J Pinprogrammablereceiver gain : g )
erators for DTMF, V.22 guard (O Serial control interface g E }2 " 19
and calling tones O Programmable audio output 8 g 17 28
O Single 5 V power supply with ort 105 e SC11016CV
power down by pin or code O Allloopback diagnostics 1g 14
O On-chip hybrid 24 e
SC11016CN

GENERAL DESCRIPTION

The SC11016 is a complete 300/
1200 Bit Per Second modem. All
signal processing functions needed
for a full duplex, 300/1200 bps
212A/103 or V.22/V.21 modem,
including the FSK and PSK modu-
lators and demodulators and the
high-band and low-band filters
with compromise amplitude and
group delay equalizers are inte-
grated on a single chip. Built with
Sierra’s proprietary CMOS process
that allows analog and digital func-
tions to be combined on the same
chip, the SC11016 features call
progress monitoring and circuits
for generating DTMF and V.22

guard tones. A two-to-four wire
hybrid with pin programmable
receiver gain is also included on-
chip simplifying the interface to a
DAA. An external hybrid may also
be used, if desired. The SC11016
also includes analog, digital and
remote digital loopback diagnos-
tics for self-testing. The SC11016
contains all of the features of the
5C11015 and, in addition, provides
for 5 V operation and offers power
down mode controlled by pin or
software.

With the addition of a digital con-
troller, such as an 8-bit microcon-

troller and a data access arrange-
ment(DAA), a highly cost effective,
integrated, intelligent modem can
be built. When used with the
Sierra 5C11027/5C11037 modem
controller—8-bit processor com-
bined with a UART—a complete
Hayes command set compatible
modem can be configured, occupy-
ing minimum board area. All that
is needed for stand-alone applica-
tions is the SC11016 modem, the
SC11028 controller, a DAA and
RS-232 interface. The SC11016 is
capable of asynchronous mode
and can handle 8,9 or 10 bit words.
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PIN DESCRIPTIONS
PIN PIN
NO. NAME DESCRIPTION
1) VREF Reference ground generated inside the chip and is equal to Vee/ P
213 TXCKO Transmitter clock output. In high speed, synchronous, internal mode, this output supplies a 1200
Hz clock to the DTE.
3@ TXCK1 Inhigh speed, synchronous, external mode, this pin is an input for receiving a 1200 Hz clock from
the DTE.
4(5) TEST 1, Used by Sierra for testing. Make no connection to these pins—they MUST be left floating.
5@) TEST 2
6,(8) RXCK Receiver clock output. In high speed, synchronous mode, the modem supplies a 1200 Hz clock
on this output.
7,09 Audio Output of the hybrid is passed through a programmable attenuator and brought out on this pin.
Out 4levels of received signal can be programmed using the control codes listed in Table 1 (Page 7).

8, (10) GS Gain Select. When left open or tied to Vg, the compensation is 0 dB; connected to ground, +2 dB
compensation is provided; And when tied to V, the compensation is +3 dB.

1,s, NC No Connect. These pins must be left floating. Do NOT ground these pins or tie them to

18, 21) Ve or GND (In PLCC package)

9(11) RXA1, Received data carrier

10 (12) RXA2

11 (13) TXOUT Transmit data carrier output

12 (14) AGND ov

13 (15) RXD Receive data. The modem demodulates the received carrier and outputs data on the pin. Alogic
low level is space and alogichigh level is mark. The controller can force the demodulator output
to the mark state by sending the code 02.

14 (16) TXD Transmit data. Data on thisinputis modulated by the modem and output on TXOUT pin. A logic
low is space and a logic high is mark.

15 (17) DI/O Data I/0 pin. Data is shifted in serially when WR is low on rising edges of SCK clock. Data is
transferred to a latch when WR goes high. Up to 7 data bits can be sent. Input codes are defined
in Table 1. Data is read from the modem serially when RD is low, on rising edges of SCK clock.
Up to 4 data bits can be read. Output codes are defined in Table 1 (Page 7).

16 (19) SCK Serial shift clock is applied to this pin. It is normally high until data is sent to or read from the
modem.

17 (20) RD Strobe output from controller for serially reading data from the modem.

18 (22) WR Strobe output from the controller for shifting data to the modem.

19 (23) PD Power down. When high, chip will be powered down, but oscillator will keep running. When low,
chip will go into normal power mode. (Power down is then controlled by firmware in the
SC11027/28/37 microcontroller)

20 (24) XTALLI, Pins for connecting a 7.3728 MHz crystal. An external CMOS (+5 V) clock signal can be applied

21 (25) XTAL2 to the XTAL1 pin, with XTAL2 left open. If a TTL clock is used, it must be capacitively (100 pF)
coupled into XTALI1.

22 (26) DGND Digital ground

23(27) | CKOUT | Buffered crystal oscillator signal is output on this pin. It can drive one LS TTL load.

24 (28) Vee +5 V power supply

Numbers in ( ) refer to 28-Pin PLCC Package.
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FUNCTIONAL DESCRIPTION OF THE SC11016 MODEM

Major sections of the SC11016
modem are a transmitter, a re-
ceiver, low-band and high-band
filters, a two-to-four wire hybrid,
tone generators and interface logic.
It also contains an energy detector
that’s used for detecting the carrier
and call progress monitoring and
an audio output for monitoring the
line.

The SC11016 modem requires +5V
and is available in a 24-pin DIP as
well as a 28-lead plastic chip carrier
with ]’ leads for surface mount
applications. The transmitter sec-
tion consists of an async/sync con-
vertor, scrambler, PSK modulator
and FSK modulator. In the high
speed mode (1200 bps), the PSK
modulator is connected to thefilter.
In the low speed mode (300 bps),
the FSK modulator is connected to
the filter.

Transmitter

Since data terminal and computers
may not have the timing accuracy
required for 1200 bps transmission
(0.01%), timing correction on the
incoming data stream must be
made. The async/sync convertor
accepts asynchronous serial data
clocked at a rate between 1200 Hz +
1%,-2.5%. It outputs serial data at
a fixed rate of 1200 Hz #0.01% de-
rived from the master clock oscilla-
tor. To compensate for the input
and output rate differences, a stop
bit is either deleted or inserted
when necessary. If the input data
rate is slower than the output
data rate, a stop bit is inserted. If
theinput data rate is faster than the
output data rate, a stop bit is de-
leted. The outputoftheasync/sync
convertor is applied to the
scrambler.

The scrambler is a 17-bit shift regis-
ter clocked at 1200 Hz. Outputs
from the 14th and 17th stages are
exclusive OR’d and further exclu-
sive OR’d with the input data. The
resultant data is applied to the D
input of the shift register. Outputs

from the first two stages of the shift
register form the dibit that is ap-
plied to the PSK modulator. The
purpose of the scrambler is to ran-
domize data so that the energy of
the modulated carrier is spread
over the band of interest—either
the high band centered at 2400 Hz
or the low band, centered at 1200
Hz. A 1200 bps modem actually
sends two bits at a time, called a
dibit; dibits are sent at 600 baud, the
actual rate of transmission; 600
baud is the optimum rate that can
be transmitted over the general
switched telephone network for a
full duplex FDM (frequency divi-
sion multiplexing) modem because
band limit filters in the central
office cut off at about 3000 Hz.

The dibit applied to the PSK modu-
lator produces one of four differen-
tial phase shifts of the square wave
carrier signal (1200 Hz or 2400 Hz)
at the 600 Hz baud rate. The resul-
tant waveform is passed through a
wave shaping circuit that performs
a raised cosine function (this is the
shape factorcalled outin the CCITT
V.22 spec, and it also meets the Bell
212A requirement for optimum
transmission). The wave shaped
signal is then passed through either
the low-band or high-band filter
depending upon originate or
answer mode selection.

For low speed operation the FSK
modulatoris used. It produces one
of four precision frequencies de-
pending on orignate or answer
mode and the 1 (mark) or 0 (space)
level of the transmit data. Different
frequencies are used for V.21 and
212A modes. The frequencies are
produced from the master clock
oscillator using programmable
dividers. The dividers respond
quickly to data changes, introduc-
ing negligible bit jitter while main-
taining phase coherence. The out-
putofthe FSK modulatoris applied
to the appropriate filter when the
low speed mode of the operation is
selected.

The filter section consists of low-
band (1200 Hz) and high-band
(2400 Hz) filters, half-channel com-
promise amplitude and group de-
lay equalizers for both bands,
smoothing filters for both bands
and multiplexers for routing of the
transmit and receive signals
through the appropriate band fil-
ters. For CCITT V.22 applications,a
notch filter is included that can be
programmed for either 550 Hz or
1800 Hz. In the call progress moni-
tor mode, the low-band filter is
scaled down by a factor of 2.5 to
center it over a frequency range of
300 to 660 Hz. Thus, during call
establishment in the originate
mode, call progress tones can be
monitored through the scaled low-
band filter and the modem answer
tone or voice can be monitored
through the unscaled high-band
filter.

The low-band filter is a 10th order
switched-capacitorband-passfilter
with a center frequency of 1200 Hz.
In the originate mode, this filter is
used in the transmit direction; in
the answer mode it is used in the
receive direction. When analog
loopback is used in the originate
mode, this filter, together with the
low-band delay equalizer, is in the
test loop. In the Call Progress
Monitoring mode, the filter re-
sponse is scaled down by 2.5, mov-
ing the center frequency to 480 Hz.

The low-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the low-
band filter and half of the compro-
mise line characteristics, producing
a flat delay response within the
pass-band.

The high-band filter is a 10th order
switched-capacitorband-pass filter
with a center frequency of 2400 Hz.
In the answer mode, this filter is
used in the transmit direction; in
the originate mode, it is used in the
receive direction. When analog
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loopback is used in the answer
mode, this filter, together with the
high-band delay equalizer, will be
in the test loop.

The high-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the high-
band filter and half of the compro-
mise line characteristics, producing
a flat delay response within the
pass-band. The transmit smooth-
ing filter is a second order low-pass
switched-capacitor filter that adds
the modem transmit signal to the
DTMF or V.22 guard tones. It also
provides a 3 dB per step program-
mable gain function to set the
output level.

Receiver

The receiver section consists of an
energy detector, AGC, PSK de-
modulator, FSK demodulator,
descrambler, and sync/async
convertor.

The received signal is routed
through the appropriate band-pass
filterand applied to both theenergy
detector and AGC circuit. The
energy detector is based on a peak
detection algorithm. It provides a
detection within 17 to24 ms. Itis set
to turn on when the signal exceeds
—43 dBm and turn off when the
signal falls below —48 dBm meas-
ured at the chip. A 2 dB minimum
hysteresis is provided between the
turn on and turn off levels.

The AGCcircuitisa programmable
gain amplifier that covers a wide
range. Output of the AGC ampli-
fier is rectified and compared with
two preset levels corresponding to
desired high and low limits. Out-
puts of the comparators control an
up/down counter such that the
received signal is amplified to the
desired level. Receive signal input
range is 0 to 45 dBm measured at
the chip.

140

The PSK demodulator uses a coher-
ent demodulation technique. Out-
put of the AGC amplifier is applied
to a dual phase splitter that pro-
duces an in-phase and 90 degree
out of phase component. These
components are then demodulated
to baseband in a mixer stage where
individual components are multi-
plied by the recovered carrier. The
baseband components are low-
pass filtered to produce I and Q
channel outputs. (In phase and
Quadrature). The I and Q channel
outputs are rectified, summed and
passed through a band-pass filter
givinga600 Hz signal. Thesignalis
applied to a digital phase lock loop
(DPLL) to produce a baud rate
clock. Using the recovered clock
signal, the I and Q channels are
sampled to produce the received
dibitdata. Therecovered carrier for
the demodulator is generated by
another PLL which is controlled by
the amplitude of the error signal
formed by the difference of the I
and Q outputs.

The descrambler is similar to the
scrambler. The received dibit data
is applied to the D input of a 17-bit
shift register clocked at 1200 Hz.
Outputs from the 14th and 17th
stages are exclusive OR’d and fur-
therexclusive OR’d withinput data
to produce received data.

In the asynchronous mode, data
from the descrambler is applied to
the sync/async convertor to recon-
struct the originally transmitted
asynchronousdata. For data which
had stop bits deleted at the trans-
mitter (over-speed data), these stop
bits are reinserted. Underspeed
data is passed essentially
unchaged. Output of the sync/
async convertor along with the
output of the FSK demodulator is
applied toamultiplexer. The multi-
plexer selects the appropriate out-
put, depending on the operating
speed, and outputs received data
on the RXD pin.

For low speed operation, the FSK
demodulatoris used. The output of
the AGC amplifier is passed
through a zero crossing detector
and applied toa counterthatisreset
on zero crossings. The counter is
designed to cycle at a rate 4 times
faster than the carrier signal. The
counter output is low-pass filtered
and hard limited to generate FSK
data.

Hybrid

The signal on the phone line is the
sum of the transmit and receive
signals. The hybrid subtracts the
transmitted signal from the signal
on the line to form the received
signal. It is important to match the
hybrid impedance as closely as
possible to the telephone line to
produce only the received signal.
When the internal hybrid is used,
this matching is provided by an
external resistor connected be-
tween the RXA1 and RXA2 pins on
the SC11016. The filter section
provides sufficient attenuation of
the out of band signals to eliminate
leftover transmit signals from the
received signal. The hybrid also
acts as a first order low-pass anti-
aliasing filter.

Internal Hybrid

The SC11016 internal hybrid,
shown in Figure 1, is intended to
simplify the phonelineinterface. In
addition, there is a gain select fea-
ture to compensate for the loss in
the line coupling transformer used
in the DAA. By tying this pin to
GND, Vi, or V., compensation
levels of 0, +2 or +3dB, respectively,
are provided.

With a higher loss transformer,
some degradation in performance
will occur at lower signal levels.
Specifically, the bit error rate, when
operating at receive signal levels
below —40 dBm in the presence of
noise, will be higher. The energy




detect on/off levels measured at
the line will also be different from
those specified at the chip.desired
at the line.

Tone Generator

The tone generator section consists
of a DTMF generator and a V.22
guard tone generator. The DTMF
generator produces all of the tones
corresponding to digits 0 through 9
and * and # keys. The V.22 guard
tone generator produces either 550
Hz or 1800 Hz. Selection of either
the 550 Hz or 1800 Hz tone will
cascade the corresponding notch
filter with the low-band filter. The
tones are selected by applying
appropriate codes through the
Data I/0O pin. Before a tone can be
generated, tone mode must be se-
lected. Facility is also provided to
generate single tones correspond-
ing to the individual rows or
columns of the DTMF signal.

Audio Output Stage

A programmable attenuator that
candriveaload impedance of 50 kQ
is provided to allow monitoring of
the received line signal through an
external speaker. The attenuator is
connected to the output of the hy-
brid. Four levels of attenuation—
no attenuation, 6 dB attenuation, 12
dB attenuation and squelch are
provided through the ALC1, ALCO
audio output level control codes.
Output of the attenuator is avail-
able on the audio output pin where
an external audio amplifier (LM386
type) can be connected to drive a
low impedance speaker. The out-
put candirectly drivea highimped-
ance transducer, but the volume
level will be low.

Crystal Oscillator

The 5C11016 includes an inverting
amplifier between pins 20 and 21
with an internal bias resistor to
simplify the design of the crystal
oscillator. The parallel resonant,

7.3728 MHz $0.001% crystal, de-
signed for a load capacitance of 20
PF, should be connected across pins
20and 21. Two capacitors of typical
values 27 pF from pin 20 to digital
ground (DGND pin 22) and 47 pF
from pin 21 to DGND should be
connected. With therecommended
crystal, Saronix, NYMPH, NYP073-
20 and these capacitor values, a
highly accurate and stable crystal
oscillator can be designed. Since
the carrier frequency must be
within #0.01% of the normal 1200/
2400 Hz, it is important to measure
the actual crystal oscillator fre-
quency at CKOUT (pin 23) and
adjust the external capacitors for
a given circuit board layout, if
necessary.

Power Down

A power down Command from the
attendant controlleris issued to the
modem when going “on hook”.
Power-up occurs with “off-hook”
command or ring detection.

The SC11027/SC11037 modem
controllers, implemented in
Sierra’s low power CMOS process,
were designed specifically to
handle all of the modem control
functions, as well as the interface to
a system bus. Besides including an
8-bit microprocessor, 8k by 8 bytes
of ROM and 128 by 8 bytes of RAM.
They also contain the equivalent of
an 8250B UART, greatly simplify-
ing theinterfacetoa parallel system
bus, such as the one used in IBM’s
PC. In fact, a complete, Hayes
compatible modem for the PC con-
sists of the SC11027 controller, the
5C11016 modem and the DAA. All
of the popular communications
software written for the PC will
work with the SC11016/5C11027
set. Compatibility with high-speed
“turbo” PCs require the use of the
5C11037 controller RDY output
that is to be connected to the
IOCHRDY pin of the PC bus
(Pin A10).

Another version of the controller,
the 5C11028, is intended for RS-232
applications. It contains the same
processor, memory and UART as
the SC11027/5C11037 and has the
same interface to the modem chip.
The difference is that the UART is
turned around so the serial data
from the RS-232 port is converted to
parallel data handled by the inter-
nal processor. Pinsare provided for
connecting the familiar switches
and indicator lamps found on most
stand-alone modems, although the
switches and lamps are not needed
for operation—all of the switch set-
tings can bedonethrough software.

The SC11028 provides a standard
5 V logic level interface—RS-232
drivers are required to interface to
the port. Like the SC11027, the
5C11028 comes preprogrammed
with the Hayes ‘AT’ command set,
and when used with the SC11016

FUNCTIONAL DESCRIPTION OF THE SC11027, SC11028 AND SC11037 CONTROLLERS

modem, emulates a Hayes-type
stand-alone modem. All control-
lers automatically power-down
the SC11016 modem when Data
Terminal Ready (DTR) is off or
when modem is “on-hook”.

But the chip set is by no means
limited to implementing a Hayes-
type smart modem. Sierra is in the
custom IC business and both chips
were designed with this in mind.
For example, only about 6k bytes of
theSC11027/5C11037 ROM is used
for the handshaking and smart
modem code, leaving 2K bytes for
additional features that a customer
may specify. And sincethecontrol-
ler is ROM programmable, any
command set, not just the Hayes
‘AT’ set, can be implemented.

All the SC11027, SC11028 and

SC11037 require +5V and are avail-
able in either a 28-pin DIP or a
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28-lead plastic chip carrier with J’
leads for surface mount applica-
tions. Besides the four-line inter-
face for the SC11016 modem, the
SC11027 controller has a 8-bit data
port, three address lines, a chip se-
lect input, an interrupt line, and the
DOST and DIST control lines found
in the 8250B UART. It also has
control lines for ring indication, the
off-hook relay and data/voice re-
lay; these three lines connect to the
DAA.

In the SC11028, the 8-bit port be-
comes the switch input lines and
the address, chip select, DIST and
DOST lines become the six lines for
the RS-232 interface. These six lines
are also used to drive the LEDs.
Internally, all of these lines are
treated as programmable /O ports
under software control—so the
main difference between the
S$C11027, SC11028, and SC11037 is
the ROM code. It also contains the
same modem and DAA interface
lines as the SC11027 /SC11037.

The SC11027, SC11028, and
5C11037 are truly ASIC control-
lers—they are designed to control a
modem or other peripheral that
operates at a moderately slow rate
up to 1200 bits per second. What's
unique about the SC11037, for ex-
ample is that it allows a slow
peripheral to interface to a high
speed bus, without making the
main processor slow down.

This is done through the UART
interface and the on-chip registers
which look somewhat like dual
port registers. The main processor
can write to and read from them at
will, while the on-chip controller
cando the same. Thecontroller was
designed this way because most
communications software has to
have unrestrained access to the
UART registers. To make the
5C11027/5C11037 compatible with
this software, the registers were
included.

Theinternal processormonitorsthe
registers to determine the mode of
operation—command mode or
data mode; at power-up it is auto-
matically put in the command
mode and it looks for instructions.
Once carrier is detected, it goes into
thedata mode, and stays there until
an escape sequence is entered, just
like in a Hayes-type modem. The
escape sequence is three + signs—
+++ —in the default mode, but it
can be changed in software.

The actual processor contains an
8-bit data path and can execute 19
instructions with five different
addressing modes: direct, indirect,
immediate, register direct and reg-
ister indirect. There is 8K by 8 of
ROM on chip for program storage.

To the system bus, the SC11027/
SC11037 looks and acts just like an
8250B UART. Communications
software written for this UART will
work with the SC11027, SC11028
and SC11037. The Sierra chip set is
truly a Hayes-type modem in two
chips.

FIGURES 4, 5 AND 6.

The only external components re-
quired by the SC11016 are the 600 Q
line matching resistor, a 7.3728
MHz crystal—a standard fre-
quency—and a 20 pF capacitor
from each leg of the crystal to
ground. That’sall! Ifit is desired to
drive a speaker to monitor the line,
an amplifier like the LM386 can be
added, but the output provided on
the SC11016 can directly drive a
high impedance (50 kQ) earphone-
type transducer.

The $C11027/5C11037 modem
controller’sclockinlineis driven by
the SC11016’s clock out line, so only
one crystal is needed. The SC11027
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interfaces directly to an IBM PC
bus—no buffers are required. The
only external parts may bea8 input
NAND gate for COM1 and COM2
decoding inside the PC.

For tone dialing, the controller
sends a code to the modem chip
whichin turn puts out the called for
DTMEF tone on the line via the on-
chip DTMF generator. For pulse
dialing, the controller pulses the
OH (off hook) relay. Both dialing
modes work with the built-in call
progress algorithm so they won’t
start dialing until a dial tone is
detected.

THE SC11016 & SC11027/SC11028/SC11037 SYSTEM—REFER TO APPLICATIONS INFORMATIONS

All modems require a DAA. A
DAA or data access arrangement
is a piece of equipment required by
the FCC to connect anything to the
general switched telephone net-
work. It consists of an isolation
transformer, typically 600 Q to 600
Q; a relay for disconnecting the
modem from the line; a ring
detector, typically an optoisolator;
and high voltage surge protectors.
The DAA has to be FCC registered
and this canbedoneby any of many
consultants and labs around the
country. The fee is typically $2,000
and it takes several months. An-
other alternative is to buy a DAA,
supplied by several manufacturers.




212Aisa Bell specification that calls
for 1200 bit per second, full or half
duplex data transmission with a
fallback mode of 300 baud (Bell
103). It is not 1200 baud; the spec
calls for transmission of dibits—2
bits per baud so the 1200 bps trans-
mission takes place at 600 baud.
The same is true for V.22—it’s 1200
bps or 600 baud. V.22 does not call
for a 300 baud fallback; there is a
CCITT standard for 300 and that’s
V.21

V.22 also calls for guard tones to be
sent along with the data. In most of
Europethetoneis 1800 Hz except in
Sweden where 550 Hz is used. The
5C11016 modem hasthe550 Hzand
1800 Hz tone generators built in as
well as the 550 and 1800 Hz notch
filter to remove the guard tone
when in the receive mode.

All modems require a Hybrid.
Hybrid is a term used to describe a

circuit, passive or active, that takes
the separate transmit and receive
signals and combines them to go
over the phoneline. Inthe 5C11016,
this is done with op amps, but the
separate signals—TXOUT and
RXA2—are also brought out so an
external hybrid can be used, if de-
sired. The combined signal comes
out on the RXA1 pin and matching
resistor—typically 600 Q — is con-
nected between RXA1 and RXA2.

SC11016 SPECIFICATIONS
Table 1. Definition of I/O Codes

modem as shown below:

1. Instructions to the modem IC (See Note 1and 2). Data on the DI/O pin shifted into the modem when WRis low,
onrising edges of the SCK clock. Data is transferred into a latch when WR goes high. (See Figure 2 for write cycle
waveforms). Up to 7 data bits (D0-D6) can be sent to the device. These bits control the operating modes of the
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HEX
Deé D5 D4 D3-Do CODE MODE/FUNCTION
Non tone mode:
0 1/0 0 0 20/00 Reset (set default values)
0 1/0 0 1 21/01 Tone On /Off (tone mode enable/disable)
0 1/0 0 2 22/02 Force Receive Data to Mark Off/On (forces RXD pin High if On)
0 1/0 0 3 23/03 TLCO Transmit Level Control bit 0 (default 0)
0 1/0 0 4 24/04 TLC1 Transmit Level Control bit 1 (default 0)
0 1/0 0 5 25/05 TX Transmitter On/Off (if Off, TXOUT is grounded)
0 1/0 0 6 26/06 ALB Analog Loopback On/Off
0 1/0 0 7 27/07 CPM Call Progress Monitor mode On/Off
0 1/0 0 8 28/08 Connection Indicator (CI) On/Off (see note 4 below)
0 1/0 0 9 29/09 ALCO Audio Output Level Control bit 0 (default 0)
0 1/0 0 A 2A/0A ALC1 Audio Output Level Control bit 1 (default 0)
0 1/0 0 B 2B/0B WLS0 Word Length Select 0 (default 0)
0 1/0 0 C 2C/0C WLS1 Word Length Select 1 (default 1)
0 1/0 0 D 2D/0D Sync/Async
0 1/0 0 E 2E/QE LS/HS: Low Speed/High Speed (FSK/PSK)
0 1/0 0 F 2F/0F A/O: Answer/Originate
0 1/0 1 0 30/10 Transmit Mark On/Off
0 1/0 1 1 31/11 Transmit Space On /Off
0 1/0 1 2 32/12 Scrambler Off/On
0 1/0 1 3 33/13 DLB Digital Loopback On/ Off (also sets Synchronous, Slave Mode)
0 1/0 1 4 34/14 TXDP Transit Dotting Pattern On/ Off (Not valid for V.21 mode)
0 1/0 1 5 35/15 Sync Mode Transmit Timing Locked /Free Running
0 1/0 1 6 36/16 Sync Mode Transmit Timing Source External /Slave
0 1/0 1 7 37/17 2100 Hz tone On/Off. Must select low speed mode for operation.
0 2/0 1 8 38/18 1300 Hz tone On/Off. Must select low speed mode for operation.
0 1/0 1 9 39/19 V.21 mode. Must select low speed mode for operation. ‘
0 1 1 A 3A Power Down. To power up chip must be reset. \
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HEX
Dé D5 D4 D3-D0 CODE MODE/FUNCTION
Tone mode:
1 1/0 0 0 60/40 Dial 0
1 1/0 0 1 61/41 Dial 1
1 1/0 0 2 62/42 Dial 2
1 1/0 0 3 63/43 Dial 3
1 1/0 0 4 64/44 Dial 4
1 1/0 0 5 65/45 Dial 5
1 1/0 0 6 66/46 Dial 6
1 1/0 0 7 67/47 Dial 7
1 1/0 0 8 68/48 Dial 8
1 1/0 0 9 69/49 Dial 9
1 1/0 0 A 6A/4A Dial *
1 1/0 0 B 6B/4B Dial #
1 1/0 0 C 6C/4C Output 550 Hz and insert 550 Hz notch in low-band filter
1 1/0 0 D 6D/4D Output 1800 Hz and insert 1800 Hz notch in low-band filter
1 1/0 0 E 6E/4E Row disable On/Off (For DTMF test only)
1 1/0 0 F 6F/4F Column disable On/Off (For DTMF test only)
WLS1 WLS0 Word Length
0 0 8 bits
0 1 9 bits
1 0 10 bits (default)
1 1 11 bits
TLC1 TLCO Transmitter Output Level (dBm) (Note 3).
0 0 -8
0 1 -6
1 0 —4 (default)
1 1 -2
ALC1 ALCO Audio Output Level
0 0 Output Off (default)
0 1 12 dB attenuation
1 0 6 dB attenuation
1 1 No attenuation

Notes: 1. Default values for the operating modes on power up are those shown to the right of the ‘/” unless otherwise
specified.
2. Datais shifted in and out of the modem with LSB first.
3. Using the internal hybrid and a 600 Q resistor, these levels will be 6 dB lower at the input to the transformer.
4. After a connection is established, turn CI on to disable unnecessary functions, i.e. if a PSK connection is
established, turning CI on will turn off the FSK demodulator.

2. Information from the modem IC. Data is read serially from the modem when RD is low, on rising edges of the
SCK clock. (See Figure 3 for read cycle waveforms). Up to 4 data bits (D0-D3) can be read as defined below:

Do Energy Detect 0—no energy 1—energy present

In the CPM mode, the energy detector is connected to the output of the high band filter, if ALB is off, or the scaled
low band filter, if ALB is on.

D1 Received data (FSK) ~ 1—Mark 0—Space
D2 Received data (PSK)  1—Mark 0—Space
D3 Unscrambled Mark - 1—Detected 0—Not Detected
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Figure 2. Waveforms for Write and Read Cycles

Modem Interface — The 4 line
serial interface consists of a bidirec-
tional data pin (DI/O), a write con-
trol pin (WR), a read control pin
(RD) and a clock pin (SCK). In the
inactive state, WR, RD and SCK
lines must be held in the high state.
The read and write functions are
controlled only by the mircocom-
puter. To write data into the
SC11016 (see timing waveforms of
Figure 2), the controller must first
make the WR line low. The least
significant bit D0 of the data is then
placed on the DI/O line. The SCK
line is then toggled low and then
high to shift the data bit into the
SC11016 input register. Data is
shifted into theinputregisteronthe
rising edge of SCK.

There is no special requirement on
the duty cycle of the clock signal.
The minimum pulse width and
data setup times specified in the
specifications table must be met.

The remaining data bits D1 thru Dé
are shifted by repeating the above
procedure. Only 7 data bits should
besent. If an 8th databit is sent, the
first data bit DO will be lost from the
input register. The received data
will then be D7-D1 rather than
D6-D0. To read data from the
5C11016 (see timing waveforms of
Figure 3), the RD line is first made
low. The least significant bit DO is
now available on the DI/O line.
The SCK line is toggled low and
then high to shift the next data bit
out of the SC11016 output register.
The SC11016 shifts the data out on
the rising edges of SCK. The con-
troller should read data on the fall-
ing edges of SCK when it will be
stable. Note that DO appears on the
DI/0O line as soon as RD is taken
low. If the controller only wants to
read the status of the energy detec-
tor, there is no need to toggle SCK
line. By making RDlow, the energy
detector level can be read by read-

ing DI/O. RD can then be taken
high. Read operation is terminated
by making the RDline high. If more
than 4 bits are read, the additional
bits are returned as 0’s.

In the READ mode, the values of
DO, D1, D2 and D3 do not changeas
long as RD is low, even though the
chip status may be changing. To
read out the updated values of
these bits, RD must be pulled high
for at least 1 ms and then taken low
again to initiate another read cycle.

The read and write operations can
be performed by two simple I/O
drivers shown in Table 2. The
RDMO-DEM subroutine reads
data from the SC11016 and places it
in the accumulator with the high
nibble set to zero. The WTMODEM
subroutine sends data placed in the
accumulator to the SC11016. Both
subroutines use register R7 in bank
1 as a data bit counter.

SYNCHRONOUS OPERATION
Transmitter Timing

Case 1 — SC11016 Provides the
Timingto the Data Terminal Equip-
ment (DTE). See Figure 3.

If the DTE can lock to an external
clock, then all that needs to be done
isto putthe 5C11016 in the synchro-
nous mode (2D). This provides a
1200 Hz clock on the TXCKO Pin
that canbeused asaclock source for
the DTE to synchronize its TXD to.
The Transmit Phase-Locked-Loop
(TX PLL) of the SC11016 will be in
free-runing mode. As a result,
External/Slave input codes will be
ignored by the chip.

Case 2 — SC11016 Should Lock Its
Transmit Timing to the Clock
Source Provided by the DTE.

In this case, after selecting synchro-
nous mode (2D), also select
“Locked” (35) and “External” (36)
modes.

The TX PLL of 5C11016 will then
synchronize itself to the clock pro-
vided on its “TXCK1” pin.

Receiver Timing

In synchronous mode, the recov-
ered clock will be provided on the
RXCK pin and the transitions of
RXD will be on the falling edges of
this clock.
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SYNCHRONOUS MODE CHART
Transmitter Timing
Locked (35) External (36) TX PLL locks to clock provided on TXCK1
Slave (16) TX PLL locks to receiver timing. Should be used in DLB mode only.

Free Running (15) External/Slave TXPLL is free running and ignores External or Slave inputs.

TRANSMITTER

TXCK1
INPUT TX CLOCK

TXD i I
INPUT DATA l |
TXCKO —1 |
TXPLL OUTPUT |
CLOCK | —
|[¢———— 1200 Hz ———»

RECEIVER

RXCK { ; i

I

Note: 1 SC11016 will sample the data on the rising edge of TXCK1 clock.

Figure 3. SC11016 Synchronous Mode Diagrams

Absolute Maximum Ratings (Notes 1, 2 and 3)

Supply Voltage, V. .~GND +7V
DC Input Voltage (Analog Signals) AGND-0.6to V+0.6 V
DC Input Voltage (Digital Signals) DGND-0.6 to V+0.6 V
Storage Temperature Range —65 to 150°C
Power Dissipation (Note 3) 500 mW
Lead Temperature (Soldering 10's) 300°C

Notes: 1. Absolute maximum ratings are those values beyond which damage to the device may occur.
2. Unless otherwise specified, all voltages are referenced to ground.
3. Power dissipation temperature derating — Plastic Package: <12 mW/C from 65°C to 85°C.

Operating Conditions

PARAMETER DESCRIPTION CONDITIONS MIN TYP MAX | UNITS
T, Ambient Temperature 0 70 °C
Ve Positive Supply Voltage 4.5 5.0 5.5 \
DGND, AGND Ground 0 \Y
F. Crystal Frequency 73721 | 73728 | 73735 MHz
Te T Input Rise or Fall Time (Note 4) 500 ns

Notes: 4. Does not apply to CKOUT.
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DC Electrical Chracteristics (Note 5) (03)
PARAM. DESCRIPTION CONDITIONS MIN | TYP | MAX | UNITS ',:‘l
(=
Iec Quiescent Current Vee=5V 12 mA ;
Power Down Current 3.5 mA
Digital Signal Pins
Vi High Level Input Voltage RD, WR, D1/0, SCK, 2.0 \%
TXCK1, TXD
Digital Signal Pins
\' Low Level Input Voltage RD, WR, D1/0, SCK, 08 \'%
TXCK1, TXD
Digital Signal Pins Ioy =40pA 4.0 v
Vou High Level Input Voltage D 1/0, RXD, TXCKO,
RXCK oy =500 pA 2.0 \Y
Digital Signal Pins
Voo Low Level Input Voltage DI1/0O,RXD, TXCKO, I, =1.6mA 04 0.6 \"
RXCK
Voum Maximum Output Signal TXOUT, RL =1200 Q 3.0 op
(TLC =1, TLCO=0)
A\ Maximum Input Signal RXA1 (Using Internal Hybrid) 25 VP—p
RXA2 3.0 \Y%
PP
Vim Maximum Receive Signal RXA1 Receive Component 15 VP_p
RXA2 of Line Signal 2.0 Vrp
Note 5. Min and max values are valid over the full temperature and operating voltagerange. Typical values are from 25°Cand
+5 V operation.
DTMF Generator (Note 1)
PARAMETER NOMINAL FREQ. ALLOWABLE ERROR ACTUAL ERROR
Row1 697 Hz +1% +0.17%
Row 2 770 Hz +1% -0.26%
Row 3 852 Hz +1% +0.16%
Row 4 941 Hz +1% —0.47%
Column 1 1209 Hz +1% —0.74%
Column 2 1336 Hz +1% -0.89%
Column 3 1477 Hz +1% -0.01%
550 Hz +20Hz -1.4Hz
Guard Tones
1800 Hz +20Hz +7 Hz
PARAMETER CONDITIONS MIN TYP MAX UNITS
Second Harmonic Distortion —40 dB
Row Output Level V=45V -2 dBm
Column Output Level TLCO=1 0 dBm
550 Hz Guard Tone TLC1=1 -3 dB (Note 2)’
1800 Hz Guard Tone Measured at TXOUT Pin 3 dB (Note 2)

Notes: 1. This assumes a crystal of exactly 7.372800 MHz.
2. These levels are referenced to the TX signal level. When guard tones are added, the TXOUT level is adjusted to
maintain a constant level on the line. For 1800 Hz, the adjustment is -0.97 dB; for 550 Hz, the adjustment is -1.76 dB,
per the CCITT specification. 147
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Modem Transmit Signals—Hz (Assume 7.372800 MHz Crystal)
BELL 103 CCITT V.21 212A/V.22
MODE NOMINAL | ACTUAL | NOMINAL | ACTUAL| NOMINAL | ACTUAL
Mark 2225 2226 1650 1649.4
Answer 2400 2400
Space 2025 2024.4 1850 1850.6
Mark 1270 12694 980 978.34
Originate 1200 1200
Space 1070 1070.4 1180 1181.53
Calling Tone 1300 1301.7 1300 1301.7
Answer Tone 2100 2096.9 2100 2096.9
Transmitter
PARAMETER CONDITIONS MIN TYP | MAX | UNITS
Input Character Length Start Bit + Data Bit + Stop Bit 8 11 bits
Intra-Character Bit Rate AT TXD (Pin 14) 1170 1200 1212 bps
Input Break Sequence Length M = Character Length 2M +3 bits
Output Level Tolerance £1 dB
Receiver
PARAMETER CONDITIONS MIN TYP MAX | UNITS
Input Signal Range AT RXA1 —45 -8 dBm
Intra-Character Bit Rate AT RXD (Pin 13) 1170 1200 1224 bps
Carrier Detect AT RXA1 (Pin 9) —48 -43 dBm
Carrier Detect Hysteresis 2 dB
Carrier Detect Delay For 103, 212A and V.22 10 20 30 ms
Carrier Detect Hold For 103, 212A and V.22 15 20 24 ms
Carrier Detect Delay For V.21 Mode 15 30 40 ms
Carrier Detect Hold For V.21 Mode 20 30 50 ms
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APPLICATIONS INFORMATION
Why a Modem/What’s a Modem

Thevoicefrequency channelsof the
general switched telephone net-
work have been used extensively
for the transmission of digital data.
To use these channels, the data
must be put in a form that can be
sent over a limited bandwidth line.
In voice grade telephone networks,
transformers, carrier systems and
loaded lines attenuate all signals
below 300 Hz and above 3400 Hz.

While the bandwidth from 300 Hz
to 3400 Hz is fine for voice transmis-
sion, it is not suitable for the trans-
mission of digital data because
the data has many frequency com-
ponents outside this range. To
transmit data over phone lines, it
is necessary to convert the digital
data into a signal that is totally
within the voice frequency range.
This conversion is performed
by a MODEM (MODulator
DEModulator).

In full duplex data transmission—
the simultaneous sending and
receiving of data—Frequency Divi-
sion Multiplexing (FDM) can be
used for data rates up to 2400 bits
persecond. InFDM, thevoicechan-
nel is divided into upper and lower
bands (called the high band and the
low band); one is used for sending
and the other for receiving data.
The originating terminal transmits
in the low band and receives in the
high band, while the answering
terminal transmits in the high band
and receives in the Jow band.

In low speed modems (300 bit per
second transmission rate), the
modulation technique commonly
employed is called Frequency Shift
Keying (FSK). In FSK modems,
four separate frequencies are used;
1070 Hz for a zero (also called a
space) in the low band, 1270 Hz for
aone (amark) inthe low band, 2025

Hz for a zero in the high band and
2225 Hz for a one in the high band.
The transmitting modem takes the
digital ones and zeros from the ter-
minal and converts them into the
proper tones which are then sent
over the phone line. The receiving
modem takes the tones and con-
verts them back to ones and zeros
and sends them to the receiving
terminal. Sincefour frequencies are
used, simultaneous transmitting
and receiving of data can beaccom-
plished.

Because of the limited bandwidth
of the phone line, FSK modems
only work up to 600 bits per second
for full duplextransmission. Thisis
due to the fact that when the mo-
dem shifts between the two fre-
quencies (for mark and space) it
generates a frequency spectrum (it
is a type of FM—frequency modu-
lation—transmission). The faster
the data rate, the wider the spec-
trum. The limit for full duplex FSK
transmission is 600 bits per second,
before the available audio spec-
trum is used up—allowing for
enough separation between the
frequency bands to reliably decode
or demodulate the data. There are
1200 bps FSK modems, but these
are half duplex—they can only
send OR receive data at 1200 bps.

In higher speed, full duplex mo-
dems (1200 bit persecond transmis-
sion rate) a different modulation
technique is employed. Called PSK
(for Phase Shift Keying), this tech-
nique usesonecarrier frequency for
the high band—2400 Hz—and one
for the low band—1200 Hz—for
sending and receiving data. For
each carrier frequency (one for
transmitting and one for receiving),
one of four phase angles is used: 0,
90, 180, or 270 degrees. The data is
sent two bits at a time, or in dibits.
Since there are four ways to send
twobitsat atime—00,01,100r 11—

each of the four phases represents
one unique dibit. While the data
rate is 1200 bits per second, the
baud rate (the rate at which infor-
mation packets are sent) is 600
because two bits (dibits) are sent in
each packet. Again, 600 packets per
second (600 baud and, in this case,
1200 bps) is the limit for transmit-
ting full duplex data over the gen-
eral switched telephone network
using FDM.

Call Progress Monitor Operation

The modem controller uses the
high-band and low-band filters in
the SC11016 for call progress moni-
toring. When the SC11016 is put in
the CPM and originate mode, the
ALB mode provides a means of
connecting either the high-band fil-
ter (ALB=0)orthescaled low-band
filter (290-660 Hz) (ALB = 1) to the
energy detector. Output of the
energy detector is monitored by
reading bit DO for detection of call
progress or voice/answer informa-
tion, using the duration and repeti-
tion rateas thecriteria fordetection.

A typical call establishment
sequence is as follows:

Dial tone detection— The control-
ler puts the SC11016 in the Origi-
nate, CPM mode with ALB =1 and
operates the off-hook relay in the
DAA by making the OH output
high. After a short delay (typically
300 ms), it monitors the output of
the energy detector (ED). If the
output is continuously high for at
least 1 second; it is recognized as a
valid dial tone. If the output is not
continuous then the controller con-
tinues to monitor until a timeout
occurs (typically 5 seconds). If a
dial tone is not detected within this
timeout, the controller returns a
‘NO DIAL TONE' (if X4 mode has
been selected) message to the DTE

149

910TIDS




SC11016

and aborts the call. If a dial tone is
detected, it proceeds to dial the
number as follows.

Dialing—The controller will use
the specified format (tone or pulse).

If a pause is required in the dialing
sequence for a second dial tone,
then after dialing is done, the con-
troller will wait for approximately
2.5 seconds and then start to moni-
tor the ED output by alternately
toggling the ALB mode at a rate of
approximately 100 ms. This allows
detection of ringback/busy call
progress tones or voice/answer
tone. The toggling rate is based on
the settling times of the filters as
well as the response time of the ED.
Once energy is detected at the out-
put of the ED, the controller will
maintain the selected ALB mode
until detection ismade. Thecriteria
forvariousdetectionsaredescribed
below.

Busy tone detection—If the num-
ber of transitions of the ED output
exceeds 7 over the 5 second win-
dow when looking for ringback
tone, it will be assumed to be a busy
signal. The controller will then
abort the call and return a ‘BUSY’
message to the DTE (in the X4
mode).

Answer tone detection—If the
output of the high-band filter is
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continously high for at least 2 sec-
onds, the controller will assume
it to be an answer tone from the
distant modem, then returns a
‘CONNECT’ message and pro-
ceeds with handshaking sequence
necessary to establish a data call.

If tone or answer within the time
specified in S7, the controller hangs
up and returns 'NO CONNECT
message.

Silence detection—If the cumula-
tive duration of ED over the 5 sec-
ond window is lessthan 0.7 second,
once the window is started, it is
recognized as silence. The control-
ler then returns a ‘NO ANSWER’
message to the DTE and aborts the
call.

Specific Applications

The 5C11016 modem performs all
the signal processing functions
required in a 212A/V.22 modem.
Like all modems, it requires an ex-
ternal controller to implement the
handshaking protocols and control
functions. The controller’s task is
simplified by the use of a 4 line
serial interface as opposed to a
multiline parallel interface. In par-
ticular, only 1/O pins are used ona
single chip microcomputer. More
pins are then available for other
interfaces such as DAA, RS-232,
switches and lights. In most
modem applications this will
eliminate the need for external

latches and buffers for additional
1/0 pins.

Figure 4 shows the 5C11016
modem IC used with the 5C11027
controller to make a complete par-
allel bus Hayes-type smart modem.

Figure 5 shows the SC11016
modem IC used with the SC11028
controller to make a complete
RS-232 serial interface Hayes-type
smart modem.

Figure 6 shows the schematic of a
stand-alone smart modem imple-
mented with the SC11016 and the
8031—the ROMless version of the
8051 microcomputer. Even though
16-port1/O pins are used up on the
8031 for interfacing with the exter-
nal ROM, enough pins are still
available for the other interfaces
because of the serial interface used
on the SC11016. The 8031 micro-
computer was selected because of
its wide use in current stand-alone
and integrated smart modems.

Oscillator —The $C11016 includes
an inverting amplifier and a bias
resistor so that a crystal oscillator
can be designed by connecting a
7.3728 MHz crystaland two capaci-
tors (27 pF and 47 pF) to XTAL1 and
XTAL2 pins as shown in the sche-
matic. A buffered TTL compatible
clock output is available on the
CLOCK OUT pin to drive the
microcomputer.




COMPUTER BUS INTERFACE

T
91011IOS

2uF
vt 10 uF
4
50ka 2504F
POT
.05 uF
IN914 ~ 10Q saosW
45V M SPEAKER
Tza FBR244D05
Vee — 2k LV YN O +5V
OH L '\/\/—E :
I
= | 1N914
2N4401 : ”
] P ' FBR244D05
16 AN § B iaiel 045V
o1 ! : TEL SET
17 ——
—10D 2kQ |
N 2 kov 4 ! !
——1 D3 : !
19 = o |
B4 12 14 2Nadot ST ! 4 13
o L TXD TXD PREM MAGNETICS ! - _i‘e » 2_
" RXD fe2 31 rxp aupio — SPT-188/189 | ! i —
—1Ds _LJPD Rxa1 J& ) ooy °
4 -2}o, sciio27 = §C11016 6000 39vz EZRCO7
2 SC11037 Modem _ ., |10 DK241U
—INT 3.9Vz 9 |13
Controller TxouT |1 L ° °
i Y 47-100 pF Q2w ! L ]
0 Vrer B4 NPO -
2 oo H 5 { pio L J_%F' 0.47 uF/200 V LINE
——26 1 sck 10 16 | 5ok AGND 12 T__ T o
214, ol & it e i 1oRF IS -
_2Z71Gs WR |2 8 Y WR CC Fopr 1+ REFY 390 uH +5V
F
Jd— ok P——2 4 ckout  panp |2 . Bl
—4 posT o] Gs 1
_2) 5T XTAL1 XTAL2 o v Osika  IN5254
3 (4) 20 21 T
~ ROY @ 4N25
27pF 47 pF
I T 5 5
- 7.3728 MHz +.001% < 2
TEST GND T o1

— L

Figure 4. Internal 212A/V.22 Smart Modem Using the SC11016 Modem IC and the SC11027/37 Controlier

Notes: 1. Connecting GS (pin 8) to V.. compensates for 2 dB loss in the coupling transformer.
2. Analog ground (<) and digital ground (1) should be routed separately and connected together at
the common point of the power supply for best performance.
3. Power supply decoupling capacitors (47 pF and 10 pF) should be tantalum type.
4. SC11037 only connect RDY line of SC11037 to IOCHRDY pin (A10) of PC bus.
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Figure 5. 212A/V.22 Stand-Alone Intelligent Modem Using the SC11016 Modem IC and the SC11028 Controller

Notes:
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1. Connecting GS (pin 8) to V.. compensates for 2 dB loss in the coupling transformer.

2. Analog ground (<) and digital ground () should be routed separately and connected together at the
common point of the power supply for best performance.

3. Power supply decoupling capacitors (47 uF and 10 pF) should be tantalum type.
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Figure 6. 212A/V.22 Stand-Alone Smart Modem Using the 8031 Controller with SC11016 Modem
Notes: 1. Connecting GS (pin 8) to V__. compensates for 2 dB loss in the coupling transformer.
REF
2. Analog ground (<) and digital ground (1) should be routed separately and connected to-
gether at the common point of the power supply for best performance.
3. Power supply decoupling capacitors (47 pF and 10 uF) should be tantalum type.
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SC11016

Power Supply Decoupling and
Circuit Layout Considerations

For optimum performance and to
obtain the best possible perform-
ance at low received signal levels
with low S/N ratio, it is important
to use the recommended power
supply decoupling circuitas shown
inFigures4,5,and 6. Asmallinduc-

supply helps suppress RFI as well
as improve the power supply noise
rejection capability of the SC11016
when used with the decoupling
capacitors. The 10 uF capacitors
should be tantalum type while the
0.1 uF capacitors should have a
good high frequency rejection char-
acteristic, monolithic ceramic types

It is important to locate the decou-
pling capacitors as close to the ac-
tual power supply pins of the
5C11016 as possible. It is also rec-
ommended that the analog ground
and digital ground buses be routed
separately and connected at the
common ground pointof the power

supply.
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