


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2912A 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ......... '-1Q°C to + 80°C 

Storage Temperature .......... - 65°C to + 150°C 

Supply Voltage with Respect 
to Vss ...................... -0.3V to + 14.0V 

All Input and Output Voltages with 
Respect to VSB .............. -0.3V to + 14.0V 

AII.Output Currents ................ , .... ± 50 mA 

Power Dissipation ' ....... , ................ 1 Watt 

NOTICE: This is a production data sheet. The specifi­
cations are subject to change without notice. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex­
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

D.C. CHARACTERISTICS T A = O°C to + 70°C; VCC = 5V ±5%; VBB = - 5V ± 5%; GRDA = OV; 
GRDD = OV; unless otherwise specified 

DIGITAL INTERFACE (CLK, CLKO, and PDN Pins) 

Symbol Parameter Min Typ(1) Max Unit Test Conditions 

luc Input Load Current,CLK 10 p.A VIN = GRDD to Vcc 

lua Input Load Current, CLKO 10 p.A VIN = VBB to Vcc 

lup Input Load Current, PDN -100 p.A VIN = GRDD to Vcc 

VIL Input Low Voltage (except CLKO) 0.8 V 

VIH Input High Voltage (except CLKO) 2.0 V 

VILO Input Low Voltage, CLKO VBB VBB+ 0.5 V 

VIIO Input Intermediate Voltage, CLKO GRDD-0.5 0.8 V 

VIHO Input High Voltage, CLKO Vcc-0.5 Vcc V 

POWER DISSIPATION 

Symbol Parameter Min Typ(1) Max Unit Test Conditions 

Icco Vcc Standby Current 50 100 p.A PDN = VIH Min 

ISBO VBB Standby Current 50 100 p.A PDN = VIH Min 

ICC1 Vcc Operating Current, Power 6 10 mA PWRI = VBB(2) 
Amplifiers Inactive 

IBB1 VBB Operating Current, Power 6 10 mA PWRI = VBS(2)' 
Amplifiers Inactive 

ICC2 Vcc Operating Current 8 14 mA 

IBB2 VBS Operating Current 8 14 mA 

NOTES: 
1. Typical values are for T A = 25'C and nominal power supply values. 
2. To place the power amplifiers in the inactive mode PWRI must be tied to VBBprior to power-up. 
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2912A 

D.C. CHARACTERISTICS TA = O°C to + 70°C; Vee = 5V ± 5%; VBB = - 5V ± 5%; GRDA = OV; 
GRDD = OV; unless otherwise specified (Continued) 

ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 

Symbol Parameter Min Typ(1) Max Unit Test Conditions 

IBXI Input Leakage Current, VFxl +, VFxl- 100 nA - 2.2V < VIN < 2.2V 

Rixi Input Resistance, VFxl +, VFxl- 10 Mn 

rvOSXI Input Offset Voltage, VFxl +, VFxl- 25 mV 

CMRR Common Mode Rejection, VFxl +, VFxl- 60 75 dB - 2.2V < VIN < 2.2V, 
o dBmO == 1.1 VRMS, Input at VFxl-

~VOL DC Open Loop Voltage Gain, GSx 3000 

e Open Loop Unity Gain Bandwidth, GSx 1 MHz 

rvOXI Output Voltage Swing, GSx ±2.5 V RL~10Kn 

iCLXI Load Capacitance, GSx 25 pF 

RLXI Minimum Load Resistance, GSx 10 Kn Minimum RL 

ANALOG INTERFACE, TRANSMIT FILTER (See Figure 9) 

Symbol Parameter Min Typ(1) Max Unit Test Conditions 

Rox Output Resistance, VFxO 20 35 n 

Vosx Output DC Offset, VFxO 100 mV VFxl + Connected to GRDA, 
Input Op Amp at Unity Gain 

PSRR1 Power Supply Rejection of Vee at 30 40 dB Note 2 
1 KHz, VFxO 

PSRR2 Power Supply Rejection of VBB at 25 30 dB Note 2 
1 KHz, VFxO 

CLX Load Capacitance, VFxO 25 pF 

RLX Minimum Load Resistance, VFxO 2.7 Kn Minimum RL 

VOX1 Output Voltage Swing, 1 KHz, VFxO ±3.2 V RL ~ 10 Kn or with 2910A 
or 2911A 

VOX2 Output Voltage Swing, 1 KHz, VFxO ±2.5 V RL:2 2.7 Kn 

NOTES: 
1. Typical values for T A = 25"e and nominal power supply values. 
2. PSRR1,2 include op amp in transmit section. 
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D.C. CHARACTERISTICS TA = O·Cto +70·C;Vcc = 5V ±5%;VBB= -5V ±5%;GRDA == OV; 
GRDD = OV; unless otherwise specified (Continued) 

ANALOG INTERFACE, RECEIVE FILTER (See Figure 10) 

Symbol Parameter Min Typ(1) Max Unit Test Conditions 

IBR Input Leakage Current, VFRI 3 /LA -3.2V < VIN < 3.2V 

RIR Input Resistance, VFRI 1 Mn 

ROR Output Resistance, VFRO 100 n 

VOSR Output DC Offset VFRO 100 mV VFRI Connected to GRDA 

PSRRa Power Supply Rejection of Vcc at 30 45 dB 
1 KHz, VFRO 

PSRR4 Power Supply Rejection of VBB at 30 35 dB 
1 KHz, VFRO 

CLR Load Capacitance, VFRO 25 pF 

RLR Minimum Load Resistance, VFRO 10 Kn MinimumRL 

VOR Output Voltage Swing, VFRO ±3.2 V RL = 10 Kn 

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 

Symbol Parameter Min Typ(1) Max Unit . Test Conditions 

IBRA Input Leakage Current, PWRI 3 /LA -: 3.2V < VIN < 3.2V· 

RIRA Input Resistance, PWRI 10 Mn 

RORA Output Resistance, PWRO +, PWRO- 1 n Iiourl < .10 rnA 
-3.0V < VOUT < 3.0V 

VOSRA Output DC Offset, PWRO +, PWRO- 50 mV PWRI Connected to GRDA 

CLRA Load Capacitance, PWRO + , PWRO- 100 pF 

VORA1 Output Voltage Swing Across RL, ±3.2 V RL = 10 Kfl RL Connected 
PWRO + , PWRO - Single Ended 
Connection 

±2.9 V RL = 600n toGRDA 
fo ~ 200Hz 

±2.5 V RL = 300n 

VORA2 Differential Output Voltage Swing, ±6.4 _ V RL = 20Kn RL Connected 
PWRO+, pWRb- ±5.8 V RL = 1200n between PWRO + 
Balanced Output Connection andPWRO -

±5.0 V RL = 600n fo ~ 200 Hz 

NOTE: 
1. Typical values are for T A = 25°C and nominal power supply values. 
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A.C. CHARACTERISTICS TA = O°C to + 70°C; vee = 5V ±5%; VSS = -5V ±5%; GRDA = OV; 
GRDD = OV; unless otherwise specified 

Clock Input Frequency: ClK = 1.536 MHz ± 0.1 %; ClKO = VILO (Tied to VSS) 

ClK = 2.048 MHz ± 0.1 %; ClKO = VIHO (Tied to Vee) 

ClK = 1.544 MHz ± 0.1 %; ClKO = VIIO (Tied to GRDD) 

TRANSMIT FILTER TRANSFER CHARACTERISTICS 
(See Transmit Filter Transmit Characteristics, Figure 7) 

Symbol Parameter Min 

GRX Gain Relative to Gain at 1 KHz 

16.67 Hz 

50 Hz 

60 Hz 

200 Hz -1.8 

300 Hz to 3000 Hz -0.125 

3300 Hz -0.35 

3400 Hz -0.7 

4000 Hz 

4600 Hz and Above 

GAX Absolute Passband Gain at 1 KHz, 2.9 
VFxO 

GAXT Gain Variation with Temperature at 
1 KHz 

GAXS Gain Variation with Supplies at 1 KHz 

CTRT Cross Talk, Receive to Transmit, 
. Measured at VFxO 

VFxO 
20 log -----0 

VFR 

Nex1 Total C Message Noise at Output, VFxO 

Nex2 Total C Message Noise at Output, VFxO 

Dox Differential Envelope Delay, VFxO 
1 KHz to 2.6 KHz 

DAX Absolute Delay at 1 KHz, VFxO 

DPX1 Single Frequency Distortion Products 

DPX2 Single Frequency Distortion Products at 
Maximum Signal level of + 3 dBmO at 
VFxO 

5-41 

Typ(1) Max Unit 

-56 -50 dB 

-25 dB 

-23 dB 

-0.125 dB 

0.125 dB 

0.03 dB 

-0.1 dB 

-14 dB 

-32 dB 

3.0 3.1 dB 

0.0002 0.002 dBI"C 

0.01 0.07 dBIV 

-75 -65 dB 

6 11 dBrncO 
(Note 2) 

9 13 dBrncO 
(Note 2) 

60 /-Ls 

110 /-Ls 

-48 dB 

-45 dB 

Test Conditions 

o dBmO Input Signal 

Gain Setting Op Amp 

Unity Gain 

o dBmO Signal == 1.1 VRMS 

Input at VFxl-

o dBmO Signal == 1.6 VRMS 

Output at VFxO 

RL = 00(3) 

o dBmO Signal level 

o dBmO Signal level, 
Supplies ±5% 

VFRI = 1.6 VRMS, 1 KHz 
Input, VFxl + , VFxl-
Connected to GSx, GSx 
Connected through 10 KO to 
GRDA 

Gain Setting Op Amp at 
Unity Gain 

Gain Setting Op Amp at 
20 dB Gain 

o dBmO Input Signal at 1 KH2 

0.16 VRMS 1 KHz Input 
Signal at VFxl + ; Gain 
Setting Op Amp at 20 dB 
Gain. The + 3 dBmO Signal 
at VFxO is 2.26 VRMS 



2912A 

A.C. CHARACTERISTICS TA"", O°Cto + 70°C; VCC = 5V ±5%; vee = -5V±5%; GRDA = OV; 
GRDD = OV; unless otherwise specified (Continued) 

Clock Input Frequency: ClK = 1.536 MHz ± 0.1 %; ClKO = VILO (Tied to Vee) 

ClK = 1.544 MHz ± 0.1 %; ClKO = VIIO (Tied to GRDD) 

ClK = 2.048 MHz ±0.1 %; ClKO = VIHO (Tied to Vccl 

RECEIVE FILTER TRANSFER CHARACTERISTICS (See Receive Filter Transfer Characteristics Figure 8) , 

~ymbol Parameter Min Typ(1) Max Unit Test Conditions 

[GRR Gain Relative to Gain at 1 KHz with o dBmO Input Signal 
Sinx/x Correction of 291 OA or 2911 A 

Below 200 Hz 0.125 dB o dBmO Signal == 1.6 VRMS x 
200 Hz -0.5 0.125 dB 

Sin (8~~0) 
300 Hz to 3000 Hz -0.125 0.125 dB 

(8~~0) 3300 Hz -0.35 0.03 dB Input at VFRI 

3400 Hz -0.7 -0.1 dB . 

4000 Hz -14 dB 

4600 Hz and Above -30 dB 

GAR Absolute Passband Gain at 1 KHz, VFRO -0.1 0 +0.1 dB RL = 00(3,4) 

GART Gain Variation with Temperature at 0.0002 0.002 dBrC o dBmO Signal level 
1 KHz 

GARS Gain Variation with Supplies at 1 KHz 0.01 0.07 dBN o dBmO Signal level, 
Supplies ± 5% 

CTTR Cross Talk, Transmit to Receive, -70 -60 dB VFxl = 1.1 VRMS, 1 KHz 
Measured at VFRO; Output, VFR' Connected to 
20 log (VFRO/VFXO) GRDA 

NCR Total C Message Noise at Output, VFRO 2 6 dBrncO VFRO Output or PWRO + and 
(Note 2) PWRO - Connected with 

Unity Gain 

DOR Differential Envelope Delay, VFRO, 100 ILs 
1 KHz to 2.6 KHz 

DAR Absolute Delay at 1 KHz, VFRO 110 ILs 

DPR1 Single Frequency Distortion Products -48 dB o dBmO Input Signal at 1 KHz 

DPR2 Single Frequency Distortion Products at -45 dB + 3 dBmO Signal level of 
Maximum Signal level of + 3 dBmO at 2.26 VRMS, 1 KHz Input at 
VFRO VFRI 

NOTES: 
1. Typical Values are for T A = 25'C and nominal power supply values. 
2. A noise measurement of 12 dBrnc into a 600n load at the 2912A device is equivalent to 6 dBrncO. 
3. For gain under load refer to output resistance specs and perform gain calculation. 
4. Output is non-inverting. 
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TRANSFER CHARACTERISTICS 

+1.0dB 

EXPANDED 
SCALE OdB 

-1.0dS 

OdB 

-IOdB 

-20dB 

/:: 

-30dB 

-40dB 

-50dB -+ ................ 

-GOdB 

10Hz 

2912A 

+O.125d8 
300Hz +O.125dB +O.03dB 

-0.125 dB 3000 Hz /'" 3300 Hz 
200Hz ' UU( ( ( ( ( , , ( ( ( , ( , ( ( ( , ( , uu"""-"--( /" ,. 
~ .-= ~:::::::,~;~~g~~ 

TYPICAL 

TYPICAL 

100Hz 1 KHz 

-0.125dB 
3000 Hz 

-0.70 dB 
3400 Hz 

-0.35 dB 
3300 Hz 

10 KHz 

270159-7 

Figure 7. Transmit Filter 
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+2.0d8 

+1.0dB 

EXPANOED 
SCALE 0 dB 

-1.0 dB ~ 

OdB 

-10dB 

-20dB 

-30 dB 

-40dB 

-SOdB 

-60dB 

10Hz 

NOTES: 

2912A 

,/~a .. \ . . . . . . 
/,' ~. 

Typical Filter (1) '" 
Transfer Function ,/ ~ 

,,;' : 
+0.12SdB +0.12SdB ,,/ +0.12SdB +0.03dB 

\ 
// l 

({(({(({(((( ~~O{H:. « !~O{H: uu. d'<;( « « «3~?0~HZ ~300HZ 
" ,_ -0.10dB 

3400Hz 

100Hz 

-Q.50dS / -0.12SdB 
3000Hz 200Hz 

Typicol 

Typlcal-----------'O':-

FUter Transfer Function (2) 
When multiplied by 

which Is the SI~X output 

response of the INTEL 
2910A and .2911A CODECS. 

Where X = 8~O • 

1 KHz 

Figure 8. Receive Filter 

-0.3SdB 
3300 Hz 

10KHz 

270159-8 

1. Typical Transfer Function of the Receive Filter as a Separate Component. 
2. Typical Transfer Function of the Receive Filter Driven by the Sample and Hold Output of the Intel 2910A and 2911 A 
CODECS. The Combined Filter/CODEC Response Meets the Stated Specifications. 
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POWER SUPPLY REJECTION TYPICAL VALUES OVER 3 RANGES 
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Figure 9. Transmit Filter 

All VFRO with VFRI Connected to GRDA 
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Figure 10. Receive Filter 
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2913 AND 2914 
COMBINED SINGLE-CHIP PCM CODECAND FILTER 

• 2913 Synchronous Clocks Only, 300 Mil • Exceptional Analog Performance 
Package • 28-Pin Plastic Leaded Chip Carrier 

• 2914 Asynchronous Clocks, 8th Bit (PLCC) for Higher Integration 
,Signaling, Loop Back Test Capability • Low Power HMOS-E Technology: 

• AT&T D3/D4 and CCITT Compatible for - 5 mW Typical Power Down 
Synchronous Operation -140 mW Typical Operating 

• Pin Selectable ,.....Law or A-Law • Fully Differential Architecture Enhances 
Operation Noise ImlTlunity 

• Two Timing Modes: • On-Chip Auto Zero, Sample and Hold, 
- Fixed Data Rate Mode and Precision Voltage References 

1.536,1.544, or 2.048 MHz • Direct Interface with Transformer or 
- Variable Data Rate Mode Electronic Hybrids 

64 KHz 2.048 MHz 

The Intel 2913 and 2914 are fully integrated PCM codecs with transmit/receive filters fabricated in a highly 
reliable and proven N-channel HMOS silicon gate technology (HMOS-E). These devices provide the functions 
that were formerly provided by two complex chips (2910A or 2911 A and 2912A). Besides the higher level of 
integration, the performance of the 2913 and 2914 is superior to that of the separate devices. ' 

The primary applications for the 2913 and 2914 are in telephone systems: 

• SwitchinQ-Digital PBX's and Central Office Switching Systems 

• Transmission-D3/D4 Type Channel Banks and Subscriber Carrier Systems 

• Subscriber Instruments-Digital Handsets and Office Workstations 

The wide dynamic range of the 2913 and 2914(78 dB) and the minimal conversion time make them ideal 
products for other applications such as: ' 

• Voice Store and Forward 
• 'Digital Echo Cancellers 

v_ Vee 

PWRO+ GS, 

PWRO- YF.I -

GS. YFxl + 

PDN GADA 

CLKSEL ABEL 

DCLK" TSxlDCLKx 

Do D, ... FS, 

aRDO eLK. 

210629-1 

.' Secure Communications Systems 
• Satellite Earth Stations 

,v .. 
PWAO+ 

PWAO- VF.I-.... VF.I+ 

jijjjj GRDA 

CLKSEL NC 

LOOP SlGocIASEL 

SIO .. iixmcLK. 
DCLK. D, 

D • .... ... CLK, 

GRDO eLK" 

210629-2 

Figure 1. PIn Configurations 
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intJ 2913 and 2914 

Table 1. Pin Names 

Name Description Name Description 

VBB Power (-SV) GSx Transmit Gain Control 

PWRO +, PWRO- Power Amplifier Outputs VFxl-, VFxl + Analog Inputs 

GSR Receive Gain Control GRDA Analog Ground 

PDN Power Down Select NC No Connect 

CLKSEL Master Clock Frequency SIGx Transmit Signaling Input 
Select 

LOOP Analog Loop Back ASEL p.- or A-Law Select 

SIGR Receive Signaling Output TSx Timeslot Strobe/Buffer Enable 

DCLKR Receive Variable Data Clock DCLKx Transmit Variable Data Clock 

DR Receive PCM Input Ox Transmit PCM Output 

FSR Receive Frame FSx Transmit Frame 
Synchronization Clock Synchronization Clock 

GRDD Digital Ground CLKx Transmit Master Clock 

Vee Power (+SV) CLKR Receive Master Clock (2914 
Only, Internally Connected 
to CLKxon 2913) 

Table 2. Pin Description 

Symbol Function 

VBB Most negative supply; input voltage is -SV ±S%. 

PWRO+ Non-inverting output of power amplifier. Can drive transformer hybrids or high impedance 
loads directly in either a differential or single ended configuration. 

PWRO- Inverting output of power amplifier. Functionally identical and complementary to PWRO +. 

GSR Input to the gain setting network on the output power amplifier. Transmission level can be 
adjusted over a 12 dB range depending on the voltage at GSR. 

PDN Power down select. When PDN is TTL high, the device is active. When low, the device is 
powered down. 

CLKSEL Input which must be pinstrapped to reflect the master clock frequency at CLKx, CLKR. 
CLKSEL = VBB ....................... 2.048 MHz 
CLKSEL = GRDD .................... 1.S44 MHz 
CLKSEL = Vee ....................... 1.S36 MHz 

LOOP Analog loopback. When this pin is TTL high, the analog output (PWRO + ) is internally 
connected to the analog input (VFxl + ), GSR is internally connected to PWRO -, and 
VFxl- is internally connected to GSx. A 0 dBmO digital signal input at DR is returned as a 
+ 3 dBmO digital signal output at Ox. 

SIGR Signaling bit output, receive channel. In fixed data rate mode, SIGR outputs the logical 
state of the eighth bit of the PCM word in the most recent signaling frame. 

DCLKR Selects the fixed or variable data rate mode. When DCLKR is connected to VBB, the fixed 
data rate mode is selected. When DCLKR is not connected to VBB, the device operates in 
the variable data rate mode. In this mode DCLKR becomes the receive data clock which 
operates at TTL levels from 64 Kb to 2.048 Mb data rates. 
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inter 2913 and 2914 

Table 2. Pin Description (Continued) 

Symbol Function 

DR Receive PCM input. PCM data is clocked in on this lead on eight consecutive negative 
transitions of the receive data clock; CLKR in the fixed data rate mode and DCLKR in 
variable data rate mode. 

FSR 8 KHz frame synchronization clock inputltimeslot enable, receive channel. A multi-function 
input which in fixed data rate mode distinguishes between signaling and non-signaling 
frames by means of a double or single wide pulse respectively. In variable data rate mode 
this signal must remain high for the entire length of the timeslot. The receive channel 
enters the standby state whenever FSR is TTL low for 300 milliseconds. 

GRDD Digital ground for all internal logic circuits. Not internally tied to GRDA. 

CLKR Receive master and data clock for the fixed data rate mode; receive master clock only in 
variable data rate mode. . 

CLKx Transmit master and data clock for the fixed data rate mode; transmit master clock only in 
variable data rate mode. 

FSx 8 .KHz frame synchronization clock inputltimeslot enable, transmit channel. Operates 
independently but in an analogous manner to FSR. 

The transmit channel enters the standby state whenever FSx is TTL low for 300 
milliseconds. 

Dx Transmit PCM output. PCM data is clocked out on this lead on eight consecutive positive 
transitions of the transmit data clock: CLKx in fixed data rate mode and DCLKx in variable 
data rate mode. 

TSx/DCLKx Transmit channel timeslot strobe (output) or data clock (input) for the transmit channel. In 
fixed data rate mode, this pin is an open drain output designed to be used as an enable 
Signal for a three-state buffer. In variable data rate mode, this pin becomes the transmit 
data clock which operates at TTL levels from 64 Kb to 2.048 Mb data rates. 

SIGx/ASEL A dual purpose pin. When connected to VBB, A-law operation is selected. When it is not 
connected to VBB this pin is a TTL level input for signaling operation. This input is 
transmitted as the eighth bit of the PCM word during Signaling frames on the Dx lead. If not 
used as an input pin, ASEL should be strapped to either Vee or GRDD. 

NC No connect. 

GRDA Analog ground return for all internal voice circuits. Not internally connected to GRDD. 

VFxl + Non-inverting analog input to uncommitted transmit operational amplifier. 

VFxl - Inverting analog input to uncommitted transmit operational amplifier. 

GSx Output terminal of transmit channel input op amp. Internally, this is the voice signal input to 
the transmit filter. 

Vee Most positive supply; input voltage is + 5V ± 5%. 
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inter 2913 and 2914 

FUNCTIONAL DESCRIPTION 

The 2913 and 2914 provide the analog-to-digital and 
the digital-to-analog conversions and the transmit 
and receive filtering necessary to interface a full du­
plex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TOM) sys­
tem. They are intended to be used at the analog 
termination of a PCM line or trunk. 

SWITCHING 

r----------------~-----
I PA.X IC.O. SWITCHING SYSTEM ~~:::~~S:ION 

I 
I CONTROL HIGHWAYS 

I 
I r--'---, OFF·HOOKIAOTAHY DIAL PULSES 

I 
I 
I 

I 
I RINGING 

I 
I 

"", 
OR 

"". 
HV8RI014--'------I COM80 

RING CONTROL 

L ________ ~ ____________ _ 
FUNCTIONAL BLOCK DIAGRAM OF A LINE 
CIRCUIT WITH SEPARATE SIGNALINGI 
CONTROL HIGHWAYS 

CHANNEL BANKS 

TO DISTANT 
CENTRAL OFFICE 

rc'HANNElUNIT - ---I .. 
~I~ r----, 

~ 

/ 
) 

The following major functions are provided: 

• Bandpass filtering of the analog signals prior to 
encoding and after decoding 

• Encoding and decoding of voice and call prog­
ress information 

• Encoding and decoding of the signaling and su­
pervision information 

r.C;;;;;;;;;;;;;;l TELEPHONE SET 
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GENERAL OPERATION 

System Reliability Features 

The combochip can be powered up by pulsing FSx 
and/or FSR while a TTL high voltage is applied to 
PON, provided that all clocks and supplies are con­
nected. The 2913 and 2914 have internal resets on 
power up (or when Vss or Vee are re-applied) in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 

On the transmit channel, digital outputs Ox and TSx 
are held in a high impedance state for approximately 
four frames (500 ).ts) after power ~ or application of 
Vss or Vee. After this delay, Ox, TSx, and signaling 
will be functional and will occur in the proper time­
slot. The analog circuits on the transmit side require 
approximately 60 milliseconds to reach their equilib­
rium value due to the autozero circuit settling time. 
Thus, valid digital information, such as for on/off 
hook detection, is available almost immediately, 
while analog information is available after some de­
lay. 

On the receive channel, the digital output SIGR is 
also held low for a maximum of four frames after 
power up or application of Vss or Vee. SIGR will 
remain low thereafter until it is updated by a signal­
ing frame. 

To further enhance system reliability, TSx and Ox 
will be 'placed in a high impedance state approxi­
mately 30 ).ts after an interruption of CLKx. Similarly, 
SIGR will be held low approximately 30 ).ts after an 
interruption of CLKR. These interruptions could pos­
sibly occur with some kind of fi:l.Ult condition. 

Power Down and Standby Modes 

To minimize power consumption, two power down 
modes are provided in which most 2913/2914 func­
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 
the device, are enabled in these modes. As shown in 
Table 3, the digital outputs on the appropriate chan­
nels are placed in a high impedance state until the 
device returns to the active mode. 

The PoWer Oown mode utilizes an external control 
signal to the PON pin. In this mode, power consump­
tion is reduced to the value shown in Table 3. The 
device is active when the signal is high and inactive 
when it is low. In the absence of any signal, the PON 
pin floats to TTL high allowing the device to remain 
active continuously. 

The Standby mode leaves the user an option of 
powering either channel down separately or power­
ing the entire device down by selectively removing 
FSx and/or FSR. With both channels in the standby 
state, power' consumption is reduced to the value 
shown in Table 3. If transmit only operation is de­
sired, FSx should be applied to the device while FSR 
is held low. Similarly, if receive only operation is de­
sired, FSR should be applied while FSx is held low. 

Fixed Data Rate Mode 

Fixed data rate timing, which is 2910A and 2911 A 
compatible, is selected by connecting OCLKR to 
Vss. It employs master clocks CLKx and CLKR, 
frame synchronization clocks FSx and FSR, and out­
put TSx. 

Table 3. Power-Down Methods 

Power-Down 
Typical 

Device Status Power Digital Output Status 
Method 

Consumption 

PowerOown PON = TTL Low 5mW TSx and Ox are placed in a high impedance 
Mode state and SIGR is placed in a TTL low state 

within 10 ).ts. 

Standby Mode FSx and FSR are 12mW TSx and Ox are placed in a high impedance 
TTL Low state and SIGR is placed in a TTL low state 300 

milliseconds after FSx and FSR are removed. 

Only Transmit Is FSx is TTL Low 70mW TSx and Ox are placed in a high impedance 
on Standby state within 300 milliseconds. 

Only Receive Is FSR is TTL Low 110 mW SIGR is placed in a TTL low state within 300 
on Standby milliseconds. 
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CLKx andCLKR serve both as master clocks to op­
erate the codec and filter sections and bit clocks to 
clock the data in and out from the PCM highway. 
FSx and FSR are 8 KHz inputs which set the sam­
pling frequency and. distinguish between Signaling 
and non-signaling frames by their pulse width. A 
frame synchronization pulse which is one master 
clock wide designates a non-signaling frame, while a 
double wide sync pulse enables the signaling func­
tion. TSx is a timeslot strobe/buffer enable output 
which gates the PCM word onto the PCM highway 
when an external buffer is used to drive the line. 

Data is transmitted on the highway at Ox on the first 
eight positive transitions of CLKx following the rising 
edge of FSx. Similarly, on the receive side, data is 
received on the first eight falling edges of CLKR. The 
frequency of CLKx and CLKR is selected by the 
CLKSEL pin to be either 1.536, 1.544, or 2.048 MHz. 
No other frequency of operation is allowed in the 
fixed data rate mode. 

Variable Data Rate Mode 

Variable data rate timing is selected by connecting 
DCLKR to the bit clock for the receive PCM highway 
rather than to VBB. It employs master clocks CLKx 
and CLKR, bit clocks DCLKR and DCLKx, and frame 
synchronization clocks FSR and FSx. 

Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequen­

. cy of the bit clocks, which can be asynchronous in 
the case of the 2914 or synchronous in the case of 
the 2913, from 64 KHz to 2.048 MHz. Master clock's 
inputs are still restricted to 1.536, 1.544, or 2.048 
MHz. 

In this mode, DCLKR and DCLKx become the data 
clocks for the receive and transmit PCM highways. 
While FSx is high, PCM data from Ox is transmitted 
onto the highway on the next eight consecutive posi­
tive transitions of DCLKx. Similarly, while FSR is 
high, each PCM bit from the highway is received by 
DR on the next eight consecutive negative tran­
sitions of DCLKR. 

On the transmit side, the PCM word will be repeated 
in all remaining timeslots in the 125 /Ls frame as long 
as DCLKx is pulsed and FSx is held high. This fea­
ture allows the PCM word to be transmitted to the 
PCM highway more than once per frame, if desired, 
and is only available in the variable data rate mode. 
Conversely, signaling is only allowed in the fixed 
data rate mode since the variable mode provides no 
means with which to specify a signaling frame. 

Signaling 

Signaling can only be performed with the 24-pin de­
vice in the fixed data rate timing mode (DCLKR = 
VBB). Signaling frames on the transmit and receive 
sides are independent of one another and are se­
lected by a double-width frame sync pulse on the 
appropriate channel. During a transmit Signaling 
frame, the codec will encode the incoming analog 
signal and substitute the signal present on SIGx for 
the least significant bit of the encoded PCM word. 
Similarly, in a receive signaling frame, the codec will 
decode the seven most significant bits according to 
CCITT recommendation G.733 and output ·the logi­
cal state of the LSB on the SIGR lead until it is up­
dated in the next Signaling frame. Timing· relation­
ships for signaling operation are shown in Figure 4. 

CLK. tL. 1 2 3 
111211831258 XMIT~nAME 

FSx n 1 I ~L.. _______ -::::-__ 

Ox -~. . .. ' ____________ .:. __ ~SlG"---- --------------~ ---nrv ~ , 

SIG' -------------..... ---"" ... --------~------~.------ =-'---
.-------------~--~~~~-----~~-------- ~~~~ 

CLKRt123 
11i2I183/258 

~o~ I ~L.-____________ -=~ __ _ 
Do =~---------------~SIGO~--

, ----------------~~~---
SIGo :: ': . yALue 

Figure 4. Signaling Timing (Used Only with Fixed Data Rate Mode) 
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Asynchronous Operation 

The 2914 can be operated with asynchronous 
clocks in either the fixed or variable data rate 
modes. In order to avoid crosstalk problems associ­
ated with special interrupt circuitry, the design of the 
Intel 2913/2914 combochip includes separate digi­
tal-to-analog converters and voltage references on 
the transmit and receive sides to allow independent 
operation of the two channels. 

In either timing mode, the master clock, data clock, 
and timeslot strobe must be synchronized at the be­
ginning of each frame. CLKx and DCLKx are syn­
chronized once per frame but may be of different 
frequencies. The receive channel operates in a simi­
lar manner and is completely independent of the 
transmit timing (refer to Variable Data Rate Timing 
Diagrams). This approach requires the provision of 
two separate master clocks, even in variable data 
rate mode, but avoids the use of a synchronizer 
which can cause intermittent data conversion errors. 

Analog Loopback 

A distinctive feature of the 2914 is its analog loop­
back capability. This feature allows the user to send 
a control signal which internally connects the analog 
input and output ports. As shown in Figure 5, when 
LOOP is TTL high the analog output (PWRO +) is 
internally connected to the analog input (VFxl + ), 
GSR is internally connected to PWRO -, and VFxl­
is internally connected to GSx. 

With this feature, the user can test the line circuit 
remotely by comparing the digital codes sent into 
the receive channel (DR) with those generated on 
the transmit channel (Ox). Due to the difference in 
transmission levels between the transmit and re­
ceive sides, a 0 dBmO code sent into DR will 

emerge from Ox as a + 3 dBmO code, an implicit 
gain of 3 dB. Thus, the maximum signal input level 
which can be tested using analog loopback is 
o dBmO. 

Precision Voltage References 

No external components are required with the com­
bochip to provide the voltage reference function. 
Voltage references are generated on-chip and are 
calibrated during the manufacturing process. The 
technique uses a difference in sub-surface charge 
density between two suitably implanted MOS devic­
es to derive a temperature and bias stable reference 
Voltage. These references determine the gain and 
dynamic range characteristics of the device. 

Separate references are supplied to the transmit 
and receive sections and each is trimmed indepen­
dently during the manufacturing process. The refer­
ence value is then further trimmed in the gain setting 
op-amps to a final precision value. With this method 
the combochip can achieve the extremely accurate 
Digital Milliwatt Responses specified in the transmis­
sion parameters, providing the user a significant 
margin for error in other board components. 

Conversion Laws 

The 2913 and 2914 are designed to operate in both 
p.-Iaw and A-law systems. The user can select either 
conversion law according to the voltage present on 
the SIGxl ASEL pin. In each case the coder and de­
coder process a companded 8-bit PCM word follow­
ing CCITT recommendation G.711 for p.-Iaw and A­
law conversion. If A-law operation is desired, SIGx 
should be tied to Vss. Thus, signaling is not allowed 
during A-law operation. If p. = 255-law operation is 
selected, then SIGX is a TTL level input which modi­
fies the LSB of the PCM output in signaling frames. 

r-------------------------
I 
I YFXI- GSX 

~~~iM'T : ,..----, 

PWRO+ ";"'+---..".....:1---< 

PWRO- I 

I I 
I I 
I GSA I 
L ________________________ J 

COMBOCHIP ANALOG LOOP BACK FUNCTION 

DIGITIZED 
PCII 
LOOP BACK 
RESPONSE 

DIGITIZED 
PCII 
TEST 
TONE 
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Figure 5. Simplified Block Diagram of 2914 Combochip in the Analog Loopback Configuration 
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TRANSMIT OPERATION 

Transmit Filter 

The input section provides gain adjustment in the 
passband by means of an on-chip operational ampli­
fier. This operational amplifier has a common mode 
range of ± 2.17 volts, a DC offset of 25 mY, an open 
loop voltage gain of 5000, and a unity gain band­
width of typically 1 MHz. Gain of up to 20 dB can be 
set without degrading the performance of the filter. 
The load impedance to ground (GADA) at the ampli­
fier output (GSx) must be greater than 10 Kn in par­
allel with less than 50 pF. The input signal on lead 
VFxl + can be either AC or DC coupled. The input 
op amp can also be used in the inverting mode or 
differential amplifier mode (see Figure 6). 

A low pass anti-aliasing section is included on-chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components 
are required to provide the necessary anti-aliasing 
function for the switched capacitor section of the 
transmit filter. 

The passband section provides flatness and stop­
band attenuation which fulfills the AT&T 03/04 
channel bank transmission specification and CCITT 
recommendation G.714. The 2913 and 2914 specifi­
cations meet or exceed digital class 5 central office 
switching systems requirements. The transmit filter 
transfer characteristics and specifications will be 
within the limits shown in Figure 8. 

A high pass section configuration was chosen to re­
ject low frequency noise from 50 Hz and 60 Hz pow­
er lines, 17 Hz European electric railroads, ringing 

VFxl+ .... 
r 

GAIN=1+~ VFxl -

as, 
Rz 

R, 
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Figure 6. Transmit Filter Gain Adjustment 

frequencies and their harmonics, and other low fre­
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex­
ternal components. 

Encoding 

The encoder internally samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per­
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame. 

An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is -long term averaged and 
subtracted from the input to the encoder. In this way, 
all DC offset is removed from the encoder input 
waveform. 

RECEIVE OPERATION 

Decoding 

5-54 

The PCM word at the DR lead is serially fetched on 
the first eight data clock bits of the frame. A 01 A 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then 
transferred to the receive filter. 

Receive Filter 

The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T 031 
04 specification and CCITT recommendation G.714. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive 
filter characteristics and specifications are shown in 
Figure 9. 

Receive Output Power Amplifiers 

A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. Ei­
ther of the two outputs can be used single ended 
(referenced to GADA) to drive single ended loads. 
Alternatively, the differential output will drive a 
bridged load directly. The output stage is capable of 
driving loads as low as 300 ohms single ended or 
600 ohms differentially. 
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Table 4. Zero Transmission Level Points 

Symbol Parameter 

OTLP1x Zero Transmission Level Point 
Transmit Channel (0 dBmO) /L-Law 

OTLP2x Zero Transmission Level Point 
Transmit Channel (0 dBmO) A-Law 

OTLP1R Zero Transmission Level Point 
Receive Channel (0 dBmO) /L-Law 

OTLP2R Zero Transmission Level Point 
Receive Channel (0 dBmO) A-Law 

The receive channel transmission level may be ad­
justed between specified limits by manipulation of 
the GSR input. GSR is internally connected to an 
analog gain setting network. When GSR is strapped 
to PWRO -, the receive level is maximized; when it 
is tied to PWRO+, the level is minimized. The out­
put transmission level interpolates between O.dB 
and -12 dB as GSR is interpolated (with a potenti­
ometer) between PWRO + and PWRO -. The use 
of the output gain set is illustrated in Figure 7. 

Transmission levels are specified relative to the re­
ceive channel output under digital milliwatt condi­
tions, that is, when the digital input at DR is the eight­
code sequence specified in CCITT recommendation 
G.711. 

OUTPUT GAIN SET: DESIGN 
CONSIDERATIONS 

(Refer to Figure 7) 

PWRO + and PWRO - are low impedance comple­
mentary outputs. The voltages at the nodes are: 

® PWRO+ 

R, 2813 

0 OR 

v. GSA 2814 

I R. D. 

0 
PWRO- DIGITAL 

INPUT 
v.-

~ 
2'0629-'0 

Figure 7. Gain Setting Configuration 
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Value Units Test Conditions 

+276 dBm Referenced to 600.0. 
+1.00 dBm Referenced to 900.0. 

+2.79 dBm Referenced to 600.0. 
+1.03 dBm Referenced to 900.0. 

+5.76 dBm Referenced to 600.0. 
+4.00 dBm Referenced to 900.0. 

+5.79 dBm Referenced to 600.0. 
+4.03 dBm Referenced to 900.0. 

Vo+ atPWRO+ 

Vo- at PWRO-

Vo = (Vo+) - (Vo-Htotal differential response) 

Rl and R2 are a gain setting resistor network with 
the center tap connected to the GSR input. 

A value greater than 10K ohms for Rl + R2 and 
less than 100K ohms for Rl in parallel with R2 is 
recommended because: 

(a) The parallel combination of Rl + R2 and RL sets 
the total loading. 

(b) The total capacitance at the GSR input and the 
parallel combination of Rl and R2 define a time 
constant which has to be minimized to avoid in­
accuracies. 

A is the gain of the power amplifiers, where 

A = 1 + (R, /R2) 
4 + (R,/R21 

For design purposes, a useful form is Rl/R2 as a 
function of A. 

(Allowable values for A are those which make Rl/R2 
positive.) 

Examples are: 

If A = 1 (maximum output), then 

R,/R2 = 00 or V(GSRI = Vo-; 

i.e., GSR is tied to PWRO-

If A = %, then 

If A = %, (minimum output) then 

R,/R2 = 0 or V(GSRI = Vo+; 

i.e., GSR is tied to PWRO +. 
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ABSOLUTE MAXIMUM RATINGS 

Temperature under Bias ......... -1 O·C to + 80·C 

Storage Temperature .......... - 65·C to + 150·C 

Vee and GRDD 
with Respect to VBB ........... - 0.3V to + 15V 

All Input and Output Voltages 
with Respect to VBB ........... - 0.3V to + 15V 

Power Dissipation ........................ 1.35W 

D.C. CHARACTERISTICS 

NOTICE: This is a production data sheet. The specifi­
cations are subjectto change without notice. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex­
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

TA = O·C to 70·C, Vee = +5V ±5%, VBB = -5V ±5%, GRDA = OV, GRDD = OV, unless otherwise 
specified 

Typical values are for T A = 25·C and nominal power supply values 

DIGITAL INTERFACE 

Symbol Parameter Min Typ Max Unit Test Conditions 

IlL Low Level Input Current 10 ,...A GRDD s VIN s VIL(1) 

IIH High Level Input Current 10 ,...A VIH s VIN s Vee 

VIL Input Low Voltage, except CLKSEL 0.8 V 

VIH Input High Voltage, except CLKSEL 2.0 V 

VOL Output Low Voltage 0.4 V IOL = 3.2 mA at Dx, TSx and SIGR 

VOH Output High Voltage 2.4 V IOH = 9.6 rnA at Dx 
IOH = .1.2 rnA atSIGR 

VILO Input Low Voltage, CLKSEL(2) VBB VBB V 
+ 0.5 

VIIO Input Intermediate Voltage, CLKSEL GRDD 0.5 V 
- 0.5 

VIHO Input High Voltage, CLKSEL Vee Vee V 
~ 0.5 

Cox Digital Output Capacitance(3) 5 pF 

CIN Digital Input Capacitance 5 10 pF 
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D.C. CHARACTERISTICS 
TA = O°C to 70°C, VCC = +5V ±5%, VBB = -5V ±5%, GRDA = OV, GRDD = OV, unless otherwise 
specified 

Typical values are for T A = 25°C and nominal power supply values (Continued) 

POWER DISSIPATION All measurements made at fOCLK = 2.048 MHz, outputs unloaded 

Symbol Parameter Min Typ Max Unit Test Conditions 

ICCl VCC Operating Current(5) 14 19 mA 

IBBl VBB Operating Current -18 -24 mA 

Icco V cc Power Down Current 0.5 1.0 mA PDN :0; VIL; after 10 fLs 

IBBO VBB Power Down Current -0.5 -1.0 mA PDN :0; VIL; after 10 fLs 

Iccs V CC Standby Current 1.2 2.4 mA FSx, FSR :0; VIL; after 300 ms 

IBBS VBB Standby Current -1.2 -2.4 mA FSx, FSR :0; VIL; after 300 ms 

POl Operating Power Dissipation(4) 140 200 mW 

Poo Power Down Dissipation(4) 5 10 mW PDN :0; VIL; after 10 fLs 

PST Standby Power Dissipation(4) 12 25 mW FSx, FSR :0; VIL 

NOTES: 
1. VIN is the voltage on any digital pin. 
2. SIGx and OCLKR are TIL level inputs between GROO and Vee; they are also pin straps for mode selection when tied to 
Vss. Under these conditions VILO is the input low voltage requirement. 
3. Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to 
a common PCM highway without buffering, assuming a board capacitance of 60 pF. 
4. With nominal power supply values. 
5. Vee applied last or simultaneously with Vss. 

ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 

Symbol Parameter Min Typ Max Unit Test Conditions 

IBXI Input Leakage Current, VFxl + , VFxl- 100 nA -2.17V :0; VIN :0; 2.17V 

Rixi Input Resistance, VFxl + , VFxl- 10 Mn 

VOSXI Input Offset Voltage, VFxl +, VFxl- 25 mV 

CMRR Common Mode Rejection, VFxl + , VFxl- 55 dB -2.17V:O; VIN :0; 2.17V 

AVOL DC Open Loop Voltage Gain, GSx 5000 

fC Open Loop Unity Gain Bandwidth, GSx 1 MHz 

CLXI Load Capacitance, GSx 50 pF 

RLXI Minimum Load Resistance, GSx 10 Kn 

ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STAGE 

Symbol Parameter Min Typ Max Unit Test Conditions 

RORA Output Resistance, PWRO + , PWRO- 1 n 

VOSRA Single-Ended Output DC Offset, PWRO + , 75 ±150 mV Relative to GRDA 
PWRO-

CLRA Load Capacitance, PWRO + , PWRO- 100 pF 
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A.C. CHARACTERISTICS-TRANSMISSION PARAMETERS 

Unless otherwise noted, the analog input is a 0 dBmO, 1020 Hz sine wave.(l) Input amplifier is set for unity 
gain, noninverting. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1020 Hz sine wave 
through an ideal encoder. Receive output is measured single ended, maximum gain configuration.(2) All output 
levels are (sin x)/x corrected. Specifications are for synchronous operation. Typical values are for T A = 25°C 
and nominal power supply values. (T A = O°C to + 70°C; Vee = + 5V ± 5%; Vss = - 5V ± 5%; GRDA = OV; 
GRDD = OV; unless otherwise specified). 

GAIN AND DYNAMIC RANGE 

Symbol Parameter Min Typ Max Unit Test Conditions 

EmW Encoder Milliwatt Response -0.18 ±0.04 +0.18 dBmO Signal input of 1.064 Vrms fL-law 
Tolerance Signal input of 1.068 Vrms A-law 

TA = 25°C, Vss = -5V, Vee = +5V 

EmWTS EmW Variation with -0.07 ±0.02 +0.07 dB ± 5% supplies, 0 to 70°C 
Temperature and Supplies Relative to nominal conditions 

DmW Digital Milliwatt Response -0.18 ±0.04 +0.18 dBmO Measure relative to OTLPR. Signal 
Tolerance input per CCITT Recommendation 

G. 711. Output signal of 1000 Hz, 
RL = 00; TA = 25°C; 
Vss = -5V, Vee = +5V. 

DmWTS DmW Variation with -0.07 +0.02 +0.07 dB ± 5% supplies, 0 to 70°C 
Temperature and Supplies 

NOTES: 
1. 0 dSmO is defined as the zero reference point of the channel under test (OTLP). This corresponds to an analog signal 
input of 1.064 Vrms or an output of 1.503 Vrms for ,.-Iaw. See Table 4. 
2. Unity gain input amplifier: GSx is connected to VFxl-, Signal input VFxl +; Maximum gain output amplifier; GSR is 
connected to PWRO-, output to PWRO+. 

GAIN TRACKING Reference Level = -10 dBmO 

Symbol Parameter 
2913-1,2914-1 2913,2914 

Unit Test Conditions 
Min Max Min Max 

GT1x Transmit Gain Tracking Error ±0.2 ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; fL-Law ±0.3 ±0.5 dB -40 to -50 dBmO 

±0.65 ± 1.2 dB -50to ...,.55dBmO 

GT2x Transmit Gain Tracking Error ±0.2 ±0.25 dB +3to -40dBmO 
Sinusoidal Input; A-Law ±0.3 ±0.5 dB -40to -50dBmO 

±0.65 ±1.2 dB -50 to -55 dBmO 

GT1R Receive Gain Tracking Error ±0.2 ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; fL-Law ±0.3 ±0.5 dB -40 to -50 dBmO 

±0.65 ±1.2 dB -50 to -55 dBmO 
Measured at PWRO + , 
RL = 300n 

GT2R Receive Gain Tracking Error ±0.2 ±0.25 dB + 3 to -40 dBmO 
Sinusoidal Input; A-Law ±0.3 ±0.5 dB -40 to -50 dBmO 

±0.65 ±1.2 dB -50 to -55 dBmO 
Measured at PWRO + , 
RL = 300n 
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A.C. CHARACTERISTICS-TRANSMISSION PARAMETERS (Continued) 

NOISE All receive channel measurements are single ended 

Symbol Parameter 
2913-1,2914-1 2913,2914 

Unit Test Conditions 
Min Typ Max Min Typ Max 

NXCl Transmit Noise, C-Message 13 15 dBrncO VFxl + = GRDA, VFxl- = 

Weighted GSx 

NXC2 Transmit Noise, C-Message 16 18 dBrncO VFxl + = GRDA, VFxl- = 

Weighted with GSx; 6th Frame Signaling 
Eighth Bit Signaling 

Nxp Transmit Noise, -77 -75 dBmOp VFxl + = GRDA, VFxl- ~ 
Psophometrically Weighted GSx 

NRCl Receive Noise, C-Message 8 11 dBrncO DR = 11111111 
Weighted: Quiet Code 

NRC2 Receive Noise, C-Message 9 12 dBrncO Input to DR is zero code with 
Weighted: Sign Bit Toggle sign bit toggle at 1 KHz rate 

NRP Receive Noise, -82 -79 dBmOp DR = lowest positive 
Psophometrically Weighted decode level 

NSF Single Frequency Noise -50 -50 dBmO CCITT G.712.4.2, 
End to End Measurement measure at PWRO + 

PSRRl Vcc Power Supply Rejection, -30 -30 dB Idle channel; 200 mV pop 
Transmit Channel signal on supply; 

o to 50 KHz, measure at Ox 

PSRR2 Vss Power Supply Rejection, -30 -30 dB Idle channel; 200 mV pop 
Transmit Channel signal on supply; 

o to 50 KHz, measure at Dx 

PSRR3 VCC Power Supply Rejection, -25 -25 dB Idle channel; 200 mV pop 
Receive Channel signal on supply; measure 

narrow band at PWRO + , 
o to 50 KHz 

PSRR4 Vss Power Supply Rejection, -25 -25 dB Idle channel; 200 mV pop 
Receive Channel signal on supply; measure 

narrow band at PWRO + , 
o to 50 KHz 

CTTR Crosstalk, Transmit -80 -71 dB VFxl + = 0 dBmO, 
to Receive 1.02 KHz, DR = lowest 

positive decode level, 
measure at PWRO + 

CTRT Crosstalk, Receive -80 -71 dB DR = OdBmO, 1.02 KHz 
to Transmit VFxl + = GRDA, 

measure at Dx 

5-59 



2913 and 2914 

A.C. CHARACTERISTICS-TRANSMISSION PARAMETERS (Co.ntinued) 

DISTORTION 

Symbol Parameter Min Typ Max Unit Test Conditions 

SD1x Transmit Signal to. Disto.rtio.n, /L-Law 36 dB o to. -30 dBmO 
Sinuso.idal Input; 30 dB -30 to. -40 dBmO 
CCITT G.714-Metho.d 2 25 dB -40 to. -45 dBmO 

SD2x Transmit Signal to. Disto.rtio.n, A-Law 36 dB o to. -30dBmO 
Sinuso.idallnput; 30 dB -30 to. -40 dBmO 
CCITT G.714-Metho.d 2 25 dB -40 to. -45 dBmO 

SD1R Receive Signal to. Disto.rtion, /L-Law 36 dB o to. -30dBmO 
Sinuso.idallnput; 30 dB -30 to. -40 dBmO 
CCITT G.714-Metho.d 2 25 dB -40 to. -45 dBmO 

SD2R Receive Signal to. Disto.rtio.n, A-Law 36 dB o to. -30dBmO 
Sinuso.idallnput; 30 dB -30 to. -40 dBmO 
CCITT G.714-Metho.d 2 25 dB -40 to.-45 dBmO 

DPx Transmit Single Frequency Disto.rtio.n -46 dBmO AT&T Adviso.ry #64 (3.8) 
Products o dBmO Input Signal 

DPR Receive Single Frequency Disto.rtion -46 dBmO AT&T Adviso.ry #64 (3.8) 
Products o dBmO Input Signal 

IMDl Intermo.dulatio.n Disto.rtio.n, -35 dB CCITT G.712 (7.1) 
End to. End Measurement 

IMD2 Intermo.dulatio.n Disto.rtio.n, -49 dBmO CCITT G.712 (7.2) 
End to. End Measurement 

SOS Spurio.us Out o.f Band Signals, -25 dBmO CCITT G.712 (6.1) 
End to. End Measurement 

SIS Spurio.us in Band Signals, -40 dBmO CCITT G.712 (9) 
End to. End Measurement 

DAX Transmit Abso.lute Delay 245 /Ls Fixed Data Rate. CLKx = 2.048 MHz 
o dBmO, 1.02 KHz 
signal at VFxl + 
Measure at Dx. 

Dox Transmit Differential Envelo.pe Delay 170 /Ls f = 500 - 600 Hz 
Relative to. DAX 95 /Ls f = 600 - 1000 Hz 

45 /Ls f = 1000 - 2600 Hz 
105 /Ls f = 2600 - 2800 Hz 

DAR Receive Abso.lute Delay 190 /Ls Fixed Data Rate, CLKR = 2.048 
MHz; Digital input is DMW 
co.des. Measure at PWRO + . 

DOR Receive Differential Envelo.pe Delay 45 /Ls f = 500 - 600 Hz 
Relative to. DAR 35 /Ls f = 600 - 1000 Hz 

85 /Ls f = 1000 - 2600 Hz 
110 /Ls f = 2600 - 2800 Hz 
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A.C. CHARACTERISTICS-TRANSMISSION PARAMETERS (Continued) 

TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 
Input amplifier is set for unity gain; noninverting; maximum gain output. 

Symbol 

GRX 

EXPANDED 
SCALE 

Parameter Min Typ Max Unit Test Conditions 

Gain Relative to Gain at 1.02 KHz o dBmO Signal input at VFxl + 

16.67 Hz 

50 Hz 

60 Hz 

200 Hz 

300 to 3000 Hz 

3300 Hz 

3400 Hz 

4000 Hz 

4600 Hz and Above 

+1.0dB 

Od8 

-1.0dS 

Od8 

-10dS 

-20dS 

-30d8 

-40d8 

-SOdS 

-60d8 

10Hz 

'/r 

-30 dB 

-25 dB 

-23 dB 

-1.8 -0.125 dB 

-0.125 +0.125 dB 

-0.35 +0.03 dB 

-0.7 -0.10 dB 

-14 dB 

-32 dB 

+0.125 dB 
300Hz +O.125dB +O.03d8 

-0.125 dB 3000 Hz ./ 3300 Hz 

20~(~«««('««««('(~;~~g~: 

TYPICAL 

TYPICAL 

100Hz 1 KHz 

-0.125 dB 
3000 Hz -0.35 dB 

3300 Hz 

-14dB 
4000 Hz 

10KHz 

210629-11 

Figure 8. Transmit Channel 
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A.C. CHARACTERISTICS-TRANSMISSION PARAMETERS (Continued) 

RECEIVE CHANNEL TRANSFER CHARACTERISTICS 

Symbol Parameter Min Typ Max Unit Test Conditions 

GRR Gain Relative to Gain at 1.02 KHz o dBmO Signal input at DR 

Below 200 Hz 

200 Hz 

300 to 3000 Hz 

3300Hz 

3400 Hz 

4000 Hz 

4600 Hz and Above 

+1.0 dB 

EXPANDED 
SCALE OdS 

-1.0 dS 

OdS 

-10dS 

-20dS 

-30dS 

-40dS 

-SOdS 

-SOdS 

10Hz 

+0.125 dB 

-0.5 +0.125 dB 

-0.125 +0.125 dB 

-0.35 +0.03 dB 

-0.7 -0.1 dB 

-14 dB 

-30 dB 

+0.125d8 +0.125dS +0.12SdS -0.03dS 

«(cce «C{{(~~O(H:. « !~O<H:z « ehe « (I' « « « }3~; (/3~OOHZ 
, -- "~;~~g~: 

-O.SOdB { 
200Hz 

TYPICAL 

-0.12SdS 
3000 Hz 

TYPICAL-------~ 

100Hz 

Figure 9. Receive Channel 
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1 KHz 

-0.35 dS 
3300 Hz 

10KHz 
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A.C. CHARACTERISTICS-TIMING PARAMETERS 

CLOCK SECTION 

Symbol Parameter Min Typ Max Unit Test Conditions 

tCY Clock Period. CLKx. CLKR 488 ns fCLKX = fCLKR = 2.048 MHz 

tcLK Clock Pulse Width. CLKx. CLKR 220 ns 

tOCLK Data Clock Pulse Width 220 ns 64 KHz::;; fOCLK ::;; 2.048 MHz 

tcoc Clock Duty Cycle. CLKx. CLKR 45 50 55 % 

tr• tf Clock Rise and Fall Time 5 30 ns 

TRANSMIT SECTION, FIXED DATA RATE MODE(1) 

Symbol Parameter Min Typ Max' Unit Test Conditions 

tozx Data Enabled on TS Entry 0 145 ns 0< CLOAO < 100 pF 

toox Data Delay from CLKx 0 145 ns 0< CLOAO < 100 pF 

tHZX Data Float on TS Exit 60 215 ns CLOAO = 0 

tSON Timeslot X to Enable 0 145 ns 0< CLOAO < 100 pF 

tSOFF Timeslot X to Disable 60 215 ns CLOAO = 0 

tFSO Frame Sync Delay 100 tCLK ns 

tss Signal Setup Time 0 ns 

tSH Signal Hold Time 0 ns 

RECEIVE SECTION, FIXED DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

tOSR Receive Data Setup 10 ns 

tOHR Receive Data Hold 60 ns 

tFSO Frame Sync Delay 100 tCLK ns 

. tSIGR SIGR Update 0 2 J.l.s 

NOTE: 
1. Timing parameters tDZX. tHZX. and tSOFF are referenced to a high impedance state. 
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WAVEFORMS 

Fixed Data Rate Timing 

TRANSMIT TIMING 

FSX 
NON·SIGNALING 

FRAMES 

FSx 
SIGNALING 

. FRAMES 

CLKx 

Ox 

2913 and 29.14 

I -I ,J;-IsOFF 

______ ~--~---------------------------------------I •• ~~ ~ --+ t:=~ __ I'_H ____ _ 
. SIG. DON'T CARE X VALID X g~~l 

210629-13 

NOTE: 
All timing parameters referenced to VIH and VIL except tozx, tSOFF and tHZX which reference a high impedance state. 

RECEIVE TIMING 

~ ~. j .'~ =i.' '"j : ......,.. 
NON-SIGNA. :: :.. . •.. 

FRAMES 

. FSA 
SIGNALING 

FRAMES 

D. 

SIG. 

------~~------------~------------------~~ 
210629-14 

NOTE: 
All timing parameters referenced to VIH and VIL. 
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WAVEFORMS (Continued) 

TRANSMIT SECTION, VARIABLE DATA RATE MODE(1) 

Symbol Parameter Min Typ Max Unit Test Conditions 

tTSOX Timeslot Delay from DCLKx(2) 140 tox - 140 ns 

tFso Frame Sync Delay 100 tCY - 100 ns 

toox Data Delay from DCLKx 0 100 ns o < CLOAO < 100 pF 

tOON Timeslot to Dx Active 0 50 ns o < CLOAO < 100 pF 

tOOFF Timeslot to Dx Inactive 0 80 ns o < CLOAO < 100 pF 

tox Data Clock Period 488 15620 ns 

tOFSX Data Delay from FSx 0 140 ns 

RECEIVE SECTION, VARIABLE DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

tTSOR Timeslot Delay from DCLKR(3) 140 tOR - 140 ns 

tFso Frame Sync Delay 100 tCY - 100 ns 

tOSR Data Setup Time 10 

tOHR Data Hold Time 60 

tOR Data Clock Period 488 15620 

tSER Timeslot End Receive Time 60 

. 64 KB OPERATION, VARIABLE DATA RATE MODE 

Symbol Parameter Min Typ Max Unit 

tFSLX Transmit Frame Sync Minimum 488 ns 
Downtime 

tFSLR Receive Frame Sync Minimum 1952 ns 
Downtime 

tOCLK Data Clock Pulse Width 10 /Ls 

NOTES: 
1. Timing parameters for tDON and tDOFF are referenced to a high impedance state. 
2. tFSLX minimum requirements override tTSDX maximum spec for 64 KHz operation. 
S. tFSLR minimum requirements override tTSDR maximum spec for 64 KHz operation. 
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ns 

ns 

ns 

ns 

Test Conditions 

FSx is TTL high for remainder of 
frame 

FSR is TTL high for remainder of 
frame 

.. 
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VARIABLE DATA RATE TIMING. 

TRANSMIT TIMING 

210629-15 

RECEIVE TIMING 

210629-16 

NOTE: 
All timing parameters referenced to VIH and VIL except tOON and tOOFF which reference a high impedance state. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

2.4 =x 2.0>TESTPOINTS< 2.0 V-
0.45 . _0.& O.&~ 

210629-17 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for Logic "0". Timing measurements are made at 2.0V for a Logic 
"I" and 0.8V for a Logic "0". 
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2916/2917 
HMOS COMBINED SINGLE CHIP PCM CODEC AND FILTER 

• 2916 p.-Law, 2.048 MHz Master Clock • Fixed Timing Mode for Standard 

• 2917 A-Law, 2.048 MHz Master Clock 32-Channel Systems: 2.048 MHz 
Master Clock 

• New 16-Pin Package for Higher 
Low Power HMOS-E Technology Linecard Density • - 5 mW Typical Power Down 

• AT&T 03/04 and CCITT Compatible -140 mW Typical Operating 

• Variable Timing Mode for Flexible • On Chip Auto Zero, Sample and Hold, 
Digital Interlace: Supports Data Rates and Precision Voltage References 
from 64 KB to 2.048 MB 

Compatible with Direct Mode Intel • • Fully Differential Internal Architecture 2910A, 2911A, and 2912A Designs 
Enhances Noise Immunity 

The Intel 2916 and 2917 are limited feature versions of Intel's 2913 and 2914 combination co dec/filter chips. 
They are fully integrated PCM codecs with transmit/receive filters fabricated in a highly reliable and proven 
N-channel HMOS silicon gate technology (HMOS-E). These devices provide the functions that were formerly 
provided by two complex chips (2910A or 2911A and 2912A). Besides the higher level of integration, the 
performance of the 2916 and 2917 is superior to that of the separate devices. 

The primary applications for the 2916 and 2917 are in telephone systems: 

• Switching-Digital PBX's and Central Office Switching Systems 

• Subscriber Instruments-Digital Handsets and Office Workstations 

Other possible applications can be found where the wide dynamic range (78 dB) and minimum conversion time 
(125 p.s) are required for analog to digital interface functions: . 

• High Speed Modems • Secure Communications • 
• Voice Store and Forward • Digital Echo Cancellation 

VBB vcc 

PWRO+ GSx 

PWRO- VFXI -

PiiN GRDA 

DCLK R TSXIDClKX 

DR Ox 

FSR FSx 

GRDD ClK 

Figure 1. Pin Configuration 
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XMIT . 
SECTION' 

GS, --11----.., 

YFxl-

"CV 
SECTION 

PWAO+ --++-t---, 

PW"O-_-+~ __ --' 

Name 

Vee 

PWRO+, PWRO-

PDN 

DClKR 

DR 

FSR 

GRDD 

Vee 

2916/2917 

AUTO 
ZERO 

.. 
SAMPLE 

AND HOLD 
AND OAC 

COMPARATOR 
SUCCESSIVE 

APPROXIMATION 
REGISTER 

OUTPUT 
REOtS'E" 

.ftxlDCLKx 

ANALOG 
TO 

DIGITAL 
CONTROL 

LOGIC 

1---------'---.... -1 •• , 

141------------t.-'cLK 

IUFFER 

SAMPLE 
AND HOLD 
AND OAe 

Vee. v.. GRDO GRDA Fs.. 

Figure 2. Block Diagram 

Table 1. Pin Names 

Description Name 

Power (-5V) GSx 

Power Amplifier Outputs VFxl -

Power Down Select GRDA 

Receive Variable Data Clock TSx 

Receive PCM Input DClKx 

Receive Frame Dx 
Synchronization Clock FSx 

Digital Ground 

Power (+5V) ClK 
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270156-2 

Description 

Transmit Gain Control 

Analog Input 

Analog Ground 

Timeslot Strobe/Buffer Enable 

Transmit Variable Data Clock 

Transmit PCM Output 

Transmit Frame 
Synchronization Clock 

MasterClock 
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Table 2. Pin Description 

Symbol Function 

Vss Most negative supply, input voltage is - 5 volts ± 5%. 

PWRO+ Non-inverting output of power amplifier. Can drive transformer hybrids or high impedance loads 
directly in either a differential or single ended configuration. 

PWRO- Inverting output of power amplifier. Functionally identical and complementary to PWRO +. 

PDN Power down select. When PDN is TTL high, the device is active. When low, the device is 
powered down. 

DClKR Selects the fixed or variable data rate mode. When DCLI<R is connected to Vss, the fixed data 
rate mode is selected. When DClKR is not connected to Vss, the device operates in the 
variable data rate mode. In this mode DClKR becomes the receive data clock which operates 
at TTL levels from 64 Kb to 2.048 Mb data rates. 

DR Receive PCM input. PCM data is clocked in on this lead on eight consecutive negative 
transitions of the receive data clock; ClK in the fixed data rate mode and DClKR in variable 
data rate mode. 

FSR 8 KHz frame synchronization clock inputltimeslot enable, receive channel. In variable data rate 
mode this signal must remain high for the entire length of the timeslot. The receive channel 
enters the standby state whenever FSR is TTL low for 300 milliseconds. 

GRDD Digital ground for all internal logic circuits. Not internally tied to GRDA. 

ClK Master and data clock for the fixed data rate mode; master clock only in variable data rate 
mode. 

FSx 8 KHz frame synchronization clock inputltimeslot enable, transmit channel. Operates 
independently but in an analogous manner to FSR. The transmit channel enters the standby 
state whenever FSx is TTL.low for 300 milliseconds. 

Dx Transmit PCM output. PCM data is clocked out on this lead on eight consecutive positive 
transitions of the transmit data clock; ClK in fixed data rate mode and DClKx in variable data 
rate mode. II 

TSx/DClKx Transmit channel timeslot strobe (output) or data clock (input) for the tra(1smit channel. In fixed 
data rate mode, this pin is an open drain output designed to be used as an enable Signal for a 
three-state buffer. In variable data rate mode, this pin becomes the transmit data clock which 
operates at TTL levels from 64 Kb to 2.048 Mb data rates. 

GRDA Analog ground return for all internal voice circuits. Not internally connected to GRDD. 

VFxl - Inverting analog input to uncommitted transmit operational amplifier. 

GSx Output terminal of on-chip transmit channel input op amp. Internally, this is the voice signal 
input to the transmit filter. 

Vee Most positive supply; input voltage is + 5 volts ±5%. 
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FUNCTIONAL DESCRIPTION 

The 2916 and 2917 provide the analog-to-digital and 
the digital-to-analog conversions and the transmit 
and receive filtering necessary to interface a full du­
plex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TOM) sys­
tem. They are intended to be used at the analog 
termination of a PCM line. 

The following major functions are provided: 

• Bandpass filtering of the analog Signals prior to 
encoding and after decoding 

• Encoding and decoding of voice and call prog­
ress information 

• Encoding and decoding of the signaling and su­
pervision information 

GENERAL OPERATION 

System Reliability Features 

The combochip can be powered up by pulsing FSx 
and/or FSR while a TTL high voltage is applied to 
PDN, provided that all clocks and supplies are con­
nected. The 2916 and 2917 have internal resets on 
power up (or when Vss or Vee are re-applied). in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 

On the transmit channel, digital outputs Ox and TSx 
are held in a high impedance state for approximately 
four frames (SOO Jis) after power up or application of 
Vss or Vee. After this delay, Ox and TSx will be 
functional and will occur in the proper times lot. The 
analog circuits on the transmit sidE) require approxi­
mately 60 milliseconds to reach their equilibrium val­
ue due to the autozero circuit settling time. 

To enhance system reliability, TSx and Ox will be 
placed in a high impedance state approximately 
30 p.s after an interruption of CLK. 

Power Down and Standby Modes 

To minimize power consumption, two power down 
modes are provided in which most 2916/2917 func­
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 
the device, are enabled in these modes. As shown in 
Table 3, the digital outputs on the appropriate chan­
nels are placed in a high impedance state until the 
device returns to the active mode. 

The Power Down mode utilizes an external control 
signal to the PDN pin. In this mode, power consump­
tion is reduced to an average of S mW. The device is 
active when the signal is high and inactive when it is 
low. In the absence of any signal, the PDN pin floats 
to TTL high allowing the device to remain active con­
tinuously. 

The Standby mode leaves the user an option of 
powering either channel down separately or power­
ing the entire device down by selectively remo),ing 
FSx and/or FSR. With both channels in the standby 
state, power consumption is reduced to an average 
of12 mW. If transmit only operation is desired, FSx 
should be applied to the device while FSR is held 
low. Similarly, if receive only operation is desired, 
FSR should be applied while FSx 'is held low. 

Fixed Data Rate Mode 

Fixed data rate timing, which is 2910A and 2911 A 
compatible, is selected by connecting DCLKR to 
Vss.lt employs master clock CLK, frame synchroni­
zation clocks FSx and FSR, and output TSx. 

Table 3. Power-Down Methods 

Power-Down 
Typical 

Device Status 
Method 

Power Digital Output Status 
Consumption 

Power Down Mode PDN = TTL Low SmW TSx and Ox are placed in a high impedance 
state within 1 0 p.s. 

Standby Mode FSx and FSR are TTL Low 12mW TSx and Ox are placed in a high impedance 
state within 300 milliseconds. 

Only Transmit is FSx is TTL Low 70mW TSx and Ox are placed in a high impedance 
on Standby state within 300 milliseconds. 

Only Receive is FSR is TTL Low 110 mW 
on Standby 
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ClK serves as the master clock to operate the co­
dec and filter sections and as the bit clock to clock 
the data in and out from the PCM highway. FSx and 
FSR are 8 KHz inputs which set the sampling fre­
quency. TSx is a timeslot strobe/buffer enable out­
put which gates the PCM word onto the PCM high­
way when an external buffer is used to drive the line. 

Data is transmitted on the highway at Dx on the first 
eight positive transitions of ClK following the rising 
edge of FSx. Similarly, on the receive side, data is 
received on the first eight falling edges of ClK. The 
frequency of ClK must be 2.048 MHz. No other fre­
quency of operation is allowed in the fixed data rate 
mode. 

Variable Data Rate Mode 

Variable data rate timing is selected by connecting 
DClKR to the bit clock for the receive PCM highway 
rather than to Vee. It employs master clock ClK, bit 
clocks DClKR and DClKx, and frame synchroniza­
tion clocks FSR and FSx. 

Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequen­
cy of the bit clocks, from 64 KHz to 2.048 MHz. The 
master clock is still restricted to 2.048 MHz. 

In this mode, DClKR and DClKx become the data 
clocks for the receive and transmit PCM highways. 
While FSx is high, PCM data from Dx is transmitted 
onto the highway on the next eight consecutive posi­
tive transitions of DClKx. Similarly, while FSR is 
high, each PCM bit from the highway is received by 
DR on the next eight consecutive negative tran­
sitions of DClKR. 

On the transmit side, the PCM word will be repeated 
in all remaining times lots in the 125 /Ls frame as long 
as DClKx is pulsed and FSx is held high. This fea­
ture allows the PCM word to be transmitted to the 
PCM highway more than once per frame, if desired, 
and is only available in the variable data rate mode. 

Precision Voltage References 

No external components are required with the com­
bochip to provide the voltage reference function. 
Voltage references are generated on-chip and are 
calibrated during the manufacturing process. The 
technique uses a difference in sub-surface charge 
density between two suitably implanted MOS devic­
es to derive a temperature and bias stable reference 
voltage. These references determine the gain and 
dynamic range characteristics of the device. 
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Separate references are supplied to the transmit 
and receive sections and each is trimmed indepen­
dently during the manufacturing process. The refer­
ence value is then further trimmed in the gain setting 
op-amps to a final precision value. With this method 
the combo chip can achieve the extremely accurate 
Digital Milliwatt Responses specified in the transmis­
sion parameters, providing the user a significant 
margin for error in other board components. 

TRANSMIT OPERATION 

Transmit Filter 

The input section provides gain adjustment in the 
passband by means of an on-chip operational ampli­
fier. This operational amplifier has a com moon mode 
range of ± 2.17 volts, a maximum DC offset of 
25 mV, a minimum open loop voltage gain of 5000, . 
and a unity gain bandwidth of typically 1 MHz. Gain 
of up to 20 dB can be set without degrading the 
performance of the filter. The load impedance to 
ground (GRDA) at the amplifier output (GSx) must 
be greater than 10 kilohms in parallel with less than 
50 pF. The input signal on lead VFxl- can be either 
AC or DC coupled. The input op amp can only be 
used in the inverting mode as shown in Figure 3. 

A low pass anti-aliasing section is included on-Chip. .. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components 
are required to provide the necessary anti-aliasing 
function for the switched capacitor section of the 
transmit filter. 

R2 GS. 
A 

VF.I- .. 

J? Gain = _ !I~ 
R1 

R1 

to 
Input 

270156-3 

Figure 3. Transmit Filter Gain Adjustment 
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The passband section provides flatness and stop­
band attenuation which fulfills the AT&T 03/04 
channel bank transmission specification and CCITT 
recommendation G.714. The 2916 and 2917 specifi­
cations meet or exceed digital class 5 central office 
switching systems requirements. The transmit filter 
transfer characteristics and specifications will be 
within the limits shown in Figure 4. 

A high pass section configuration was chosen to re­
ject low frequency noise from 50 and 60 Hz power 
lines, 17 Hz European electric railroads, ringing fre­
quencies and their harmonics, and other low fre­
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex­
ternal components. 

Encoding 

The encoder internaily samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per­
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame. 

An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 
all DC offset is removed from the encoder input 
waveform. 

RECEIVE OPERATION 

Decoding 

The PCM word "at the DR lead is serially fetched on 
the first eight data clock bits of the frame. A 01 A 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then 
transferred to the receive filter. 

Receive Filter 

The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T 031 
04 specification and CCITT recommendation G.714. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive 
filter characteristics and specifications will b.e within 
the limits shOwn in Figure 5. 

Receive Output Power Amplifiers 

A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration, Ei­
ther of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a 
bridged load directly. The output stage is capable of 
driving loads as low as 300 ohms single ended or 
600 ohms differentially. 

Transmission levels are specified relative to the re­
ceive. channel output under digital milliwatt condi­
tions, that is, when the digital input at DR is the eight- " 
code sequence specified in CCITT recommendation 
G.711. 

Table 4. Zero Transmission Level Points 

Symbol Parameter Value Units Test Conditions 

OTLP1x Zero Transmission Level Point +2.76 dBm Referenced to 6000. 
Transmit Channel (OdBmO) JL-Iaw +1.00 dBm Referenced to 9000. 

OTLP2x Zero Transmission Level Point +2.79 dBm Referenced to 6000. 
Transmit Channel (OdBmO) A-law +1.03 dBm Referenced to 9000. 

OTLP1R Zero Transmission Level Point +5.76 dBm Referenced to 6000. 
Receive Channel (OdBmO) JL-Iaw +4.00 dBm Referenced to 9000. 

OTLP2R Zero Transmission Level Point +5.79 dBm Referenced to 6000. 
Receive Channel (OdBmO) A-law +4.03 dBm Referenced to 9000. 
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ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias ......... -1 O·C to + 80·C 

Storage Temperature .......... - 65·C to + 150·C 

Vcc and GRDD with Respect 
to VBB ....................... -0.3V to + 15V 

All Input and Output Voltages 
with Respect to VBB ........... - 0.3V to + 15V 

Power Dissipation ................•....... 1.35W 

D.C. CHARACTERISTICS 

NOTICE: This is a production'data sheet. The specifi­
cations are subject to change without notice. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex­
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

(TA = o·c to 70·C, Vcc = +5V ±5%, VBB = -5V ±5%, GRDA = OV, GRDD = 'OV, unless otherwise 
specified) 

Typical values are for T A = 25·C and nominal power supply values. 

DIGITAL INTERFACE 

Symbol Parameter Min Typ Max Unit Test Conditions 

IlL Low Level Input Current 10 JlA GRDD ~ VIN ~ VIL (Note 1) 

IIH High Level Input Current 10 JlA VIH ~ VIN ~ Vcc 

VIL ,Input Low Voltage 0.8 V 

VIH Input High Voltage 2.0 V 

VOL Output Low Voltage 0.4 V IOL = 3.2 rnA at Dx, TSx 

VOH Output High Voltage 2.4 V IOH = 9.6 rnA at Dx 

Cox Digital Output Capacitance(2) 5 pF 

CIN Digital Input Capacitance 5 10 pF 

POWER DISSIPATION 
All measurements,made at fOCLK = 2.048 MHz, outputs unloaded. 

Symbol Parameter Min Typ Max Unit Test Conditions 

ICC1 Vcc Operating Current(4) 14 19 rnA 

IBB1 VBB Operating Current -18 -24 rnA 

Icco Vcc Power Down Current 0.5 1.0 rnA PDN ~ VIL; after 10 Jls 

IBBO VBB Power Down Current -0.5 -1.0 rnA PDN ~ VIL; after 10 Jls 

Iccs V cc Standby Current 1.2 2.4 rnA FSx, FSR ~ VIL; after 300 ms 

IBBS VBB Standby Current -1.2 -2.4 rnA FSx, FSR ~ VIL; after 300 ms 

P01 Operating Power Dissipation(3) 140 200 mW 

POO Power Down Dissipation(3) 5 10 mW PDN ~ VIL; after 10 Jls 

PST Standby Power Dissipation(3) 12 25 mW FSx, FSR ~ VIL 

NOTES: 
1. VIN is the .voltage on any digital pin. 
2. Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to 
a common PCM highway without buffering, aSsuming a board capacitance of 60 pF. 
3. With nominal power supply values. 
4. Vee applied last or simultanepusly with Vee. 

5-73 

• 



inter 2916/2917 

ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 

Symbol Parameter Min Typ Max Unit Test Conditions 

lexl Input Leakage Current, VFxl- 100 nA -2.17V::;: VIN ::;: 2.17V 

RIXI Input Resistance, VFxl- 10 Mn 

VOSXI Input Offset Voltage, VFxl- 25 mV 

AVOL DC Open Loop Voltage Gain, GSx 5000 

fe Open Loop Unity Gain Bandwidth, GSx 1 MHz 

CLXI Load Capacitance, GSx 50 pF 

RLXI Minimum Load Resistance, GSx 10 Kn 

ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STATE 

Symbol Parameter Min Typ Max Unit Test Conditions 

RORA Output Resistance, PWRO + , PWRO- 1 n 

VOSRA Single-Ended Output DC Offset, PWRO + , 75 mV Relative to GRDA 
PWRO-

CLRA Load Capacitance, PWRO +, PWRO- 100 pF 

A.C. CHARACTERISTICS-TRANSMISSION PARAMETERS 
Unless otherwise noted, the analog input is a 0 dBmO, 1020 Hz sine wave.(l) Input amplifier is set for unity 
gain, inverting. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1020 Hz sine wave 
through an ideal encoder. Receive output is measured single ended. All output levels are (sin x)/x corrected. 
Typical values are for T A = 25°C and nominal power supply values. (T A = O°C to + 70°C; Vee = + 5V ± 5%; 
Vee = -5V ±5%; GRDA = OV; GRDD = OV; unless otherwise specified). 

GAIN AND DYNAMIC RANGE 

Symbol Parameter Min Typ Max Units Test Conditions 

EmW Encoder Milliwatt Response -0.18 ±0.04 +0.18 dBmO Signal Input of 1.064 Vrms J-L-Iaw 
(Transmit Gain Tolerance) Signal Input of 1.068 Vrms A-law 

TA = 25°C, Vee = -5V, 
Vee = +5V 

EmWTS EmW Variation with -0.07 ±0.02 +0.07 dB ± 5% Supplies, 0 to 70°C 
Temperature and Supplies Relative to Nominal Conditions 

DmW Digital Milliwatt Response -0.18 ±0.04 +0.18 dBmO Measure Relative to OTLPR. Signal 
(Receive Gain Tolerance) Input per CCITI Recommendation 

G. 711. Output Signal of 1000 Hz. 
RL = 00 

TA = 25°C; Vee = -5V, 
Vee = +5V. 

DmWTS DmW Variation with -0.07 ±0.02 +0.07 dB ± 5% Supplies, 0 to 70°(; 
Temperature and Supplies 

NOTE: 
1. 0 dBmO is defined as the zero reference point of the channel under test (OTLP). This corresponds to an analog signal 
input of 1.064 volts rms or an output of 1.503 volts rms (for JLlaw). 

5-74 



inter 2916/2917 

GAIN TRACKING 
Reference Level = -10 dBmO 

Symbol Parameter 2916 2917 Unit Test Conditions 
Min Max Min Max 

GT1x Transmit Gain Tracking Error ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; ).I.-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50 to -55 dBmO 

GT2x Transmit Gain Tracking Error ±0.25 dB + 3 to - 40 dBmO 
Sinusoidal Input; A-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50 to -55 dBmO 

GT1R Receive Gain Tracking Error ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; ).I.-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50 to -55 dBmO 
Measured at PWRO + • 
RL = 300n 

GT2R Receive Gain Tracking Error ±0.25 dB +3to -40dBmO 
Sinusoidal Input; A-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50 to -55 dBmO 
Measured at PWRO + • 
RL = 300n 

NOISE (All receive channel measurements are single ended) 

Symbol Parameter 2916 2917 
Unit Test Conditions 

Min Typ Max Min Typ Max 

NXC1 Transmit Noise. C-Message 15 dBrncO Unity Gain 
Weighted 

Nxp Transmit Noise. Psophometrically -75 dBmOp Unity Gain 
Weighted 

NRC1 Receive Noise. C-Message 11 dBrncO DR = 11111111 
Weighted: Quiet Code 

NRC2 Receive Noise. C-Message 12 dBrncO Input to DR is Zero Code 
Weighted: Sign Bit Toggle with Sign Bit Toggle at 1 KHz • Rate 

NRP Receive Noise. Psophometrically -79 dBmOp DR = Lowest Positive 
Weighted Decode Level 

NSF Single Frequency Noise -50 -50 dBmO CCITT G.712.4.2 
End to End Measurement Measure at PWRO+ 

PSRR1 VCC Power Supply Rejection. -30 -30 dB Idle Channel; 200 mV P-P 
Transmit Channel Signal on Supply; 0 to 50 

KHz. Measure at Ox 

PSRR2 Vss Power Supply Rejection. -30 -30 dB Idle Channel; 200 mV P-P 
Transmit Channel Signal on Supply; 0 to 50 

KHz. Measure at Ox 

PSRR3 VCC Power Supply Rejection. -25 -25 dB Idle Channel; 200 mV P-P 
Receive Channel Signal on Supply; Measure 

Narrow Band at PWRO + • 
o to 50 KHz 

PSRR4 Vss Power Supply Rejection. -25 -25 dB Idle Channel; 200 mV P-P 
Receive Channel Signal on Supply; Measure 

Narrow Band at PWRO + • 
o to 50 KHz 

CTTR Crosstalk. Transmit to Receive -71 -71 dB Input = 0 dBmO. Unity 
Gain. 1.02 KHz. DR = 
Lowest Positive Decode 
Level. Measure at PWRO+ 

CTRT Crosstalk. Receive to Transmit -71 -71 dB DR = 0 dBmO. 1.02 KHz. 
Measure at Ox 
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DISTORTION 

Symbol Parameter Min Typ Max Unit Test Conditions 

SD1x Transmit Signal to Distortion, JL-law 36 dB o dBmO to - 30 dBmO 
Sinusoidal Input; 30 dB - 30 dBmO to - 40 dBmO 
CCITT G.714-Method 2 (2916) 25 dB -40 dBmO to -45 dBmO 

SD2x Transmit Signal to Distortion, A-law 36 dB o dBmO to -30 dBmO 
Sinusoidal Input; 30 dB - 30 dBmO to - 40 dBmO 
CCITT G.714-Method 2 (2917) 25 dB -40 dBmO to ~45 dBmO 

SD1R Receive Signal to Distortion, JL-law 36 dB o dBmO to -30 dBmO 
Sinusoidal Input; CCITT G.714-Method 30 dB -30 dBmO to -40 dBmO 
2 (2916) 25 dB -40 dBmO to -45 dBmO 

SD2R Receive Signal to Distortion, A-law 36 dB o dBmO to - 30 dBmO 
Sinusoidal Input; CCITT G.714-Method 30 dB -30 dBmO to -40 dBmO 
2 (2917) 25 dB -40 dBmO to -45 dBmO 

DPx Transmit Single Frequency Distortion -46 dBmO AT&T Advisory #64(3.8) 
Products (2916) o dBmO Input Signal 

DPR Receive Single Frequency Distortion -46 dBmO AT&T Advisory #64 (3.8) 
Products (2916) o dBmO Input Signal 

IMD1 Intermodulation Distortion, -35 dB CCITT G.712 (7.1) 
End to End Measurement 

IMD2 Intermodulation Distortion, -49 dBmO CCITT G.712 (7.2) 
End to End Measurement 

SOS Spurious Out 01 Band Signals, -25 dBmO CCITT G.712 (6.1) 
End to End Measurement 

SIS Spurious In Band Signals, -40 dBmO CCITT G.712 (9) 
End to End Measurement 

DAX Transmit Absolute Delay 245 JLs Fixed Data Rate. ClKx = 2.048 
MHz; 0 dBmO, 1.02 KHz Input 
Signal, Unity Gain. Measure 
atDx· 

Dox Transmit Differential Envelope Delay 170 JLs 1 = 500 Hz to 600 Hz 
Relative to DAX 95 JLs 1 = 600 Hz to 1000 Hz 

45 JLs 1 = 1000 Hz to 2600 Hz 
105 JLs 1 = 2600 Hz to 2800 Hz 

DAR Receive Absolute Delay 190 JLs Fixed Data Rate, ClK = 2.048 
MHz; Digital Input is DMW 
Codes. Measure at PWRO + 

DOR Receive Differential Envelope Delay 45 JLs 1 = 500 Hz to 600 Hz 
Relative to DAR 35 JLs 1 = 600 Hz to 1000 Hz 

85 JLs 1 = 1000 Hz to 2600 Hz 
110 JLs 1 = 2600 Hz to 2800 Hz 
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TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 
Input amplifier is set for unity gain, inverting. 

Symbol Parameter Min Typ 

GRX Gain Relative to Gain at 1.02 KHz 

16.67 Hz 

50 Hz 

60 Hz 

200 Hz -1.8 

300 to 3000 Hz -0.125 

3300 Hz -0.35 

3400 Hz -0.7 

4000 Hz 

4600 Hz and Above 
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Max Unit Test Conditions 

o dBmO Signal Input at VFxl-

-30 dB 

-25 dB 

-23 dB 

-0.125 dB 

+0.125 dB 

+0'.03 dB 

-0.10 dB 

-14 dB 

-32 dB 



+1.0dB 

EXPANDED 
SCALE OdB 

-t.OdB 

OdB 

-10dB 

-20dB 

-30dB 

-40dB 

-50dB 

-60dB 

10Hz 

~ 

2916/2917. 

+~~;~:B +0.125 dB +0.03 dB 
-0.125 dB 3000 Hz ./ 3300 Hz 

20~." .. r::;;««««««««!«::~~~~g~~ 

TYPICAL 

100Hz 1 KHz 

-0.125dB 
3000Hz 

-0.35 dB 
3300Hz 

10KHz 

270156-4 

Figure 4. Transmit Channel 
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RECEIVE CHANNEL TRANSFER CHARACTERISTICS 

Symbol Parameter Min Typ Max Unit Test Conditions 

GRR Gain Relative to Gain at 1.02 KHz o dBmO Signal Input at DR 

Below 200 Hz +0.125 dB 

200Hz -0.5 +0.125 dB 

300 to 3000 Hz +0.125 +0.125 dB 

3300 Hz -0.35 +0.03 dB 

3400 Hz -0.7 -0.1 dB 

4000 Hz -14 dB 

4600 Hz and Above -30 dB 

.. 
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EXPANDED 
SCALE 

+1.0dS 

OdS 

-1.0dS 

OdS 

-10dS 

-20dS 

-30dS 

-40dS 

-SOdS 

-60dS 

2916/2917 

+0.125dS +0.125dS +0.125dS -0.03dS 

« ({{ «( « ({ ~~ot(z. {( :O"O(H: {( {( u «" « (;. « (/3??~; < /3300Hz 

\ --5!:- ;~~g~: 
-Q.SOdB { 

200 Hz -0.35 dS 

TYPICAL ----------'-': 

3300 Hz 

-14dS 

-30dS 
4600Hz 

4-----,-.-,-"-,nn-----¥-.-.-,-,rrnr----.-~,_r,~'l 
10Hz 100Hz 

Figure 5. Receive Channel 
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A.C. CHARACTERISTICS-TIMING PARAMETERS 

CLOCK SECTION 

Symbol Parameter Min Typ Max Unit Test Conditions 

tCY Clock Period. ClK 488 ns fCLK = 2.048 MHz 

tcLK Clock Pulse Width. ClK 220 ns 

tOCLK Data Clock Pulse Width 220 ns 64 KHz ~ fOCLK ~ 2.048 MHz 

tcoc Clock Duty Cycle. ClK 45 50 55 % 

tr• tf Clock Rise and Fall Time 5 30 ns 

TRANSMIT SECTION. FIXED DATA RATE MODE(1) 

Symbol Parameter Min Typ Max Unit Test Conditions 

tozx Data Enabled on TS Entry 0 145 ns 0< CLOAO < 100 pF 

toox Data Delay from ClK 0 145 ns 0< CLOAO < 100 pF 

tHZX Data Float on TS Exit 60 215 ns CLOAO = 0 

tSON Timeslot X to Enable 0 145 ns 0< CLOAO < 100 pF 

tSOFF Timeslot X to Disable 60 215 ns CLOAO = 0 

tFso Frame Sync Delay 100 tCLK ns 

RECEIVE SECTION, FIXED DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

tOSR Receive Data Setup 10 ns 

tOHR Receive Data Hold 60 ns 

tFSO Frame Sync Delay 100 tcLK ns 

NOTE: 
1. Timing parameters T DZX. T HZX. and T SOFF are referenced to a high impedance state. 
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WAVEFORMS 

Fixed Data Rate Timing 

TRANSMIT TIMING 

~
Cy TIMESlOT 

leLK 

ClK 1 2 3 4 5 6 7 8 

FSx "j i ',,0 I, I, 

270156-6 

ClK 

Dx 

~---------------____ -----fl J;-'SOFF 
270156-7 

NOTE: 
1. All timing parameters referenced to V,H and V'L except tDZX. tSOFF and tHZX which reference a high impedance state. 

RECEIVE TIMING 

270156-8 

STABLE 

270156-9 

NOTE: 
1. All timing parameters referenced to V,H and V'L. 
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TRANSMIT SECTION, VARIABLE DATA RATE MODE(1) 

Symbol Parameter Min Typ Max Unit Test Conditions 

trsox Timeslot Delay from DCLKx(2) 140 tox- 14O ns 

tFSO Frame Sync Delay 100 tCy-100 ns 

toox Data Delay from DCLKx 0 100 ns 0< CLOAO < 100 pF 

tOON Timeslot to Ox Active 0 50 ns 0< CLOAO < 100 pF 

tOOFF Timeslot to Ox Inactive 0 80 ns 0< CLOAO < 100 pF 

tox Data Clock Period 488 15620 ns 

tOFSX Data Delay from FSx 0 140 ns 

RECEIVE SECTION, VARIABLE DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

trsoR Timeslot Delay from DCLKR(3) 140 tOR-140 ns 

tFSO Frame Sync Delay 100 tCy-10Q ns 

tOSR Data Setup Time 10 ns 

tOHR Data Hold Time 60 ns 

tOR Data Clock Period 488 15620 ns 

tSER Timeslot End Receive Time 60 ns 

64 KB OPERATION, VARIABLE DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

tFSLX Transmit Frame Sync Minimum 488 ns FSx is TTL High for Remainder of 
Downtime Frame 

tFSLR Receive Frame Sync Minimum 1952 ns FSR is TTL High for Remainder of 
Downtime Frame 

tOCLK Data Clock Pulse Width 10 ,...,5 

NOTES: 
1. Timing parameters tOON and tOOFF are referenced to a high impedance state. 
2. tFSLX minimum requirements overrides tTSDX maximum spec for 64 KHz operation. 
3. tFSLR minimum requirements overrides tTSDR maximum spec for 64 KHz operation. 
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VARIABLE DATA RATE TIMING 

TRANSMIT TIMING 

270156-10 

RECEIVE TIMING 

270156-11 

NOTE: , . 
1. All timing parameters referenced to VIH and VIL except tDON and tOFF which reference a high impedance state. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT IOUTPUT 

~4=X )C 2.0 2.0 

~TEST POINTS< . 

0.8 0.8 
0.45 

270156-12 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V for a Logic "0". Timing measurements are made at 2.0V for a Logic "1" and 
O.BV for a Logic "0". 
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APPLICATIONS INFORMATION 
2910A/2911A/2912A 

CODECINTERFACE 
The 2912A PCM Filter is designed to directly inter­
face to the 2910A and 2911 A Codecs as shown be­
low. The transmit path is completed by connecting 
the VFxO output of the 2912A to the coupling ca­
pacitor associated with the VFx input of the 2910A 
and 2911A codecs. The receive path is completed 
by directly connecting the codec output VFR to re­
ceive input of the 2912A VFRI. The PDN input of the 
2912A should be connected to the PDN output of 
the codec to allow the filter to be put in the power­
down standby mode under control of the codec. 

CLOCK INTERFACE 
To assure proper operation, .the ClK input of the 
2912A should be connected to the same clock pro­
vided to receive bit clock, ClKR of 2910A or 2911 A 
Co dec as shown below. The ClKO input of the 
2912A should be set to the proper voltage depend­
ing on the standard clock frequency chosen for the 
codec and filter. 

2910A DIGITAL 
SIGx •• -------------------------, ~ 

SIGR ------------------'---, ,------+-VOD POWER SUPPLY 

LINE 

~ 

ANALOG INPUT AND j 
GAIN ADJUSTMENT 

OUTPUT TO 
ELECTRONIC HYBRIDS 

POWER AMPliFIER INPUT 

POWER AMPLIFIER OUTPUT { 
TO TRANSFORMER HYBRIDS 

GRDA GRDD 

¢ ~ 

2912A 
} 

CONTROL INPUTS 
FROM SYSTEM 

PCM FRAME SYNCH 
AND BIT CLOCKS 

r--+.::----J r--:::-::-t---t-INPUT FROM PCM HIGHWAY 

-=-~::D }~~~~ES 
~--------------------------------~-~v •• 

111 DECOUPLING CAPACITORS V--GRDA 

270219-1 

Figure 1. A Typical 2910A Codec and2912A Filter Configuration 
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GROUNDING, DECOUPLlNG, AND 
LAYOUT RECOMMENDATIONS 

The most important steps in designing a low noise 
line card are to insure that the layout of the circuit 
components and traces results in a minimum of 
cross coupling between analog and digital signals, 
and to provide well bypassed and clean power sup­
plies, solid ground planes, and minimal lead lengths 
between components. . 

1) All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electro­
lytic bypass capacitor (at least 50 /LF) per board 
is recommended at the point where all power 
traces from the codecs and filters join prior to 
interfacing with the edge connector pins as­
signed to the power leads. 

2) When using two-sided PCBs, use both corre­
sponding pins on opposite sides of the board for 
the same power lead. Strap them together both 
on the PCB and on the back of the edge con­
nector. 

3) Layout the traces on codec- and filter-equipped 
boards such that analog signal and capacitor 
leads are separated as widely as possible from 
the digital clock and data leads. 

4) Connect the co dec sample and hold capacitor 
with the shortest leads possible. Mount it as 
close to the codec CAP1 X, CAP2X pins as pose 
sible. Shield the capacitor traces with analog 
ground. 

5) Do not layout any. board traces (especially digi­
tal) that pass between or near the leads of the 
sample and hold capacitor(s) since they are in 
high impedance circuits which are sensitive to 
noise coupling. 

6) Keep analog voice circuit leads paired on their 
layouts so that no intervening circuit leads are 
permitted to run parallel to them and/or be­
tween them. 

7) Arrange the layout for each duplicated line, trunk 
or channel circuit in identical form. 

8) Line circuits mounted extremely close to adja­
cent line circuits increase the possibility of inter­
channel crosstalk. 

9) Avoid assignment of edge connector pins to any 
analog signal adjacent to any lead carrying digi· 
tal (periodic) signals or power. 
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10) The optimum grounding configuration is to main­
tain separate digital and analog grounds on the 
circuit boards, and to carry these grounds back 
to the power supply with a low impedance con­
nection. This keeps the grounds separate over 
the entire system except at the power supply. 

11) The voltage difference between ground leads 
GRDA and GRDD (analog and digital ground) 
should not exceed two volts. One method of 
preventing any substantial voltage difference be­
tween leads GRDA and GRDD is to connect two 
diodes back to back in opposite directions 
across these two ground leads on each board. 

12) Codec-filter pairs should be aligned so that pins 
9 through 16 of the filter face pins 1 through 12 
of the codec. This minimizes the distance for an­
alog connections between devices and with no 
crossing analog lines. 

13) No digital or high voltage level (such as ringing 
supply) lines should run under or in parallel with 
these analog VF connections. If the analog lines 
are on the top (component side) of the PC 
board, then GRDD, GRDA, or power supply 
leads should be directly under them, on the bot­
tom to prevent analog/digital coupling. 

14) Both the codec and filter devices should be 
shielded from traces on the bottom of the PCB 
by using ground or power supply leads on the 
top side directly under the device (like a ground 
plane). 

15) Two +5V power supply leads (Vee) should be 
used on each PCB, one to the filters, the other 
to the codecs. These leads should be separately 
decoupled at the PCB where they then join to a 
single 5V supply at the ·backplane connector. 
Decoupling can be accomplished with either a 
series resistor/parallel capacitor (RC lowpass) 
or a series RF choke and parallel capacitor of 
each 5V lead. The capacitor should be at least 
10 p.F in parallel with a 0.1 /LF ceramic. This 
filters both high and low frequencies and accom­
modates large current spikes due to switching. 

16) Both grounds and power supply leads must have 
low resistance and inductance. This should be 
accomplished by using a ground plane whenev­
er possible. When narrower traces must be 
used, a minimum width of 4 millimeters should 
be maintained. Either multiple or extra large plat­
ed through holes should be used when passing 
the ground connections through the PCB. 
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17) The 2912A PCM filter should have all power 
supplies bypassed to analog ground (GRDA). 
The 291 OA/2911 A Codec + 5V power supplies 
should be bypassed to the digital ground 
(GRDD). This is appropriate when separate 
+ 5V power supply leads are used as suggested 
in item 15. The - 5V and + 12V supplies should 
be bypassed to analog ground (GRDA). Bypass 
capacitors at each device should be high fre­
quency capacitors of approximately 0.1 to 1.0 
J.LF value. Their lead lengths should be mini­
mized by routing the capacitor leads to the ap­
propriate ground plane under the device (either 
GRDA or GRDD). 

ZERO TRANSMISSION LEVEL POINTS 

2910A/2912A 0 dBmO 

TRANSMIT 
FILTER ENCODER DECODER 

2.85 dBm 
1.08 Yrms 

5.85 dBm 
1.52 Vrms 

2911A/2912A 0 dBmO 

2.88 dam 
1.08 Vrms 

TRANSMIT 
FlLTER 

5.88 dSm 
1.S2Vrms 

ENCODER 

DIGITAL 
MILLIWATT 
CODES 
(OR EQUIY.) 

DIGITAL 
MILLIWATT 
CODES 
(OR EQUIV.) 

DECODER 
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18) Relay operation, ring voltage application, inter­
ruptions, and loop current surges can produce 
enormous transients. Leads carrying such sig­
nals must be routed well away from both analog 
and digital circuits on the line card and in back­
planes. Lead pairs carrying current surges 
should be routed closely together to minimize 
possible inductive coupling. The microcomputer 
clock lead is particularly vulnerable, and should 
be buffered. Care should also be used in the 
backplane layout to prevent pickup surges. Any 
other latching components (relay buffers, etc.) 
should also be protected from surges. 

19) When not used, the AUTO pin should float with 
minimum PC board track area. 

5.63 dBm 
1.48Vrms 

5.66 dSm 
1.49 Yrms 

RECEIVE 
FILTER 

RECEIVE 
ALTER 

5.85 dBm 
1.52 Vrms 

5.88 dBm 
1.52 Yrms 

POWER 
AMPLIFIERS 

SINGLE ENDED, 600 n 
5.85 dBm 
1.52 Vrms 
BALANCED, 600 n 
11.9d8m 
3.04Yrms 

POWER 
AMPLIFIERS 

270219-2 

SINGLE ENDED, 600n 
5.88 dBm 
1.52 Vrms 
BALANCED, 600 n 
11.9 dBm 
3.05 Vrms 

270219-3 
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Note: See data sheet for latest specifications. Values given in this application 
note are for reference only, and were considered correct at the time of publi­
cation (Feb. 1982). 

1.0 INTRODUCTION 

This application note describes the features and capa­
bilities of the 2913 and 2914 codeclfilter combochips, 
and relates these capabilities to the design and manu­
facturing of transmission and switching Iinecards. 

1.1 Background 

The first generation of per line codecs (Intel 
29IOA/IIA) and filters (Intel 2912A) economically in­
tegrated the analog-digital conversion circuits and 
PCM formatting circuits into one chip and the filtering 
and gain setting circuits into another chip. These two 
chips helped to make possible the rapid conversion to 
digital switching systems that has taken place in the last 
few years. 

The second generation of Intel LSI PCM telephony 
components, the 2913/14 Combochip, extends.the level 
of integration of the linecard by combining the codec 
and filter functions for each line on a single LSI chip. 
In the process of combining both functions, circuit de­
sign improvements have also improved performance, 
reduced external component count, lowered power dis­
sipation, increased reliability, added new features, and 
maintained architectural transparency. 

The 2913 and 2914 data sheet contains a complete de­
scription of both parts, including detailed discussions of 

each feature and specifications for timing and perform­
ance levels. This application note, in conjunction with 
the data sheet, describes in more detail how the new 
and improved features help in the design of second-gen­
eration linecards first by comparing the two generations 
of components to see where the improvements have 
been made, and then by discussing specific design con­
siderations. 

1.2 Comparison of First- and Second­
Generation Component 
Capabilities 

The combochip represents a higher level of component 
integration than the devices it replaces and, because of 
the economics of LSI (replacing two chips with one), 
ultimately will cost significantly less at the component 
level. But comparison of the combochip block diagram 
with first-generation single-chip codec and filter reveals 
few major functional differences. Figure I compares the 
first-generation codec and filter chips to the combo­
chip. Both provide rigidly specified PCM capabilities of 
voice signal bandlimiting and nonlinear companded 
AID and DI A conversion. The first on-chip reference 
voltage was introduced in the 2910/2911 single-chip 
codecs and is included in the combochip. The provision 
of uncommitted buffer amplifiers for flexible transmis­
sion level adjustment and enhanced analog output drive 
was a feature of the now standard 2912 switched-capac­
itor PCM filter is available on the combochip. Like-

PCM BANDPASS ENCODE S/H 
JlORA-LAW 
ENCODING 

TIMESLOT 
CONTROL 

clIO 
OZ 
... 0 
~i -c .. 
ou! ........ 
I 
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TRANSFORMER TRANSMISSION PCM 
DRIVER LEVEL CONTROL LOWPASS 

SINGLE<CHIP PCM FILTER 

DECODES/H JI OR A-LAW 
DECODING 

SINGLE·CHIP PCM CODEC 

I 
I 

~ ______ - ___ - - _______ .:~.!~!:!.I~ ____________________ I 

Figure 1. LSI Partitioning of Codec/Filter Functions 
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wise, independent transmit (A/D) and receive (D/ A) 
analog voice channels which permit the two channels to 
be timed from independent (asynchronous) clock sourc­
es is common to the first- and second-generation devic­
es. Finally, the ability to multiplex signalling bits on a 
bit-stealing basis from the digital side of the device has 
been duplicated on the combochip. 

Data traffic-conscious systems manufacturers now pro­
vide dedicated codec, filter, and subscriber interface 
functions on a per-subscriber basis, which in turn puts 
intense cost pressures on these functions. The function­
al duplication of first-generation components addresses 
the needs of the system manufacturer who wants to 
cost reduce existing fixed-architecture system designs. 
Whereas the bulk of the system development costs (and 
time) are in the switching machine call processing and 

diagnostic software, the bulk of the production costs 
are in the high-volume linecards. The combochip ad­
dresses these cost pressures and defers the appetite for 
new integrated functions to a future generation of PCM 
components. 

Figure 2 contains the block diagram of the 2913/14 
combochip which illustrates not only the basic com­
panding and filtering functions but also some of the 
changes and new features contained in the second-gen­
eration devices, such as internal auto zero, separate 
ADC and DAC for transmit and receive sections, re­
spectively, precision gain setting (RCV section), and in­
put/output registers for both fixed and variable data 
rates. Table I lists many of the features that are impor­
tant to linecard design and performance. A direct com­
parison between first-and second-generation products 

Table 1. Comparison between 2913/14 Combochip and the 
2910A/11A112A Single-Chip Codecs and Filters 

Features 2910A/11A plus 2912A 2913114 

Power Operating 280-310 mW 140mW 

Standby 33mW 5mW 

Pins 38-40 20-24 

Board Area Including Interconnects Normalized = 1.0 0.33 

Data Rates -Fixed 1.536, 1.544, 2.048 Mbps Same 

-Variable None 64 Kbps ~ 2.048 Mbps 

Companding Law -JL-Law 2910 + 2912 Strap Selectable 

-A-Law 2911 + 2912 

PSRR 1 KHz 30dB >35dB 

> 10 KHz NotSpec'd > 35dB 

Gain Setting Trim Using Pot Necessary Precision Resistors 
Eliminate Trim Req. 

Operating Modes Direct Yes Yes 

Timeslot Assign Yes No 

On-Chip VREF Yes Yes 

ICN - Half Channel Improvement 15 dBrncO Transmit 15 dBrncO Transmit 
11 dBrncO Receive 11 dBrncO Receive 

SID - Half Channel Improvement See Data Sheet See Section 2.0 

GT - Half Channel Improvement See Data Sheet See Section 2.0 

Power Down (Standby) PDN Pin Frame Sync Removal or PDN Pin 

Signalling 2910-8th Bit 2914-8th Bit 

Auto Zero External Internal 

S&HCaps External Transmit Internal 
Internal Receive 

Test Modes None. Design Tests 
Manufacturing Test 

On-Line Operational Tests 

Encoder Implementation Resistive Ladder Capacitive Charge Redistribution 
Ladder 

Filter/Gain Trim Fuse Blowing ± 0.2 dB Fuse Blowing ± 0.04 dB 
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Figure 2. Block Diagram of 2913/14 Combochip 
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shows the significant improvement in the combochip 
both in performance levels and system flexibility. 

2.0 DESIGN CONSIDERATIONS 

The key point with the 2913/14 is that it will result in a 
linecard that performs better and costs less than any 
two-chip codec/filter solution. The lower cost results 
from many factors, as seen in Table 2. Both direct re­
placement costs and less tangible design and manufac­
turing time savings combine to yield lower recurring 
and nonrecurring costs. As an example, the wider mar­
gins to transmission specs and the higher power supply 
rejection ratios of the 2913/14 will both shorten the 
design time needed to build and test the linecard proto­
type and reduce the reject rate on the manufacturing 
line. 

Table 2. 2913/14 Factors which Lower the Cost 
of Linecard Design and Manufacturing 

• Lower LSI Cost (2914 vs. 2910/11 + 
2912) 

• Fewer External Components 

• Less Board Area 

• Shorter Design/Prototype Cycle 

• Better Yields/Higher Reliability 

• Lower Power/Higher Density 

Part of the recurring cost of linecard production is the 
efficiency of the manufacturing line in turning out each 
board. This is measured in both parts cost and time. 
Average manufacturing time is strongly effected by the 
line yield, i.e., the reject rate reliability. Alinecard us­
ing the 2913/14 has many labor-saving features, which 
also increases the reliability of the manufacturing pro­
cess. Some of these features are detailed in Table 3. 

The combination of fewer parameters to trim (gain, ref­
erence voltage, etc.), tolerance to wider power supply 
variations, and on-chip test modes make the linecard 
very manufacturable compared to first-generation de­
signs. 

Probably the most obvious improvement in linecard de­
sign based around the 2913/14 is the reduction in line­
card PCB area needed compared to two-chip designs. 
The combination of the codec and filter into a single 
package alone reduced the LSI area by one-third. Table 
4 shows many of the other ways in which board area is 
conserved. In general, it reduces to fewer components, 
more on-chip features, and layout of the chip resulting 
in an efficient board layout which neatly separates the 
analog and digital signals both inside the chip and on 
the board. 
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Table 3. 2914 Factors which Increase Linecard 
Manufacturing Yields and Efficiency 

• Higher Reliability 
-Fewer connections and components 

-More integrated packaging 

-More margin to specs 

-Lower power 

-NMOS proven process 

-Less sensitive to parameter variations 

• Fewer Manufacturing Steps 

-No gain trimming 

-On chip VREF 

-Wide power supply tolerance 

-On chip test modes 

-Wide margins to spec 

Table 4. Design Factors for 2914 which Reduce 
Linecard PCB Area 

• Integrated Packaging 

-2914 vs. 2910/11 + 2912 
= 1/3 board area 

-2913 takes even less space 

• Fewer Interconnects/Components 

-Codec/filter combined 

-On-chip reference voltage 

-On-chip auto zero 

-On-chip capacitors 

-No gain trim components 

-No voltage regulators 

• Efficient Layout (Facilitates Auto Inser­
tion) 

-Analog/digital sections separated on 
chip 

-Digital traces can cross under chip 

-Two power supplies only 

-Low power/high density 
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Table 5 2913/14 Operating Mode Options Add Flexibility to Linecard Design 

Option Mode Control Pins 
Results of Mode Selection 

2914 (24 Pin) I 2913 (20 Pin) 

Companding Law SIGX/ASEL A-Law or ,...-Law + Signalling I A-Law/,...-Law, no Signalling 

Power Down PDN Transmit & Receive Side Go To Standby Power (5 mW) 

FSx & FSR Removed Same (12 mW) 

FSxRemoved Transmit Side Goes to Standby (110 mW) 

FSR Removed Receive Side Goes to Standby (70 mW) 

Data Rate - Vee/GRDDlVss 1.536/1.544/2.048 Mbps in Fixed Data Rate Mode 
DCLKR = Vss 

- Vee/GRDDlVss Variable Data Rate Mode from 64 Kbps to 2.048 Mbps, 
DCLKs = Clock No Signalling 

Test Modes LOOP - Vee Implements Analog Loopback I No Loopback Capability 

PDN = Vss Provides Access to Transmit Codec Through ASEL and TSX 
Pins . 

DR - Vss Provides Access to RCV Filter Input at DCLKR and Transmit 
Filter Outputs at ASEL and TSX Pins 

Many of the factors discussed-which result in effi­
cient, cost-effective linecard designs-are discussed in 
more detail both in the 2913/14 data sheet and in the 
following sections of this note. 

2.1 Operating and Test Mode 
Selection 

A key to designing with the 2913/14 combo is the wide 
range of options available in configuring, either with 
strap options or in real time, the different modes of 
operation. The 2913 combochip (20 pins) is specifically 
aimed at synchronous switching systems (remote con­
centrators, PABXs, central offices) where small pack­
age size is especially desirable. The 2914 combochip (24 
pins) has additional features which are most suitable for 
applications requiring 8th-bit signalling, asynchronous 
operation, and remote testing of transmission paths 
(e.g., channel banks). Once the specific device is select­
ed, there is a wide range of operating modes to use in 
the card design, as seen in Table 5. This table lists the 
optional parameters and the pins which control the op­
erating mode. The result of selecting a mode is listed for 
both the 2913 and 2914. 

The purpose of offering these options is to ensure that 
the 2913/14 combo will accommodate any existing 
linecard design with architectural transparency. At the 
same time, features were designed in to facilitate design 
and manufacturing testing to reduce overall cost of de­
velopment and production. 

2.2 Data Rate Modes 
Any rapid conversion scenario presumes that the com­
bochip will fit existing system architectures (retrofit) 

without significant system timing, control, or software 
modifications. To this end, two distinct user-selectable 

. timing modes are possible with the combochip. For 
purposes of discussion, these are designated (a) fixed 
data rate timing (FDRT) and (b) variable data rate tim­
ing (VDRT); 
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FDRT is identical to the 2910/2911 codec timing in 
which a single high-speed clock serves both as master 
clock for the codec/filter internal conversion/filtering 
functions and as PCM bit clock for the high-speed seri­
al PCM data bus over. which the combochip transmits 
and receives its' digitized voice code words. In this 
mode, PCM bit rates are necessarily confined to one of 
three distinct frequencies (1.536 MHz, 1.544 MHz, or 
2.048 MHz). Many recently designed systems employ 
this type of timing which is sometimes referred to as 
burst-mode timing because of the low duty cycle of 
each timeslot (i.e., channel) on the time division multi­
plexed PCM bus. It is possible for up to 32 active com­
bochips to share the same serial PCM,bus with FDRT. 

VDRT (sometimes referred to as shift register timing), 
by comparison, utilizes one high-speed master clock for 
the combochip internal conversion/filtering functions 
and a separate, variable frequency, clock as the PCM 
bit clock for the serial PCM data bus. Because the serial 
PCM data rate is independent of internal conversion 
timing, there is considerable flexibility in the choice of 
PCM data rate. In this mode the master clock is per­
mitted to be 1.536 MHz, 1.544 MHz, or 2.048 MHz, 
while the bit clock can be any rate between 64 KHz and 
2.048 MHz. In this mode it is possible to have a dedi­
cated serial bus for each combochip or to share a single 
serial PCM bus among as many as' 32 active combo­
chips. 
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Thus, the two predominant timing configurations of 
present system architectures are served by the same de­
vice, allowing, in many cases, linecard redesign without 
modification of any common system hardware or soft­
ware. Additional details relating to the design of sys­
tems using either mode are found in section 3.0. 

2.3 Margin to Performance 
Specifications 

The combochip benefits from design, manufacturing, 
and test experience with first-generation PCM products 
on the part of the system manufacturer, component 
suppliers, and test equipment suppliers. The sub-milli­
volt PCM measurement levels and tens of microvolts 
accuracy requirements on the lowest signal measure­
ments often result in tester correlation problems, yield 
losses, and excess costs for system and PCM compo­
nent manufacturers alike. Thus additional performance 
margin built into the PCM components themselves will 
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have its effect on line circuit costs even though the sys­
tem transmission specifications may not reflect the im­
proved performance margin. 

Half channel measurements have been made of the 
transmission parameters-gain tracking (GT), signal to 
distortion ratio (SID), and idle channel noise (lCN). 

Gain Tracking-Figure 3 shows the gain tracking data 
for both the transmit and receive sides of the combo 
using both sine wave testing (CClrr G712.11 Method 
2) and white noise testing (CClrr G712.11 Method I). 
The data shows a performance very nearly equal to the 
theoretically best. achievable using both test techniques. 
End to end measurements, although not spec'd, also 
show a corresponding good performance with errors 
less than or equal to the sum of the half channel values. 

Signal to Distortion Ratio-This is a measure of the 
system linearity and the accuracy in implementing the 
companding codes. Figure 4 shows the excellent perfor-
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Gain Tracking Error Versus Signal Level 
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Figure 3. 2914 Half Channel Gain Tracking Performance Measurements 
for Both Sine and Noise Testing 
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Figure 4. 2914 Half Channel Signal to Distortion Ratio (SID) Performance Measurements 
for Both Sine and Noise Testing 

. mance of the 2914 for both the transmit (AID) and 
receive (DI A) channels using sine wave and noise test­
ing. The margin is greater than 3 dB above. the half 
channel spec which means that a larger error budget is 
available to the rest of the channel. 

Statistical Analysis-A statistical analysis of G.T. and 
SID measurements over many devices shows a very 
tight distribution, as seen in Figure 5. There are several 
consequences resulting from this highly desirable distri­
bution: (l) the device performance is controllable, re­
sulting in high yields, (2) the device circuit design is 
tolerant of normal process variations, thereby ensuring 
predictable production yields and high reliability, and 
(3) understanding of the circuit design and process fun­
damentals is clearly demonstrated-largely as a result 
of previous telephony experience with the Intel NMOS 
process. 

Idle Channel Noise-The third transmission parameter 
is idle channel noise (ICN). Figure 6 gives half channel 
ICN measurements which show a substantial margin to 
specification. 
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Power Supply Rejection-Circuit innovation in the in­
ternal combochip design has resulted in significant im­
provements in power supply rejection in the 5 to 50 
KHz range (Figure 7), and it is this frequency band 
which usually contains the bulk of the switching regula­
tor noise. These higher frequencies, outside the audio 
range as they are, are not objectionable or even detect­
able in the transmit direction except to the extent that 
they alias into the. audio range as a result of internal 
sampling processes in the transmit filter and AID con­
verter. Sampling techniques in the combochip minimize 
this aliasing. In the receive direction, excess high fre­
quency noise which propagates onto the subscriber loop 
can interfere with signals in adjacent wires and is thus 
objectionable even without aliasing. The symmetrical 
true differential analog outputs of the combochip are an 
improvement from earlier designs which failed to main­
tain true power supply symmetry through the output 
amplifiers. Not only does the differential design im­
prove transmission performance, but it also reduces the 
need for power supply bypass capacitors, thereby sav­
ing component cost on the Iinecard. 
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Figure 5. Statistical Analysis of Transmission Performance Showing 
Tight Distribution Over Many Devices 
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Figure 6. 2914 Idle Channel Noise (ICN) 
Measurements 

Autozero-The autozero circuit is contained complete· 
lyon-chip. It automatically centers the signal/noise dis­
tribution at the encoder input. This ensures minimal 
ICN due to bit toggling and also maintains maximum 
sensitivity to the AC signals of interest. 

2.4 Power Conservation 

Figure 8 illustrates typical power consumption and of­
fice equipment dissipation for a resistive line biasing 
arrangement (with no loop current limiting) and for the 
per-line PCM components. It can be seen that overall 
line circuit power consumption and dissipation are 
strong functions of subscriber loop resistance, and are 
dominated by line biasing current regardless of loop 
length. It can also be seen that the combochip achieves 
significant reductions in PCM component contribu­
tions relative to both the 29l0A12912A and 
291012912. Present residential traffic characteristics 
are such that the PCM components are active less than 
10% of the time, and in its low-power standby state, 
the combochip power dissipation drops to typically 
5 mW as the line current (and dissipation) goes to its 
background on-hook leakage level of typically a few 
milliwatts(but for very leaky lines, as much as 50 m W -
500mW). 
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The concern for linecard power consumption and dissi­
pation is related both to the cost of providing power 
and to the system density problem involving convection 
heat removal from the linecards. Consequently, much 
recent line circuit development activity centers on elim­
ination of the inefficient resistive line current feed both 
by current limiting in short loops and by more exotic 
and expensive per-line dc-de converters. For both pres­
ent-generation designs and cost-reduction redesigns, 
the typical combochip dissipation of 140 mW 
active/5 mW standby will allow system board packing 
density improvements and power supply cost reduc­
tions. 

A closer look at the effect ofloading (duty cycle) on the 
average power dissipation of a combochip is given in 
Table 6. Typical loading percents run as low as 5% for 
very large switching systems (thousands of lines) up to 
100% in nonswitching applications such as channel 
banks. Clearly, the average power dissipation in a typi­
cal switching system is below 35 mW which facilitates 
board packing density and cost of power considera­
tions. 

Table 6. Typical Power Dissipation Per Line 
Using 2914 Combochip 

Duty Power 
Cycle Dissipation 

Central 5% 12mW 
Office 

PABX 15% 25mW 

Peak Hour 50% 73mW 
C.O. 

Channel 100% 140mW 
Bank 
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2.5 Elimination of Gain Trim in the Line 
Circuit 

Four resistors-RI-R4 of Figure 9-on the transform­
er side of the PCM components are used to establish 
appropriate transmission levels at the PCM compo­
nents and are, at first glance, equivalent in the two cas­
es. However, a significant reduction in linecard manu­
facturing costs associated with individual line trim (or 
mop-up) is possible with the combochip. The need for 
this trim is dictated by system gain contrast specifica­
tions which typically require that the line-to-line gain 
variation shall not exceed 0.5 dB, which translates to 
0.25 dB for each (transmit and receive) channel. Table 
7 shows that the major portion of this gain variation 

TRANSFORM_~E~R~t==:::;;-r=4 
~;---, 

~I 

~ 

has previously been in the nominal insertion loss of the 
PCM filter and in the uncertainty of the reference volt­
age of the codec. With this cumulative 0.15 dB uncer­
tainty in the PCM components themselves, the system 
manufacturer had no choice but to resort to the cost 
and manufacturing complexity of the active trim. The 
combochip, however, can be trimmed during its manu­
facture to a nominal tolerance of ± 0.04 dB which in­
eludes uncertainties in both the filter and codec voltage 
reference functions. This leaves 0.21 dB uncertainty to 
variations in the other line circuit elements and to tem­
perature and supply variations. 

The variation in combochip gain with supply and tem­
perature has also been improved to allow as low as 

2910/11 
PCMCOOEC 

l ____________ ~~::~~~~~~~~~~~~~~~~~~~vCC GRDD VSS 
GRDA 

(a) Line Circuit Utilizing Single-Chip PCM Codec and Filter 
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(b) Line Circuit Using Combochip 
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Figure 9. Schematics of the CodeclFilter Function and the 2/4 Wire Hybrid Transformers 
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Table 7. Gain Trim Budget for Codec/Filter Functions 

Manufacturing Uncertainty ~T Variation' Budget 
Device 

(Initial) , ~Supplies Total 
for Other Components 

2910 ±0.1 
2912 ±0.05 

±0.15 

2914 ±0.04 . .. 
Assumes 0.5 dB end to end gain contrast specifications . 

0.08 dB variation over supplies and temperature so that 
more than half the system specification could be re­
served for transformer, wiring, and resistor uncertain­
ties. This possibility of using fixed precision gain trim 
components and abandoning the active trim holds the 
potential for simplification and· cost reduction of the 
line board manufacturing process. . 

2.6 Power Up/Down Considerations 

Power Supply Sequence-There are no requirements 
for a particular sequence of powering up the combo­
chip. All discussions of power up or power down tim­
ing assume that both Vee and VBB are present. 

Power Up Delay-Upon application of power supplies, 
or coming out of the standby power down mode, three 
circuit time constants must be observed: (1) digital sig­
nal timing, (2) autozero timing, and (3) filter settling. 
An internal timing circuit activates SIF" Dx, and TSx 
approximately two or three frames after power up. Un­
til this time, SIGr is held low and the other two signals 
are in a tri-state mode. During this time, SIGx will have 
no effect on the PCM output. 

Power Down Modes-These modes are described in de­
tail in Table 3 of the 2913/14'data sheet except for a 
fail-safe mode in case CLKx is interrupted. If this 
should happen, both Dx and TSx go into the tri-state 
mode until the clock is restored. This ensures the safety 
of the PCM highway should the interrupted clock be a 
local problem. 

3.0 OPERATING MODES 

There are three basic operating mode~ that are support­
ed by the 2913/14: fixed data rate timing (FDRT), vari­
able data rate timing (VDRT), and on-line testing. 

3.1 Fixed Data Rate Mode 

The FDRT mode is described in some detail in both 
section 2.2 of this note and in the 2913/14 data sheet. 
In addition, Intel Application Note AP-64 (Data Con-

±0.1 
±0.05 
±0.15 ±0.3 dB OdB 

±O.OB ±0.12 dB ±0.13dB 

version, Switching, and Transmission using the Intel 
291OA/2911A codec and 2912 PCM filter) also de­
scribes the basics of using the fixed data rate mode for 
first-generation codecs and filters which is essentially 
the same as for the 2913/14 second-generation combo­
chip. 

3.2 Variable Data Rate Mode 

The VDRT mode is described in some detail both in 
section 2.2 and in the 2913/14 data sheet. This section 
. focuses on two design aspects: (1) the advantage of 
clocking data on the rising edges of the clock for trans­
mit and receive data, respectively, and (2) making the 
2913/14 transparent in previously designed systems (a 
retrofit, cost reduction redesign). 

Clock Timing-The 2913/14 is ideally set up to trans­
mit and receive data, using the same clock, with no race 
conditions or other marginal timing requirements. This 
is accomplished by transmitting data on the rising edge 
of the first clock pulse following the data enl!ble pulse 
FSx and receiving data on the falling edge of the clock 
which is directly in the middle of the Dx data pulse. 
Several manufacturers use leading edge timing for both 
transmit and receive requiring an inversion of the re­
ceive clock. 

Figure 10 shows the transmit and receive clock and 
data timing for an entire time slot of data. A closer look 
at the timing functions is given in Figure 11 which 
looks specifically at the first clock cycle after the trans­

. mit data enable FSx. 

According to the 2913/14 data sheet, the frame syncl 
data enable FSx must precede the clock (DCLKX) by 
at least Ttsdx or nominally 15 ns for that clock pulse to 
be recognized as the first clock pulse in the time slot. In 
actuality, the 2914 will allow FSx to lag up to 80 ns the 
DCLKx rising edge and recognize it as the first clock 
pulse in a 2.048 MHz system. 

Once FSx has reached VIH of about 2V, the Dx output 
will remain in the tri-state high-impedance mode for 
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Transmit Timing 

210314-17 

Receive Timing 

210314-18 

NOTE: 
All timing parameters referenced to VIH and VIL except tOON and tOFF which reference a high impedance state. 

Figure 10. Variable Data Rate Timing for an Entire Time Slot 

T don or about 34 ns longer. It then comes out of tristate 
and will represent some data which is invalid until the 
valid data is available TDDX or about 75 ns (100 ns 
worst case) after the clock rising edge. This means there 
is about 90 ns of invalid data after the tri-state mode. 
At this point there is valid data on the Dx highway 
that lasts for approximately one full clock cycle. 

Since the Dx highway is tied directly to the Dr high­
way in digital loopback, the valid data above is now 
available to the receive channel with some propagation 
delay. The receiver is only interested in the data for 
about a 50 ns (110 ns worst case) window centered 
about the falling edge of the DCLKr clock which oc­
curs about half a clock cycle from the FSr rising edge. 
The window width is equal to the data set-up time. 
Tdsf> plus the clock fall time, Tf, plus the data hold 
time, Tdhr. Information at any other time on the Dr 
highway falls into the DON'T CARE category. 

Retrofitting the 2913/14--Several switching/transmis­
sion systems have been designed using first-generation 
codecs which operate at data rates from 64 Kbps to 
2.048 MBps. In addition, they may have been designed 
using the rising clock edges for both transmit and re­
ceive data. 

Other aspects of these older designs could be relative 
skewing between the sync pulses (Data Enable) and the 
clock pulses in such a way that the sync pulse occurs 
after (Lags) the first clock pulse rising edge. All of these 
conditions can be easily handled using the variable data 
rate timing mode of the 2913/14 plus some simple ex­
ternallogic. By the addition of this logic, the 2913/14 
becomes transparent to the older design thereby allow­
ing an upgrade in performance while having no impact 
on backplane wiring or on system control hardware/ 
software. In addition, many of the features of the 
2913/14 may be incorporated, such as the test modes, 
which provide additional capabilities beyond those 
available in the original design and at a lower cost. 

The circuit diagram in Figure 12 shows the maximum 
amount of additional random logic that could be neces­
sary to make the 2913 or 2914 completely transparent 
at the linecard level (no impact on backplane wiring or 
timing). The inverter on DCLKR inverts all the receive 
clocks for each linecard. This inverter is only needed if 
(1) the transmit and receive clocks are inverted at the 
systemlbackplane level (as opposed to the linecard lev­
el) and (2) the previous design used only rising (or fall­
ing) edges to clock the transmit/receive data. 
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Figure 11. Waveform Timing Diagrams for the 2913/14 

3.3 On-Line Test Modes 

Two modes are available which permit maintenance 
checking of the linecard up. to the SLIC/combochip 
interface. including the PCM highways and time slot 
interchanges. Tests include time slot-dependent error 
checking. The two test modes are called "redundancy 
testing"- and "analog loopback." These test modes are 
described in detail in Section 4.3. 

4.0 MULTIMODE TEST CAPABILITIES 

The 2913/14 was designed with every phase of design, 
manufacturing, and operation taken into consideration. 
In particular, several test modes have been implement­
ed within the device with essentially no increase in the 
package size or pin count. These test modes fall into 
three categories: design/prototype tests, manufacturing 
tests, and on-line operation tests; see Table 8. 

4.1 Design/Prototype Testing 

In the design of a linecard prototype or in the qualifica­
tion of a device, it is often helpful to have direct access 
to the internal nodes at key points in the LSI system. 
Some manufacturers even dedicate pins specifically for 
this function. The Intel 2913/14 approach was to re­
duce cost by using multifunction pins and smaller pack­
ages to achieve this goal. Measurements through these 
multipurpose pins will typically yield full device capa­
bility against performance specifications, however these 
measurements are not· included in the device specifica­
tions. This is done for two reasons: first, to save manu­
facturing cost by eliminating unnecessary tests and 
specifications, and, second, more cost effective manu­
facturing test techniques are available, as discussed in 
section 4.2. 
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Figure 12. Circuit Diagram Showing Connections Needed to Retrofit the 2913/14 
into Existing Variable Data Rate Systems 

Table 8. Multimode Testing for Each Level from 
Design to On-Line Operation 

• Design/Prototype Testing 

- Direct access to transmit codec inputs 

- Direct access to the receive filter input 
and the transmit filter differential out­
puts 

• Manufacturing Tests 

- Standard half channel tests for com­
bined codec/filters 

- Filter response half channel measure­
ments 

• Operation On-Line Tests 
- Analog loopback for testing PCM and 

codec analog highways 

- Redundancy checks with repeatable 
Dx outputs 

Table 9 gives the input control pin values and the corre­
sponding functions assigned to the key test pins on the 
2914 for the design test modes. 

Transmit Coded (Encoder)-The transmit filter can be 
bypassed by directly accessing the differential input of 
the transmit encoder with an analog differential drive 
signal. Table 9 shows the control pin voltages and the 
input pins for this test. This test mode permits DC test­
ing of the encoder which is otherwise blocked by the 
AC coupling (low frequency reject filter) of the trans­
mit filter. 

Transmit and Receiver Filter-Table 9 shows the con­
trol values that permit access to the differential outputs 
of the transmit filter and the single-ended input to the 
receive filter. The voltage difference between the trans­
mit filter outputs represents the filtered output that will 
be encoded. By driving VFxI (single ended or differen­
tially), the transmit filter response is obtained as a dif­
ferential output. The final stage is the 60 Hz reject filter 
which is a switched capacitor filter sampled at an 
8 KHz rate. When measured digitally (after the encod­
er), the filter characteristic is obtained directly: howev­
er, when measured in analog, a sin (wT/2)/wT/2 cor­
rection factor must be included. 
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Table 9. 2914 Test Functions and Control Inputs for the Design Test Modes 

Input Pin Function (24-Pin) 
Test 

PDN DR 
Pin 9 Pin 17 Pin 18 Function 

DCLKR TSx/DCLKx SIGx/ASEL 

O-Vee O-Vee DCLKR TSx/DCLKx SIGx/ASEL. Normal Operation 

VBB O-Vee - +VFX -VFX Encoder 

O-Vee VBB VFRI +VFXO -VFXO RCV, XMIT Filter 

NOTES: 
The terms used above are defined as: 
± VFX = Encoder Input 
±VFXO = XMIT Filter Output 
VFRI = ReV Filter Input 

The input to the receive filter first passes through a 
sample and hold. This is necessary to simulate the 
sin (wT/2)/wT/2 characteristic that results from the 
decoder 0/ A output. The net result is a filter charac­
teristic that can be compared directly to the specifica­
tions. 

Start-up Procedure for Test Modes-To place the 
2913/14 in the test mode it is first necessary to operate 
the device for a few ms in normal operation. Then VBB 
can be applied to the control pins to select the desired 
test access. 

4.2 Production Testing 

While it may ·be convenient for the designer to have 
access to both the filter and the codec inputs and out· 
puts during the design or evaluation phase the final 
product will always use the filter and codec circuits 
together with all signals passing through both on the 
way to or from the PCM highways. It therefore makes 
sense to perform all manufacturing measurements with 
the device configured in its normal operating mode, i.e., 
all measurements should be complete filterlCodec half 
channel measurements. This approach not only tests 
the combo as it will actually be used, but also. saves 
time and money by eliminating separate measurements 
and correlation exercises to determine the full half 
channel performance. 

Since the transmission specifications of SID, gain 
tracking, and ICN all require measurements which are 
"in·band" or "filter independent," the codec functions 
can be easily tested using conventional half channel 
measurement equipment. The apparent difficulty arises 
in trying to fully measure the filter characteristics be· 
yond the half sampling frequency of 4 KHz. In fact, 
this is not really a problem with today's computer­
based testing plus an understanding of the sampled data 
process which is discussed under "Filter Testing". 

ENCODER/DECODER TESTING 

Transmission specifications are AC·coupled in-band 
measurements when using either CCITT G.712.1I 
methods I & 2 (white noise testing and sinusoidal test­
ing, respectively) or AT&T Pub 43801 (Sinusoidal 
Testing). The noise testing uses a narrowband of flat 
noise from 300 to 500 Hz to drive the filter/codec (ei­
ther in analog or the equivalent digital sequence for the 
transmit/receive charlnels, respectively). The resulting 
harmonic products are used to determine SID. Like· 
wise, gain tracking is also determined from this signal 
input. Sinusoidal testing uses a tone at 1.020 KHz for 
SID measurements and gain tracking measurements. 
Idle channel noise meas4rements require the combined 
filter/codec since it has long been shown that separate 
measurements of filters and codecs are difficult to relate 
to the combined measurement (usually there is no spe­
cific relationship because of the non-linear properties of 
the encoder/decoder operations). Typically the fre­
quency response of ICN measurements is primarily de­
termined by the weighting filter (either C message or 
psophometric, which are both AC·coupled, bandpass 
type filters). 

The conclusion is that combined filter/codec testing in 
no way limits the measurement of half channel trans· 
mission parameters of SID, G.T., or ICN. 

FILTER TESTING 

Testing the filter response, of the transmit and receive 
channels presents two separate test situations which, in 
some ways, are mirror images of one another. With the 
transmit side, signals may be introduced at any fre­
quency to test the filter response. At the output of the 
filter, the resulting signals are sampled at 8 KHz and 
digitized resulting in a sequence of PCM words repre­
senting the samples of filtered input signal. On the reo 
ceive side, a digital PCM sequence of samples repre­
senting the driving signal is converted to an analog sig­
nal by the decoder and can be measured at the filter 

. output in analog form. 
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Sampling Process-In both cases of testing the filter, 
the signal eventually is in a sampled form. Since the 
sampling rate is fixed at 8 KHz, all signals must be 
represented below 4 KHz (half the sampling frequen­
cy). This means that the PCM bit stream can only rep­
resent signals at frequencies below 4 KHz. If a signal 
above 4 KHz is sampled, those samples appear exactly 
as if the signal was at a frequency mirror imaged about 
4 KHz. Two examples include signals at 5 KHz and 
7 KHz which will result in samples that look like sig­
nals of 5-8 KHz = 3 KHz and 7-8 KHz = I KHz, 
respectively. 

Conversely, the sampling process produces replicas (ali­
asing) of the sampled signal around multiples of the 
sampling frequency. Therefore, if two signals are intro­
duced digitally representing I KHz and 2 KHz, there 
will also be frequency components located at 8 KHz = 
± I KHz and 8 KHz = ± 2 KHz, and so on for all 
multiples of 8 KHz. Thus it is possible to generate fre­
quencies at arbitrary values after sampling by control­
ling the frequency of each signal within the 4 KHz in­
put band regardless of whether it is in analog or PCM. 

When an analog signal is sampled, the frequency com­
ponents generated are all of the same amplitude as the 
corresponding input spectral components. Therefore, 
on the transmit side, measurements made from the 
PCM data will have a throughput gain of unity except 
where components are superimposed (e.g., a 4 KHz in­
put signal will have an alias component at 4 KHz 
which may double the amplitude at 4 KHz when the 
two components are combined). 

When an analog signal. is reconstructed from digital 
samples, it goes through a sample and hold stage which 
has the effect of imposing a weighting function on the 
resulting spectral components that is represented by 

Sinc [ w2T] 
wT 
2 

where w is the actual spectral component frequency 
going into the filter, and T is the width of the hold 
pulse at the decoder output. For the 2913/14, the ana­
log output is held the full sample period of 125 JLs 
(1/8000 Hz) so that a frequency component at ft will 
have a weighting of 

( 8000) . [7T ft ] W= -- Sm --7Tft 8000 

Transmit Filter Test Approach-Two approaches can 
be used for half channel testing of the transmit filter 
characteristic: (l) input analog test frequencies and per­
form an FFT on the corresponding PCM samples that 

are generated to determine spectral frequencies and am­
plitudes at the codec output, or (2) use an "ideal" D/ A 
converter on the PCM samples to convert the digital 
data back to analog so that the spectral amplitudes and 
frequencies can be determied using analog circuits such 
as spectrum analyzers or filter banks. In either case, the 
effects of sampling will be the same. Figure 13 shows 
two spectral diagrams of amplitude versus frequency. 
The top diagram represents the locations of nine test 
frequencies corresponding to the seven specified fre­
quencies in the 2913/14 data sheet plus a component at 
7 KHz and one at 10 KHz. The bottom figure shows 
the "equivalent" spectral component locations when 
carried in the PCM bit stream. As an example, frequen­
cy # 8 is located at 7 KHz. The corresponding PCM 
frequency is seen in the lower figure at 1 KHz. Note 
also that the analog component at 9 KHz (see #8*) 
would also generate the I KHz component in the PCM 
data. 

To test the filter, the desired test frequencies are intro­
duced in analog to the filter input in such a way that 
there is no confusion as to where the resulting compo­
nent will be after sampling (i.e., don't simultaneously 
put in 1 KHz and 7 KHz since both of these inputs 
result in a 1 KHz component in the PCM data). Then, 
using either technique (FFT or analog) mentioned 
above, measure the amplitude of the corresponding 

234 7 9 10 FREQ 
kHz 

210314-21 

(a) Analog Signal Frequency Locations 

4 10 FREQ 
kHz 

210314-22 

(b) PCM Representation of the Signals in (a) 

Figure 13. Spectral Properties of the Filter Test 
Frequencies in Analog and PCM 
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sampled component. The difference between that am­
plitude and the input amplitude represents the filter 
attenuation at the frequency of the input signal. So, if 
the signal was at 7 KHz, the FFT will determine the 
amplitude of the corresponding 1 KHz signal. The am­
plitude change relative to the input will represent the 
mter attenuation at 7 KHz. 

Receive Filter Test Approach-In this case, the PCM 
test signals can be generated directly from digital cir­
cuits or by going through an "ideal" A/D (companded) 
to generate the PCM samples. Since these samples rep­
resent frequencies below the half sampling rate, Figure 
12(b) now represents the input signals and 12(a) the 
output, but with one significant difference-a 
Sinc[7T fl/8000] weighting function is imposed on all 
the frequency components because of the decoder sam­
ple and hold output. At the mter output, the spectral 
component amplitudes will include the effect of the m- . 
ter response and the weighting function measured at 
the actual test frequency. The receive filter includes a 
compensation network for the weighting function in its 
passband. Therefore, inside the passband (300 Hz to 
3.4 KHz) the measured amplitudes should be compared 
directly to the data sheet specifications. Frequencies, 
outside the passband must be compensated for the 
weighting function first to determine the true mter re­
sponse. 

Summary of Filter Testing-Table 10 lists the nine test 
frequencies shown in Figure 12 for both the transmit 
and receive mter testing. For each mter test, the input 
frequency (analog or PCM), measurement frequency, 
and test circuit gain is tabulated corresponding to the 

desired test frequency. The various weighting values are 
easily handled by computer-based test equipment since 
the inverse weighting function can be stored in the 
computer and applied to each measured amplitude as 
appropriate. 

4.3 Operational On-Line Testing 

Two test modes are available which facilitate on-line 
testing to verify operation of both the combochip and 
the entire switching highway network. The first is sim­
ply the capability to duplicate the same Dx transmis­
sion in multiple PCM time slots (redundancy check­
ing), and the second is the analog loopback capability 
which allows the testing of a call completion through 
the entire PCM voice path including the time slot inter­
change network. 

Redundancy Checking-A feature of the 2913/14 is 
that the same 8-bit PCM word can be put on the Dx 
highway in multiple time slots simply by holding the 
frame sync/data enable (FSx) high and continuing to 
supply clock pulses (CLKx or DCLKx). If the data 
enable was held high for multiple time slots, each time 
slot would have identical data in it. By routing this data 
through the PCM highways, time slot interchanges, 
etc., and then correlating the data between time slots, it 
would be possible to detect time slot-dependent data 
errors. When this test mode is used, no other data will 
be generated for the transmit highway until the frame 
sync returns low for at least one full clock cycle. 

Table 10. Filter Response Testing Input/Output Frequencies and Amplitude Gain Schedule 

Transmit Receive 
Test 
Freq. Input Measured Amp Input Measured Amp 

Freq. Freq. Weighting Freq. Freq. Weighting 

1 200 200 200 1 200 200 1 

2 300 300 300 1 300 300 1 

3 3000 3000 3000 1 3000 3000 1 

4 3300 3300 3300 1 3300 3300 1 

5 3400 3400 3400 1 3400 3400 1 

6 4000 4000 4000 o to 2 4000 4000 Ot02 

7 4600 4600 3400 1 3400 4600 S. [4600 7T] Inc ---
8000 

8 7000 7000 1000 1 1000 7000 S. [7000 7T] Inc ---
8000 

9 10000 10000 2000 1 2000 10000 S. [10000 7T] Inc ---
8000 
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Analog Loopback-The 2914 (2913 does not have this 
feature) has the capability to be remotely programmed 
to disconnect the outside telephone lines and tie the 
transmit input directly to the receive output to effect 
analog loopback within the combo chip. This is accom­
plished by setting the LOOP input to Vee (TTL high). 
The result is to disconnect VFxI + and VFxI - from 
the external circuitry and to connect internally 
PWRO+ to VFxI+, GSr to PWRO-, and VFxI­
to GSx (see Figure 14). 

With this test set up, the entire PCM and analog trans­
mission path up to the SLIC can be tested remotely by 
assigning a PCM word to a time slot that is read by the 
combo being tested. This data is converted to analog 
and passed out of the receive channel. It is taken as 
input by the transmit channel where it is filtered and 
redigitized (encoded) back to PCM. The PCM word 
can now be put on the transmit highway and sent back 
to the remote test facility. By comparing the PCM data 
(individually or as a series of codes) the health of that 
particular connection can be verified. 

--------------------------, 
: I-LOOP 

TRANSMIT 
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PWRO+ -1--+----"7"'+1----1 h 
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I 

DX I DIGITIZED 
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Figure 14. Simplified Block Diagram of 2914 Combochip in the Analog Loopback Configuration 
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CONNECTICUT 

tlntel Corp. 
301 Lee Farm Corporate Park 
83 Wooster Heights Rd. 
Danbury 06810 
Tel: (203) 748-3130 
FAX: (203) 794-0339 

tSales and Service Office 
"'Field Application Location 

DOMESTIC SALES OFFICES 
FLORIDA MICHIGAN tlntel Corp.* VIRGINIA 

tlntel Corp. 
25700 SCience Park Dr. 

tlntel Corp. Suite loa tlntel Corp. 
800 Fairway Drive 7071 Orchard Lake Road Beachwood 44122 1504 Santa Rosa Road 
Suite 160 Suite 100 Tel: (216) 464-2736 Suite 108 
Deerfield Beach 33441 West Bloomfield 48322 TWX: 810-427-9298 Richmond 23288 
Tel: (305) 421-0506 Tel: (313) 851-8096 FAX: (804) 282-0673 Tel: (804) 282-5668 
FAX: (305) 421-2444 FAX: (313) 851-8770 FAX: (216) 464-2270 

tlntel Corp. MINNESOTA OKLAHOMA 
5850 T.G. Lee Blvd. WASHINGTON 
Suite 340 tInter Corp. Intel Corp. 
Orlando 32822 3500 W_ 801h 51. 6801 N. Broadway tlnlel Corp. 
Tel: (407) 240-8000 Suite 360 Suite 115 155 IOBth Avenue N.E. 
FAX: (407) 240-8097 Bloomington 55431 Oklahoma City 73162 Suite 386 Tel: (612) 835-6722 Tel: (405) 848-8086 Bellevue 98004 
Intel Corp. 1WX: 910-576-2867 FAX: (405) 840-9819 Tel: (206) 453-8086 
11300 4th Street North FAX: (612) 831-6497 TWX: 910-443-3002 
Suite 170 

MISSOURI OREGON 
FAX: (206) 451-9556 

St. Petersburg 33716 
Tel: (813) 577-2413 tlntel Corp. tlntel Corp. 

Intel Corp. 
FAX: (813) 578-1607 408 N. Mullan Road 4203 Earth City Expressway 15254 N.w. Greenbrier Parkway Suite 102 Suite 131 Building B Spokane 99206 GEORGIA i;r~3~~ g2~~~90 Beaverton 97005 Tel: (509) 928-8086 

Tel: (503) 645-8051 FAX: (509) 928-9467 tlntel Corp. FAX: (314) 291-4341 TWX: 910-467-8741 
20 Technology Parkway FAX: (503) 645-8181 
Suite 150 NEW JERSEY WISCONSIN 
Norcross 30092 

tlntel Corp.'" Tel: (404) 449-0541 PENNSYLVANIA Intel Corp. 
FAX: (404) 605-9762 Parkway 1 09 Office Center 

330 S. Executive Dr. 328 Newman Springs Road tlntel Corp. * Suite 102 Red Bank 07701 925 Harvest Drive Brookfield 53005 ILLINOIS Tel: (201) 747-2233 Suite 200 Tel: (414) 784-8087 
tlntel Corp.'" 

FAX: (201) 747-0983 Blue Bell 19422 FAX: (414) 796-2115 
Woodfield Corp. Center III Intel Corp. Tel: (215) 641-1000 
300 N. Martingale Road 280 Corporate Center FAX: (215) 641-0785 

Suite 400 75 Livingston Avenue 
tlntel Corp.'" CANADA Schaumburg 60173 First Floor 

Tel: (708) 605-8031 Roseland 07068 400 Penn Center Blvd. 
FAX: (708) 706-9762 Tel: (201) 740-0111 Suite 610 

FAX: (201) 740-0626 Pittsburgh 15235 BRITISH COLUMBIA 
Tel: (412) 823-4970 

INDIANA NEW YORK FAX: (412) 829-7578 Intel Semiconductor of 
Canada, Ltd. 

tlntel Corp. Intel Corp.'" 
PUERTO RICO 

4585 Canada Way 
8910 Purdue Road 850 Crosskeys Office Park Suite 202 
Suite 350 Fairport 14450 Burnaby V5G 4L6 
Indianapolis 46268 Tel: (716) 425·2750 tlntel Corp. Tel: (604) 298-0387 
Tel: (317) 875-0623 TWX: 510-253-7391 South Industrial Park FAX: (604) 298-8234 
FAX: (317) 875-8938 FAX: (716) 223-2561 P.O. Box 910 

Las Piedras 00671 

IOWA 
tlntel Corp.'" 
2950 Express Dr., South 

Tel: (809) 733-8616 ONTARIO 

Suite 130 tlntel Semiconductor of Intel Corp. Islandia 11722 TEXAS Canada, Ltd. 1930 St. Andrews Drive N.E. Tel: (516) 231-3300 2650 Queensview Drive 2nd Floor TWX: 510-227-6236 Intel Corp. Suite 250 Cedar Rapids 52402 FAX: (516) 348-7939 8911 Capita! of Texas Hwy. Ottawa K2B 8H6 Tel: (319) 393-5510 Austin 78759 Tel: (613) 829-9714 tlntel Corp. Tel: (512) 794-8086 FAX: (613) 820-5936 
KANSAS 

Westage Business Center FAX: (512) 338-9335 
Bldg. 300, Route 9 tlntel Semiconductor of 

tlntel Corp. Fishkill 12524 tlntel Corp.'" Canada, Ltd. 
10985 Cody 51. Tel: (914) 897-3860 12000 Ford Road 190 Attwell Drive FAX: (914) 897-3125 Suite 400 Suite 500 Suite 140 
Overland Park 66210 DalJas 75248 Rexdale M9W 6H8 
Tel: (913) 345-2727 NORTH CAROLINA Tel: (214) 241-8087 Tel: (416) 675-2105 
FAX: (913) 345-2076 tlntel Corp. 

FAX: (214) 484-1180 FAX: (416) 675-2438 

5800 Executive Center Dr. tlntel Corp.'" 
MARYLAND Suite 105 QUEBEC 

Charlotte 28212 
7322 S.W. Freeway 
Suite 1490 

tlntel Corp.'" Tel: (704) 568-8966 Houston 77074 tlntal Semiconductor of 
10010 Junction Dr. FAX: (704) 535-2236 Tel: (713) 988-8086 Canada, Ltd. 
Suite 200 

tlntel Corp. TWX: 910-881-2490 1 Rue Holiday 
Annapolis Junction 20701 FAX: (713) 988-3660 Suite 115 
Tel: (301) 206-2860 5540 Centerview Dr. 

Tour East Suite 215 FAX: (301) 206-3677 
Raleigh 27606 pt. Claire H9R 5N3 

(301) 206-3678 UTAH Tel: (514) 694-9130 Tel: (919) 851-9537 
FAX: 514-694-0064 FAX: (919) 851-8974 tlntel Corp. MASSACHUSETTS 428 East 6400 South 

OHIO Suite 104 tlntel Corp.'" 
tlntel Corp. '" Murray 84107 Westford Corp. Center 

Tel: (801) 263-8051 3 Carlisle Road 3401 Park Center Drive 
FAX: (801) 268-1457 2nd Floor Suite 220 

Westford 01886 Dayton 45414 
Tel: (508) 692-0960 Tel: (513) 890-5350 
TWX: 710-343-6333 1WX: 810-450-2528 
FAX: (508) 692-7867 FAX: (513) 890-8658 



ALABAMA 

Arrow Electronics. Inc. 
1015 Henderson Road 
Huntsville 35805 
Tel: (205) 637-6955 
FAX: 205-751-1581 

Hamilton/Avnet Computer 
4930 I Corporate Drive 
Huntsville 35805 

Hamiltan/Avnet Electronics 
4940 Research Drive 
Huntsville 35805 
Tel: (205) 837-7210 
FAX: 205-721-0356 

~9~oSt~~~~area~~ve 
Suite 120 
HUntsville 35806 
Tel: (205) 630-9526 
FAX: (205) 830-9557 

Pioneer/Technolagies Group, Inc. 
4825 University Square 
Huntsville 35805 
Tel: (205) 637-9300 
FAX: 205-637-9356 

ALASKA 

HamiitonfAvnet Computer 
1400 W. Benson Blvd., Suite 400 
Anchorage 99503 

ARIZONA 

fArrow Electronics, Inc, 
4134 E. Wood Street 
Phoenix 85040 
Tel: (602) 437-0750 
1WX: 910-951-1550 

Hamilton/Avnet Computer 
30 South McKemy Avenue 
Chandler 85226 

Hamilton/Avnet Computer 
90 South McKemy Road 
Chandler 85226 

tHamilton/Avnet Electronics 
505 S. Madison Drive 
Tempe 85281 
Tel: (602) 231-5140 
1WX: 910-950-0077 

Hamilton/Avnet Electronics 
30 South McKemy 
Chandler 85226 
Tel: (602) 961-6669 
FAX: 602-961-4073 

Wyle Distribution Group 
4141 E. Raymond 
Phoenix 85040 
Tel: (602) 249-2232 
1WX: 910-371-2871 

CALIFORNIA 

Arrow Commercial System Group 
1502 Crocker Avenue 
Hayward 94544 
Tel: (415) 489-5371 
FAX: (415) 469-9393 

Arrow Commercial System Group 
14242 Chambers Road 
Tustin 92680 
Tel: (714) 544-0200 
FAX: (714) 731-6436 

tArrow Electronics, Inc. 
19748 Dearbom Street 
Chatsworth 91311 
Tel: (213) 701-7500 
1WX: 910-493-2066 

tArrow Electronics, Inc. 
9511 Ridgehaven Court 
San Diego 92123 
Tel: (619) 565-4600 
FAX: 619-279-6062 

tArrow Electronics, Inc. 
521 Weddell Drive 
Sunnyvale 94086 
Tel: (406) 745-6600 
TWX: 910-339-9371 

tCertified Technical Distributor 

DOMESTIC DISTRIBUTORS 
tArrow Electronics, Inc. 
2961 Dow Avenue 
Tustin 92680 
Tel: (714) 836-5422 
TWX: 910-595-2660 

Hamilton/Avnet Computer 
3170 Pullman Street 
Costa Mesa 92626 

Hamilton/Avnet Computer 
13618 West 190th Street 
Gardena 90248 

Hamilton/Avnet Computer 
4103 Northgate Blvd. 
Sacramento 95834 

Hamilton/Avnet Computer 
4545 Viewridge Avenue 
San Diego 92123 

Hamilton/Avnet Computer 
1175 Bordeaux Drive 
Sunnyvale 94089 

Hamilton/Avnet Electronics 
21150 Caljfa Street 
Woodland Hills 91367 

tHamilton/Avnet Electronics 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4150 
1WX: 910-595-2636 

tHamiltonlAvnet Electronics 
1175 Bordeaux Drive 
Sunnyvale 94086 
Tel: (406) ·743-3300 
TWX: 910-339-9332 

tHamilton/Avnet Electronics 
4545 Ridgeview Avenue 
San Diego 92123 
Tel: (619) 571-7500 
TWX: 910-595-2636 

tHamiiton/Avnet Electronics 
21150 Calila 51. 
Woodland Hills 91376 
Tel: (816) 594-0404 
FAX: 816-594-6233 

tHamilton/Avnet Electronics 
10950 W. Washington Blvd. 
Culver City 20230 
Tel: (213) 556-2456 
TWX: 910-340-6364 

tHamiiton/Avnet Electronics 
1361 B West 190th Street 
Gardena 90248 
Tel: (213) 217-6700 
TWX: 910-340-6364 

tHamilton/Avnet Electronics 
4103 Northgale Blvd. 
Sacramento 95834 
Tel: (916) 920-3150 

Pioneer/Technologies Group, Inc. 
134 Rio Robles 
San Jose 95134 
Tel: (406) 954-9100 
FAX: 406-954-9113 

Wyle Distribution Group 
124 Maryland Street 

~~~(~f~)dg~~o 

~~~ g:~~U::~l~;~UP 
Garden Grove 92641 
Tel: (714) 891-1717 
FAX: 714-691-1621 

tWyle Distribution Group 
2951 Sunrise Blvd., Suite 175 
Rancho Cordova 95742 
Tel: (916) 638-5282 

tWyle Distribution Group 
9525 Chesapeake Drive 

~:r Psi~o5~~~~;71 
1WX: 910-335-1590 

tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (406) 727-2500 
1WX: 406-966-2747 

tWyle Distribution Group 
17872 Cowan Avenue 
Irvine 92714 
Tel: (714) 663-9953 
TWX: 910-371-7127 

tWyle Distribution Group 
26677 W. Agoura Rd. 
Calabasas 91302 
Tel: (616) 660-9000 
TWX: 372-0232 

COLORADO 

Arrow Electronics, Inc. 
7060 South Tucson Way 
Englewood 801 t 2 
Tel: (303) 790-4444 

Hamilton/Avnet Computer 
9605 Maroon Circle, Ste. 200 
Engelwood 80112 

tHamHton/Avnet Electronics 
9605 Maroon Circle 
Suite 200 
Englewood 80112 
Tel: (303) 799-{1663 
TWX: 910-935-0767 

twyle Distribution Group 
451 E. 124th Avenue 
Thornton 80241 
Tel: (303) 457-9953 
TWX: 910-936-0770 

CONNECTICUT 

tArrow Electronics, Inc. 
12 Beaumont Road 
Wallingford 06492 
Tel: (203) 265-7741 
TWX: 710-476-0162 

Hamitton/Avnet Computer 
Commerce Industrial Park 
Commerce Drive 
Danbury 06810 

tHamilton/Avnet Electronics 
Commerce Industrial Park 
Commerce Drive 
Danbury 06610 
Tel: (203) 797·2600 
TWX: 710-456-9974 

tPioneer/Slandard Electronics 
t 12 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 
FAX: 203-638-9901 

FLORIDA 

tArrow Electronics, Inc. 
400 Fairway Drive 
Suite 102 
Deerfield Beach 33441 
Tel: (305) 429-8200 
FAX: 305-426-3991 

tArrow Electronics, Inc. 
37 Skyline Drive 
Suite 3101 
Lake Marv 32746 
Tel: (407) 323-0252 
FAX: 407-323-3169 

Hamilton/Avnet Computer 
6601 NoW. 151h Way 
Ft. Lauderdale 33309 

Hamilton/Avnet Computer 
3247 Spring Forest Road 
St. Peters~urg 33702 

tHamilton/Avnef. Electronics 
6801 NW. 15th Way 
Ft. Lauderdale 33309 
Tel: (305) 971-2900 
FAX: 305-971-5420 

tHamilton/Avnet Electronics 
3197 Tech Drive North 
SI. Petersburg 33702 
Tel: (613) 573-3930 
FAX: 613-572-4329 

tHamiiton/Avnet Electronics 
6947 University Boulevard 
Winter Park 32792 
Tel: (407) 626-3666 
FAX: 407-676-1676 

tPioneerfTechnologies Group, Inc. 
337 Northlake Blvd .. Suite 1000 
Alta Monte Springs 32701 
Tel: (407) 634-9090 
FAX: 407-834-0865 

PioneerfTechnoloQies Group, Inc. 
674 S. Military Trail 
Deerfield Beach 33442 
Tel: (305) 426-6677 
FAX: 305-481-2950 

GEORGIA 

Arrow Commercial System Group 
3400 C. Corporate Way 
Delulh 30139 
Tel: (404) 623-6625 
FAX: (404) 623-8602 

tArrow Electronics, Inc. 
4250 E. Rivergreen Parkylay 
Deluth 30136 . 
Tel: (404) 497-1300 
1WX: 810-766-0439 

Hamilton/Avnet Computer 
5825 D. Peachtree Corners E. 
Norcross 30092 

tHamilton/Avnet Electronics 
5825 0 Peachtree Corners 
Norcross 30092 
Tel: (404) 447-7500 
TWX: 610-766-0432 

Pioneer{Technologies Group. Inc. 
3100 F Northwoods Place 
Norcross 30071 
Tel: (404) 448-1711 
FAX: 404-446-6270 

ILLINOIS 

tArrow Electronics, Inc. 
1140 W. Thorndale 
Itasca 60143 
Tel: (706) 250-0500 
TWX: 706-250-0916 

Hamilton/Avnet Computer 
1130 Thorndale Avenue 
Bensenville 60106 

tHamilton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (706) 860-7760 
1WX: 708-860-6530 

MTI Systems Sales 
1100 W. Thorndale 
Itasca 60143 
Tel: (708) 773-2300 

tPioneer/Standard Electronics 
2171 Executive Dr., Suite 200 
Addison 60101 
Tel: (708) 495-9660 
FAX: 706-495-9631 

INDIANA 

tArrow Electronics, Inc. 
7108 Lakeview Parkway West Drive 
Indianapolis 46268 
Tel: (317) 299-2071 
FAX: 317-299-{1255 

Hamilton/Avnet Computer 
485 Gradle Drive 
Carmel 46032 

Hamilton/Avnet Electronics 
485 Gradle Drive 
Carmel 46032 
Tel: (317) 644-9333 
FAX: 317-844-5921 

tPioneer/Standard Electronics 
9350 Priority Way 
West Drive 
Indianapolis 46250 
Tel: (317) 573-0680 
FAX: 317-573-{1979 



IOWA 

Hamilton/Avnet Computer 
915 33rd Avenue SW 
Cedar Rapids 52404 

Hamilton/Avnet Electronics 
915 33rd Avenue, S.W. 
Cedar Rapids 52404 
Tel: (319) 362-4757 

KANSAS 

Arrow Electronics, Inc. 
8208 Melrose Dr., Suite 210 
Lenexa 66214 
Tel: (913) 541-9542 
FAX: 913-541-0328 

Hamilton/Avnst Computer 
15313 W. 95th Slreet 
Lenexa 61219 

tHamihon/Avnet Electronics 
15313 W. 95th 
Overland Park 66215 
Tel: (913) 888-8900 
FAX: 913-541-7851 

KENTUCKY 

Hamilton/Avnel Electronics 
805 A. Newtown Circle 
Lexington 40511 
Tel: (606)'259-1475 

MARYlAND 

tArrow Electronics. Inc. 
, 8300 Guilford Drive 
Suite H, River. Center 
Columbia 21046 
Tel: (301) 995-6002 
FAX: 301-381-3854 

Hamilton/Avnet Computer 
6822 Oak Hall Lane 
Columbia 21045 

tHamiHon/Avnet Electronics 
6822 Oak Hall Lane 
Columbia 21045 
Tel: (301) 995-3500 
FAX: 301-995-3593 

~:o,,:~~~~.'~~~r8;. 
Columbia 21046 
Tel: (301) 290-8150 
FAX:.301-290-6474 

tPioneerfTechn.oIogies Group, Inc. 
9100 GaIther Road 
Gaithersburg 208n 
Tel: (301) 921-0660 
FAX: 301-921-4255 

MASSACHUSETTS 

Arrow ElectroniCS, Inc. 
25 Upton Dr. 

~:~i~8t\)'M'J-~ 
TWX: 710-393-6nO 

Hamiiton/Avnet Computer 
10 0 Centennial Drive 
Pealbody 01960 

tHamilton/Avnet Electronics 
100 Centennial Drive 
Peabody 01960 
Tel: (SOB) 532-9838 
FAX: 508-596-7802 

tPioneerlstandard Electronics 
44 Hartwell Avenue 

~:f:i(m~ g~l !a~00 
FAX: 617-863-1547 

Wyle Distrib.utlon Group 
15 Third Avenue 
Burlington 01803 
Tel: (617) 272-7300 
FAX: 617-272-6809 

MICHIGAN 

tArrow Electronics, Inc. 
19880 HaggertY.Road 
Livonia 46152 
Tel: (313) 665-4100 
TWX: 810-223-6020 

tcertified Technical Distributor 

DOMESTIC DISTRIBUTORS (Contd.) 
Hamihon/Avnst Computer HamihonJAvnet Computer tPioneerlStandard Electronics 
2215 S.E. A-5 10 Industrial Road &'~~s:.tcin~~s~~~ 11797 Grand Rapids 49508 Fairfield 07006 

~r:~~:J~~ R~~,m&:.e:oo tHamiltonJAvnet Electronics Tel: (516) 921-8700 . 

1 Keystone Ave., Bldg. 36 FAX: 516-921-2143 

Novi 48050 ~~~(~i"4~~og~10 tPioneer/Slandard Electronics 

Hamllton/Avnet Electronics 840 Fairport Park 
FAX: 609-751-2552 Fairport 14450 

2215 29th Street S.E. Tel: (716) 381-7070 
Space A5 tHamJlton/Avnet Electronics FAX: 716-381-5955 Grand Rapids 49508 10 Industrial 
Tel: (616) 243-8805 Fairtield 07006 NORTH CAROLINA' FAX: 616-698-1831 Tel: (201) 575-3390 

Hamiiton/Avnel Electronics FAX: 201-575-5839 tArrow Electronics, Inc. 
5240 GreensdaJry Road 

41650 Garden Brook ~tt:a~s~~l:ems Sales ~:I~\~~ ~7:ra.3132 Novi 48050 
Tel: (313) 347-4271 Fairfield.07006 TWX: 510-928-1856 
FAX: 313-347-4021 Tel: (201) 227-5552 

tPioneer/Standarcl Electronics FAX: 201-575-6336 Hamllton/Avnet ComFfcuter 
3510 Sprln~orest oad 4505 Broadmoor S.E. tPioneer/Standard Electronics Raleigh 27 

Grand Rapids 49508 14·A Madison Rd. 
Tel: (616) 698-1800 Fairfield 07006 tHamilton/Avoet Electronics 
FAX: 616-698-1831 Tel: (201) 575-3510 3510 Spring Forest Drive 

tPloneer/Standard Electronics FAX: 201-~75-3454 ~~~~~9r~t0819 13485 StamJord 
NEW MEXICO TWX: 510-928-1836 

Livonia 48150 
Tel: (313) 525-1800 Alliance Electronics Inc. ~~~e~~~e~~~~~o~:~: g~d.P. Inc. FAX: 313-427-3720 105tO Research Avenue 

Albuquerque 87123 Charlotte 28210 
MtNNESOTA Tel: (505) 292-3360 Tel: (919) 527-8188 

tArrow Electronics, Inc. FAX: 505-292-6537 FAX: 704-522-8564 

5230 W. 73rd Street Hamilton/Avnet Computer ~~~~e:Je~i~~~~~~~~:roup, Inc. Edina 55435 5659 Jefferson, N.E. Suites A & B 
Tel: (612) 830-1800 Albuquerque 87109 Suite 148 
TWX: 910-576-3125 Durham2n13 

Hamilton/Avoet Computer 
tHamilton/Avnet Electronics Tel: (919) 544-5400 
5659A Jefferson N.E. FAX: 919-544-5885 

12400 Whitewater Orive Albuquerque 87109 
Minnetonka 55343 Tel: (505) 765-1500 OHIO 
tHamiiton/Avnet Electronics FAX: 505-243-1395 Arrow Commercial System Group 
12400 Whitewater Drive 284 Cramer Creek Court 
Minnetonka 55434 NEW YORK Dublin 43017 
Tel: (612) 932-0600 tArrow Electronics, Inc. Tel: (614) 889-9347 
TWX: 910-576-2720 3375 Brighton Henrietta Townline Rd. FAX: (614) 889-9680 
tPioneer/Standard Electronics Rochester 14623 tArrow Electronics, Inc. 7625 Golden Trl80ge Dr. Tel: (716) 427-0300 6238 Cochran Road 
SulteG TWX: 510-253-4766 Solon 44139 
Eden Prairie 55343 Arrow Electronics, Inc. Tel: (216) 248-3990 Tel: (612) 944-3355 
FAX: 612-944-3794 20 Oser Avenue TWX: 810-427-9409 

Hauppauge 11788 Hamiiton/Avnet com~uter 
MtSSOURI Tel: (516) 231-1000 7764 Washlnron Vii age Or. TWX: 510-227-6623 Dayton 4545 
tArrow ElectroniCS, Inc. 

Hamilton/Avnet Computer Hamflton/Avnet Computer 2380 Schuetz 
81. Louis 63141 933 Motor Parkway 30325 Bainbridge Rd., Bldg. A 
Tel: (314) 567-6898 Haupauge 11788 Solon 44139 
FAX: 314-567-1164 Hamilton/Avnst Computer tHamiftonJAvnet Electronics 
HamUton/Avnet Computer 2060 Townline 7760 Washington Village Dr. 
739 Goddard Avenue Rochester 14623 Dayton 45459 
Chesterfield 63005 tHamilton/Avnet Electronics Tel: (513) 439-6733 

tHamilton/Avnet Eleclronics 933 Motor Parkway FAX: 513-439-6711 

741 Goddard Hauppauge 11788 tHamiiton/Avnet ElectroniCS 
Chesterfield 63005 Tel: (516) 231-9800 30325 Bainbridge 
Tel: (314) 537-1600 TWX: 510-224-6166 Solon 44139 
FAX: 314-537-4248 tHamilton/Avnet Electronics Tel: (216) 349-5100 

2060 Townline Rd. TWX: 810-427-9452 
NEW HAMPSHIRE Rochester 14623 Hamilton/Avnet Computer 
Hamilton/Avnet Computer Tel: (716) 272-2744 777 Brooksedge Blvd. 
2 Executive Park Drive TWX: 510-253-5470 Westerville 43081 
Bed10rd 03102 . HamUton/Avnet ElectroniCS Tel: (614) 892-7004 

Hamifton/Avnet Computer 103 Twin Oaks Drive FAX: 614-882-8650 

444 East Industrial Park 0,. Syracuse 13206 Hamihon/Avnet Electronics 
Manchester 03103 Tel: (315) 437-0288 777 Brooksedge Blvd. 

'TWX: 710-541-1560 Westerville 43081 
NEW JERSEY 

~~~:~~~e~:~~~:e 
Tel: (614) 882-7004 

tArrow Electronics, Inc. MTI Systems Sales 
4 East Stow Road Port Washington 11050 23400 Commerce Park Road 
UnH 11 Tel: (516) 621-6200 Beachwood 44122 
Marhon 08053 FAX: 510-223-0846 Tel: (216) 464-6688 
Tel: (609) 596-8000 Pioneer/Standard Electronics tPioneer/Standard Electronics FAX: 609-596-9632 68 Corporate Drive 4433 Interpoint Boulevard 
tArrow Electronics Binghamton 13904 !?:r(5~~f~~~-99oo 6 Century Drive Tel: (607) 722-9300 
Parsipanny 07054 FAX: 607-722-9562 FAX: 513-236-6133 
Tel: (201) 538-0900 

Pioneer/Standard Electronics tPioneer/Slandard "Electronics FAX: 201-538-0900 40 Oser Avenue 4800 E. 131st Street 

~=~g~~v~~e~~~~~6 Hauppauge 11787 Cleveland 44105 
Tel: (516) 231-9200 Tel: (216) 587-3600 

Cherry Hill 08003 FAX: 510-227-9869 FAX: 216-663-1004 



OKLAHOMA 

Arrow Electronics, Inc. 
4719 South Memorial Dr. 
Tulsa 74145 

tHamiitonJAvnet Electronics 
12121 E. 51st St., Suite lO2A 
Tulsa 74146 
Tel: (918) 252-7297 

OREGON 

tAl mac Electronics Corp. 
1885 N.W. 169th Place 
Beaverton 97005 
Tel: (503) 629-8090 
FAX: 503-645-0611 

HamiltonfAvnet Computer 
9409 Southwest Nimbus Ave. 
Beaverton 97005 

tHamilton/Avnet Electronics 
9409 S.W. Nimbus Ave. 
Beaverton 97005 
Tel: (503) 627-0201 
FAX: 503-641-4012 

Wyle 
9640 Sunshine Court 
Bldg_ G. Suile 200 
Beaverton 97005 
Tel: (503) 643-7900 
FAX: 503-646-5466 

PENNSYLVANIA 

Arrow Electronics. Inc. 
650 Seco Road 
Monroeville 15146 
Tel: (412) 856-7000 

Hamilton/Avnet Computer 
2800 Liberty Ave_. Bldg_ E 
Pittsburgh 15222 

Hamilton/Avnet Electronics 
2800 Liberty Ave_ 
Pittsburgh 15238 
Tel: (412) 281-4150 

Pioneer/Standard Electronics 
259 Kappa Drive 
Pittsburgh 15238 
Tel: (412) 782-2300 
FAX: 412-963-8255 

tPioneer/Technologies Group. Inc. 
Delaware Valley 
261 Gibralter Road 
Horsham 19044 
Tel: (215) 674-4000 
FAX: 215-674-3107 

TENNESSEE 

Arrow Commercial System Group 
3635 Knight Road 
SUite 7 
Memphis 38118 
Tel: (901) 367-0540 
FAX: (901) 367-2081 

TEXAS 

Arrow Electronics, Inc. 
3220 Commander Drive 
Carrollton 75006 
Tel: (214) 380-6464 
FAX: (214) 248-7208 

tCertified Technical Distributor 

DOMESTIC DISTRIBUTORS (Contd.) 
Hamilton/Avnet Computer Hamilton/Avnet Computer tArrow Electronics, Inc. 
1807A West Braker Lane 17761 Northeast 78th Place 1093 Meyerside, Unit 2 
Austin 7B758 Redmond 9B052 Mississauga L5T 1 M4 

Hamilton/Avnet Computer tHamilton/Avnet Electronics 
Tel: (416) 673-7769 

Forum 2 17761 N.E. 78th Place FAX: 416-672-0849 

4004 Beltline, Suite 200 Redmond 98052 Hamilton/Avnet Computer 
Dallas 75244 Tel: (206) 881-6697 Canada System Engineering 

Hamilton/Avnet Computer 
FAX: 206-867-0159 Group 

~Ie Distribution Group 
368B Nashua Drive 

4850 Wrighl Rd_. Suite 190 Units7&8 
Stafford 77477 1 385 N.E. 90th Street Mississuaga l4V 1 M5 

Redmond 98052 
tHamilton/Avnet Electronics Tel: (206) 881-1150 Hamilton/Avnet Computer 
1807 W. Braker lane FAX: 206-881-1567 3688 Nashua Drive 
Austin 78758 Units 9 & 10 
Tel: (512) 837-8911 WISCONSIN Mississuaga l4V 1 M5 
TWX: 910-874-1319 Hamilton/Avnet Computer Arrow Electronics, Inc. 
tHamiiton/Avnet Electronics 200 N. Patrick Blvd., Ste. 100 6845 Rexwood Road 
4004 Beltline, Suite 200 Brookfield 53005 Units 7, 8, & 9 
Dallas 75234 Tel: (414) 792-0150 Mississuaga l4V 1 R2 
Tel: (214) 308-8111 FAX: 414-792-0156 Hamilton/Avnet Computer TWX: 910-860-5929 190 Colonade Road 
tHamilton/Avnet Electronics 

Hamilton/Avnet Computer Nepean K2E 7 J5 
20875 Crossroads Circle 4850 Wright Rd., Suite 190 Suite 400 tHamilton/Avnet Electronics 

Stafford 77477 Waukesha 53186 6845 Rexwood Road 
Tel: (713) 240-1733 Units 3-4-5 
lWX: 910-881-5523 tHamiiton/Avnet Electronics Mississauga l4T 1 R2 
tPioneer/Standard Electronics 

28875 Crossroads Circle Tel: (416) 677-7432 
Suite 400 FAX: 416-617-0940 1826-0 Kramer Waukesha 53186 

Austin 78758 Tel: (414) 784-4510 tHamilton/Avnet Electronics 
Tel: (512) 835-4000 FAX: 414-764-9509 190 Colonnade Road South 
FAX: 512-835-9829 Nepean K2E 7L5 

tPioneer/Standard Electronics 
Tel: (613) 226-1700 

13710 Omega Road CANADA FAX: 613-226-1184 

Dallas 75244 tZentronics 
Tel: (214) 386-7300 ALBERTA 1355 Meyerside Drive 
FAX: 214-490-6419 Mississauga 15T 1 C9 

tPioneer/Slandard Electronics 
Hamilton/Avnet Computer Tel: (416) 564-9600 
2816 21st Street Northeast FAX: 416-564-8320 

10530 Rockley Road Calgary T2E 6Z2 tZentronics Houston 77099 
Tel: (713) 495-4700 Hamilton/Avnet Electronics 155 Colonnade Road 
FAX: 713-495-5642 2816 21st Slrest N_E_ #3 Unit 17 

Calgary T2E 6Z3 Nepean K2E 7K1 
tWyle Distribution Group Tel: (403) 230-3586 Tel: (613) 226-8840 
IBID Greenville Avenue FAX: 403-250-1591 FAX: 613-226-6352 
Richardson 75081 

Zentronics QUEBEC Tel: (214) 235-9953 
FAX: 214-644-5064 6815 #8 Street N.E. Arrow Electronics Inc. 

Suite 100 1100 St. Regis 
UTAH Calgary T2E 7H Dorval H9P 2T5 

Tel: (403) 295-8818 Tel: (514) 421-7411 
Hamilton/Avnet Computer FAX: 403-295-8714 FAX: 514-421-7430 
1585 West 2100 South 
Salt Lake Ci1y 84119 BRITISH COLUMBIA Arrow Electronics, Inc. 

500 Boul. St-Jean-Baptiste 
tHamilton/Avnet ElectroniCS tHamiltonJAvnet Electronics Suite 280 
1585 West 2100 South 8610 Commerce Ct. Quebec G2E 5R9 
Salt Lake Ci1y 64119 Burnaby V5A 4N6 Tel: (418) 871-7500 
Tel: (801) 972-2800 Tel: (804) 420-4101 FAX: 418-871-6816 
lWX: 910-925-4018 FAX: 604-437-4712 Hamiiton/Avnet Computer 
tWyle Distribution Group Zentronics 2795 Rue Halpern 
1325 West 2200 South 108-11400 Bridgeport Road SI. Lauren1 H4S 1 P8 
Suite E Richmond V6X 1T2 tHamilton/Avnet Electronics 
West Valley 84119 Tel: (604) 273-5575 2795 Halpern 
Tel: (801) 974-9953 FAX: 604-273-2413 51. Laurent H2E 7Kl 

WASHINGTON ONTARIO 
Tel: (514) 335-1000 
FAX: 514-335-2481 

tAlmac Electronics Corp. Arrow Electronics, Inc. tZentronics 
14360 S.E. Eastgate Way 36 Antares Dr., Unit 100 520 McCaffrey 
Bellevue 98007 Nepean K2E 7W5 SI. Laurent H4T 1 N3 
Tel: (206) 643-9992 Tel: (613) 226-6903 Tel: (514) 737-9700 
FAX: 206-643-9709 FAX: 613-723-2018 FAX: 514-737-5212 



FINLAND 

Intel Finland OY 
Ruosilantie 2 
00390 Helsinki 
Tel: (358) 0 544 644 
TLX: 123332 

FRANCE 

Intel Corporation SAR.L 
1, Rue Edison-BP 303 
78054 81. Quentin-en-Yvelines 
Cedex 
Tel: (33) (1) 30 57 7000 
TLX: 699016 

ISRAEL 

Intel Semiconductor Ltd. 
Atidim Industrial Park-Neve Share! 
P.O. Box 43202 
Tel-Aviv 61430 
Tel: (972) 03-498080 
TLX: 371215 

EUROPEAN SALES OFFICES 
ITALY 

Intel Corporation Iialia S.p.A. 
Milanofiori Palazzo E 
20094 Assago 
Milano 
Tel: (39) (02) 89200950 
TLX: 341286 

NETHERLANDS 

Intel Semiconductor B.V. 
Postbus 84130 
3099 CC Rotterdam 
Tel: (31) 10.407.11.11 
TLX: 22283 

SPAIN 

Intel Iberia SA 
Zurbaran, 28 
28010 Madrid 
Tel: (34) (1) 308.25.52 
TLX: 46880 

SWEDEN 

Intel Sweden A.B. 
Dalvagen 24 
171 36 Solna 
Tel: (46) 8 734 01 00 
TLX: 12261 

SWIT2ERLAND 

Intel Semiconductor A.G. 
Zuerichstrasse 
6165 Winkel-Rueti be; Zuerich 
Tel: (41) 01/860 62 62 
TLX: 825977 

UNITED KINGDOM 

Intel Corporation (U.K.) Ltd. 
Pipers Way 
Swindon, Wiltshire SN3 lRJ 
Tel: (44) (0793) 696000 
TLX: 444447/8 

WES, GERMANY 

Intel GmbH 
Dornacher Strasse 1 
8016 Feldkirchen bei Muenchen 
Tel: (49) 089/90992-0 
FAX: (49) 089/904/3948 

Intel GmbH 
Abraham Uncoln Strasse 16-18 
6200 Wiesbaden 
Tel: (49) 06121/7605-0 
TLX: 4-186183 

Intel GmbH 
Zettachring lOA 
7000 Stuttgart 80 
Tel: (49) 0711/7287-280 
TLX: 7-254826 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA IRELAND NORWAY TURKEY Rapid Recall, Ltd. 

Bacher Electronics G.m.b.H. Micro Marketing Ltd. EMPA Ele'ctronic 
Rapid House 

Nordisk Elektronikk (Norge) A/S Oxford Road 
Rotenmuehlgasse 26 Glenageary Office Park Postboks 123 Lindwurmstrasse 95A High Wycombe 
1120 Wien Glenageary Smedsvingen 4 8000 Muenchen 2 Buckinghamshire HP11 2EE 
Tel: (43) (0222) 83 56 46 Co. Dublin 1364 Hvalstad Tel: (49) 089/53 80 570 Tel: (44) (0494) 26271 
TLX: 31532 Tel: (21) (353) (01) 856288 Tel: (47) (02) 84 62 10 TLX: 528573 FAX: (44) (0494) 21860 

BELGIUM 
FAX: (21) (353) (01) 857364 TLX: 77546 fflX: 837931 
TLX: 31584 

Inefco Belgium SA 
UNITED KINGDOM Rapid Recall, Ltd. 

PORTUGAL 28 High Street 
Av. des Croix de Guerre 94 ISRAEL Accent Electronic Components Ltd. Nantwich 1120 Bruxelfes A TO Portugal LOA Jubilee House-, Jubilee Road Cheshire CW5 5AS 
?10~60~~~~~!rnlaan, 94 

Eastronics Ltd. Letchworth, Herts SG6 1 QH Tel: (0270) 627505 11 Rozanis Street Rua Dos Lusiados, 5 Sala B 

Tel: (32) (02) 21601 60 P.O.B. 39300 1300 Lisboa Tel: (44) (0462) 670011 FAX: (0270) 629883 
Tel: (35) (1) 64 80 91 FAX: (44) (0462) 682467 fflX: 36329 

TLX: 64475 or 22090 Tel-Aviv 61392 fflX: 826505 
Tel: (972) 03-475151 TLX: 61562 

WEST GERMANY 
DENMARK TLX: 33638 

Ditram Bytech Components Ltd. 

ITT-Multikomponent Avenida Miguel Bombarda, 133 12A Cedarwood Electronic 2000 AG 

Naverland 29 ITALY 1000 Lisboa Chineham Business fark ~6~~%~~~~~~n ':2 2600 Glostrup Tel: (35) (1) 54 53 13 Crockford Lane 
Intesi Basingstoke Tel: (49) 089/42001-0 

Tel: (45) (0) 2 45 66 45 Divisione ITT Industries GmbH 
TLX: 14182 

Hanls RG24 OWD TLX: 522561 
TLX: 33 355 Viale Milanofiori Tel: (0256) 707107 ITT Multikomponent GmbH 
FINLAND Palazzo E/5 SPAIN FAX: 0256-707162 Postfach 1265 

OY Fintronic AB ~~R9(g~g~~1~31 ATD Electronica, SA Conformix Bahnhofstrasse 44 

Melkonkatu 24A TLX: 311351 Plaza Ciudad de Viena, 6 Unit 5 7141 Moeglingen 
Tet: (49) 07141/4879 

00210 Helsinki 28040 Madrid AIM Business Centre 
TLX: 7264472 

Tel: (358) (0) 6926022 Lasi Elettronica S.pA Tel: (34) (1) 2344000 Dixons Hilt Road 
TLX: 124224 V. Ie Fulvio Testi, 126 TLX: 42477 Welham Green Jermyn GmbH 

20092 Cinisello Balsamo (MI) South Hatfield 1m Dachsstueck 9 
FRANCE Tel: (39) 0212440012 ITI-SESA Herts AL9 7JE 6250 Limburg 

TLX: 352040 Calle Miguel Angel, 21-3 Tel: (07072) 73282 Tel: (49) 06431/508-0 
Almex 28010 Madrid FAX: (07072) 61678 TLX: 415257-0 
Zone industrielle d'Antony Telcom S.r.l. Tel: (34) (1) 419 09 57 ' 
48, rue de l'Aubepine Via M. Civilali 75 TLX: 27461 Bytech Systems Metrologie GmbH 
BP 102 20148 Milano 3 The Western Centre Meglingerstrasse 49 
92164 Antony cedex Tel: (39) 0214049046 Metrologia Iberica, SA Western Road 8000 Muenchen 71 
Tel: (33) (1) 46 66 21 12 TLX: 335654 Clra. de Fuenearral, n.80 Braeknell RGt2 tRW Tel: (49) 089/78042-0 
TUe 250067 Tel: (44) (0344) 55333 TLX: 5213189 

In Multicomponents 28100 Alcobendas (Madrid) 
FAX: (44) (0344) 867270 

Jermyn Viale Milanofiori E/5 Tel: (34) (1) 653 86 11 
fflX: 849624 Proelectron Vertriebs GmbH 

60, rue des Gemeaux 
~~R~g9')g~fs~1~31 

Max Planck Strasse 1-3 
Sllie 580 SWEDEN Jermyn 6072 Dreieleh 
94653 Rungis Cedex TLX: 311351 Vestry Estate Tel: (49) 06103/30434-3 
Tel: (33) (1) 49 78 49 78 Nordisk Elektronik AB Otford Road TLX: 417903 
TLX: 261585 Silverstar 

Torshamnsgatan 39 Sevendaks 
Via Dei Gracchi 20 YUGOSLAVIA 

~~~~o~9~~~ieres 20146 Milano Box 36 Kent TN 14 5EU 

Tel: (39) 02149961 16493 Kista Tel: (44) (0732) 450144 H.R. Microelectronics Corp. 
4, avo Laurent-Cely Tel: (46) 08-03 46 30 FAX: (44) (0732) 451251 2005 de la Cruz Blvd., Ste.223 
92606 Asnieres Cedex 

TLX: 332189 TLX: 10547 fflX: 95142 Santa Clara, CA 95050 
Tel: (33) (1) 47 90 62 40 U_S.A. 
TLX: 611448 NETHERLANDS MMDUd. Tel: (1) (408) 988-0286 

SWIT2ERLAND 3 Bennet Court TLX: 387452 
Tekelec-Airtronic Koning en Hartman Bennet Road 

Rapido Electronic Components Cite des Bruyeres Elektroteehniek B.V. Industrade A.G. Reading 
Rue Carle Vernet - BP 2 Energieweg 1 Hertistrasse 31 Berkshire RG2 OQX S.p.a. 
92310Sevres 2627 AP Delft 8304 Wallisellen Tel: (44) (0734) 313232 Via C. Beccaria, 8 
Tel: (33) (1) 45 34 75 35 Tel: (31) (1) 15/609906 Tel: (41) (01) 8328111 FAX: (44) (0734) 313255 34133 Trieste 
TLX: 204552 TLX: 38250 TLX: 56788 fflX: 846669 lIalia 

Tel: (39) 040/360555 
TLX: 460461 



AUSTRALIA 

Intel Australia Ply. Ltd. 
Unit 13 
Allambie Grove Business Park 
25 Frenchs Forest Road East 
Frenchs Forest, NSW, 2086 
Tel: 61-2975-3300 
FAX: 61·2975-3375 

BRAZIL 

Intel Semicondutores do Brazil LTDA 
Av. Paulista, 1159-CJS 404/405 
01311 - Sao Paulo - S.P. 
Tel: 55-11-287-5899 
TLX: 3911153146 lSDB 
FAX: 55-11-287-5119 

CHINA/HONG KONG 

Intel PAC Corporation 
IS/F, Office 1, Cilie Bldg. 
Jian Guo Men Wai Street 
Beijing, PRC 
Tel: (1) 500-4850 
TLX: 22947 INTEL CN 
FAX: (1) 500-2953 

Intel Semiconductor Ltd. * 
10fF East Tower 
Bond Center 
Queensway, Central 
Hong Kong 
Tel: (852) 844-4555 
FAX: (852) 868-1989 

INTERNATIONAL SALES OFFICES 
INDIA 

Intel Asia Electronics, Inc. 
4/2, Samrah Plaza 
St. Mark's Road 
Bangalore 560001 
Tel: 011-91-612-215065 
TLX: 953-845-2646 INTL IN 
fAX: 091-812-215067 

JAPAN 

Inlel Japan K.K. 
5-6 Takodai, Tsukuba·shi 
Ibaraki, 300-26 
Tel: 0298-47-8511 
TLX: 3656-160 
FAX: 0298-47-8450 

Intel Japan KK.* 
Daiichi Mitsugi Bldg. 
1-8889 Fuchu-cho 
Fuchu-shi, Tokyo 183 
Tel: 0423-60-7871 
FAX: 0423-60-0315 

Intel Japan K.K * 
Bldg. Kumagaya 
2-69 Hon-cho 
Kumagaya-shi, Saitama 360 
Tel: 0485-24-6871 
FAX: 0485-24-7516 

Intel Japan K.K.* 
Kawa-asa Bldg. 
2-11-5 Shin-Yokohama 
Kohoku-ku, Yokohama-shi 
Kanagawa, 222 
Tel: 045-474-7661 
FAX: 045-471-4394 

Intel Japan K.K.* 
Ryokuchi-Eki Bldg. 
2-4-1 Terauchi 
Toyonaka-shi. Osaka 560 
Tel: 06-863-1091 
FAX: 06-863-1084 

Intel Japan KK 
Shinmaru Bldg. 
1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tei: 03-201-3621 
FAX: 03-201·6850 

Intel Japan K.K. 
Green Bldg. 
1-16·20 Nishiki 
Naka-ku, Nagoya-shi 
Aichi 450 
Tel: 052-204-1261 
FAX: 052-204-1285 

KOREA 

Intel Technology Asia, Ltd. 
16th Floor, Life Bldg. 
61 Yoido-dong, Youngdeungpo-Ku 
Seoul 150-010 
Tel: (2) 784-8186_ 8286, 8386 
TLX: K29312 INTELKO 
FAX, (2) 784-8096 

SINGAPORE 

Intel Singapore Technology, Ltd. 
101 Thomson Road #21-05/06 
United Square 
Singapore 1130 
Tel: 250-7811 
TLX: 39921 INTEL 
FAX: 250-9256 

TAIWAN 

Intel Technology Far East Ltd. 
8th Floor, No. 205 
Bank Tower Bldg. 
Tung Hua N. Road 
Taipei 
Tel: 886-2-716-9660 
FAX: 886-2-717-2455 

~NTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA 

Dafsys S.R.L. 
Chacabuco, 90-6 Piso 
1 069:Buenos Aires 
Tel: 54-1-334-7726 
FAX: 54-1-334-1871 

AUSTRALIA 

Email Electronics 
15-17 Hume Street 
Huntingdale, 3166 
Tel; 011-61-3-544-8244 
TLX: M30895 
FAX: 011-61-3-543-6179 

NSD-Australia 
205 Middleborough Rd. 
Box Hill, Victoria 3128 
Tel: 03 8900970 
FAX: 03 8990819 

BRAZIL 

Elebra Componenles 
Rua Geraldo Flausina Gomes, 78 
7 Andar 
04575 - Sao Paulo - S.P. 
Tel: 55-11-534-9641 
TLX: 55-11-54593/54591 
FAX: 55-11-534-9424 

CHINA/HONG KONG 

Novel Precision Machinery Co., Ltd. 
Room 728 Trade Square 
681 Cheung Sha Wan Road 
Kowloon, Hong Kong 
Tel: (852) 360-8999 
TWX: 32032 NVTNL HX 
FAX: (852) 725-3695 

INDIA 

Micronic Devices 
Arun Complex 
No. 65 D.V.G. Road 
Basavanagudi 
Bangalore 560 004 
Tel: 011-91-812-600-631 

011-91-812-611-365 
TLX: 9538458332 MDBG 

*Field Application Location 

Micronic Devices 
No. 516 5th Floor 
Swastik Chambers 
Sian, Trambay Road 
Chembur 
Bombay 400 071 
TLX: 9531 171447 MDEV 

Micronic Devices 
2518, 1 sl Floor 
Bada Bazaar Marg 
Old Rajinder Nagar 
New Delhi 110060 
Tel: 011-91-11-5723509 

011-91-11-589771 
TLX: 031-63253 MDND IN 

Micronic Devices 
6-3·348/12A Dwarakapuri Colony 
Hyderabad 500 482 
Tel: 011-91-842-226748 

S&S Corporation 
1587 Kooser Road 
San Jose, CA 95118 
Tel: (408) 978-621.6 
TLX: 820281 
FAX: (408) 978-8635 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakita-ku 
Kitakyushu-shi 802 
Tel: 093-511-6471 
FAX: 093-551-7861 

CTC Components Systems Co., Ltd. 
4-8-~ Do~ashi, Miyamae-ku 
Kawasakl-shi, Kanagawa 213 
Tel: 044-852-5121 
FAX: 044-877-4268 

Dia Semicon Systems, Inc. 
Flower Hill Shinmachi Higashi-kan 
1-23-9 Shin machi, Setagaya-ku 
Tokyo 154 
Tel: 03-439-1600 
FAX: 03-439-1601 

Okaya Koki 
2-4-18 Sakae 
Naka-ku, Nagoya-shi 460 
Tel: 052-204-2916 
FAX: 052-204-2901 

Ryoyo Electro Corp. 
Konwa Bldg. 
1-12-22 Tsukiji 
Chuo-ku, Tokyo 104 
Tel: 03-546-5011 
FAX: 03-546-5044 

KOREA 

J-Tek Corporation 
Dong Sung Bldg. 9/F 
158-24, Samsung-Dong, Kangnam-Ku 
Seoul 135-090 
Tel: (822) 557-8039 
FAX: (822) 557-8304 

Samsu ng Electronics 
Samsung Main Bldg. 
150 Taepyung-Ro-2KA, Chung-Ku 
Seoul 100-102 
C.P.O. Box 8780 
Tel: (822) 751-3680 
TWX: KORSST K 27970 
FAX: (822) 753-9065 

MEXICO 

SSB Electronics, Inc. 
675 Palomar Street, Bldg. 4, Suite A 
Chula Vista, CA 92011 
Tel: (619) 585-3253 
TLX: 287751 CBALL UR 
FAX: (619) 585-8322 

Dicopel SA 
Tochtli 368 Fracc. Ind. San Antonio 
Azcapotzalco 
C.P. 02760-Mexico, D.F. 
Tel: 52-5·561-3211 
TLX: 177 3790 Dicome 
FAX: 52-5-561-1279 

PHI SA de C_V. 
Fco. Villa esq. Ajusco sin 
Cuernavaca - Morelos 
Tel: 52-73-13-9412 
FAX: 52-73-17-5333 

NEW ZEALAND 

Email Electronics 
36 Ollve Road 
Penrose, Auckland 
Tel: 011·64-9-591-155 
FAX: 011-64-9-592-681 

SINGAPORE 

Electronic Resources Pte, Ltd. 
17 Harvey Road 
#03-01 Singapore 1336 
Tel: (65) 283-0888 
TWX: RS 56541 ERS 
FAX: (65) 289-5327 

SOUTH AFRICA 

Electronic Building Elements 
178 Erasmus St. (off Watermeyet St.) 
Meyerspark, Pretoria, 0184 
Tel: 011-2712-803-7680 
FAX; 011-2712-803-8294 

TAIWAN 

Micro Electronics Corporation 
12th Floor, Section 3 
285 Nanking East Road 
Taipei, RO.C. 
Tel: (886) 2-7198419 
FAX: (886) 2-7197916 

Acer Sertek Inc. 
15th Floor, Section 2 
Chien Kuo North Rd. 
Taipei 18479 RO.C. 
Tel: 886-2-501-0055 
TWX: 23756 SERTEK 
FAX: (886) 2-5012521 



ALASKA 

Intel Corp. 
c/o TransAlaska Network 
1515 Lore Rd. 
Anchorage 99507 
Tel: (907) 522-1776 

Intel Corp. 
c/o TransAlaska Data Systems 
clo Gel Operations 
520 Fifth Ave., Suite 407 
Fairbanks 99701 
Tel: (907) 452-6264 

ARIZONA 

*Intel Corp. 
410 North 44th Street 
Suite 500 
Phoenix 85008 
Tel: (602) 231-0386 
FAX: (602) 244-0446 

*Intel Corp. 
500 E. Fry Blvd., Suite M-15 
Sierra Vista 85635 
Tel: (602) 459-5010 

ARKANSAS 

Intel Corp. 
c/o Federal Express 
1500 West Park Drive 
Little Rock 72204 

CALIFORNIA 

*Intel Corp. 
21515 Vanowen St., Ste. 116 
Canoga Park 91303 
Tel: (818) 704-8500 

*Intel Corp. 
300 N~ Continental Blvd. 
Suite 100 
El Segundo 90245 
Tel: (213) 640-6040 

*Intel Corp. 
1900 Prairie City Rd. 
Folsom 95630-9597 
Tel: (916) 351-6143 

*Intel Corp. 
9665 Chesapeake Dr., Suite 325 
San Diego 92123 
Tel: (619) 292-8086 

**Intel Corp. 
400 N. Tustin Avenue 
Suite 450 
Santa Ana 92705 
Tel: (714) 835-9642 

**Intel Corp. 
2700 San Tomas Exp., 1st Floor 
Santa Clara 95051 
Tel: (408) 970-1747 

COLORADO 

*Intel Corp. 
600 S. Cherry St., 
Denver 80222 

Suite 700 

Tel: (303) 321-8086 

CALIFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: 1-800-328·0386 

MINNESOTA 

3500 W. 80th Street 
Suite 360 
Bloomington 55431 
Tel: (612) 835-6722 

*Carry-in locations 
**Carry-in/mail-in locations 

DOMESTIC SERVICE OFFICES 
CONNECTICUT MARYLAND NEW YORK 

"'Intel Corp. "*Intel Corp. "'Intel Corp. 
301 Lee Farm Corporate Park 10010 Junction Dr., Suite 200 2950 Expressway Dr. South 
83 Wooster Heights Rd. Annapolis Junction 20701 Suite 130 
Danbury 06811 Tel: (301) 206-2860 Islandia 11722 
Tel: (203) 748-3130 Tel: (516) 231-3300 

FLORIDA MASSACHUSETIS Intel Corp. 

'**Intel Corp. Westage Business Center 
"'*Intel Corp. Bldg. 300, Route 9 
800 Fairway Dr., Suite 160 Westford Corp. Center 

Fishkill 12524 
Deerfield Beach 33441 3 Carlisle Rd., 2nd Floor 

Tel: (914) 897-3860 
Tel: (305) 421-0506 Westford 01886 

FAX: (305) 421-2444 Tel: (508) 692-0960 Intel Corp. 
5858 East Molloy Road 

"Intel Corp. 
5850 T.G. Lee Blvd., Ste. 340 

MICHIGAN Syracuse 13211 

Orlando 32822 *Intel Corp. 
Tel: (315) 454-0576 

Tel: (407) 240-8000 7071 Orchard Lake Rd., Ste. 100 
West Bloomfield 48322 NORTH CAROLINA 

GEORGIA Tel: (313) 851-8905 
"'ntel Corp. 

*Intel Corp. 5800 Executive Center Drive 
20 Technology Park, Suite 150 MINNESOTA Suite 105 
Norcross 30092 CharloHe 28212 
Tel: (404) 449-0541 *Intel Corp. Tel: (704) 568-8966 

3500 W. 80th St., Suite 360 
5523 Theresa Street Bloomington 55431 .... Intel Corp. 
Columbus 31907 Tel: (612) 835-6722 5540 Centerview Dr., Suite 215 

Raleigh 27606 
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Jackson 39208 3401 Park Center Dr., Ste. 220 ILLINOIS Tel: (601) 932-6275 Dayton 45414 
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300 N. Martingale Rd., Ste. 400 *Intel Corp. 
Schaumburg 60173 "Intel Corp. 25700 Science Park Dr., Ste. 100 
Tel: (708) 605-8031 4203 Earth City Exp., Ste. 131 Beachwood 44122 

Earth City 63045 Tel: (216) 464-2736 

INDIANA Tel: (314) 291-1990 

Intel Corp. OREGON 
*Intel Corp. 
8910 Purdue Rd., Ste. 350 Route 2, Box 221 **Intel Corp. 
Indianapolis 46268 Smithville 64089 15254 N.W. Greenbrier Parkway 
Tel: (317) 875-0623 Tel: (913) 345-2727 Building B 
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KANSAS NEW JERSEY Tel: (503) 645-8051 

*Intel Corp. **Intel Corp. 
10985 Cody, Suite 140 PENNSYLVANIA 
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Intel Corp. NEW MEXICO 400 Penn Center Blvd., Ste. 610 
896 Hillcrest Road, Apt. A Pittsburgh 15235 
Radcliff 40160 (Louisville) Intel Corp. Tel: (412) 823-4970 
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PUERTO RICO 

Intel Corp. 
South Industrial Park 
P.O. Box 910 
Las Piedras 00671 
Tel: (809) 733-8616 

TEXAS 

**Intel Corp. 
Westech 360, Suite 4230 
8911 Capitol of Texas Hwy. 
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Tel: (512) 794-8086 

.... tlntel Corp. 
12000 Ford Rd., Suite 401 
Dallas 75234 
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**Intel Corp. 
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VIRGINIA 

*Intel Corp. 
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Tel: (804) 282-5668 

WASHINGTON 

**Intel Corp. 
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CANADA 
ONTARIO 

**Intel Semiconductor of 
Canada, Ltd. 
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OHawa K2B 8H6 
Tel: (613) 829-9714 

**Intel Semiconductor of 
Canada, Ltd. 
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**Intel Semiconductor of 
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