








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

explanation of internal timing configuration 

F-84 

All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master 
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is 
derived by dividing the Master Clock input signal frequency by four. 

Low-pass: 

SCF Clock Frequency 
(D/A or AID Path) 

Conversion Frequency 

High-pass: 

SCF Clock Frequency 
(AID Path) 

Shift Clock Frequency 

Master Clock Frequency 
2 x Contents of Counter A 

SCF Clock Frequency (D/A or AID Path) 
Contents of Counter B 

AID Conversion Frequency 

Master Clock Frequency 
4 

TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion 
-timing. Similarly, RX Counter A and RX Counter B determine the AID conversion timing. In order for the 
low-pass switched-capacitor filter in the D/A path to meet its transfer function specifications, the frequency 
of its clock input must be 288 kHz. If the clock frequency is not 288 kHz, the filter transfer function 
frequencies are frequency-scaled by the ratios of the clock hequency to 288 kHz. Thus, to obtain the 
specified filter response, the combination of Master Clock frequency and TX Counter A and RX Counter 
A values must yield a 288-kHz switched:capacitor clock signal. This 288-kHz clock signal can then be 
divided by the TX Counter B to establish the D/A conversion timing. 

The transfer function of the bandpass switched-capacitor filter in the AID path is a composite of its high­
pass and low-pass section transfer functions. The high-frequency roll-off of the low-pass section will meet 
the bandpass filter transfer function specification when the low-pass section SCF is 288 kHz. Otherwise, 
the high-frequency roll-off will be frequency-scaled by the ratio of the high-pass section's SCF clock to 
288 kHz. The low-frequency roll-off of the high-pass section will meet the bandpass filter transfer function 
specification when the AID conversion rate is 8 kHz. Otherwise, the low-frequency roll-off of the high­
pass section will be frequency-scaled by the ratio of the AID conversion rate to 8 kHz. 

TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX 
Counter B are reloaded every AID conversion period. The TX Counter Band RX Counter B are loaded with 
the values in the T8 and RB Registers, respectively. Via software control, the TX Counter A can be loaded 
with either the TA Register, the TA Register less the TA' Register, or the TA Register plus the TA' Register. 
By selecting the T A Register less the TA' Register option, the upcoming conversion timing will occur earlier 
by an amount of time that equals T A' times the signal period of the Master Clock. By selecting the T A 
Register plus the T A' Register option, the upcoming conversion timing will occur later by an amount of 
time that equals TA' times the signal period of the Master Clock. Thus, the D/A conversion timing can 
be advanced or retarded. An identical ability to alter the AID coml'llrsion timing is provided. In this case, 
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register 
less the RA' Register, or the RA Register plus the RA' Register. 

The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the AID and D/A conversion timing. This feature can be used to enhance 
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem 
frequencies. 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), 
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, 
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the 
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA 
Register, RA' Register, and RB Registers are not used. 

AIC DR or OX word bit pattern 

AID or D/A MSB, 

1 st bit sent of 2nd byte 

AIC OX data word format section 

d15Id14Id13Id12ldllldl0Id9IdSld7Id6Id51d4ld3Id2IdlldO COMMENTS 

primary DX serial communication protocol 

..... d15 (MSBI through d2 go to the D/A -+ I 0 0 The TX and RX Counter A's are loaded with the TA and RA 

converter register register values. The TX and RX Counter S's are loaded with T8 

and RS register values. 

..... dl 5 (MSBI through d2 go to the D/A -+ I 0 1 The TX and RX Counter A's are loaded with the TA+TA' and 

converter register RA + RA' register values. The TX and RX Counter S's are loaded 

with the TB and RB register values. NOTE: d1 =0, dO= 1 will 

cause the next D/A and AID conversion periods to be changed 

by the addition of TA' and RA' Master Clock cycles, in which 

T A' and RA I can be positive or negative or zero. Please refer to 

Table 1. Ale Responses to Improper Conditions. 

..... d15 (MSBI through d2 go to the D/A -+ I 1 0 The TX and RX Counter A's are loaded with the TA - TA' and 

converter register RA - RA' register values. The TX and RX Counter B's are loaded 

with the TB and RB register values. NOTE: d1 = 1, dO =0 will 

cause the next 01 A and AID conversion periods to be changed 

by the subtraction of TA' and RA' Master Clock cycles, in which 

T A' and RA' can be positive or negative or zero, Please refer to 

Table 1. AIC Responses to Improper Conditions. 

..... d 15 (MSBI through d2 go to the D/A -+ I 1 1 The TX and RX Counter A's are loaded with the TA and RA 

converter register register converter register values, The TX and RX Counter B's 

are loaded with the TB and RB register values. After a delay of 

four Shift Clock cycles, a secondary transmission will 

immediately follow to program the AIC to operate in the desired 

configuration, 

NOTE: Setting the two least significant bits to 1 in the normal transmission of OAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Communications. 

Upon completion of the Primary Communication, m will remain high for four SHIFT CLOCK cycles and will then go low and initiate 
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner, 
the Secondary Communication, if initiated. is interleaved between successive Primary Communications. ~his interleaving prevents 
the Secondary Communication from interfering with the Primary Communications and DAC timing. thus preventing the AIC from 
skipping a OAC output. It is important to note that in the synchronous mode. ~ will not be asserted during Secondary 
Communications. 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

secondary OX serial communication protocol 

x x I - to TA register - I x x I - to RA register - I 0 0 d13 and d6 are MSBs (unsigned binary) 

x I- to TA' register - I x I - to RA I register - I 0 1 d14 and d7 are 2'5 complement sign bits 

x I- to T8 register - I x I - to RB register - I 1 0 d14 and d7 are MSBs (unsigned binary) 

x x x x x x d9 x d7 d6 dS d4 d3 d2 1 1 

14 
CONTROL d2 = 0/1 deletes/inserts the AID high-pass filter 

REGISTER ~ d3 := all disables/enables the loop back function 

d4 = 0/1 disables/enables the AUX IN + and AUX IN- pins 

dS := 0/1 asynchronous/synchronous transmit and receive 

sections 

d6 = 0/1 gain control bits (see Gain Control Section) 

d7 = 0/1 gain control bits (see Gain Control Section) 

d9 = 011 delete/insert on~board second-order (sin xl/x 

correction filter 

reset function 

F·86 

A reset function is provided to initiate serial communications between the AIC and DSP. The reset function 
will initialize all AIC registers, including the control register. After power has been applied to the AIC, a 
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz AID and D/A 
conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, 
will be initialized as follows (see AIC DX Data Word format section): 

REGISTER 

TA 
TA' 
TB 
RA 
RA' 
RB 

INITIALIZED 
REGISTER 

VALUE (HEX) 

9 
1 

24 
9 
1 

24 

The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section): 

- d9 = 1, d7 = 1, d6 = 1, d5 = 1, d4 = 0, d3 = 0, d2 = 1 

This initialization allows normal !lerial port communications to occur between AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the TA, T A', and T.B register need to be programmed, since both transmit and receive 
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format 
sections). 

The circuit shown.below will provide a reset on power-up when power is applied in the sequence given 
under Power-Up Sequence_ The circuit depends on the power supplies' reaching their recommended values 
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 

TLC32044 

J--,,--+5V 

200 kl! 

O.S ~F 

L~V~c:!;c:.:-;J--""''''-- - S v 
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power-up sequence 

TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

To ensure proper operation of the Ale, and as a safeguard against latch-up, it is recommmended that 
Schottky diodes with forward voltages less than or equal to 0.4 V be connected from Vee _ to ANLG 
GND and from Vee _ to DGTL GND (see Figure 21). In the absence of such diodes, power should be applied 
in the following sequence: ANLG GND and DGTL GND, Vee -, then Vee + and VDD. Also, no input signal 
should be applied until after power-up. 

AIC responses to improper conditions 

The Ale has provisions for responding to improper conditions. These improper conditions and the response 
of the Ale to these conditions are presented in Table 1 below. 

AIC register constraints 

The following constraints are placed on the contents of the Ale registers: 

1 . T A register must be > 1. 
2. TA' register can be either positive, negative, or zero. 
3. RA register must be > 1. 
4. RA' register 'can be either positive, negative, or zero. 
5. (TA register ± T A' register) must be > 1. 
6. (RA register ± RA' register) must be > 1. 
7. TB register must be > 1. 

TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS 

IMPROPER CONDITION AIC RESPONSE 

TA register + T A' register = 0 or 1 Reprogram TX Counter A with TA register value 

TA register - T A • register = 0 or 1 

TA register + T A • register < 0 MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 

i.e., TA register + TA' register + 40 HEX is loaded into TX Counter A 

RA register + RA' register ::::: 0 or 1 Reprogram AX Counter A with RA register value 

RA register - RA' register = 0 or 1 

RA register + RA' register ::::: 0 or 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A, 

i.e., RA register + RA' register + 40 HEX is loaded into RX Counter A 

TA register' = 0 or 1 AIC is shut down 

RA register = 0 or 1 

TB register = 0 or 1 Reprogram TB register with 24 HEX 

RB register = 0 or 1 Reprogram RB register with 24 HEX 

Ale and OSP cannot communicate Hold last DAC output 

improper operation du~ to conversion times being too close together 

If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the Ale 
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there 
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B 
registers are improperly programmed or if the A + A' register or A - A' register result is too small. When 
incrementally adjusting the conversion period via the A + A' register options, the designer should be very 
careful not to violate this requirement (see diagram below). 

~~~~ELr~ 
FSX I I. 

~ M-ONGOING CONVERSION~ 

t2 - t1 " 1/19.2 kHz 
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asynchronous operation - more than one receive frame sync occurring between two transmit frame 
syncs 

When incrementally adjusting the conversion period via the A + A' or A - A' register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the 
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive 
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental 
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is 
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive 
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B. 
The adjustment command only adjusts one transmit conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). 

FSX 

I, 

u U 
I I 
IOII ___ -----TRANSMIT CONVERSION PERIOD------I~~I 

I I I 
14-RECEIVE CONV. --.If- RECEIVE CONV.--+f 

PERIOD A PERIOD B 

asynchronous operation - more than one transmit frame ·sync occurring between two receive frame 
syncs 

When incrementally adjusting the conversion period via the A + A' or A - A' register options, a specific 
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. The command to use the incremental 
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion 
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment 
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit 
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1 
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted. 
Oi, the receive portion of an adjustment command may be ignored if the adjustment command is sent 
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment 
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B, 
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the 
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued 
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B 
adjustment command. 

I I I I 
j4-TRANSMIT CONV ........ TRANSMIT CONV .... TRANSMIT CONV.-.( 

PERIOD A PERIOD B PERIOD C 

12 

FSRU 

I 
U Lf 
I I 

F·88 

!4--RECEIVE CONVERSION PERIOD A ~ RECEIVE CONVERSION PERIOD B----+l~t 
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TLC320441, TLC32044C 
YOICE·BANO ANALOG INTERFACE CIRCUITS 

asynchronous operation - more than one set of primary and secondary OX serial communication 
occurring between two receive frame sync (see Ale OX Data Word Format section) 

FSR 

The TA, T A', TB, and control register information that is transmitted in the secondary communications 
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time 
between t1 and t2, the TA, RA', and RB register information, which is sent during Transmit Conversion 
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during 
Receive Conversion Period B. If RA, RA', and RB register information has already been received and is 
being applied during an ongoing conversion period, any subsequent RA, RA', or RB information that is 
received during this receive conversion period will be disregarded (see diagram below). 

PRIMARY " SECONDARY 

TRANSMIT 
CONVERSION 

PERIOD A 

PRIMARY 

I 

"' 
'2 

SECONDARY PRIMARY SECONDARY 
...---.." 

TRANSMIT TRANSMIT 

CONVERSION CONVERSION 

PERIOD B PERIOD C 

Ls-
I I +-RECEIVE CONVERSION 

~ RECEIVE CONVERSION PERIOD B tt PERIOD A 
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test modest 

The following paragraph provides information that allows the TLC32044 to be operated in special test 
modes. These test modes are used by Texas Instruments to facilitate testing of the device during 
manufacturing. They are not intended to be used in real applications, however, they allow the filters in 
the AID and DIA paths to be uS.ed without using the AID and DIA converters. 

In normal operation, the nonusable (NU) pins are left unconnected. These NU pins are used by the factory 
to speed up testing of the TLC32044 Analog Interface Circuit (AIC). When the device is used in normal 
(non-test-mode) operation, the NU pin (pin 1) has an internal pull-down to - 5 V. Externally connecting 
o V or 5 V to pin 1 puts the device in test-mode operation. Selecting one of the possible test modes is 
accomplished by placing a particular voltage on certain pins. A description of these modes is provided 
in Table 2 and Figures 1 and 2. . 

TABLE 2. LIST OF TEST MODES 

TEST D/A PATH TEST (PIN 1 to 5 V) AID PATH TEST (PIN 1 to 0) 

PINS TEST FUNCTION TEST FUNCTION 

5 The low-pass switched-capacitor filter clock is brought The bandpass switched-capacitor filter clock is brought 

out to pin 5. This clock signal is normally internal. out to pin 5. This clock signal is normally internal. 

11 No change from normal operation. The EOOX signal is The pulse that initiates the AID conversion is brought 

brought out to pin 11. out here. This signal is normally internal. 

3 The pulse that initiates the D/A conversion is brought No change from normal operation. The EOOR signal is 

out here. brought out. 

27 and 28 There are no test output signals provided on these pins. The outputs of the AID path low-pass or bandpass filter 

Idepending upon control bit d2 see AIC OX Data 

Word Format section) are brought out to these pins. If 

the high~pass section is inserted. the output will have a 

(sinx)/x droop. The slope of the droop will be determined 

by the ADC sampling frequency, which is the high-pass 

section clock frequency (see diagram of bandpass or 

low~pass filter test for receive section). These outputs 

will drive small 130-pF) loads. 

D/A PATH LOW-PASS FILTER TEST; PIN 13 (WORD/iiY'fE1 to -5 V 

TEST FUNCTION 

15 and 16 The inputs of the D/A path low-pass filter are brought out to pins 15 and 16. The D/A input to this filter is removed. 

If the Isin xlix correction filter is insened, the OUT + and OUT- signals will have a flat response (see Figure 2), The 

common~mode range of these inputs must not exceed ±O.5 V. 

t In the test mode, the AIC responds to the setting of Pin 13 to -5 V, as if Pin 13 were set to 0 V. Thus, the byte mode is selected 
for communicating between OSP and Ale. Either of the path tests (O/A or AID) can be performed simultaneously with the O/A low~pass 
filter test. In this situation, Pin 13 must be connected to - 5 V, which initiates byte-mode communications. 
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M 
U 
X 

PIN 27 (POSITIVE), 
PIN 28 (NEGATIVElt 

TEST CONTROL 
(PIN 1 AT 0 VI 

AID ~ 

FIGURE 1. BANDPASS OR LOW·PASS FILTER TEST FOR RECEIVER SECTION 

(Sin xl/x 
CORRECTION 

FILTER 

M 
U 
X 

TEST CONTROL 
.... -- (PIN 13 8t -5 VI 

PIN 16 (POSITIVEI. 
PIN 15 (NEGATIVElt 

FIGURE 2. LOW·PASS FILTER TEST FOR TRANSMIT SECTION 

t All analog signal paths have differential architecture and hence have positive and negative components. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC + (see Note 1) . 
Supply voltage, VDD .. 
Output voltage, Vo .. . 
Input voltage, VI .... . 
Digital ground voltage . 
Operating free-air temperature range: TLC320441 ... 

TLC32044C .. 
Storage temperature range .................... .................... . 
Case temperature for 10 seconds: FN package ............. . 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package .... 

-0.3Vto15V 
-0.3Vto15V 
-0.3 V to 15'V 
-0.3 V to 15 V 
-0.3Vto15V 
-40°C to 85°C 
.. O°C to 70°C 

-40°C to 125°C 
260°C 
260°C 

NOTE 1: Voltage values for maximum ratings are with respect to vee - . 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, VCC + (see Note 21 4.75 5 5.25 V 

Supply voltage, VCC- Isee Note 2) -4.75 -5 - 5.25 V 

Digital supply voltage, VDD Isee Note 2) 4.75 5 5.25 V 

Digital ground voltage with respect to ANlG GND, DGTL GND 0 V 

Reference input voltage, Vreflextl (see Note 2) 2 4 V 

High-level input voltage, V,H 2 VOD+O.3 V 

Low-level input voltage, VIL ·Isee Note 31 -0.3 0.8 V 

Load resistance at OUT + and lor OUT -, RL 300 11 

Load capacitance at OUT + and lor OUT -, CL 100 pF 

MSTR ClK frequency Isee Note 4) 0.075 5 10.368 MHz 

Analog input amplifier common mode input voltage (see Note 5) ± 1.5 V 

AID or 01 A conversion rate 19.2 kHz 

Conversion rate 20 kHz 

I TLC320441 -40 85 
Operating free-air temperature, T A DC 

I TLC32044C 0 70 

NOTES: 2. Voltages at analog inputs and outputs, REF. Vee +. and Vee _. are with respect to the ANLG GND terminal. Voltages at 
digital inputs and outputs and VOO are with respect to the DGTL GND terminal. 

F·92 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for logic voltage levels and temperature only. 

4. The bandpass switched·capacitor filter (SCFI specifications apply only when the low-pass section SCF clock is 288 kHz and 
the high-pass section SCF clock is 8 kHz. " the low-pass SCF clock is shifted from 288 kHz, the low-pass roll-off frequency 
will shift by the ratio of the low-pass SCF clock to 288 kHz. " the high-pass SCF clock is shifted from 8 kHz, the high-pass 
roll-off frequency will shift by the ratio of the high-pass SCF clock to 8 kHz. Similarly, the low-pass switched-capacitor filter 
ISCF) specifications apply only when the SCF clock is 288 kHz. If the SCF clock is shifted from 288 kHz, the low-pass roll-off 
frequency will shift by the ratio of the SCF clock to 288 kHz. 

5. This range applies when (IN + - IN -) or IAUX IN + - AUX IN -) equals ± 6 V. 
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TLC320441. TLC32044C 
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electrical characteristics over recommended operating free·air temperature range. Vee + - 5 V. 
Vee - - - 5 V. VOO - 5 V (unless otherwise noted) 

total device. MSTR eLK frequency - 5.184 MHz. outputs not loaded 

PARAMETER TEST CONDITIONS 

VOH High-level output voltage VDD = 4.75 V. 10H = -300 ~A 

VOL Low-level output voltage VOO = 4.75 V. 10l = 2 mA 
TLC320441 

ICC+ Supply current from Vee + 
TlC32044C 

ICC- Supply current from VCC-
TlC320441 

TlC32044C 

100 Supply current from VOO fMSTR ClK = 5.184 MHz 

Vref Internal reference output voltage 

Temperature coefficient of 
aVref internal reference voltage 

ro Output resistance at REF 

receive amplifier input 

PARAMETER TEST CONDITIONS 

AID converter offset error (filters in) 

CMRR 
Common-mode rejection ratio at IN +, IN - • 

or AUX IN +. AUX IN-
See Note 6 

Input resistance at IN +. IN-
'I or AUX IN+. AUX IN-. REF 

transmit filter output 

PARAMETER TEST CONDITIONS 

VOO 
Output offset voltage at OUT + or OUT -

(single-ended relative to ANlG GNOI 

VOM 
Maximum peak output voltage swing across Rl ~ 300 II. 

Rl at OUT + or OUT - (single-ended) Offset voltage = 0 

VOM 
Maximum peak output voltage swing between 

Rl ~ 6000 
OUT + and OUT - (differential output) 

t All typical values are at T A = 25 DC. 
NOTE 6: The test condition is a O-dBm, 1-kHz input signal with an a-kHz conversion rate. 

TEXAS -II 
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MIN Typt MAX UNIT 

2.4 V 

0.4 V 

40 
mA 

35 

-40 
mA 

-35 

7 mA 

3 3.3 V 

250 ppm/DC 

100 kll 

MIN Typt MAX UNIT 

10 70 mV 

55 dB 

100 kO 

MIN Typt MAX UNIT 

15 80 mV 

±3 V 

±6 V 
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electrical characteristics over recommended operating free· air temperature range. Vee + - 5 V. 
Vee- - - 5 V. VOO - 5 V (unless otherwise noted) 

system distortion specifications. SCF clock frequency - 288 kHz 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Attenuation of second harmonic of single-ended Vin = -0.1 dB to - 24 dB referred to Vref. 70 
dB 

AID input signal differential See Note 7 62 70 

Attenuation of third and higher single-ended Vin = - 0.1 dB to - 24 dB referred to Vref. 65 
dB 

harmonics of AID input signal differential See Note 7 57 65 

Attenuation of second harmonic of single-ended Vin = -0 dB to -24 dB referred to Vref. 70 
dB 

DIA input signal differential See Note 7 62 70 

Attenuation of third and higher single-ended Vin = -0 dB to -24 dB referred to Vref. 65 
dB 

harmonics of D/A input signal differential See Note 7 57 65 

AID channel signal·to-distortion ratio 

PARAMETER 
TEST CONDITIONS Ay - 1* Ay - 2* Ay - 4* 

UNIT 
(see Note 7) MIN MAX MIN MAX MIN MAX 

Vin = - 6 dB to - O. 1 dB 58 >58§ >58§ 

Vin = - 12 dB to - 6 dB 58 58 >58§ 

Vin - - 18 dB to - 12 dB 56 58 58 

Vin = - 24 d8 to - 18 dB 50 56 58 

AID channel signal-to-distortion ratio Vin ~ -30 dB to -24 dB 44 50 56 dB 

Vin ~ -36 dB to -30 dB 38 44 50 

Vin ~ -42 dB to -36 dB 32 38 44 

Vin ~ -48 dB to -42 dB 26 32 38 

Vin = -54 dB to -48 dB 20 26 32 

t All typical values are at T A ~ 25 DC. 
t: Av is the programmable gain of the input amplifier. 
§ A value> 60 is over range and signal clipping occurs. 

DIA channel signal-to-distortion ratio 

PARAMETER 
TEST CONDITIONS 

(see Note 7) 
MIN MAX UNIT 

vin = - 6 dB to - O. 1 dB 58 

Vin ~ . - 12 dB to - 6 d8 58 

Vin = - 18 dB to - 12 dB 56 

Vin = - 24 dB to - 18 dB 50 

01 A channel signal-to-distortion ratio Vin = - 30 dB to - 24 dB 44 dB 

Vin = -36 dB to -30 dB 38 

Vin = -42 dB to -36 d8 32 

Vin - -48 dB to -42 dB 26 

Vin = - 54 dB -48 dB 20 

NOTE 7: The test condition is a l-kHz input signal with an a-kHz conversion rate (0 dB relative to Vref). The load impedance for the DAC 

is 600 ll. 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

electrical characteristics over recommended operating free-air temperature range. Vee + - 5 V. 
vcc- - -5 V. VOO - 5 V (unless otherwise noted) (Continued) 

gain and dynamic range 

PARAMETER TEST CONDITIONS 

Absolute transmit gain tracking error while transmitting - 48 dB to 0 dB signal range, 

into 60011 See Note 8 

Absolute receive gain tracking error 
- 48 dB to 0 dB signal range, 

See Note 8 

power supply rejection and crosstalk attenuation 

PARAMETER TEST CONDITIONS 

VCC + or VCC _ supply voltage f = 0 to 30 kHz Idle channel, supply signal 

at 200 mV pop measured 
rejection ratio, receive channel f = 30 kHz to 50 kHz at DR (ADC outputl 

VCC + or VCC _ supply voltage f=Ot030kHz Idle channel, supply signal 

rejection ratio, transmit channel at 200 mV pop measured 

(single-ended I f = 30 kHz to 50 kHz 
at OUT + 

Crosstalk attenuation, transmit-ta-receive (single-ended) 

t All typical values are at T A = 25°C. 
NOTE 8: Gain tracking is relative to the absQlute gain at 1 kHz and 0 dB (0 dB relative to Vrefl. 
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MIN Typt MAX UNIT 

±0.05 ±0.15 dB 

±0.05 ±0.15 dB 

MIN Typt MAX UNIT 

30 
dB 

45 

30 
dB 

45 

80 dB 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

delay distortion 

bandpass filter transfer function. SCF fclock - 288 kHz. input (IN + - IN - ) is a ± 3-V sinewave t 
(see Note 9) 

PARAMETER TEST CONDITION 
FREQUENCY 

ADJUSTMENT ADDEND* 
RANGE 

MIN TYP§ MAX UNIT 

I < 50 Hz Kl x 0 dB -33 -29 -25 

I = 100 Hz Kl x - 0.26 dB -4 -2 -1 

1= 150 Hz to 3100Hz Kl x 0 dB -0.25 0 0.25 

I = 3100 Hz to 3300 Hz Kl x 0 dB -0.3 0 0.3 

Fiiter gain 
Input signal 

I = 3300 Hz to 3650 Hz Kl x 0 dB -0.5 0 0.5 dB 
reference is 0 dB 

I = 3800 Hz Kl x 2.3 dB -5 -3 -1 

I = 4000 Hz Kl x 2.7 dB -20 -17 -16 

I >: 4400 Hz Kl x 3.2 d8 -40 

I >: 5000 Hz Kl x 0 dB -65 

low-pass filter transfer function. SCF fclock - 288 kHz (see Note 9) 

PARAMETER TEST CONDITION 
FREQUENCY 

ADJUSTMENT AOOENO* 
RANGE 

MIN TYP§ MAX UNIT 

f = 0 Hz to 3100 Hz Kl x 0 dB -0.25 0 0.25 

I = 3100 Hz to 3300 Hz Kl x 0 dB -0.3 0 0.3 

I = 3300 Hz to 3650 Hz Kl x 0 dB -0.5 0 0.5 

Filter gain 
Input signal 

I = 3800 Hz Kl x 2.3 dB -5 -3 -1 dB 
reference is 0 dB 

I = 4000 Hz Kl x 2.7 dB -20 -17 -16 

I >: 4400 Hz Kl x 3.2 dB -40 

I>: 5000 Hz Kl x 0 dB -65 

serial port 

PARAMETER TEST CONDITIONS MIN Typ§ MAX UNIT 

VOH High-level output voltage IOH = -300 ~A 2.4 V 

VOL Low-level output voltage IOL = 2 mA 0.4 V 

II Input current ±10 ~A 

Ci Input capacitance 15 pF 

Co Output capacitance 15 pF 

t See filter curves in typical characteristics. 
* The MIN. TYP. and MAX specilications are given lor a 288-kHz SCF clock IreQuency. A slight error in the 288-kHz SCF may result Irom 

inaccuracies in the MSTR elK frequency, resulting from crystal frequency tolerances. If this frequency error is less than 0.25%, the 
ADJUSTMENT ADDEND should be added to the MIN. TYP. and MAX specilications. where Kl = 100. IISCF Irequency - 288 kHz)! 
2B8 kHz). For errors greater than 0.25%. see Note 10. 

§ All typical values are at T A = 25 DC. 
NOTES: 9. The filter gain outside of the passband is measured with respect to the gain at 1 kHz. The filter gain within the passband 

is measured with re~pect to the average gain within the passband. The passbands are 150 to 3600 Hz and 0 to 3600 Hz 
for the bandpass and low-pass filters respectively. 

F-96 

10. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched­
capac;:itor filter clock frequency to 288 kHz. 
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TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

operating characteristics over recommended operating free-air temperature range. Vcc+ - 5 V. 
VCC- - -5V.VOO - 5V 

noise (measurement includes low-pass and bandpass switched-capacitor filters) 

PARAMETER TEST CONDITIONS Typt MAX UNIT 

I with (sin xlIx 550 ""V rms 

Transmit noise I without Isin xl/x 
OX input = 00000000000000, constant input code 325 425 ,.,.V rms 

18 d8rncO 

300 500 JA-V rms 
Receive noise (see Note 11) Inputs grounded. gain = 1 

18 dBrncO 

timing requirements 

serial port recommended input signals 

PARAMETER MIN MAX UNIT 

tclMCLKl Master clock cycle time 95 ns 

trlMCLKl Master clock rise time 10 ns 

tflMCLKl Master clock fall time 10 ns 

Master clock duty cycle 25% 75% 

RESET pulse duration (see Note 121 800 ns 

tsulDXl DX setup time before SCLK! 20 ns 

thlDXI OX hold time after SCLK! t cISCLKl/4 ns 

t All typical values are at T A = 25°C. 
NOTES: 11. The noise is computed by statistically evaluating the digital output of the AID converter. 

12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached 
their recommended values. 
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TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

operating characteristics over recommended operating free-air temperature range. Vcc+ - 5 V. 
VCC - - - 5 V. VOO - 5 V (continued) 

serial port - AIC output signals 

PARAMETER MIN MAX 

tc(SCLKI Shift clock (SCLKI cycle time 380 

tflSCLKI Shift clock ISCLKI fall time 50 

trlSCLKI Shift clock (SCLK) rise time 50 

Shift clock ISCLKI duty cycle 45 55 

tdlCH-Fti Delay from SCLKI to FSR/FSXI 90 

tdICH-FHI Delay from SCLKI to FSR/FSXl 90 

td(CH-DR) DR valid after SCLKI 90 

tdwICH-ELJ Delay from SCLKI to EODX/EODRI in word mode 90 

tdwICH-EHI Delay from SCLKI to EODX/EODRI in word mode 90 

tflEODXI EODX fall time 15 

tflEODRI EODR fall time 15 

tdbICH-ELI Delay from SCLKI to EODX/EODRI in byte mode 100 

tdbICH-EHI Delay from SCLKI to EODX/EODRI in byte mode 100 

TABLE 2_ GAIN CONTROL TABLE 
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE AID CONVERSION) 

CONTROL REGISTER BITS 
ANALOG INPUTt 

AID CONVERSION 
INPUT CONFIGURATIONS 

RESULT d6 d7 

Differential configuration 1 1 ±6 V full-scale 

Analog input = IN + - IN- 0 0 

= AUX IN + - AUX .IN- 1 0 ±3 V full-scale 

0 1 ± 1.5 V full-scale 

Single-ended configuration 1 1 ±3 V half-scale 

Analog input = IN + - ANLG GND 0 0 

= AUX IN + - ANLG GND 1 0 ±3 V full-scale 

0 1 ± 1.5 V full-scale 

t In this example. Vref is assumed to be 3 V. In order to minimize distortion. it is recommended that the analog input 
• not exceed 0.1 dB below full scale. 

Rfb Rfb 

R R 

UNIT 

ns 

ns 

ns 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

R ~ TO MUX 

AUX IN + -"""'Irl ... -t 

R ! TO MUX 

IN + -'V'v'lrl"'-4 

IN--"",,~"'-4 AUX IN - -"",,~ ... -I 

F-9S 

Rfb 

Rfb - R for d6 - 1. d7 - 1 
d6 - O. d7 - 0 

Rfb - 2R for d6 - 1. d7 - 0 
Rfb - 4R for d6 - O. d7 - 1 

FIGURE 3. IN + AND IN - GAIN 
CONTROL CIRCUITRY 

Rfb 

Rfb - R for d6 - 1. d7 - 1 
d6 - O. d7 - 0 

Rfb - 2R for d6 • 1. d7 - 0 
Rfb - 4R for d6 • O. d7 - 1 

FIGURE 4. AUX IN + AND AUX IN­
GAIN CONTROL CIRCUITRY 
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TLC320441, TLC32044C 
VOICE· BAND ANALOG INTERFACE CIRCUITS 

Isin xlIx correction section 

If the designer does not wish to use the on-board second-order (sin xlix correction filter, correction can 
be accomplished in digital signal processor (DSPI software. (Sin xlix correction can be accomplished easily 
and efficiently in digital signal processor (DSPI software. Excellent correction accuracy can be achieved 
to a band edge of 3000 Hz by using a first-order digital correction filter. The results, which are shown 
below, are typical of the numerical correction accuracy that can be achieved for sample rates of interest. 
The filter requires only seven instruction cycles per sample on the TMS320 DSPs. With a 200-ns instruction 
cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling rates 
of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the upper 
edge of the 300-3000-Hz band. 

Isin xlIx roll-off for a zero-order hold function 

The (sin xlix roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for 
the various sampling rates is shown in the table below. 

TABLE 3. (sin xlix ROLL-OFF 

20 log sin 7 fils 

Is 1Hz) " fils 
il - 3000 Hzl 

IdBI 
7200 -2.64 

8000 -2.11 

9600 -1.44 

14400 -0.63 

19200 -0.35 

Note that the actual Ale (sin xlix roll-off will be slightly less than the above figures, because the Ale has 
less than a 100% duty cycle hold interval. 

correction filter 

To compensate for the (sin xlix roll-off of the Ale, a first-order correction filter shown below, is 
recommended. 

UIi+ 11 )----------~t--+Yli+ 11 

p1 

The difference equation for this correction filter is: 

Yi+1 = p2(1-p1) (Ui+11+p1 Yi 

where the constant pl determines the pole locations. 

The resulting squared magnitude trans fe' function is: 

IH(f11 2 = p22 (1 -pl12 
1 - 2p1 cos(2 11' flfsl + p1 2 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

correction results 

Table 4 below shows the optimum p values and the corresponding correction results for SOOO-Hz and 
9600-Hz sampling rates. 

TABLE 4 

ERROR (dBI ERROR (dBI 

f (Hzl 
Is - BOOO Hz Is - 9600 Hz 

p1 - -0.14B13 p1 - -0.1307 

p2 - 0.9BBB p2 - 0.9951 

300 -0.099 -0.043 

600 -0.089 -0.043 

900 -0.054 0 

1200 -0.002 0 

1500 0.041 0 

1800 0.079 0.043 

2100 0.100 0.043 

2400 0.091 0.043 

2700 -0.043 0 

3000 -0.102 -0.043 

TMS320 software requirements 

F-l00 

The digital correction filter equation can be written in state variable form as follows: 

Y ; k1Y +k2U 

where k1 equals p1 (from the preceding page), k2 equals (1 -p1)p2 (from the preceding page), Y is the 
filter state, and U is the next 1/0 sample. The coefficients k 1 andk2 must be represented as 16-bit integers. 
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the 
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be 
executed in seven instructions or seven cycles with the following program: 

ZAC 
LT K2 
MPY U 
LTA K1 
MPY Y 
APAC 
SACH (dma), (shift) 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

byte· mode timing 

~ ... tfISClKI -+tro-t,ISClKI ~tclSClKI 

SHIFT ClK 
I 08 V 

I 
I 08 v I I I 

tdICH-FLI--t ~ I I ~lo-tdICH-FHI --Ilo-tdICH-FLI tdICH-FH~ ~ 
I I I '~'~ ______________ -,' I I 

~~, ________ -f12 V 0 8 vtt...... ____ -Ji.~-------_7II,.--v-
I , I 
, ~ ~ ~dICH-ORI I 

___ ~0~1~5 ____ ~~'--_.----0-B-------~~-0-1--0-0~:---~ -, I 
DR 

tsulOXI---t t-- I , 

~~1~QQ~'}-_....!0~O~N~'.!T..!C~A~R!!E~ __ -{~~~~~ 
OX ~~ 09 OBI 07 06~ 

--I ~thiOXI ---t ~tdbICH-ELI tdbICH-EHr-l1t-

~.EOOX~-------------·{j''------'t~~o~.~v~ ___________ ~:,~I-------~"'---

word-mode timing 

~tcISCLKI 
I I 

SHIFT ClK I I 

I 08 VI 08 V 08 V l 
-I ~: tdICH.FHI~ ~ 

~I I 1-__________ ~'ll~2~v~-------FSX.FSR 08V~~ ____ ~_~I ___ -J .. 
- 'i !I 

I ~ !"-ldICH-ORI : 

OR __ ~0~1_5 _____ ~~_0~1_~0~O_:~_~ ___ _ 

IsuIOXI~ 10-- I 
ox----{~0~1~5~~~'~~~~~0~1~1~ 

I I I 
~lhiOXI IdwICH-EL~ 10- -.j Io-ldwICH-EHI 

--------------------Jf,~'--------~LJ' 
EOOX. EOOR 08 V 2 V 

FIGURE 5. SERIAL PORT TIMING 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TMS32010 FSX 
SN74lS299 

~ Sl QH' ox 
DEN G2 

'- Gl SO ClK< ~ 
Yl r- Gl TLC32044 

AO/PAO A 08-015 
YO r-

Al/PAl B \ A-H SR 
A2/PA2 C r-n:.. SN74lS138 SN74lS299 SHIFT ClK 

PD --
"- Sl QH' 

'--- G2 -SO ClK 

ZJ-~ Gl 
00-015 00-07 Cl 

00-015 \ \ A-H SR 10 DR 

\ ~ 

~ WE ./ rLl ClK OUT MSTR ClK 

INT EOOX 

FIGURE 6. TMS32010/TMS320C15·TLC32044 INTERFACE CIRCUIT 

in instruction timing 

ClK OUT 

I 
I ~I------------------------------....... -----+1.". 

SO, Gl 
I 
I 
I 

---------------------~~~~~!>------------------------------------00-015 ( VALID ) 

out instruction timing 

ClK OUT ____ --' 

SN74lS138 Yl 

SN74lS299 ClK 

00-015 --------------------~_«::V~A~l~IO~:»----------------------------------­

FIGURE 7. TMS32010/TMS320C15·TLC32044 INTERFACE TIMING 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

AIC TRANSMIT AND RECEIVE LOW-PASS FILTER 
20 

10 

0 

-10 '\ ---

-20 

-30 

-40 

\ 
\ 
\ 

-50 
I I 

-60 SCF clock f - 288 kHz 
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FIGURE 8 

AIC RECEIVE-CHANNEL BANDPASS FILTER 
20 
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Frequency - kHz 

FIGURE 10 

AIC TRANSMIT AND RECEIVE LOW-PASS FILTER 

3 
SCF clock f - 288 kHz 

TA - 25°C 
2.5 Input - ± 3-V sinew ave 

I 

E 2 
I 
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> .. 
~ 1.5 I c. 

" o 
~ 
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I 

/ \ 
~ --- , -0.5 
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FIGURE 9 

AIC RECEIVE-CHANNEL HIGH-PASS FILTER 
20 

SCF clock f = B kHz 

10 TA - 25°C f---
Input - ± 3-V sinewave 
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0 V 
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j -I--

I 
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-30 

-40 

/" -- --
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-50 
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Normalized Frequency _ kHz x AID Conversion Rate 
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FIGURE 11 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

AIC RECEIVE CHANNEL BANDPASS FILTER 

2.5 
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c. 
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is 
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FIGURE 12 

(SIN X)/X CORRECTION FILTER 
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FIGURE 14 

AIC (SIN X)/X CORRECTION FILTER 
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FIGURE 13 

AID SIGNAL· TO-DISTORTION RATIO 
vs 

INPUT SIGNAL 

1-kHz input signal 
8-kHz conversion rate 
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1/ 
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Input Signal Relative to V ref - d8 

FIGURE 15 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

AID GAIN TRACKING 
IGAIN RELATIVE TO GAIN AT 0 dB INPUT SIGNAL! 
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FIGURE 16 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL APPLICATION INFORMATION 

TMS32020/C25 TLC32044 

ClKOUT 1-_--iMSTR ClK VCC+~----------------,_--+5V 

FSX FSX REF~~~" C 
ox ox ANlG GNO .....,...---.... --..... ------.. 

FSR FSR 

DR DR VCC_~~._----4--

ClKR SHIFT ClK 

ClKX 

C - 0.2 ~F. CERAMIC 

FIGURE 23. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS AND 
SCHOTTKY DIODEt 

VCC 

R 

..... --.... ----..... -------3-V OUTPUT 

Tl431"--~ 

FOR: VCC - 12 V. R - 7200 11 
VCC - 10 V. R -.560011 
VCC - 5 V. R - 160011 

FIGURE 24. EXTERNAL REFERENCE CIRCUIT FOR TLC32044 

tThomson Semiconductors 
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TLC0820A. TLC0820B. ADC0820B. ADC0820C 
Advanced LinCMOSTM HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 
02873, SEPTEM8ER 1986-REVISED FE8RUARY 1989 

• Advanced LinCMOSm Silicon-Gate 
Technology 

• 8-8it Resolution 

• Differential Reference Inputs 

• Parallel Microprocessor Interface 

• Conversion and Access Time Over 
Temperature Range 

Write-Read Mode ... 1.18 p's and 1.92 p's 
Read Mode ... 2.5 p's Max 

• No External Clock or Oscillator Components 
Required 

• On-Chip Track-and-Hold 

• Low Power Consumption ... 50 mW Typ 

• Single 5-V Supply 

• TLC0820B is Direct Replacement for 
National Semiconductor ADC0820B/BC and 
Analog Devices AD7820L/C/U; 
TLC0820A is Direct Replacement for 
National Semiconductor ADC0820C/CC and 
Analog Devices AD7820K/B/T 

description 

The TLC0820A, TLC0820B, ADC0820B, and 
ADC0820C are Advanced LinCiviOSm 8-bit 
analog-to-digital converters each consisting of 
two 4-bit "flash" converters, a 4-bit digital-to­
analog converter, a summing (error) amplifier, 
control logic, and a result latch circuit, The 
modified "flash" technique allows low-power 
integrated circuitry to complete an 8-bit 
conversion in 1.18 P.s over temperature. The on-
chip track-and-hold circuit has a 100 ns sample 
window and allows these devices to convert 
continuous analog signals having slew rates of 
up to 100 mV/p.s without external sampling 
components. TTL-compatible three-state output 
drivers and two modes of operation allow 
interfacing to a variety of microprocessors. 
Detailed information on interfacing to most 
popular microprocessors is readily available from 
the factory. 

ALL TYPES ... OW OR N PACKAGE 
TLC0820_M ... J PACKAGE 

(TOP VIEW) 

ANLG IN Vee 
(LSB) DO Ne 

D1 OFLW 

D2 D7IMSB) 

D3 D6 

WR/RDY D5 

MODE D4 

RD es 

INT REF + 
GND REF -

TLC0820 M .. FK PACKAGE 
TLC0820_1. TLC0820_C ... FN PACKAGE 

AOC0820_CI. AOC0820_C. . FN PACKAGE 

(TOP VIEW) 

D2 
D3 5 

WR/RDY 6 

MODE 

ro~ 
en 
...J<.:J 
-...J U 
o z uu 

oo«>z 

3 2 1 20 19 

18 OFLW 
17 D7 (MSB) 

16 D6 
15 D5 

RD 8 14 D4 

9,0",213 

NC - No internal connection 

The M-suffix devices are characterized for operation over the full military temperature range of - 55°C 
to 125°C. The I-suffix devices are characterized for operation from - 40°C to 85 °C. The C-suffix devices 
are characterized for operation from O°C to 70°C. See Available Options. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA documonts conllin information 
currant II of publication date. Preducts conform to 
.pecifications per the tarml of T IXI. Instrumentl 

==:~~i~·i~:1~7i ~!:~:~ti:r :.~o::::::~::.s not 
TEXAS ~ 

INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

Copyright © 1986, Texas Instruments Incorporated 
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TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DlGITAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

AVAILABLE OPTIONS 

SYMBOLIZATION t OPERATING TOTAL 

PACKAGE TEMPERATURE UNADJUSTED 
OEVICE 

SUFFIX RANGE ERROR 

TLC0820AC DW, FN, N OOC to 70°C ± 1 LSB 

TLC0820AI DW, FN, N -40°C to 85°C ± 1 LSB 

TLC0820AM DW, FK, J, N -55°C to 125°C ± 1 LSB 

TLC0820BC DW, FN, N OOC to 70°C ±0.5 LSB 

TLC0820BI DW, FN, N -40°C to B5°C ± 0.5 LSB 

TLC0820BM DW, FK, J, N -55°C to 125°C ±0.5 LSB 

ADC0820BC DW, FN, N O°C to 70°C ±O.5 LSB 

ADC08208CI DW, FN, N -40°C to 85°C ± 0.5 LSB 

ADC0820CC DW, FN, N O°C to 70°C ± 1 LSB 

ADC0820CCI DW, FN, N -40°C to 85°C ± 1 LSB 

tin many instances, these ICs may have both TLC0820 and ADC0820 labeling 
on the package. 

functional block diagram 

F-110 

REF + 

REF-

ANLGIN 

MODE 

WR/RDy 

CS 

RD 

(121 

(11 ) 

E 
----1 -1 

(1 ) 
+1 

(7) 

(6) 

(13) 

(8) 

-I--

'--

-

4-BIT FLASH 
ANALOG-TO- 4 4 

DIGITAL 
CONVERTER 

(4 MSBs) 

4 

4-BIT 
DIGITAL- -

TO-ANALOG 
CONVERTER 

4-BIT FLASH 
ANALOG-TO-

DIGITAL 
4 

CDNVERTER 
(4 LSBs) 
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LATCH 
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~ 

---E!. 
~ 

~ 

~ 

~ 

~ 
~ 
~ 

~ 

DO (LSB) 

D1 

02 

D3 

04 

05 

D6 

07 (MSB) 

DIGITAL 
DUTPUTS 



PIN 

NAME NUMBER 

ANLG IN I 

CS 13 

DO 2 
01 3 

02 4 

03 5 

04 14 

05 15 

06 16 

07 17 

GND 10 

INT 9 

MODE 7 

NC 19 

OFLW 18 

RD 8 

REF- II 

REF+ 12 

Vce 20 

WR/RDY 6 

TLC0820A. TLC0820B. ADC0820B. ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

DESCRIPTION 

Analog input 

This input must be low in order for RD or WA to be recognized by the ADC. 

Three-state data output, bit I {LSBI 

Three-state data output, bit 2 

Three-state data output, bit 3 

Three-state data output, bit 4 

Three-state data output, bit 5 

Three-state data output. bit 6 

Three-state data output, bit 7 

Three-state data output, bit 8 (MSBI 

Ground 

In the WAITE-READ mode, the interrupt output,INT. gOing low indicates that the internal count-down delay time, 

td(int). is complete and the data result is in the output latch. td(int) is typically 800 ns starting after the rising 

edge of the WR input (see operating characteristics and Figure 3), If RD goes low prior to the end of td(intl' 

tNT goes low at the end of tdRIL and the conversion results are available sooner (see Figure 2). INT is reset by the 

rising edge of either RD or CS. 
Mode~selection input. It is internally tied to GND through a 50-J.lA current source, which acts like a pull-down 

resistor. 

READ mode: Occurs when this input is low. 

WRITE-READ mode: Occurs when this input is high. 

No internal connection 

Normally the OFLW output is a logical high. How~ver, if the analog input is higher than the VREF +, OFLW 

will be low at the E;:nd of conversion. It can be used to cascade 2 or more devices to improve resolution (9 

or 10-bits). 

In the WRITE-READ mode with CS low, the 3-state data outputs DO through 07 are activated when RD goes 

low. RD can also be used to increase the conversion speed by reading data prior to the end of the internal 

count-down delay time. As a result, the data transferred to the output latch is latched after the falling edge of RD. 

In the READ mode with CS low, the conversion starts with RD going low. AD also enables the three-state 

data outputs upon completion of the convt:rsion. The ROY output going into the high-impedance state and 

INT going low indicates completion of the conversion. 

This input voltage is placed on the bottom of the resistor ladder. 

This input voltage is placed on the top of the resistor ladder. 

Power supply voltage 

In the WRITE-READ mode with CS low, the conversion is started on the falling edge of the WR input signal. 

The result of the conversion is strobed into the output latch after the internal count-down delay time, td(int), 

provided that the RD input does not go low prior to this time. td(int) is approximately 800 ns. 

In the READ mode, ROY (an open-drain output) will go low after the falling edge of CS, and will go into the 

high-impedance state when the conversion is strobed into the output latch. It is used to simplify the interface 

to a microprocessor system. 
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TLC0820A, TLC0820B, ADC0820B, ADCO.820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANAlOG·TO·DI.GITAl 
CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TlC0820_M 
TLC0820_1 TlC0820_C 

ADC0820_CI ADC0820_C 

Supply voltage, Vee Isee Note 11 10 1.0 10 

-0.2 to -0.2 to -0.2 to 
Input voltage range, all inputs (see Note 1) 

Vee+ 0.2 Vee+ 0 .2 Vee+ 0 .2 

-0.2 to -0.2 to -0.2 to 
Output voltage range, all outputs (see Note 1) 

Vee+ 0 .2 Vee+ 0 .2 Vee+ 0 .2 

Operating free-air temperature range - 55 to 125 -40 to 85 o to 70 

Storage temperature range -65 to 150 -65 to 150 -.65 to 150 

Case temperature for 60 seconds: FK package 260 

Case temperature for 10 seconds: FN package 260 260 

Lead temperature 1,6 mm 11/16 inchl from case 

for 60 seconds: J package 
300 

Lead temperature 1,6 mm (1/16 inch) from case 

for 10 seconds: DW or N package 
260 260 260 

NOTE 1: All voltages are with respect to network ground terminal, pin 10. 

recommended operating conditions 

TlC0820_M 
TlC0820_1 TLC0820_C 

Supply voltage, Vee 

Analog input voltage 

Positive reference voltage, VREF + 

Negative reference voltage, VREF-

High-level inpu Vee = 4.75 V CS, WR/RDY, RD 

voltage, VIH to 5.25 V MODE 

low-level input Vee = 4.75 V es, WR/RDY, RD 

voltage, VIL to 5.25 V MODE 

Delay to next conversion, td(NC) 

Isee Figures 1, 2, 3, and 41 

Delay time from WR to RD in write·read mode, 

tdWR Isee Figure 21 

Write"pulse duration in write"read mode, tww 

Isee Figures 2, 3, and 41 

Operating free"air temperature. T A 

F-112 

ADC0820_CI 

MIN NOM MAX MIN 

4.5 5 8 4.5 

-0.1 Vee+ O.1 -0.1 

VREF- Vee VREF-
GND VREF+ GND 

2 2 

3.5 3.5 

0.8 

1.5 

500 500 

0.4 0.4 

0.5 50 0.5 

-55 125 -40 

TEXAS • 
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NOM MAX 

5 8 

Vee+ O.1 

Vee 

VREF+ 

0.8 

1.5 

50 

85 
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ADC0820_C 

MIN NOM MAX 

4.5 5 8 

-0.1 Vec+ O.1 

VREF- Vee 
GND VREF+ 

2 

3.5 

0.8 

1.5 

500 

0.4 

0.5 50 

0 70 

UNIT 

V 

V 

V 

°e 

°e 

°e 

°e 

°e 

°e 

UNIT 

V 

V 

V 

V 

V 

V 

ns 

~s 

~s 

°e 



TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

electrical characteristics at specified operating free-air temperature, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITONS 

Vee ~ 4.75 Y, 
Full range 

VOH High-level output voltage Any D, INT, or OFLW 
10H ~ - 360 ~A 

Vee ~ 4.75 V, Full range 

10H ~ -10 ~A 25°e 

Any D, OFLW, INT, Vee ~ 5.25 V, Full range 
VOL Low-level output voltage 

or WRIRDY 10L ~ 1.6 rnA 25°e 

es or RD Full range 

WRIRDY 
Full range 

IIH High-level input current VIH ~ 5 V 25°e 

MODE 
Full range 

25°e 

IlL Low-level input current 
es, WRIRDY, RD, 

VIL ~ 0 Full range 
or MODE 

Full range 

Off-stilte (high-impedance 
Vo ~ 5 V 

25°e 
10Z 

state) output current 
Any D or WRIRDY 

Full range 
Vo ~ 0 

25°e 

es at 5 V, Full range 

VI ~ 5 V 25°e 
II Analog input current 

es at 5 V, Full range 

VI ~ 0 25°e 

Any D, OFLW, INT, Full range 

or WRIRDY 
Vo ~ 5 V 

25°e 

Any D or OFLW 
Full range 

lOS Short-circuit output current 
25°e 

Vo ~ 0 
Full range 

INT 
25°e 

Rre! Reference resistance 
Full range 

25°e 

es, WR!RDY, Full range 
ICC Supply current 

and RD at 0 V 25°e 

I Any digital 
ei Input capacitance I ANLG IN 

Full range 

Co Output capacitance I Any digital Full range 

t All typical values are at TA = 25°e. 
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MIN Typt MAX UNIT 

2.4 

V 
4.5 

4.6 

0.4 
V 

0.34 

0.005 1 

3 

0.1 0.3 ~A 

200 

50 170 

-0.005 - , ~A 

3 

0.1 0.3 

-3 
~A 

-0.1 -0.3 

3 

0.3 

-3 
~A 

-0.3 

7 

8.4 14 

-6 
rnA 

-7.2 -12 

-4.5 

-5.3 -9 
1.25 6 

1.4 2.3 5.3 
k!! 

15 
rnA 

7.5 13 

5 

45 
pF 

5 pF 
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TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

operating characteristics. Vee - 5 V. VREF+ - 5 V. VREF­
(unless otherwise noted) 

O. tr - tf = 20 ns. T A - 25°e 

TlC0820B TlC0820A 

PARAMETER TEST CONDITIONS ADC0820B ADC0820C UNIT 

MIN TYP MAX MIN TYP MAX 

kSVS 
Supply voltage 

sensitivity 
VCC = 5 V ± 5%, TA = MIN to MAX ± 1/16 ±1/4 ±1/16 ±1/4 lSB 

Total unadjusted error t MODE pin at 0 V, TA = MIN to MAX 1/2 1 lSB 

Read mode 
tconvR 

conversion time 
MODE pin at 0 V, See Figure 1 1.6 2.5 1.6 2.5 ps 

Internal count- MODE pin at 5 V, Cl = 50 pF, 
tdlint) 800 1300 800 1300 ns 

down delay time See Figures 3 and 4 

taR Access time from AD! MODE pin at 0 V, See Figure 1 tconvR tconvR tconvR tconvR ns 
+20 +50 +20 +50 

MODE pin at 5 V, Cl = 15 pF 190 280 190 280 

taRl Access time from RD! tdWR < tdlint)' 
Cl = 100 pF 

See Figure 2 
210 320 210 320 

ns 

MODE pin at 5 V, Cl = 15 pF 70 120 70 120 

taR2 Access time from RD! tdWR > tdlint) 
Cl = 100 pF 

See Figure 3 
90 150 90 

ns 
150 

taiNT Access time from iiiiT! MODE pin at 5 V, See Figure 4 20 50 20 50 ns 

tdis Disable time from RO! 
Rl = 1 k[l, Cl = 10 pF, 

See Figures 1, 2, 3, and 5 
70 95 70 95 ns 

tdRDY 
Delay time from MODE pin at 0 V, Ci. = 50 pF, 

50 100 50 100 
CS! to ROY! See Figure I 

ns 

tdRIH 
Delay time from Cl = 50 pF, 

125 225 125 225 ns 
ROT to ilii'i'1 See Figures 1, 2, and 3 

tdRll 
Delay time from MODE pin at 5 V, tdWR < tdlint), 

200 290 200 290 ns 
RD! to INTI See Figure 2 

tdWIH 
Delay time from MODE pin at 5 V, Cl = 50 pF, 

175 270 175 270 
iNAT toilii'i'T See Figur. 4 

ns 

Slew rate tracking 0.1 0.1 Vips 

t Total unadjusted error includes offset. full-scale, and linearity errors. 
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TLC0820A. TLC0820B. ADC0820B, ADC0820C 
Advanced LinCMOS'" HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

PARAMETER MEASUREMENT INFORMATION 

CS ~'-______ ..JI " \ 

~----
J 

WR/ROY I WITH hTERNAL PULL-UP 
I 

~ ~ t:1dRIH 

I "- II f ----iN'f I "l\ _ 
-I'---~I 

I4--lconvR~ 

00-07 ------t==I~R=$ ~ t=t~i~-----
FIGURE 1. READ MODE WAVEFORMS (MODE PIN LOW) 

cs ~ / _______ \~ __ c.. 
'wWH 

WR/ROY ~...----------or\....-_-

I j.--tdINC)-.j 

I l'---lf 
tdlint) 14 l.t ---.j ie-1dRIH 

00-07 --------~< I ):----
taRl~ I-- I I 

....I ..... tdi. 

["-11 jr~ 
00"' --------':~t+:--r~~ 

FIGURE 2_ WRITE-READ MODE WAVEFORMS 
[MODE PIN HIGH AND tdWR < tdlint)l 

FIGURE 3. WRITE-READ WAVEFORMS 
[MODE PIN HIGH AND tdWR > tdlint)l 

CSLOW------------------

WR/ROY 

INT 

--~ 

00-07 _____ J--~ }-
~::.....I 

FIGURE 4. WRITE· READ MODE WAVEFORMS 
(STAND·ALONE OPERATION. MODE PIN HIGH. AND RD LOW) 
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TLC0820A. TLC0820B. ADC0820B. ADC0820C 
Advanced LinCMOS'" HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

F-116 

TLC0820 

OR 

ADC0820 

INPUT 

TLC0820 

OR 

ADC0820 

INPUT RD 

PARAMETER MEASUREMENT INFORMATION 

VCC 

GND 

VCC 

GND 

Dnl--"'-+-- DATA 
OUTPUT 

1 kll 

DATA 
Dnl--"'-+-- OUTPUT 

CL - 10 pF 

-.,t'j+­
VCC~---1 90% 

RD I 50% 
110% 

GND I 
-+I tdist+-

VOH 1 
DATA ~O% 

OUTPUTS """"--
GND . 

t, - 20 ns 

CL - 10 pF 

~t'l4-

VCC~-..l..J. _ 1 90% 
RD 1 50% 

GND 110% 
I 

~tdi.14-

VCC I 

DATA ~I 
OUTPUTS 10% 

VOL 

t,-20ns 

On - DO ... 07 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

PRINCIPLES OF OPERATION 

The TLC0820A, TLC0820B, ADC0820B and ADC0820C each employ a combination of "sampled-data" 
comparator techniques and "flash" techniques common to many high-speed converters. Two 4-bit "flash" 
analog-to-digital conversions are used to give a full 8-bit output. 

The recommended analog input voltage range for conversion is - 0.1 V to VCC + O. 1 V. Analog input signals 
that are less than VREF _ + Y, LSB or greater than VREF + - y, LSB convert to 00000000 or 11111111 
respectively. The reference inputs are fully differential with common-mode limits defined by the supply rails. 
The reference input values define the full-scale range of the analog input. This allows the gain of the ADC to 
be varied for ratio metric conversion by changing the VREF + and VREF _ voltages. 

The device operates in two modes, read (only) and write-read, which are selected by the MODE pin (pin 7). 
The converter is set to the read (only) mode when pin 7 is low. In the read mode, the WR/RDY pin is used 
as an output and is referred to as the "ready" pin. In this mode, a low on the "ready" pin while CS is low 
indicates that the device is busy. Conversion starts on the falling edge of RD and is completed no more than 
2.5 /Ls later when INT falls and the "ready" pin returns to a high-impedance state. Data outputs 
also change from high-impedance to active states at this time. After the data is read, RD is taken high, INT 
returns high, and the data outputs return to their high-impedance states. 

The converter is set to the write-read mode when pin 7 is high and WR/RDY is referred to as the "write" pin. 
Taking CS and the "write" pin low selects the converter and initiates measurement of the input signal. 
Approximately 600 ns after the "write" pin returns high, the conversion is completed. Conversion starts on 
the rising edge of WR/RDY in the write-read mode. 

The high-order 4-bit "flash" ADC measures the input by means of 16 comparators operating simultaneously. 
A high precision 4-bit DAC then generates a discrete analog voltage from the result of that conversion. After 
a time delay, a second bank of comparators does a low-order conversion on the analog difference between 
the input level and the high-order DAC output. The results from each of these conversions enter an 8-bit latch 
and are output to the three-state buffers on the falling edge of RD. 
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TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH'SPEED 8·BIT ANALOG·TO·DIGITAL 
CONVERTERS USING MODIFIED "FlASH" TECHNIQUES 

TYPICAL APPLICATION DATA 

'"\.cs (13) cs 
WR 

Vee 
(6) 

WR/ROY ANLG 

rt> 
IN 

~ AD 

DO (2) 
DO MODE 

01 (3) 
01 REF+ 

,.p 02 (4) 
02 

BUS 03 (5) 
03 

04 (14) 
04 

05 (15) 
05 REF-

06 (16) 
06 

. 07 (17) 
07 

08 

OFL (18) 
OFLW GNO 

~ 
I~~ 

(13) 
es Vee 

(6) 
WR/ROY ANLG 

IN 

~ AD -
(2) 

DO MODE 
(3) 

01 REF+ 
(4) 

02 
(5) 

03 
(14) 

04 
(15) 

05 REF-
(16) 

06 
(17) 

07 
(18) 

OFLW GNO 

(20) 
r--5V 
(1) 

(7) 
-5V 
(12) 

fO 

(11) 

'fO 

(10) 

~ ~ 

(20) 
1--5 V 
(1) 

(7) 
r-5V 
(12) 

I'" (11) 

4:": (10) 

FIGURE 6. CONFIGURATION FOR 9·BIT RESOLUTION 

F·118 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012· DALlAS, TEXAS 75265 

ANLGIN 

5V 

.1 j.lF 

F 



TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 
02982, FEBRUARY 1987 - REVISED JANUARY 1989 

• Advanced LinCMOS'· Technology 

• Self-Calibration Eliminates Expensive 
Trimming at Factory and Offset Adjustment 
in the Field 

• 12-Blt Plus Sign Bipolar or 12-Blt Unipolar 

• ± 1/2 and ± 1 LSB Linearity Error in Unipolar 
Configuration 

• 10 f,lS Conversion Time (clock = 2.6 MHz) 

• Compatible with All Microprocessors 

• True Differential Analog Voltage Inputs 

• 0 to 5 V Analog Voltage Range with Single 
5-V Supply (Unipolar Configuration) 

• - 5 V to 5 V Analog Voltage Range with 
±5-V Supplies (Bipolar Configuration) 

• Low Power ... 25 mW Maximum 

description 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

ANlG Vcc- OGTl Vcc 
IN- 012 
IN+ 011 

ANlG GNO 010 
REF 09 

ANlG Vcc+ 08 
TIE HIGH 07 

ClK IN 06 
WR 05/015 
CS 04/014 
RO 03/013 

OGTl GNO 02/012 
REAOY OUT 01/011 

INT 00/010 

1/0 
BUS 

The TLC1225A and TLC1225B converters are manufactured with Texas Instruments highly efficient Advanced 
LinCMOS'· technology, Either of the TLC1225A or TLC1225B CMOS analog-to-digital converters can be 
operated as a unipolar or bipolar converter, A unipolar input(O to 5 V) can be accommodated with a single 5-V 
supply; a bipolar input (-5 V to 5 V) requires the addition of a 5-V negative supply, Conversion is performed 
via the successive-approximation method, The TLC1225A and TLC1225B output the converted data in a 
parallel word and interfaces directly to a 16-bit data bus. Negative numbers are given in the two's complement 
data format. All digital signals are fully TTL and CMOS compatible. 

These converters utilize a self-calibration technique by which seven of the internal capacitors in the capacitive 
ladder of the ND conversion circuitry can be automatically calibrated, The internal capacitors are calibrated 
during a nonconversion, capacitor-calibrate cycle in which all seven of the internal capacitors are calibrated at 
the same time, A conversion requires only 10 f,ls (2.6 MHz clock) after the nonconversion, capacitor­
calibrating cycle has been completed, The calibration or conversion cycle may be initiated at any time by 
issuing the proper command word to the data bus, The self-calibrating technique eliminates the need for 
expensive trimming of thin-film resistors at the factory and provide excellent performance at low cost. 

The TLC1225AM and TLC1225BM are characterized for operation over the full military temperature range of 
-55°C to 125°C, The TLC1225AI and TLC1225BI are characterized for operation from -40°C to 85°C. 

Advanced LinCMOS'· is a Irademark of Texas Instruments Incorporated 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO"DlGITAL CONVERTERS 

functional block diagram 

8-81T 

r ----MiCRopRoCEssoR - - --: 

ANLG Vcc-

F-120 

IN+ 

IN­

REF 

R 

;--

r 
L 

~ 

I/O BUS 

TIE HIGH 

INT 

CS 

WR 

RD 

EADY OUT 

I 8 I 8 8-BIT SWITCH 
CALIBRA nON 

DAC I CONTROL 
13-BIT 

CAPACITOR DAC l' I -+- 8-BIT SAR 
AND'S/H 

~ 
REGISTER 1 

REGISTER 2 

.J- 8 13-BIT ALU 

CAPACITOR DAC 
AND S/H 

8-BIT 'H 8-WORD 
13 CALl8RA nON RAM 

I 
13 

DAC ADDRESS ADDRESS 
13 COUNTER COUNTER 

5 V - 10 V TRANSLATOR 1 2 

13-BIT SWITCH CONTROL CLOCKS 

13 BIT SAR 6 
INPUT DATA LATCHES 

13-BIT CALIBRATION 

t CONTROL LOGIC 

I 13 r--
13-81T DATA LATCH 

I 
6 

MUX CONTROL 

13 13 ROM 

---- PROGRAM 
COUNTER 

L- ____ 1_1_ - --

TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

I 
I 
I 
I 
I 
I 

8-81T I 
DATA I 
PATH 

___ .J 



TLC1225A, TlC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 

operation description 
calibration of comparator offset 

The following actions are performed to calibrate the comparator offset: 

1. The IN+ and IN- inputs are internally shorted together in order that the comparator input is zero. A 
course comparator offset calibration is performed by storing the offset voltages of the interconnecting 
comparator stages on the coupling capacitors that connect these stages. Refer to Figure 1. The storage 
of offset voltages is accomplished by closing all switches and then opening switches A and A', then 
switches Band B', and then C and C'. This process continues until all interconnecting stages of the 
comparator are calibrated. After this action, some of the comparator offset still remains uncalibrated. 

FIGURE 1 

2. An ND conversion is done on the remaining offset with the a-bit calibralion DACs and a-bit SAR and the 
result is stored in the RAM. 

capacitor calibration of the ADe's capacitive ladder 

The following actions are performed to calibrate capacitors in the 13-bit DACs that comprise the ADC's 
capacitive ladder: 

1. The IN + and IN - inputs are internally disconnected from the 13-bit capacitive DACs. 
2. The most significant bit (MSB) capacitor is tied to REF, while the rest of the ladder capacitors are tied to 

GND. The ND conversion result for the remaining comparator offset, obtained in Step 2 above, is 
retrieved from the RAM and is input to the a-bit DACs. 

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The a-bit DAC input is returned to 
zero and the remaining comparator offset is then subtracted. Thus, the comparator offset is completely 
corrected. 

4. Now the MSB capacitor is tied to GND, while the rest of the ladder capacitors, Cx, are tied to REF. An 
MSB capacitor voltage error (see Figure 2) on the comparator output will occur if the MSB capacitor 
does not equal the sum of the other capacitors in the capacitive ladder. This error voltage is converted to 
an a-bit word from which a capacitor error is computed and stored in the RAM. 

5. The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB 
capacitor grounded and then performing the above Steps 1-4 while using the next most significant 
capacitor in lieu of the MSB capacitor. The seven most significant capacitors can be calibrated in this 
manner. 
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TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG· TO·DlGITAL CONVERTERS 

V ref (Step 3) 
GND (Step 4) 

~ 
...LCMSB + ...L Cx 

,cx ,CMSB-

'---v--" 
GND (Step 3) 
Vref (Step 4) 

analog-to-dlgltal conversion 

FIGURE 2 

} 
MSB CAPACITOR 
VOLTAGE ERROR 

(Step 4) 

The following steps are performed in the analog-to-digital conversion process: 

1. Step 1 of the Calibration of Comparator Offset Sequence is performed. The ND conversion result for the 
remaining comparator offset, which was obtained in Step 2 of the Calibration of Comparator Offset, is 
retrieved from the RAM and is input to the S-bit DACs. Thus the· comparator offset is completely 
corrected. 

2. IN+ and IN- are sampled onto the 13-bit capacitive ladders. 
3. The 13-bit analog-to-digital Conversion is performed. As the successive-approximation conversion 

proceeds successively through the seven most significant capacitors, the error· for each of these 
capacitors is recovered from the RAM and accumulated in a register. This register controls the S-bit 
DACs so the total accumulated error for these capaCitors is subtracted out during the conversion 
process. 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 
Supply voltage (ANLG VCC+ and DGTL VCC) (see Note 1) . . . . . . . . . . . . . . . . . . . . . .. . . . .. 15 V 
Supply voltage, ANLG VCC- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -15 V 
Control and Clock input voltage range .................................. -0.3 V to + 15 V 
Analog input (IN+, IN-) voltage range, 

VI+ and VI- ............................. ANLG VCC- -0.3 V to ANLG VCC+ +0.3 V 
Reference voltage range, Vref .............................. -0.3 V to ANLG VCC+ +0.3 V 
Pin 7 voltage range, VOS ................................. -0.3 V to ANLG VCC+ +0.3 V 
Output voltage range ..................................... -0.3 V to DGTL VCC +0.3 V 
Input current (per pin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ±5 mA 
Input current (per package) ................................................ ±20 mA 
Operating free-air temperature range: 

TLC1225AM, TL1225BM ........................................ -55°C to 125°C 
TLC1225AI, TLC1225BI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40°C to S5°C 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package . . . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package ............ 260°C 

NOTE 1: All analog voltages are referred to ANLG GND and all digital voltages are referred to DGTL GND. 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 

recommended operating conditions 

MIN MAX UNIT 

I ANLGvcc+ 4.5 6 

Supply voltage IANLG VCC- -5.5 ANLG GND V 

I DGTLVCC 4.5 6 

High-level input voltage, VIH, all digital inputs except CLK IN 
(VCC = 4.75 V to 5.25 V) 

2 V 

Low-level input voltage, VIL, all digital inputs except CLK IN 
(VCC = 4.75 V to 5.25 V) 

0.8 V 

Analog input voltage, VI+, VI_ 
I Bipolar range ANLG VCC- - 0.05 ANLG VCC+ + 0.05 

V 
I Unipolar range ANLG GND - 0.05 ANLG VCC+ + 0.05 

Pin 7 (TIE HIGH) 2 V 

Clock input frequency, fClock 0.3 2.6 MHz 

Clock duty cycle 40% 60% 

Pulse duration, CS and WR both low, tw (CSWR) 50 ns 

Setup time before WRt or CSt, tsu 50 ns 

Hold time after WRt or CSt, th 50 ns 

LTLCI225AM, TLC1225BM -55 125 
·C Operating free-air temperature, T A 

I TLCI225A1, TLC1225BI -40 85 

electrical characteristics over recommended operating free-air temperature range, 
ANLG Vee + = DGTL Vee = Vref = 5 V, ANLG Vee - = - 5 V (for bipolar input range), 
ANLG Vee - = ANLG GND (for unipolar input range) (unless otherwise noted) (see Note 2) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level output voltage DGTL VCC = 4.75 V 
110 = -1.8mA 2.4 

IIO=-SO",A 
V 

4.5 

VOL Low-level output voltage DGTL VCC - 4.75 V, 10 - 8 mA 0.4 V 

VT+ Clock positive-going threshold voltage 2.7 3.5 V 

VT- Clock negative-going threshold voltage 1.4 2_1 V 

Vhys Clock input hysteresis 
VT+ min - VT- max 0.6 

V 
VT + max - VT _ min 2.1 

rref Input resistance, REF terminal 1 10 Mil 

IIH High-level input current VI- SV 1 J.lA 
IlL Low-level input current VI = 0 -1 J.lA 

10Z 
High-impedance-state Va = 0 -3 

output leakage current Va - SV 3 
",A 

Output current 
Va = 0 -6 

10 
Va = SV 

mA 
8 

DGTLICC Supply current from DGTL VCC felk = 2.6 MHz, CS high 3 rnA 

ANLG ICC+ Supply current from ANLG VCC+ fclk = 2.6 MHz, CS high 3 rnA 

ANLG ICC- Supply current from ANLG VCC- fclk = 2.6 MHz, CS high -3 rnA 

NOTE 2: Bipolar input range is defined as: VI+ = -5.05 Vto 5.05 V, VI_ = -5.05 Vto 5.05 V, and, VI+ - VI_ , " 5.05 V. The unipolar input 
voltage range is defined as: VI+ = -0.05 V to 5.05 V, VI_ = -0.05 V to 5.05 V, and' VI+ - VI_' " 5.05 V. 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-DlGlTAL CONVERTERS 

operating characteristics over recommended operating free-air temperature range; 
ANLG Vee+= DGTL Vee = Vref = 5 V, ANLG Vee- = -5 V (for bipolar input range), 
ANLG Vee - = ANLG GND (for unipolar input range), fclock = 2.6 MHz (unless otherwise 
noted) (see Note 2) 

PARAMETER TEST CONDITIONS MIN, MAX 

TLC1225A ±1 
Unipolar input range 

TLC1225B :to.S 
EL Linearity error 

TLC1225A 
Bipolar input range 

±2 

TLC1225B ±1,5 

Zero error ±0,5 

Adjusted positive and negative 
Unipolar input range ±1 

full-scale error (see Note 3) 

Adjusted positive and negative 

full-scale error (see Note 4) 
Bipolar input range ±1 

Temperature coefficient of gain 15 

Temperature coefficient of offset point 1,5 

Zero error ±0,75 

kSVS 
Supply voltage Positive and negative ANLG VCC+ = 5 V ± 5%, 

±0,75 
sensitivity full-scale error ANLG VCC- = -5 V ± 5%, 

Linearity error 
DGTL VCC = 5 V ± 5% 

±0,25 

tc Conversion time (1 ifclk) 27 

ta 
Access time (delay from falling edge of 

CL = 100 pF 110 
CS'AD to data output) 

Disable time, output (delay from rising AL = 10 kfl, CL = 10 pF 60 
tdis 

edge of AD to high-impedance state AL - 2 kfl, CL-l00pF 60 

td(AEADY) AD or WA to AEADY OUT delay 140 

1cJ(INT) AD or WA to reset of INT delay 400 

UNIT 

LSB 

LSB 

LSB 

LSB 

ppm;oC 

ppm;oC 

LSB 

clock 

cycles 

ns 

ns 

ns 

ns 

NOTES: 2, Bipolar input range is defined as: VI+ = -5,05 V to 5,05 V, VI_ = -5,05 V to 5,05 V, and IVI+ -VI-I" 5,05 V, The unipolar input 
voltage range is defined as: VI+ = -0,05 V to 5,05 V, VI_ = -0,05 V to 5,05 V, and IVI+ -VI-I" 5,05 V, 

3, See the Positive and Negative Full-Scale Adjustment section, Unipolar Inputs, 
4, See the Positive and Negative Full-Scale Adjustment section, Bipolar Inputs, 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DiGITAL CONVERTERS 

!4---+t"INPUT SAMPLING 

I f4---*- CONVERSION 

~VVI 
o 3 10 24 

WR~ 
I I 
I I 
I I 

RD I 
I 
I 
I 

IdIREADYI~ 
I 

~ldIREADYI 
I I 
I I 

'l---{ 

\~_J.....J 

I 
I 
I 
I 
I 
~ldIREAOYI 

I I 
I I 

READY 
I : 
~Ih I J+---.a-1dis 

Isu~ ~ I 1 • ........,,..... __ :' 

1/0 BUS ----cG::)~---<G=>>----------<{ OUT }>-------
COMMAND TO CALIBRATE 

7 CAPACITORS. OFFSET 

IREQUIRES 105 CLOCK CYCLESI 

COMMAND TO 

INITIATE CONVERSION 

FIGURE 3. TIMING DIAGRAM 

TEXAS .." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

F-125 



TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-CONVERTERS 

PARAMETER MEASUREMENT INFORMATION 
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FIGURE 4. LOAD CIRCUITS AND WAVEFORMS 

PRINCIPLES OF OPERATION 
power-up calibration sequence 

Power-Up calibration is not automatic and calibration is initiated by writing control words to the six least 
significant bits of the data bus. If addressed or initiated,· conversion can begin after the first clock cycle. 
However, full NO conversion accuracy is not established until after internal capacitor calibration. 

conversion start sequence 

The writing of the conversion command word to the six least significant bits of the data bus, when either CS or 
WR goes high, initiates the conversion sequence. 

analog sampling sequence 

Sampling of the input signal occurs during clock cycles 3 thru 10 of the conversion sequence. 

completed AID conversion 

When INT goes low, conversion is complete and the NO result can be read. A new conversion can begin 
immediately. The NO conversion is complete at the end of clock cycle 27 of the conversion sequence. 

aborting a conversion in process and beginning a new conversion 

If a conversion is initiated while a conversion sequence is in process, the ongoing conversion will be aborted 
and a new conversion sequence will begin. 

reading the conversion result 

F-126 

When both CS and RO go low, all 13 bits of conversion data are output to the I/O bus. The format of the output 
is extended sign with 2's complement, right justified data. For both unipolar and bipolar cases, the sign bit 
012 is low if VI + - VI_ is positive and high if VI + - VI- is negative. 
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general 

reset INT 

TLC1225A, TLC12258 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 

When reading the conversion data, the falling edge of the first low-going combination of CS and RD will reset 
INT. The falling edge of the low-going combination of CS and WR will also reset INT. 

ready out 

For high-speed microprocessors, READY OUT allows the TLC1225 to insert a wait state in the 
microprocessor's read or write cycle. 

reference voltage (Vref) 

This voltage defines the range for 1 V,+ - VI_ I. When 1 V,+ - VI_ 1 equals Vref, the highest conversion data 
value results. When 1 V,+ - VI_ 1 equals 0, the conversion data value is zero. Thus, for a given input, the 
conversion data changes ratiometrically with changes in Vref. 

TIE HIGH 

This pin is a digital input and should be tied high. 

calibration and conversion considerations 

Calibration of the internal capacitor and NO conversion are two separate actions. Each action is 
independently initiated. A calibration command that calibrates all seven internal capacitors is normally issued 
before conversion. A conversion command then initiates the NO conversion. Subsequent conversions can be 
performed by issuing additional conversion commands. The calibration and conversion commands are totally 
independent from one another and can be initiated in any order. Calibration and conversion commands 
require 105 and 27 clock cycles, respectively. 

The calibrate and conversion commands are initiated by writing control words on the six least significant bits 
of the data bus. These control words are written into the IC when either CS or WR goes high. The initiation of 
these commands is illustrated in the Timing Diagram. The bit patterns for the commands are shown in 
Table 1. 

TABLE 1. CONVERSION COMMANDS 

COMMAND Cs + WR 
1/0 BUS REQUIRED NUMBER 

015 014 013 012 011 010 OF CLOCK CYCLES 

Conversion t H L X X X L 27 

Calibratet t L X L L L L t05 

tCalibration is lost when clock is stopped. 

analog Inputs 

differential Inputs provide common-mode rejection 

The differential inputs reduce common-mode noise. Common-mode noise is noise common to both IN+ and 
IN- inputs, such as 60-Hz noise. There is no time interval between the sampling of the IN+ and IN- so these 
inputs are truly differential. Thus, no conversion errors result from a time interval between the sampling of the 
IN+ and IN- inputs. 

Input bypass capacitors 

Input bypass capacitors may be used for noise filtering. However, the charge on these bypass capacitors will 
be depleted during the input sampling sequence when the internal sampling capacitors are charged. Note 
that the charging of the bypass capacitors through the differential source resistances must keep pace with the 
charge depletion of the bypass capacitors during the input sampling sequence. Higher source resistances 
reduce the amount of charging current for the bypass capacitors. Also, note that fast, successive conversion 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG~ TO-DIGITAL CONVERTERS 

will have the greatest charge depletion effect on the bypass capacitors. Therefore, the above phenomenon 
becomes more significant as source resistances and the converssion rate (Le., higher clock frequency and 
conversion initiation rate) increase. 

In addition, if the above phenomenon prevents the bypass capacitors from fully charging between 
conversions, voltage drops across the source resistances will result due to the ongoing bypass capacitor 
charging currents. The voltage drops will cause a conversion error. Also, the voltage drops increase with 
higher I VI+ - VI_ I values, higher source resistances, and lower charge on the bypass capacitors (i.e., faster 
conversion rate). 

For low-source-resistance applications (Rsource < 100 (1), a 0.001-J.lF bypass capacitor at the inputs will 
prevent pickup due to the series lead inductance of a long wire. A 100-n resistor can be placed between the 
capacitor and the output of an operational amplifier to isolate the capacitor from the operational amplifier. 

input leads 

The input leads should be kept as short as possible, since the coupling of noise and digital clock signals to the 
inputs can cause errors. 

power supply considerations 

Noise spikes on the VCC lines can cause conversion error. Low-inductance tantalum capacitors (> 1 J.lF) with 
short leads should be used to bypass ANLG VCC and DGTL Vcc. A separate regulator for the TLC1225A or 
TLC1225B and other analog circuitry will greatly reduce digital noise on the supply line. 

positive and negative full-scale adjustment 

unipolar inputs 

F-128 

Apply a differential input voltage that is 0.5 LSB below the desired analog full-scale voltage (VFS) and adjust 
the magnitude of the REF input so that the output code is just changing from a 1111 1111 1110 to 
a 1111 1111 1111. If this transition is desired for a different input voltage, the reference voltage can be 
adjusted accordingly. 

bipolar inputs 

First, follow the procedure for the unipolar case. 

Second, apply a differential input voltage so that the digital output code is just changing from 
1 0000 0000 0001 to 1 0000 0000 0000. Call this actual differential voltage Vx. The ideal differential voltage 
for this transition is: 

VFS 
-VFS +--

8192 

The difference between the actual and ideal differenti~al VOltageSvi:~) 

Delta = Vx - - VFS + ._-
8192 

Then apply a differential input voltage of: 

Vx -
Delta 

2 

(1) 

(2) 

(3) 

and adjust Vref so the digital output code is just changing from 1 0000 0000 0001 to 1 0000 0000 0000. This 
procedure produces positive and negative full-scale transitions with symmetrical minimum error. 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 

TYPICAL APPLICATIONS 

(4095) 0 1111 1111 1111 
(4094) 0 1111 1111 1110 ~OSITIVE 

FULL-SCALE 
TRANSITION 

j::~// 

.......... 
..... ..... 

..... .......... 

1 1111 1111 1111 1-1) 
1111111111110 (-2) 

~ 1000000000001 (-40951 ~GATIVE FULL-SCALE TRANSITION 1 000000000000 1-4096) 

ANALOG INPUT VOLTAGE [VIN(+) - VIN(_)1 

FIGURE 5. TRANSFER CHARACTERISTIC 

IN(+) TIE HIGH 

OGTL VCC 

INI-) 

.:. 
ANLG VCC SEE NOTE A ~ 

0.1 ~F + 10~F 

~ ~ ~ -
Vref 

V- I'i ';); 0.1 ~F 

ANLG GNO 

SIGNAL GNO 

r-----~~DGTLGNO 

'::' POWER GND "_ ______ .... 

NOTES: A. The analog input must have some current return path to ANALOG GND. 
B. Bypass capacitor leads must be as short as possible. 

FIGURE 6. ANALOG CONSIDERATIONS 
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TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DlGlTAL CONVERTERS 

TYPICAL APPLICATIONS (Continued) 

IN914 

~-'VV\_""'''''''~IN(+) ~NLG Vcc+ 

4 kll 

IN(-I 

TLC1225A 

TLC12258 

FIGURE 7. INPUT PROTECTION 

5V 

5V 

+ 
110~F 

VXDR 
I-S":E':':E~N-OT-E-8--+-~ IN( +) ANLG Vcc + 1--___.--.. 

500!l 0.1 ~F +10 ~F 
ZERO IN( -) SEE NOTE A ~ ¥ 

ADJ 

500 II 

DGTL Vcc h_--_---4I 
+ 

TLC1225A 0.1 ~F 10 ~F 

TLC1225B ~ ¥ 
TIE HIGH 

3.9 kll 

1 kll 
~--..: FS 

ADJ 

8.2 kll 

NOTES: A. VI_ = 0.15 x ANLG Vee+. 
B 15% of ANALOG Vee'" VXDR '" 85% of ANALOG Vee. 

FIGURE 8. OPERATING WITH RATIOMETRIC TRANSDUCERS 
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• Advanced LinCMOS'" Silicon-Gate 
Technology 

• Easily Interfaced to Microprocessors 

• On-Chip Data Latches 

• Monotonic over the Entire AID Conversion 
Range 

• Segmented High-Order Bits Ensure Low· 
Glitch Output 

• DeSigned to be Interchangeable with Analog 
Devices AD7524, PMI PM-7524, and Micro 
Power Systems MP7524 

• Fast Control Signaling for Digital Signal 
Processor Applications Including Interface 
with TMS320 

KEY PERFORMANCE SPECIFICATIONS 

Resolution 8 Bits 

Linearity error Y, LSB Max 

Power dissipation 
5 mW Max 

at Vaa = 5 V 
Settling time 100 ns Max 

Propagation delay 80 ns Max 

description 

TLC7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 

DlGITAL·TO·ANALOG CONVERTER 
03008. SEPTEM8ER 1986-REVISEO OCT08ER 1988 

D OR N PACKAGE 

ITOP VIEWI 

OUT1 
OUT2 

GND 
DB7 
DB6 
DB5 
DB4 
DB3 

GND 
DB7 5 

NC 6 

DB6 
8 

FN PACKAGE 

ITOP VIEWI 

N~ 

55ufftt 
00 z a:: a:: 

RFB 
REF 
VDD 
WR 
CS 
DBO 
DB1 
DB2 

3 2 1 20 19 

9 1011 12 13 

18 

17 

16 NC 
15 CS 

14 DBO 

NC - No internal connection 

The TLC7524 is an Advanced LinCMOS'" 8-bit digital-to-analog converter (DAC) designed for easy interface 
to most popular microprocessors. 

The TLC7524 is an 8-bit multiplying DAC with input latches and with a load cycle similar to the "write" 
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in 
the most-significant bits, which produce the highest glitch impulse. The TLC7524 provides accuracy to 
y. LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 milliwatts 
typically. 

Featuring operation from a 5-V to 15-V single supply, the TLC7524 interfaces easily to most microprocessor 
buses or output ports. Excellent multiplying (2 or 4 quadrant) makes the TLC7524 an ideal choice for many 
microprocessor-controlled gain-setting and signal-control applications. 

The TLC75241 is characterized for operation from -25°C to 85°C, and the TLC7524C is characterized 
for operation from OOC to 70°C. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTIO. DATA do •• m •• ts ."lIin information 
•• rnnt u of p •• llollio. doll. Prodlcts •• nfarm Ie 
specificatiDnl pII' the terms of laiD Inltrulllints 

==~~i;.[;~:r. ~:\:~:; :,~-=:~:'~ nDt 

TEXAS ", 
INSTRUMENTS 

POST OFFICE BOX .655012 • DALLAS. TEXAS 75265 

Copyright © 1986, Texas Instruments Incorporated 

F-131 



TLC7524 . 
Advanced LinCMOSTN 8·BIT MULTIPLYING 
DIGIT AL· TO·ANALOG CONVERTER 

functional block diagram 

REF 
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1(14) 
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~:Y 
I 
I 

I 

(13) I DATA LATCHES 

J 
1(4) 

D87 
IMSB) 

J + 
liS) 1(6) 

DB6 DBS 

R 

/, 
'r 

2R 

II S-8 

:~ 
I 
I 

I 

1 
I 

1(11 ) 
DBO 
ILSB) 

'~--------~v~---------­DATA INPUTS 

operating sequence 

2R 
(16) 

R 

(1) 
DUT1 

(2) 
DUT2 

(3) 
GND 

1III~.I-----'SUICS) ~~ ~I 'hICS) 

CS------~\~I ______________ ~:-J/ 
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TLC7524 
Advanced LinCMOSTM 8-BIT MULTIPLYING 

DIGITAL-TO-ANALOG CONVERTER 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD .............................................. -0.3 V to 16.5 V 
Digital input voltage, VI ....................................... - 0.3 V to VDD + 0.3 V 
Reference voltage, Vref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Peak digital input current, II .................................................. 10 p.A 
Operating free-air temperature range: TLC75241 .......................... - 25°C to 85 °C 

TLC7524C ............................ O°C to 70°C 
Storage temperature range ......................................... - 65 DC to 150 DC 
Case temperature for 10 seconds: FN package ................................. " 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260 DC 

recommended operating conditions 

voo - 5 V voo - 15 V 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VDD 4.75 5 5.25 14.5 15 15.5 V 

Reference voltage, Vref ±10 ±10 V 

High-level input voltage, V1H 2.4 13.5 V 

Low-level input voltage, VIL 0.8 1.5 V 

CS setup time, tsu(CS) 40 40 ns 

CS hold time, thlCS) 0 0 ns 

Data bus input setup time. tsu{D) 25 25 ns 

Data bus input hold time, th(D) 10 10 ns 

Pulse duration, WR low I tw(WR) 40 40 ns 

ITLC75241 -25 85 -25 85 
Operating free-air temperature. TAl TLC7524C °C 

0 70 0 70 

electrical characteristics over recommended operating free-air temperature range, Vref - ± 10 V, 
OUT1 and OUT2 at GND (unless otherwise noted) 

PARAMETER 

IIH High-level input current 

IlL Low-level input current 

OUTl 

Ilkg 
Output leakage 

current 
OUT2 

100 Supply current 
Quiescent 

Standby 

kSVS 
Supply voltage sensitivity. 

togain/toVOD 

Ci 
Input capacitance, 

DBO-DB7, WR, CS 

Co Output capacitance 
OUTl 

'OUT2 

Co Output capacitance 
OUTl 

OUT2 

Reference input impedance 

(Pin 15 to GND) 

TEST CONDITIONS 
Voo - 5 V 

MIN 

VI ~ VOO 

VI ~ 0 

OBO-DB7 at 0 V, WR, CS at 0 V, 

Vre! ~ ± 10 V 

OBO·OB7 at VOO' WR, CS at 0 V, 

V;e! = ±10 V 

DBO·OB7 at VIHmin or VILmax 

DBO·DB7 at 0 V or VDO 

toVDD ~ ±10% 

VI = 0 

OBO·OB7 at 0 V, 

WR and CS at 0 V 

DBO·DB7 at VOD, 

WR and CS at 0 V 

5 

TEXAS ~ 
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MAX 

10 

-10 

±400 

±400 

1 

500 

0.16 

5 

30 

120 

120 

30 

20 

Voo - 15V 
UNIT 

MIN TYP MAX 

10 ~A 

-10 ~A 

±200 

nA 

±200 

2 mA 

500 ~A 

0.005 0.04 %FSR/% 

5 pF 

30 

120 
pF 

120 

30 
pF 

5 20 kll 
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TLC7524 
Advanced linCMOSTM 8·BIT MULTIPLYING 
DIGITAL·TO·ANALOG CONVERTER 

operating characteristics 'over recommended operating free· air temperature range, Vref = ± 10 V, 
OUT1 and OUT2 at GND (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
VOO - 5 V voo - 15 V 

UNIT 
MIN TYP MAX MIN Typt MAX 

Linearity error ±0,5 ±0.5 LSB 

Gain error See Note 1 ±2.5 ±2.5 LSB 

Settling time (to Y, LSBI See Note 2 100 100 ns 

Propagation delay from 

digital input to 90% of See Note 2 80 80 ns 

final analog output current 

Feedthrough at DUn or OUT2 
Vref = ± 10 V (100-kHz sinewavel 

0.5 0.5 %FSR 
WR and CS at 0 V, DBO-DB7 at 0 V 

Temperature coefficient of gain TA = 25°C to MAX ±O.OO4 ±O.OO1 %FSRIOC 

NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSRI = Vref - 1 LSB. 
2. OUTl load = 1000. Cext = 13 pF, WR at 0 V, CS at 0 V, DBO-DB7 at 0 V to VDO or VOD to 0 V. 

principles of operation 

F·134 

The TLC7524 is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches, 
and data input latches. Binary weighted currents are switched between the oun and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order 
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally 
weighted current sources. Most applications only require the addition of an external operational amplifier 
and a voltage reference. 

The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire 
reference current. Iref. is switched to OUT2. The current source 1/256 represents the constant current 
flowing through the termination resistor of the R-2R ladder. while the current source Ilkg represents leakage 
currents to the substrate: The capacitances appearing at oun and OUT2 are dependent upon the digital 
input code. With all digital inputs high. the off-state switch capacitance (30 pF maximum) appears at OUT2 
and the on-state switch capacitaAce(120 pF maximum) appears at oun. With all digital inputs low. the 
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to 
Figure 1; however. in this case. Iref would be switched to oun. 
Interfacing the TLC7524 D/A converter to a microprocessor is accomplished via the data bus and the CS 
and WR control signals. When CS and WR are both low. the TLC7524 analog output responds to the data 
activity on the DBO-DB7 data bus inputs. In this mode. the input latches are transparent and input data 
directly affects the analog output. When either the CS signal or WR signal goes high. the data on the 
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high. the data inputs 
are disabled regardless of the state of the WR signal. 

The TLC7524 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2. respectively. 
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TLC7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 

DIGITAL· TO·ANALOG CONVERTER 

principles of operation (continued) 

r-----RFB 

r ____ ...... :t_-41 ... R----- OUTI 

" .. ~t J~" 
Iref-+ 

REF ~ ... 2S-6-~-1"::"~~--II-k9-~._-t----~f.-I-2-0-PF---- OUT2 

FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 

RA - 2kll 
ISee Note 31 

DBO-DB7 

Vref VDD 

~----f 

WR----i 

>---.... -OUTPUT 

GND 

FIGURE 2. UNIPOLAR OPERATION (2·QUADRANT MULTIPLICATION I 

Vref VDD 

20 kll 

DBO-DB7 

RA - 2 kll 
ISee Note 31 

CS ----I 

WR----I 

20 kO 

10 kO 

FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATIONI 

NOTES: 3. RA and RB used only if gain adjustment is required. 

> ..... -OUTPUT 

4. C phase compensation (10·15 pF) is required when using highwspeed amplifiers to prevent ringing or oscillation. 
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TLC7524 
Advanced LinCMOSTM 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

principles of operation (continued) 

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 

DIGITAL INPUT DIGITAL INPUT 

(SEE NOTE 5) ANALOG OUTPUT (SEE NOTE 6) 

MSB LSB MSB LSB 

11111111 - V,ef (255/256) 11111111 

10000001 - V,ef (129/256) 10000001 

10000000 -V,ef (128/256) = -V,ef/2 10000000 

01111111 -V,ef 1127/256) 01111111 

00000001 -V,ef 11/2561 00000001 

00000000 0 00000000 

NOTES: 5. LSB = 1/256 (V,efl. 
6. LSB = 1/128 IV,ef). 

microprocessor interfaces 

00·07 DATA BUS 

Z·80A 

WRI---~ 
}-----------------1wR 

IORO 1--... -1----'1 

AO·A15· ADDRESS BUS 

FIGURE 4. TlC7524-Z-80A INTERFACE 

00-07 DATA BUS 
I-------------------------~ 

6800 

<1>2 I-----r--'" 
~-------~WR 

VMA 1---*--+---; 

AO·A15 ADDRESS BUS 

FIGURE 5. TLC7524~6800 INTERFACE 
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ANALOG OUTPUT 

V,ef (127/128) 

V,ef (1/128) 

0 

-V,ef (1/128) 

-V,ef 11271128) 

-V,ef 



TLC7524 
Advanced LinCMOS'M 8·BIT MULTIPLYING 

DIGITAL·TO·ANALOG CONVERTER 

microprocessor interfaces (continued) 

A8·A 15 ADDRESS BUS 

8051 

r-------------~~ 
DECODE 

LOGIC I--~-., 

.-------1 WR 
ALE 1--+-+---'..----' 
WRI--+-+----------~ 

ADO·AD7 1-__________ A_D~D;...R;...E.:..SS;.../D:..A_T_A_B...:U..:.S ________________ _7 

FIGURE 6. TLC7524-8051 INTERFACE 
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TLC7524 
Advanced LinCMOSTM 8-BIT MULTIPLYING 
DIGIT AL-TO-ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

voltage-mode operation 

It is possible to operate the TLC7524 current multiplying D/A converter in a voltage mode. In the voltage 
mode, a fixed voltage is placed on the current output pin. The analog output voltage is then available at 
the reference voltage pin. Figure 7 is an example of a current multiplying D/A, which is operated in voltage 
mode. 

R R R 
REF (ANALOG OUTPUT VOL TAGE) ... JV\f'r-.... --¥".,... ..... >--\\--'\M~J---, 

2R 2R 2R 

"0" "1" R 

~ L--+-----+---+ .... ---OUT1(FIXED INPUT VOLTAGE) 
L-----__ ----~---~~---OUT2 

FIGURE 7. VOLTAGE MODE OPERATION 

The relationship between the fixed input voltage and the analog output voltage is given by the following 
equation: 

Va = VI (D/256) 

where 
Va = analog output voltage 
VI = fixed input voltage 
D = digital input code converted to decimal 

In voltage-mode operation, the TLC7524 will meet the following specification: 

PARAMETER TEST CONDITIONS 

Linearitv error at REF VDD = 5 V. OUT1 = 2.5 V, OUT2 at GND. TA = oDe to 70 0e 
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Appendix F - TI Sockets 

F.2 TI Sockets 

The sockets produced by Texas Instruments are designed for high-density 
packaging needs. As described in the following pages, the production sockets 
and burn-in/test sockets for PGA, PLCC, and CER-QUAD packages are com­
patible with the TMS320C2x devices. 

For additional information about TI sockets, contact the nearest TI sales office 
or: 

Texas Instruments Incorporated 
Connector Systems Dept, MS 14-3 
Attleboro, MA 02703 
(617) 699-5242/5269 
Telex: 92-7708 
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Appendix F - TI Sockets 

IC SOCKETS 
PLASTIC LEADED CHIP CARRIER 
PERFORMANCE SPECIFICATIONS 

Mechanical 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G 
Shock: 100 G 
Solderability: Per MIL-STD 202, Method 208 
Insertion force: 0.59 Ibs per position 
Withdrawal force: 0.25 Ibs per position 
Normal force: 200 g min, 450 g typ 
Wipe: 0.075 in min 
Durability: 5 cycles min 
Contact retention: 1.5 Ibs min 

Electrical 
Current carrying capacity: 1 A 
Insulation resistance: 5000 Mil min 
Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1.0 pF max 

Environmental 
Operating temperature: 
Operating: - 40°C to 85 DC 
Storage: - 40 DC to 95 °C 
Temperature cycling with humidity: will conform to final EIA 

specifications 
Shelf life: 1 year min 

MATERIALS 
Body - Ryton R-4 (40% glass) U/L 94-VO rating 
Contacts - CDA 510 spring temper 
Contact finish - 90/10 tin (200 ~in - 400 ~in) over 40 ~in 

copper 

Contact factory for detailed information 

PLASTIC LEADER CHIP CARRIER CPR SERIES 

.'- ~ 

1 
I ,~. 0 () 

0 A 

1 i 
0 0 

)( l\. 
I· A ~ 
Device guide barriers not shown 

--r 
8,13 

(0.3201 

b-",-,...----",-----.-..d-Li 

F-140 

EASILY 
AUTO INSERTED 

PART NUMBER SYSTEM 

___ DIEVICE GUIDE 
BARRIERS 

UNIQUE, HIGH 
NORMAL FORCE 

CONTACT 

CLOSED BOTTOM 
DESIGN 

C1PR IPH 1XXX 
-IX - t:o~tact surface 1 _ tin lead 

plating 
Contact spacing 1 - 0.050 in 

Number of pos (044, 052, 068, 084) 
Plated thru hole, solder tail 

TI socket Series 
Plastic leaded chip carrier 

Pos A B C 

44 
21,43 17,78 12,70 
(0.844 (0.700) (0.500) 

52 
23,98 20,32 15,24 

(0.944) (0.800) (0.600) 

68 
29,06 25,40 20,32 

11.144) (1.000) (0.800) 

84 
34,14 30,48 25,40 

(1.344) (1.200) (1.000) 

Extraction tool available, consult factory. 



Appendix F - TI Sockets 

PRODUCT FEATURES 
Can be loaded by top actuated insertion or press-in 

insertion, either manually or automatically 
High reliability due to high pressure contact point 
Open body and high stand-off design provide high efficiency 

in heat dissipation . 
High durability up to 10,000 cycles 
Compact design 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Durability: 10,000 cycles 
Operating Temperature: lBO°C max 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 30 rnO max 
Insulation resistance: 1000 Mil min 
Dielectric withstanding voltage: 500 V ac rms min 

MATERIALS 
Body - ultem glass filled lUlL 94 VOl 
Contact - copper alloy 
Plating - overall gold plate 

PLCC BURN-IN/TEST SOCKETS CPJ SERIES 

1,27 (0.0501 

L 5,08 (0.2001 

12,9010.5071--1 

Dimensions in parentheses are inches 
Contact factory for detailed information 

IC SOCKETS 
PLCC BURN·IN/TEST 

PART NUMBER SYSTEM 

CPJ AA33A - XXX B 

1_-- 1 Number of positions 

TI series socket 

(0.1001 $ 

2,54 
(0.1001 

1.27 (0.0501 

2.54 n $ $ i :~1 2.54 t-+ $ (0100) 

(02·,~~)t 1 27 (1 050) 

5,08 to 200) 

1808 !O 7121--1 

SIZES, 18 PIN 
22 PIN 
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Appendix F - TI Sockets 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.015 in to 0.021 in diameter 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.002 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Durability: 5 cycles, 10 mil max contact resistance change 

per MIL-STD 1344, Method 2016 
Solderability: per MIL-STD 202, Method 208 
Insertion force: 3.602 (102 gl per pin typ using 0.018 in 

diameter test pin 
Withdrawal force: 0.502 (14 gl per pin min using 0.018 in 

diameter test pin 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc per 

MIL-STD 1344, Method 3003,1 
Dielectric withstanding voltage: 1000 V ac rms 

per MIL-STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65·C to 125 ·C, gold; - 40·C to 

lOO·C, tin 
Corrosive atmosphere: 10 mil max contact resistance 

change when exposed to 22 % ammonium sulfide for 
4 hours 

Gas tight: 10 mil max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mil max contact resistance change 
when exposed to 105·C temperature for 48 hours 

Shell life: 12 months min 

MATERIALS 
Body - PBT polyester U/L94-VO rating 
On request, G10/FR4 or Mylar film 
Outer sleeve - Machined Brass (00-B-6261 
Inner contact - Beryllium copper (00-C-530) heat treated 
Plating: (specified by part numberl 

PIN GRID ARRAY I fr-~:-::-@)-@):-:-@)-@)-@)-:-· -::@)-@)-.-@)-@):-.-@)-, 

@)@)@)@)@)@)@)@)@)@)@) 
@)@@@@@@)@@@@ 

A B @ 0 0 @@)@@)@@@@ tL@@@@@@@@@@@ 
@@@@)@)@@@@@@ 
@@@@@@@@)@@@ 
-$- @@@@@@@@ 

1.312.0 2.54 
10.05/0.08) TVP 10.1010.12) (0.100) TV' NONCUMULATIVE 

103i::~:~8~ ~ ~ W W W W W W W ~ ~ I 
~l-033 ~.~ 1.3_ 

2.67/3,61 10.0211 DIA fO.0631 DlA 
10.10510.150} 
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IC SOCKETS 
HIGH DENSITY PIN GRID ARRAY 

PRECISION 
SIX-FINGERED 

INNER CONTACT 

PRECISION 

SLEEVE 

Inner contact - 30 "in gold over 50 "in nickel or 100 "in 
tin/lead over 50 "in nickel 

Outer sleeve· - 10 "in gold over 50 /lin nickel or 50 /lin 
tin/lead over 50 "in nickel 

PART NUMBER SYSTEM 

CXGXX-XXXX 

x lli-:_inT_L_en_g_th_.-_~_-, 
WIW 

3-0.510 long 

Plating 

Pin 
Grid 

Body Style and Orientation 

Contact Loading Pattern 

Number of Pins 
Array 024 to 324 

Overall Grid Size 
5x5=05 to 18x18=18 

80DY MATERIAL 
G - Glass Filled Epoxy 
P - PST Polyester 

TI Socket 

Insulator Size A 
±0.010 

9x9 10.9501 24,13 
lOx 10 11.0501 26,67 
11 xl1 11.150129,21 
12x 12 11.2501 31,75 
13x 13 11.3501 34,29 
14x 14 11.4501 36,83 
15x 15 11.5501 39,37 
16x 16 11.6501 41,91 
17x17 11. 7501 44,45 
18x 18 11.8501 46,99 

t Noncumulative 
Dimensions in parentheses are inches 
Consult factory for detailed information 

B 
±0.005 t 

10.8001 20,32 
10.9001 22,86 
11.0001 25,40 
11.100127,94 
11.2001 30,48 
11.3001 33,02 
11.4001 35,56 
11.500138,10 
11.600140,64 
11.700143,18 
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IC SOCKETS 
BURN·IN/TEST PIN GRID ARRAY 
PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 5000 cycles, 10 mil max contact resistance 

change per MIL-STD 1344, Method 2016 
Solderability: per MIL-STD 202, Method 20B 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mO max initial 
Insulation resistance: 1.0 MO at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 700 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170°C 
Humidity: 10 mO max contact resistance change when 

tested per MIL-STD 202, Method 103B 
Temperature soak; 10 mil max contact resistance change 

when exposed to 105°C temperature for 4B hours 
Shelf life: 1 2 months max 

MATERIALS 
Body - CZF Series: PPS (polyphenylen sufide) glass filled 

U/L 94 VO rating, -65°C to 170°C 
Contact - Beryllium copper 
Plating: t Overall gold plate min 41'in over min 70 I'in nickel 

plating 

tFor additional plating option consult the factory. 

BURN·IN TEST PIN GRID ARRAY 

8.99 

(0.3541 iF=I====+=I==l'= .... -O++-=;i 

TJ 
1(;"1"o"0~ 

62.23 
(2.451 

L~~ 
f 

48.00 - 59.94 
(1.891 - 12.361 

CLOSED BOTTOM 
DESIGN 

\~--
\ FORCE DUAL 

BEAM CONTACT 
SYSTEM 

PART NUMBER SYSTEM 

C 

xx lX 1XXX 
lplati:g

1 

37 - overall gold plate 

Number of positions 

Configuration 
W-llxllx2 

Style ZF - Zero force 

TI Series socket 

rx 35.05 

. 

11.381 MAX 

6.99 
{fIO.2751 

121 x 2 

,...--------­
""---------, 

25.40 
(1.001 

i 

Dimensions in parentheses are inches 
Contact factory for detailed information 
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F.3 Crystals 

F-144 

This section lists the. commonly used crystal frequencies, crystal specification 
requirements, and the names of suitable vendors. 

Table F-1 lists the commonly used crystal frequencies and the devices with 
which they can be used. 

Table F-1. Commonly Used Crystal Frequencies 

DEVICE FREQUENCY 
TMS32020 18.432 MHz 

20 MHz 
20.48 MHz 

TMS320C25 40.96 MHz 

When connected across X1 and X2/CLKIN of the TMS320 processor, a crystal 
enables the internal oscillator; see Figure F-1. The frequency of CLKOUT is 
one-fourth the. crystal fundamental frequency. Crystal specification require­
ments are listed below. 

Load capacitance = 20 pF 
Series resistance = 30 ohm 
Power dissipation = 1 mW 
Parallel resonant 
Crystals of 20 MHz and below use fundamental mode. 
40- M Hz operation requires a third-overtone crystal. 

X1 X2/CLKIN 

Figure F-1. Crystal Connection 

The TMS320C25 operating at 40.96 MHz requires a parallel-resonant third­
overtone oscillator (see Section 6.1.2 for a detailed description of this oscil­
lator design). If a packed clock oscillator is used, oscillator design is of no 
concern. 
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Vendors of crystals suitable for use with TMS320 devices are listed below. 

RXO, Inc. 
Norfolk, NB 
(800) 228-8108 

CTS Knight, Inc. 
Contact the local distributor. 

N.E.L. Frequency Controls, Inc. 
Burlington, WI 
(414) 763-3591 
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Appendix G 

ROM Codes 

Size of a printed circuit board must be considered in many DSP applications. 
To fully utilize the board space, Texas Instruments offers two options which 
will reduce the chip count and provide a single-chip solution to its customers. 
These options incorporate 4K words of on-chip program from either a mask 
programmable ROM or an EPROM. This allows the customer to use a code­
customized processor for a specific application while taking advantage of the 
following: 

• Greater memory expansion 
• Lower system cost 
• Less hardware and wiring 

• Smaller PCB 

If used often, the routine or entire algorithm can be programmed into the on­
chip ROM of a TMS320 DSP. TMS320 programs can also be expanded by 
using external memory; this reduces chip count and allows for a more flexible 
program memory. Multiple functions are easily implemented by a single de­
vice, thus enhancing system capabilities. 

TMS320 Development Tools are used to develop, test, refine, and finalize the 
algorithms. The microprocessor/microcomputer (MP/MC) mode is available 
on all ROM-coded TMS320 DSP devices when accessing either on-chip or 
off-chip memory is required. The microprocessor mode is used to develop, 
test, and refine a system application. In this mode of operation, the TMS320 
acts as a standard microprocessor by using external program memory. When 
the algorithm has been finalized, the designer may submit the code to Texas 
Instruments for masking into the on-chip program ROM. At that time, the 
TMS320 becomes a microcomputer which executes customized programs out 
of the on-chip ROM. Should the code need changing or upgrading, the 
TMS320 may once again be use in the microprocessor mode. This shortens 
the field upgrade time and avoids the possibility of inventory obsolescence. 

Figure G-1 illustrates the procedural flow for TMS320 masked parts. When 
ordering, there is a one-time/non-refundable charge for maSk-tooling. A mi­
nimum production order per year is required for any masked-ROM device. 
ROM codes will be deleted from the TI system after one year from the last 
delivery. 

A digitill signal processor with the EPROM option is the solution for low-vo­
lume production orders. The EPROM option allows for form-factor emulation. 
Field upgrades and changes are possible with the EPROM option. 
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CUSTOMER TMS320 DESIGN 

CUSTOMER SUBMITS: 
- TMS320 NEW CODE RELEASE FORM 
- PRINT EVALUATION AND ACCEPTANCE FORM (PEAF) 
- PURCHASE ORDER FOR MASK CHARGE PROTOTYPES 
- TMS320 CODE 

TEXAS INSTRUMENTS RESPONDS: 
- CUSTOMER CODE INPUT INTO TI SYSTEM 
- CODE SENT BACK TO CUSTOMER FOR VERIFICATION 

NO 

TI PRODUCES PROTOTYPES 

NO 

TMS320 PRODUCTION 

Figure G-1. TMS320 ROM Code Flowchart 

G-2 



Appendix G - ROM Codes 

A TMS320 ROM code may be submitted in one of the following formats (the 
preferred media is 5 1/4" floppies): 

51/4" FLOPPY: TI-tagged or COFF format from Cross-Assembler 
EPROM (TMS320):TMS320E14, TMS320E15, TMS320E17, TMS320E25 
EPROM (others): TMS27C64 
PROM: TBP28S166, TBP28S86 
MODEM (88S): TI-tagged or COFF format from Cross-Assembler 

When a code is submitted to Texas Instruments for masking, the code is re­
formatted to accommodate the TI mask generation system. System level ver­
ification by the customer is therefore necessary. Although the code has been 
reformatted, it is important that the changes remain transparent to the user and 
do not affect the execution of the algorithm. The formatting changes involve 
the removal of address re-Iocation information (the code address begins at the 
base address of the ROM in the TMS320 device and progresses without gaps 
to the last address of the ROM on the TMS320 device) and the addition of 
data in the reserved locations of the ROM for device ROM test. Note that 
because these changes have been made, a 'checksum' comparison is not a 
valid means of verification. 

With each masked device order, the customer must sign a disclaimer stating: 

"The units to be shipped against this order were assembled, for 
expediency purposes, on a prototype (i.e., non-production qualified) 
manufacturing line, the reliability of which is not fully characterized. 
Therefore, the anticipated inherent reliability of these prototype units 
cannot be expressly defined." 

and a release stating: 

"Any masked~ROM device may be resymbolized as TI standard prod­
uct and resold as though it were an unprogrammed version of the 
device at the convenience of Texas Instruments." 

Contact the nearest TI Field Sales Office for more information on procedures, 
leadtimes, and cost. 
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Appendix H 

Quality and Reliability 

The quality and reliability performance of Texas Instruments Microprocessor 
and Microcontroller Products, which includes the three generations of 
TMS320 digital signal processors, relies on feedback from: 

• Our customers 

• Our total manufacturing operation from front-end wafer fabrication to 
final shipping inspection 

• Product quality and reliability monitoring. 

Our customer's perception of quality must be the governing criterion for 
judging performance. This concept is the basis for Texas Instruments Corpo­
rate Quality Policy, which is as follows: 

"For every product or service we offer, we shall define the require­
ments that solve the customer's problems, and we shall conform to 
those requirements without exception." 

Texas Instruments offers a leadership reliability qualification system, based on 
years of experience with leading-edge memory technology as well as years of 
research into customer requirements. Quality and reliability programs at TI are 
therefore based on customer input and internal information to achieve con­
stant improvement in quality and reliability. 

Note: 

Texas Instruments reserves the right to make changes in MaS Semicon­
ductor test limits, procedures, or processing without notice. Unless prior 
arrangements for notification have been made, TI advises all customers to 
reverify current test and manufacturing conditions prior to relying on 
published data: 
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H.1 Reliability Stress Tests 

H-2 

Accelerated stress tests are performed on new semiconductor products and 
process changes to ensure product reliability excellence. The typical test en­
vironments used to qualify new products or major changes in processing ate: 

• High-temperature operating life 
• Storage life 
• Temperature cycling 
• Biased humidity 
• Autoclave 
• Electrostatic discharge 
• Package integrity 
• Electromigration 
• Channel-hot electrons (performed on geometries less than 2.0 lAm). 

Typical events or changes that require internal requalification of product in­
clude: 

• New die design, shrink, or layout 
• Wafer process (baseline/control systems, flow, mask, chemicals, gases, 

dopants, passivation, or metal systems) 
• Packaging assembly (baseline control systems or critical assembly 

equipment) 
• Piece parts (such as lead frame, mold compound, mount material, bond 

wire, or lead finish) 

• Manufacturing site. 

TI reliability control systems extend beyond qualification. Total reliability 
controls and management include a product reliability monitor and final pro­
duct release controls. MaS memories, utilizing high-density active elements, 
serve as leading indicators in wafer-process integrity at TI MaS fabrication 
sites, enhancing all MaS logic device yields and reliability. Thousands of 
logic devices per month are randomly tested to ensure product reliability and 
excellence. 

Table H-1 lists the microprocessor and microcontroller reliability tests, the 
duration of the test, and sample size. The following terms define or describe 
these tests: 

AOQ (Average Outgoing Quality) Amount of defective product in a pop­
ulation, usually expressed in terms of 
parts per million (PPM). 

FIT (Failure In Time) Estimated field failure rate in number 
of failures per billion power-on device 
hours; 1000 FIT = 0.1 % failure per 
1000 device hours. 
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Operating lifetest 

High-temperature storage 

Biased humidity 

Autoclave (pressure cooker) 

Temperature cycle 

Thermal shock 

PIND 

Device dynamically exercised at a high 
ambient temperature (usually 125·C) 
to simulate field usage that would ex­
pose the device to a much lower am­
bient temperature (such as 55·C). 
Using a derived high temperature, a 
55·C ambient failure rate can be cal­
culated. 

Device exposed to 150·C unbiased 
condition. Bond integrity is stressed in 
this environment. 

Moisture and bias used to accelerate 
corrosion-type failures in plastic 
packages. Conditions must include 
85°C ambient temperature with an 
85% relative humidity (RH). Typical 
bias voltage is +5 V and ground on 
alternating pins. 

Plastic-packaged devices exposed to 
moisture at 121°C using a pressure of 
one atmosphere above normal pres­
sure. The pressure forces moisture 
permeation of the package and accel­
erates corrosion mechanisms (if pres­
ent) on the device. External package 
contamil1ates can also be activated 
and caused to generate inter-pin cur­
rent leakage paths. 

Device exposed to severe temperature 
extremes in an alternating fashion 
(-65·C for 15 minutes and 150°C for 
15 minutes per cycle) for at least 1000 
cycles. Package strength, bond qual­
ity, and consistency of assembly pro­
cess are stressed in this environment. 

Test similar to the temperature cycle 
test, but involving a liquid-to-liquid 
transfer, per MIL-STD-883C, Method 
1011. 

Particle Impact Noise Detection test. 
A non-destructive test to detect loose 
particles inside a device cavity. 
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H-4 

Mechanical Sequence: 
Fine and gross leak 
Mechanical shock 

PIND (optional) 
Vibration, variable frequency 

Constant acceleration 

Fine and gross leak 
Electrical test 

Thermal Sequence: 
Fine and gross leak 
Solder heat (optional) 
Temperature cycle 
(10 cycles minimum) 

Thermal shock 
(10 cycles minimum) 

Moisture resistance 
Fine and gross leak 
Electrical test 

Thermal/Mechanical Sequence: 
Fine and gross leak 
Temperature cycle 
(10 cycles minimum) 

Constant acceleration 

Fine and gross leak 
Electrical test 
Electrostatic discharge 
Solderability 
Solder heat 

Salt atmosphere 

Lead pull 

Lead integrity 

Electromigration 

Resistance to solvents 

Per MIL-STD-883C, Method 1014.5 
Per MIL-STD-883C, Method 2002.3, 
1500 g, 0.5 ms, Condition 8 
Per MIL-STD-883C, Method 2020.4 
Per MIL-STD-883C, Method 2007.1, 
20 g, Condition A 
Per MIL-STD-883C, Method 2001.2, 
20 kg, Condition D, Y1 Plane min 
Per MIL-STD-883C, Method 1014.5 
To data sheet limits 

Per MIL-STD-883C, Method 1014.5 
Per MIL-STD-750C, Method 1014.5 
Per M IL-STD-883C, Method 1010.5, 
-65 to +150'C, Condition C 
Per MIL-STD-883C, Method 1011.4, 
-55 to +125'C, Condition 8 
Per MIL-STD-883C, Method 1004.4 
Per MIL-STD-883C, Method 1014.5 
To data sheet limits 

Per MIL-STD-883C, Method 1014.5 
Per MIL-STD-883C, Method 1010.5, 
-65 to +150'C, Condition C 
Per MIL-STD-883C, Method 2001.2, 
30 kg, Y1 Plane 
Per MIL-STD-883C, Method 1014.5 
To data sheet limits 
Per MIL-STD-883C, Method 3015 
Per MIL-STD-883C, Method 2003.3 
Per MIL-STD-750C, Method 2031, 
10 sec 
Per MIL-STD-883C, Method 1009.4, 
Condition A. 24 hrs min 
Per MIL-STD-883C, Method 2004.4, 
Condition A 
Per MIL-STD-883C, Method 2004.4, 
Condition 81 
Accelerated stress testing of con­
ductor patterns to ensure acceptable 
lifetime of power-on operation 
Per MIL-STD-883C, Method 2015.4 
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Table H-1. Microprocessor and Microcontroller Tests 

TEST DURATION SAMPLE SIZE 
PLASTIC CERAMIC 

Operating life, 125'C, 5,0 V 1000 hrs 129 129 
Storage life, 150'C 1000 hrs 77 77 
Biased 85'C/85 percent RH, 5.0 V 1000 hrs 129 -

Autoclave, 121 'C, 1 ATM 240 hrs 77 -
Temperature cycle, -65 to 150'C 1000 cyc 129 129 
Thermal shock, -65 to 150'C 500 cyc 77 77 
Electrostatic discharge, ±2 kV 15 15 
Latch-up (CMOS devices only) 5 5 
Mechanical sequence - 38 
Thermal sequence - 38 
Thermal/mechanical sequence - 38 
PIND 45 
Internal water vapor - 3 
Solderability 22 22 
Solder heat 22 22 
Resistance to solvents 15 15 
Lead integrity 15 15 
Lead pull 22 -
Lead finish adhesion 15 ,15 
Salt atmosphere 15 15 
Flammability (UL94-VO) 3 -
Thermal impedance 5 5 

"If junction temperature does not exceed plasticity of package, 

Table H-2 provides a list of the TMS320C2x devices, the approximate number 
of transistors, and the equivalent gates, The numbers have been determined 
from design verification runs. 

Table H-2, TMS320C2x Transistors 

DEVICE # TRANSISTORS # GATES 

NMOS: TMS32020 80K 27K 

CMOS: TMS320C25 l60K 40K 
TMS320C25-50 l60K 40K 
TMS320E25 l60K 40K 

TI Qualification test updates are available upon request at no charge, TI will 
consider performing any additional reliability test(s), if requested. For more 
information on TI quality and reliability programs, contact the nearest TI Field 
Sales Office. 
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Appendix I 

Development Support/Part Order Information 

This section provides development support information, device part numbers, 
and support tool ordering information for all TMS320C2x (second-generation 
TMS320) products. Figure 1-1 shows the software and hardware development 
tools available for the TMS320C2x, including the development environment 
when using the C compiler (see Section 1.1.4). 

C 
COMPILER 

SIMULATOR 

ASSEMBLER 
SOURCE 

CODE 
DSP SOFTWARE 

LIBRARY 

Figure 1-1. TMS320C2x Development Tools 

DFDP 
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Extensive documentation, including application reports, user's guides, and 
textbooks, is available to support DSP design, research, and education. To 
order TMS320 literature, contact the TI Customer Response Center (CRC) 
hotline number via 1-800-232-3200. For more information about support 
products and documentation, refer to the TMS320 Family Development Sup­
port Reference Guide (literature number SPRU011 A). 

The nearest TI Field Sales Office can be contacted for support tool availability 
or further details (see list of offices and distributors at end of book). For 
technical support, contact the TMS320 DSP hotline via (713) 274-2320. To 
obtain current information on the TMS320 family or to download DSP appli­
cation code, contact the Bulletin Board Service (BBS) at (713) 274-2323 via 
a modem (300-,1200-, or 2400-bps). 

The major topics discussed in this section are listed below. 

• Development Support (Section 1.1 on page 1-3) 
TMS320 Macro Assembler/Linker 
TMS320C2x Simulator 
SoftWare Development System (SWDS) 
TMS320C25 C Compiler 
TMS320C2x Emulator (XDS/22) 
TMS320C2x XDS/22 Upgrade 
TMS320 Analog Interface Board 2 
Digital Filter Design Package (DFDP) 
DSP Software Library 
TMS320 DSP Hotline/Bulletin Board Service 

• Part Order Information (Section 1.2 on page 1-13) 
Device part numbers 
Software and hardware support tools part numbers 
Device and support tool prefix designators 
Device and support tool nomenclature 
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1.1 Second-Generation TMS320 Development Support 

Texas Instruments offers extensive development support and complete doc­
umentation for the second-generation TMS320 digital signal processors. 
Tools are provided to evaluate the performance of the processors, develop al­
gorithm implementations, and fully integrate the design's software and hard­
ware modules. Development is performed by using a Macro Assembler/Linker, 
Simulator, C Compiler, SoftWare Development System (SWDS), Emulator 
(XDS), and other support products. 

Description and key features for each TMS320C2x development support tool 
are provided in the following subsections. For more information on Texas In­
struments' and authorized third-party vendors' support products, refer to the 
TMS320 Family Development Support Reference Guide (literature number 
SPRU011 A). For ordering information, see Section 1.2. 

1.1.1 TMS320 Macro Assembler/Linker 

The TMS320 Macro Assembler translates TMS320 assembly language source 
code into executable object code. The source code can be either an instruc­
tion, macro directive, or assembler directive. The assembler directive controls 
various aspects of the assembly process, such as source listing format, sec­
tional placement of source code, and symbol definition. The macro assembler 
supports macro calls and definitions as well as conditional blocks. It permits 
many files (programs) to be designed and implemented in separate modules 
which will later be linked together to form a complete file (program). An ar­
chiver collects and stores these files. Upon command from the assembler, the 
archiver transmits the selected files to the linker. 

The TMS320 Linker combines the object files into one executable object mo­
dule. It relocates and resolves all external definitions and references. The 
linker accepts COFF (Common Object File Format) object files, created by the 
assembler; as inputs. COFF provides a more flexible means of configuring and 
allocating memory resources. It accepts either files from an archiver or modules 
from a previous linker run. The linker directive controls the combining process 
of file sections with each other, the binding process of sections or symbols to 
specific addresses, and the defining process of global symbols. Before loading 
into XDS, SWDS, or applicable PROM programmers, the COFF object file 
must first be converted to TI-tagged, Intel hex, or Tektronix hex object format 
by an Object Format Converter. Upon conversion, the file is downloaded into 
the receiving system. 

The following key features distinguish the TMS320 Macro Assembler/Linker: 

• Macro capabilities and library functions 
• Conditional assembly 
• Relocatable modules 
• Complete error diagnostics 
• Symbol table and cross reference. 

The macro assembler/linker is currently available for these operating systems: 
MS/PC-DOS, VAXNMS, VAX ULTRIX, and SUN-3 UNIX. 
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1.1.2 TMS320C2x Simulator 

1-4 

The TMS320C2x Simulator is a software program that simulates the 
microprocessor/microcomputer mode (MP/MC) for the second-generation 
family. The program provides a cost-effective, non-realtime method for soft­
ware development and program verification. Using TMS320 object code from 
the assembler/linker, files are associated with I/O ports so that specific I/O 
values may be used when testing or debugging the system. 

Before testing the program, traces are defined and enabled. Based on READ 
and WRITE instructions and executions, breakpoints are established within the 
program and data memories. When randomly set at desired intervals in the 
program, 'the interrupt flag simulates the INTERRUPT signal. 

During program execution, the host computer interprets each instruction and 
accordingly modifies the internal registers and memories of the simulated 
TMS320 member. Individual portions of the program can be tested. For 
testing time-critical codes, a clock counter tracks the execution time of loops 
for optimum performance. 

The program can be suspended by encountering a breakpoint or error, entering 
a breakpoint via the keyboard, or branching to SELF. Once suspended, the 
internal registers and memories are inspected and accordingly modified. A 
record of the simulation session can be obtained from a journal file. This re­
cord allows the simulation session to be re-executed while retaining the same 
machine state in the next session. The trace memory can be displayed, too. 

Before debugging, the TMS320 source code must be written and assembled. 
Multiple modules must be linked. Finally, the code is loaded into the simula­
torand will be executed during the simulation procedure. In the debug mode, 
the state of the simulated TMS320C2x member can be monitored while the 
program is being executed. Usage of the simulator allows the elimination of 
costly hardware during debugging procedures. 

The following features highlight simulator capability for effective TMS320 
software development: 

• Program verification and debug 

• Single-step option 
• . Trace, breakpoint. and interrupt capabilities 

• Time analysis 
• Full access to simulated registers and memories 

• I/O device simulation. 

The simulator is currently available for the VAXNMS and MS/PC-DOS oper­
ating systems. 
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1.1.3 TMS320C25 C Compiler 

The TMS320C25 uses a fully implemented 'Kernighan and Ritchie' C compiler 
for converting a C language program into a TMS320 assembly language pro­
gram. This is accomplished in a 3-step operation by its preprocessor, parser, 
and code generator. The preprocessor accepts and modifies the source file 
which contains the C language program module. The parser produces an in­
termediate file for the modified C language code. The code generator converts 
the intermediate file into an assembly language source file; upon conversion, 
the file is sent to the assembler for further processing. Or, the output of the 
compiler can be edited prior to assembly/link for further optimization of sys­
tem performance. 

This high-level language compiler allows time-critical routines written in as­
sembly language to be called from within the C program. The converse is also 
available; assembly routines may call C functions. Also, the compiler accepts 
assembly statements which are introduced along with the C source. Refer 
back to Figure 1-1 for a diagram of the development environment when using 
the C compiler. 

Included with the shipment of the TMS320C25 C compiler is an 
assembler/linker; see Section 1.1.1. The output of this assembler/linker can be 
downloaded and used with any of the existing tools (simulator, XDS, SWDS, 
or applicable PROM programmer). 

The compiler is currently available for these operating systems: MS/PC- DOS, 
VAXNMS, VAX ULTRIX, and SUN-3 UNIX. 

1.1.4 Software Development System (SWDS) 

The SoftWare Development System (SWDS) is a PC-resident tool that pro­
vides two functions. First, it simulates the software for any TMS320C2x 
member; second, it provides access to target I/O. 

As a software tool, the SWDS allows the user to write, assemble/link, load, 
and debug the TMS320C2x code on a PC workstation in realtime. The SWDS 
is capable of single-stepping through code or setting software breakpoints for 
monitoring register or memory contents during execution. During test and 
debug operations, it permits the user to associate files on the PC with I/O 
ports so that specific I/O values can be used. 

As a hardware tool, the SWDS provides access to target I/O via a connector 
cable and 68-pin PGA adaptor socket. The SWDS provides single-step and 
software breakpoint capabilities for viewing the registers and the memory 
contents. Target I/O can be implemented through one of sixteen parallel 
portsin conjunction with control signals and interrupts or through the serial 
ports. Unlike the XDS emulator, the SWDS does not address the target 
memory or possess any hardware breakpoint, trace, or timing (BTT) capabili­
ties. The SWDS offers low-cost, effective evaluation and software develop­
ment through its specialized hardware design. 

The SWDS consists of three parts: 

1) A plug-in circuit board for the PC which contains the TMS320C2x, 
program, and data memory. 
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2) Two cable adaptor boards which reside outside the PC and connect to 
the SWDS via two 40-conductor ribbon cables. These cable adaptor 
boards, included with the system, are: 
a) The PGA Adaptor Connector that connects the SWDS to a 

TMS320C2x target system via a 68-pin grid array footprint. 
b) The Analog Interface Board 2 (AI B2) Adaptor Connector that 

connects the SWDS directly to the TMS320 AI B2. 
3) Software which includes the TMS320C2x Assembler/Linker (see Sec­

tion 1.1.1), the DSP Software Library (see Section 1.1.10), and SWDS 
monitor software. 

The SWDS is designed to function in the IBM-PC/AT or compatible environ­
ment. This requires a MS-DOS version 2.0 or later. 

The development system software occupies 64K bytes of PC memory. It is 
equipped with 24K words (48 kbytes) of static RAM which can be mapped 
in 4K-word blocks into the program and data memory spaces of the 
TMS320C2x. This allows development and execution of TMS320C2x pro­
grams at full speed. 

The SWDS is configured for TMS320C25 development upon shipment; i.e., a 
TMS320C25 and a 40-MHz oscillator are on-board. A TMS32020 and a 
20-MHz crystal are included with the system to accommodate TMS32020 
development. The target system may supply a TTL clock source; in which 
case, the upper limit on the clock speed is dictated by the speed of the pro­
cessor on the PC board. If the user's target system provides a clock source, 
the use of the external clock is specified in the debug monitor initialization 
command and the target system's clock is, then, connected to the SWDS. 

1.1.5 TMS320C2x Emulator (XDS) 

1-6 

The TMS320C2x Emulator (XDS/22) is a self 2contained system which sup­
ports the hardware development for the second-generation DSP members:. 
TMS32020, TMS320C25, and TMS320E25. The emulator features realtime 
in-circuit emulation for integration of hardware and software modules in the 
debug mode. By setting breakpoints based on internal conditions or external 
events, execution of the program can be suspended and control given to the 
debug mode. In the debug mode, all registers and memory locations can be 
inspected and modified. Single-step execution is available. Full-trace capa­
bilities at full speed and a reverse assembler that translates machine code back 
into assembly instructions also increase debugging productivity. The object 
file, produced by the TMS320C2x Macro Assembler/Linker, can be down­
loaded into the emulator by way of three RS-232-C ports. Once in the emu­
lator, the process can be controlled through the terminal of a host computer. 
Figure 1-2 shows a block diagram of a typical system configuration using the 
TMS320C2x XDS/22 Emulator. 

Two 4K x 16-word banks of high-speed static RAM can be mapped into a 
fixed address space starting at 0 for both program and data memory. Also, 64K 
words of dynamic RAM are available for mapping into the user's program and 
data address spaces. Using the 4K-word static RAM and the 64K-word dy­
namic RAM independently allows the computer to run the program at full 
speed by eliminating all wait modes. Additionally, the XDS is capable of ex­
ecuting out of target memory to fully utilize the TMS320C2x program/data 
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address range. For multiprocessing configurations, a maximum of nine emu­
lators can be daisy-chained together. 

The key features of the TMS320C2x XDS/22 Emulator are as follows: 

• 40-MHz full-speed in-circuit emulation 
• Supports all second-generation TMS320 family members 
• PlCC target connector with pin grid array (PGA) adaptor 
• 4K words each of program and data memory (zero wait states) 
• 64K-word PROM memory expansion board (wait states) 
• Breakpoint, trace, and timing (BTT) capabilities 
• Single-step execution 
• line-by-line assembler/reverse assembler 
• Enhanced decimal parameter entry and display 
• Use of target system ClKIN signal or internal crystal 
• Host-independent upload/download capabilities to/from program or 

data memory 
• Ability to inspect and modify registers and program/data memory 
• Supports multiprocessor configurations 
• logic tracing with extended data/address logic analyzer interface. 

Four modes of operation are possible with the XDS/22 emulator: stand-alone, 
host computer, PC (single-user system), and multiprocessor. The stand-alone 
mode requires only the XDS/22 and the user terminal. When optimum usage 
is required, the emulator is operated in the host computer mode. In the PC 
mode, the emulator allows the single-user system to operate both as a host 
and a terminal. The multiprocessor mode connects a maximum of nine 
XDS/22 emulators into a daisy-chain fashion, whereby all can controlled by 
one terminal; one host computer can be attached, too. 

Note: 

Support for emulation of the TMS320C25-50 is provided by Macrochip 
Research, Inc., (214) 242-0450. Refer to Section 9 of the TMS320 Fa­
mily Development Support Reference Guide (literature number 
SPRU011 A) for more information. 

1-7-



Appendix 1- Second-Generation TMS320 Development Support 

USER'S 
TERMINAL 

PROM 
PROGRAMMER 

OR 
LINE 

PRINTER 

• I 
I 
I 
I 
I 
I 

XDS 
TMS320 
WORK 

STATION 

HOST 
COMPUTER 

SYSTEM 

Figure 1-2. TMS320C2x XDS/22 System Configuration 

1.1.6 TMS320 Analog Interface Board 2 
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The TMS320 Analog Interface Board 2 (AIB.2) is capable of converting both 
analog-to-digital (A/D) and digital-to-analog (D/A) signals for algorithmic 
development applications. In conjunction with either the SWDS or XDS de­
velopment tooi, this conversion board is used as a preliminary target system; 
see Figure 1-3. 

The AIB2 provides a simple, inexpensive way to become familiar with digital 
signal processing (DSP) techniques. This tool permits testing of application 
programs with analog I/O by providing an interface to the TMS320C2x. The 
board allows external A/D and D/A converters to be added to the on-board 
16-bit A/D and D/ A converters via the expansion ports. A Function Generator 
Daughter Board (FGB) comes with the AIB2 and performs the necessary on­
board generation of square, triangular, and sine waves. 

The AIB2 runs at full speed up to 20 MHz for TMS320 family members. The 
on-board sample rate clock, derived from the TMS320 CLKOUT signal, may 
be programmed to provide periodic analog input. output. or both. There are 
two analog lowpass filters on the AIB2. One filter on the A/D input band­
limits the input to minimize aliasing effects. The other filter smooths the out­
put of the D/ A. Filter frequency response is controlled by varying the external 
components in the filter stages. Filter cutoff is set to 4.7 kHz, but may be 
(plug) programmed. An audio amplifier that drives an 8-ohm speaker is pro­
vided for applications with audio output. 

Sockets which accommodate the TMS320C1x DIP packages and the 
TMS320C2x PGA packages are already installed on the AI B2. Adaptor sock­
ets are required when using PLCC or CER-QUAD packages with this board. 
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USER'S, 
TERMINAL 

The AI B2 will operate with the TMS320C1 x XDS or EVM as well as with the 
TMS320C2x XDS or SWDS. 

Key features of the AIB2 are as follows: 

• 16-bit analog-to-digital converter with sample/hold and anti-aliasing 
low-pass filter 

• 16-bit digital-to-analog converter with smoothing low-pass filter 
• TLC32040 Analog Interface Chip (AIC) with 5.184-MHz crystal 
• TCM2916 CODEC with 2.048-MHz crystal 
• Differential input amplifier 
• Audio input amplifier 
• Programmable sample rate clock 
• Programmable memory sockets and oscillator for stand-alone mode of 

operation 
• (+ / -) 15Vdc-to-5Vdc converter 
• 16-bit I/O port 

POWER 
SUPPLY 

POWER 
CABLE 

TMS320 
AlB 

Figure 1-3. TMS320 AIB2 System Configuration 

ANALOG 
OUT 

ANALOG 
IN 
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1.1.7 TMS320C2x XDS/22 Upgrade 

For a minimal cost, Texas Instruments offers a TMS320C2x XDS upgrade kit 
which can enhance a customer's development system by modifying its current 
equipment. Upgrading can only occur between members within the same 
generation, not between members of. different generations. For example, an 
upgrade kit for the TMS32020 XDS/22 allows the emulator to imitate the 
operation of either the TMS320C20 or TMS320C25. 

The TMS320C2x XDS upgrade kit consists of the following contents: 

• Firmware (2 PALs, 2 EPROMs) 
• TMS320C25 and crystal 
• 4K x 16 high-speed static RAM (2 sets) 
• 40-MHz breakpoint, trace, and timing board 
• PGA and PLCC target connectors. 

1.1.8 Digital Filter Design Package (DFDP) 

1-10 

Available through Atlanta Signal Processors, Inc. (ASPI), the Digital Filter 
Design Package (DFDP) is a user-friendly, menu-driven software package. 
This software package shortens the design time of various filter structures 
which use digital filters with floating-point accuracy or fixed-point economy. 
The package consists of four interactive filter design modules capable of per­
forming the following functions: 

1) Designing FIR filters (Kaiser window) 
2) Designing FIR filters (Parks-McClellan) 
3) Designing IIR filters (Butterworth, Chebychev I and II, and elliptic) 
4) Generating TMS320 assembly code for all TMS320C2x members by 

converting the ASCII file that contains the filter coefficients into a fully 
commented assembly language code. 

Cascade and parallel structures as well as higher-performance lattice, normal­
ized lattice, and orthogonal forms are included in the modules. 

The DFDP can design filters to meet any piecewise linear response specifica­
tion, evaluate filter characteristics before and after coefficient quantization, 
and design special-purpose FIR filters, such as multiband filters, differentia­
tors, Hilbert transformers, and raised-cosine filters. The DFDP can also gen­
erate coefficients for filter implementations on any general-purpose processor 
or signal processing chip, as well as fully commented assembly language code 
for a variety of DSP chips. Magnitude, log magnitude, and impulse responses 
can be plotted for printer or screen display; in addition, the phase, group delay, 
and pole-zero map can be plotted for IIR filters. After the filter is des.igned, 
the user can generate code associated with the filter using the CGEN design 
module. 

The DFDP runs on the IBM PS/2, IBM PC/XT/AT, and compatible systems. 
Operating systems must have 192K. bytes of memory available. For more in­
formation, refer to Section 9 in the TMS320 Family Development Support 
Reference Guide (literature number SPRU011 A). To obtain details, contact 
the nearest TI Field Sales Office or Atlanta Signal Processors, Inc. via (404) 
892-7265. 
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1.1.9 DSP Software Library 

The Digital Signal Processing Software Library contains the major DSP rou­
tines (FFT, FIR/IIR filtering, and floating-point operations) and application 
algorithms (echo cancellation, ADPCM, and DTMF coding/decoding) as 
presented in the book, Digital Signal Processing Applications with the 
TMS320 Family (literature number SPRA012A). These routines and algo­
rithms are written in TMS320C2x source code as well as TMS320C1 x source 
code. Additionally, macros for the TMS320C1 x are included in the library. 

The software package consists of four diskettes for use with the IBM 
MS/PC-DOS (version 1.1 or later) or a 1600 BPI magnetic tape for the 
VAXNMS version. All the directories on the MS/PC-DOS version are con­
tained on the magnetic tape for the VMS version. Each directory contains a 
README.LlS file which briefly describes the contents of all files in that di­
rectory and the reference to its code. The book, Digital Signal Processing 
Applications with the TMS320 Family (literature number SPRA012A), serves 
as the major reference to the theory and application of algorithms; each ap­
pendix provides the printed code as pertained to that application report. 

Texas Instruments holds copyrights on all software in this library. The library 
is continually being updated; obtain current information by contacting the 
TMS320 DSP Bulletin Board via (713) 274-2323. 

1.1.10 TMS320 DSP Hotline/Bulletin Board Service 

The TMS320 group at Texas Instruments provides a DSP Hotline to answer 
TMS320 technical questions regarding device problems, development tools, 
documentation, upgrades; and new TMS320 products. The hotline operates 
five days a week from 8:00 AM to 6:00 PM Central Time. The commercial 
telephone number is (713) 274-2320. A facsimile number, (713) 274-2324, 
is available and provides additional communication capabilities in either code 
or schematic format. For details on the TMS320 devices and development 
tools, contact the nearest TI Field Sales Office. To order literature, call the 
Customer Response Center (CRC) via 1 -800-232-3200. 

The TMS320 DSP Bulletin Board Service is a telephone-line computer bulletin 
board that provides access to information pertaining to TMS320 devices. 
Specification updates for current or new TMS320 devices and development 
tools are communicated via the bulletin board as the information becomes 
available. The Bulletin Board Service can be accessed by dialing (713) 
274-2323 with a 2400-, 1200-, or 300-bps modem. 

The bulletin board contains TMS320 source code from the application reports 
included in the book, Digital Signal Processing Applications with the TMS320 
Family (literature number SPRA012A). The bulletin board also provides new 
DSP application software as it becomes available. See the TMS320 Family 
Development Support Reference Guide (literature number SPRU011 A) for 
information on how to access the bulletin board. 

1-11 



Appendix I - Part Order Information 

1.2 Part Order Information 

This section provides the device and support tool part numbers. Table 1-1 lists 
the part numbers for all the second-generation members of the TMS320 fam­
ily. Table 1-2 gives ordering information for TMS320C2x hardware and soft­
ware support tools. Table 1-3 provides a list and description of the 
development tool connections to a target system. A discussion of the 
TMS320 family device and development support to'll prefix and suffix desig­
nators is included to assist in understanding the TMS320 product numbering 
system. 

Table 1-1. TMS320C2x Digital Signal Processor Part Numbers 

OPERATING PACKAGE TYPICAL 
DEVICE TECHNOLOGY FREQUENCY TYPE DISSIPATION 

TMS32020GBL NMOS 20 MHzt Ceramic 6S-pin PGA 1250 mW 

TMS320C25GBL CMOS 40 MHzt Ceramic 6S-pin PGA 500mW 

TMS320C25FNL CMOS 40 MHzt Plastic 6S-lead PLCC 500 mW 

TMS320C25G BA CMOS 40 MHz Ceramic 6S-pin PGA 500mW 

TMS320C25FNL50 CMOS 50 MHz+ Plastic 6S-lead PLCC 500mW 

TMS320E25FZL CMOS 40 MHZ:t: Ceramic 500mW 
6S-lead CER-QUAD 

tMilitary version available. 
:l:Military version planned; contact nearest TI Field Sales Office for availability. 
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Table 1-2. TMS320C2x Support Tool Part Numbers 

TOOL DESCRIPTION OPERATING SYSTEM PART NUMBER 

SOFTWARE TOOLS 

Macro Assembler/linker IBM MS/PC-DOS TM DS3242850-02 
VAXNMS TM DS3242250-08 
VAX UlTRIX TMDS3242260-08 
SUN-3 UNIX TMDS3242550-08 

Simulator IBM MS/PC-DOS TMDS3242851-02 
VAXNMS TMDS3242251-08 

C Compiler (TMS320C25) IBM MS/PC-DOS TM DX3242855-02 
VAXNMS TMDX3242255-08 
VAX UlTRIX TMDX3242265-08 
SUN-3 UNIX TM DX3242555-08 

Digital Filter Design Package (DFDP) IBM PC-DOS DFDP-I BM002 

DSP Software Library IBM MS/PC-DOS TMDC3240812-12 
VAXNMS TMDC3240212-18 

HARDWARE TOOLS 

Analog Interface Board 2 (AIB2) RTC/ AI B320A-06 

Analog Interface Board Adaptor RTC/ADP320A-06 

EPROM Programmer Adaptor Socket TMDX3270120 
for 68- to 28-pin conversion 

Software Development System (SWDS) TM DX3268821 

XDS/22 Emulatort TMDS3262221 

XDS/22 Upgrade (TMS32020 to TMS320C2x) TMDS3282226 

tEmulation for the TMS320C25-50 is available from Macrochip Research. Inc .. 
1301 North Denton Drive. Suite 204, Carrollton, TX 75006; or, call (214)242-0450. 

Table 1-3. Development Tool Connections to a Target System 

TOOL TARGET CONN. INCl. OPT. PART NUMBER 

TMS320C25 XDS/22 68-pin PGA X 
68-pin PGA X TMDX3288825 
68-pin PGA X TMDX3288826 
68-lead PlCC X 
68-lead PlCC X TM DX3288825 

TMS32020 XDS/22 68-pin PGA X TMDX3288820 
68-pin PGA X TMDX3288825 
68-lead PlCC X TMDX3288825 
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1.2.1 Device and Development Support Tool Prefix Designators 

1-14 

To assist the user in understanding the stages in the product development 
cycle, Texas Instruments assigns prefix designators to the part numbers of all 
TMS320 devices and support tools. Each TMS320 member will have one of 
three prefix designators: TMX, TMP, and TMS. Texas Instruments recom­
mends two of three possible prefix designators for its support tools: TM DX 
and TM DS. These prefixes represent one of the evolutionary stages of product 
development from engineering prototypes (TMX/TMDX) through fully quali­
fied production devices/tools (TMS/TMDS). This development flow is de­
fined below. 

Device Development Evolutionary Flow: 

TMX Experimental device that is not necessarily representative of the final 
device's electrical specifications. 

TM P Final silicon die that conforms to the device's electrical specifications 
but has not completed quality and reliability verification. 

TMS Fully qualified production device. 

Support Tool Development Evolutionary Flow: 

TM OX Development support product that has not yet completed Texas In­
struments internal qualification testing. 

TM OS Fully qualified development support product. 

TMX and TMP devices and TMDX development support tools are shipped 
against the following disclaimer: 

"Developmental product is intended for internal evaluation purposes." 

TMS devices and TMDS development support tools have been fully charac­
terized and the quality and reliability of the device has been fully demon­
strated. Texas Instruments standard warranty applies. 

Note: 

Predictions show that prototype devices (TMX or TMP) will have a 
greater failure rate than the standard production devices. Texas Instru­
ments recommends that these devices not be used in any production 
system since their expected end-use failure rate is still undefined. Only 
qualified production devices are to be used. 
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1.2.2 Device and Development Support Tool Nomenclature 

In addition to the prefix, the device nomenclature includes a suffix that follows 
the device family name. This suffix indicates the package type (e.g., N, FN, 
or GB) and temperature range (e.g., L). Figure 1-4 provides a legend for 
reading the complete device name for any TMS320 family member. 

TMS 320 C 25 GB L 

PREFIX ------..... 
TMX = experimental device 
TMP = prototype device 
TMS = qualified device 
SMJ = MIL-STD-883C 

DEVICE FAMILY 
320 = TMS320 family 

TECHNOLOGY-------~ 

C = CMOS 
E = CMOS EPROM 
No letter = NMOS 

L TEMPERATURE RANGE 
H = 0 to 50'C 
L = 0 to 70'C 
S = -55 to 100'C 
M = -55 to 125'C 
A = -40 to 85'C 

PACKAGE TYPE 
N = plastic DIP 
J = ceramic CER-DIP 
JD = ceramic DIP 

side-brazed 
GB= ceramic PGA 
FZ = ceramic CER-QUAD 
FN = plastic leaded CC 

. FD = ceramic lead less CC 

DEVICE 
1 st-gen. DSP: 

10 
14 
15 
17 

2nd-gen. DSP: 
20 
25 

3rd-gen. DSP: 
30 

Figure 1-4. TMS320 Device Nomenclature 
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Figure 1~5 provides a legend for reading the part number for any TMS320 
hardware or software development tool. 

TM DS 32 4 28 1 0 - 0 2 

QUALIFIC. ATION STATUS J I TMDX = prototype 
TMDS = qualified 

DEVICE FAMILY 
32 = TMS320 family 

PRODUCT TYPE -------' 
4 = software 
6 = hardware 
8 = upgrade 

MODEU: ------------1 
11 = XDS/11 
22 = XDS/22 
88 = upgrade kits 

OPERATING SYSTEMt ------' 
02 = 1 st-gen. VAX/VMS 
08 = 1 st-gen. IBM MS/PC- DOS 
22 = 2nd-gen. VAX/VMS 
28 = 2nd-gen. IBM MS/PC-DOS 
32 = 3rd-gen. VAX/VMS 
38 = 3rd-gen. IBM MS/PC-DOS 

t Software only. 
:!: Hardware only. 

LMEDIUMt 
2 = 5-1/4" floppy disk 
8 = 1600 BPI magnetic tape 

S/W FORMATt 
o = object code 
1 = source code 

1..--__ SEQUENCE NUMBER:!: 

1---- GENERATION:!: 
1 = 1 st-gen. 
2 = 2nd-gen. 
3 = 3rd-gen. 

'------ FORMATt 
1 = TI- tagged 
5 = COFF 

Figure 1-5. TMS320 Development Tool Nomenclature 
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receive shift register (RSR) 3-10,3-56 
received serial data (DR) 3-56 
reliability tests H-2 
repeat counter (RPTC) 3-10,3-29,3-46, 

3-53,5-14 
reset (RS) 2-5,3-39,3-41,3-52, C-5 
reset circuit 6-3 

RET 3-37,3-53,5-8 
reverse-carry (rc) propagation 3-19,4-5, 

4-7,5-69 
RFSM 

Reset Serial Port Frame Synchroniza-
tion Mode (TMS320C25) 4-131 

right shift 3-27, 5-32 
RINT 3-52, C-7 
robotics 6-47 
ROM codes G-1 
ROVM 3-24, 5-32, 5-35 
RPT 3-46,3-53,5-14 

Repeat Instruction as Specified by 
Data Memory Value 4-136 

RPTC 3-29 
RPTK 3-46,3-53, 5-14 

Repeat Instruction as Specified by Im­
mediate Value 4-138 

RSXM 5-32 
RXF 3-50 

5 

SACH C-4 
SACL 3-33, C-4 
SBLK 

Subtract from Accumulator Long Im­
mediate with Shift 4-147 

SBRK 
Subtract from Auxiliary Register Short 

Immediate (TMS320C25) 4-148 
scaling 5-36 
scaling shifter 3-23 
serial port 3-56, C-6 

burst-mode operation 3-61 
continuous-mode operation 3-62, 

3-64,3-66 
timing and framing control 3-60 
transmit/receive operations 3-58 

serial-port clock (CLKR) 3-56 
SFL 3-26, 5-36 
SFR 3-26, 5-35 
SFSM 

Set Serial Port Frame Synchronization 
Mode (TMS320C25) 4-153 

shift modes 3-27,3-44,5-32,5-43 
shifters 3-11, 5-35 

accumulator 3-23 
accumulator output 3-23, 5-35 
product register output 3-23, 5-35 
scaling shifter 3-23 

signal descriptions 2-1 
sign-extension mode 5-32 
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sign-extension mode bit (SXM) 3-26, 
3-44, 5-32, C-6. 

sign-magnitude data 5-32, 5-61 
simulator 1-4 
single-instruction loops 5-14 
sockets (TI) F-139 
software applications 5-1 
SoftWare Development System 

(SWDS) 1-5 
software library 1-11 
software stack 5-11 
software stack expansion 5-11 
SOVM 3-24, 5-32, 5-35 
specifications A-1 
SPM 5-33, 5-35 
SORA 3-26, 5-42 
SORS 3-26, 5-42 
square-root routine 5-8 
SSXM 5-32 
stack 3-28,5-8, 5-10 
static RAM interfacing 6-24 
status registers 3-11, 3-42, 5-32, C-2, 

C-6 
S'fRB 2-4 
SUBB 

Subtract from Accumulator with Bor­
row (TMS320C25) 4-170 

SUBC 5-43, C-3 
SUBK 

Subtract from Accumulator Short Im­
mediate (TMS320C25) 4-174 

subroutines 5-8 
SUBS 

Subtract from Low Accumulator with 
Sign -Extension Suppressed 4-175 

SUBT 3-24 
. Subtract from Accumulator with Shift 

Specified by T Register 4-176 
subtraction 3-25, 5-36, 5-53 
SXF 3-50 
SXM 5-32, C-2 
SYNC 2-5,3-68 
synchronization 3-68, C-5 
system applications 6-45 
system control 3-28 
system control circuitry 6-3 
system migration C-1 
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T 

T register (TR) 3-26, 5-38 
TBLR 3-21, 5-24 
TBLW 3-21, 5-24 
temporary register (TR) 3-11, 3-26, 5-38 
test control flag bit (TC) 3-44 
timer 3-11,3-44,5-12, C-5 
timer interrupt (TINT) 3-45,3-52,5-12 
timer register (TIM) 3-16,3-44,5-12 
timing analysis for interfacing 6-27 
timing control 3-60, 5-12 
TMS320 development tool 

nomenclature 1-16 
TMS320 device nomenclature 1-15 
TMS320 DSP bulletin board service 1-11 
TMS320 DSP hotline 1-11 
TMS320C1 x to TMS32020 system mi-

gration C-2 
TMS320C25 1-3 
TMS320C25-50 1 -3 
TMS320E25 1 -4 
TMS32020 1 -3 
TMS32020 to TMS320C25 system mi­

gration C-4 
transistors H-5 
transmit framing synchronization signal 

(FSX) 3-56 
transmit mode bit (TXM) 3-44, 3-56 
transmit shift register (XSR) 3-11, 3-56 
transmitted serial data (OX) 3-56 
TRAP 3-52 
two's-complement data 5-32, 5-38, 

5-46,5-61 
two-word instructions 3-36 

u 
user target design using XDS 6-7 

v 
VAXNMS 1-11 
VCC 2-6 
voice coding 6-46 
VSS 2-6 



w 
wait states 3-34,6-16 
wait-state generator 6-16 

x 
XDS design considerations 6-7 
XDS emulator 1-6 
XDS/22 upgrade 1-10 
XF 2-5, 3-44, 3-50 
XINT 3-52, C-7 
XSR 3-56 
X1 2-6 

X2/ClKIN 2-6 

z 
ZAlH 

Zero low Accumulator and load High 
Accumulator 4-187 

ZAlR 
Zero low Accumulator, load High 

Accumulator with Rounding 
(TMS320C25) 4-188 

ZALS 
Zero Accumulator, load Low Accu­

mulator with Sign-Extension Sup­
pressed 4-189 
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