






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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 DX word bit pattern

A/D or D/A MSB,
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB

[ p1s[p14] p13[ D12] D11 D10] D9 D8 [ D7 [ D6 [ D5 [ D4 [ D3 [ D2 [ D1 | DO |

AIC DX data word format section

d15]d14[d13]d12[d11]d10]d9]d8]d7]d6 a5 [d4 [d3]d2] 1] do COMMENTS
primary DX serial communication protocol
<« d15 (MSB) through d2 go to the D/A - ] 0 O The TX and RX Counter A’s are loaded with the TA and RA
converter register register values. The TX and RX Counter B's are loaded with TB
and RB register values.
« d15 (MSB) through d2 go to the D/A — ] O 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 B’s are loaded

with the TB and RB register values. NOTE: d1=0, dO =1 will
cause the next D/A and A/D conversion periods to be changed
by the addition of TA’ and RA’ Master Clock cycles, in which
TA’and RA’ can be positive or negative or zero. Please refer to
Table 1. AIC Responses to Improper Conditions.
<« d15 (MSB) through d2 go to the D/A — | 1 0] The TX and RX Counter A’s are loaded with the TA-TA’ and
converter register RA — RAregister values. The TX and RX Counter B’s are loaded
with the TB and RB register values. NOTE: d1=1, d0O =0 will
cause the next D/A and A/D conversion periods to be changed
by the subtraction of TA’ and RA’ Master Clock cycles, in which
TA'and RA’ can be positive or negative or zero. Please refer to
Table 1. AIC Responses to Improper Conditions.
« d15 (MSB) through d2 go to the D/A — | 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 DAC information (Primary Communications) to the AIC
will initiate Secondary Communications upon completion of the Primary Communications. N

Upon completion of the Primary Communication, FSX 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. This interleaving prevents
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from
skipping a DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary
Communications.
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

secondary DX serial communication protocol

x x| < to TA register = | x x|+ to RA register > | O O | d13 and d6 are MSBs (unsigned binary)
x | = to TA' register — | x | < to RA’ register - | 0 1| d14 and d7 are 2's complement sign bits
x | < to TBregister — | x | «< to RB register - | 1 0] d14 and d7 are MSBs (unsigned binary)
x x x x x x d9 x d7d6d5d4 d3d2 11
CONTROL d2 = 0/1 deletes/inserts the A/D high-pass filter
REGISTER — d3 = 0/1 disables/enables the loopback function
d4 = 0/1 disables/enables the AUX IN+ and AUX IN - pins
d5 = 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 = 0/1 delete/insert on-board second-order (sin x)/x

correction filter

reset function

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 A/D 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):

INITIALIZED
REGISTER
REGISTER VALUE (HEX)

TA

TA’ 1
B 24
RA 9
RA’ 1
RB 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 serial 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, TA’, and TB 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
vVee+ +5V
3200 ke
RESET

3~ 0.5 uF
Vee - i—“—sy
TeExas {’f
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

power-up sequence

To ensure proper operation of the AIC, 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 VcC — to ANLG
GND and from V¢ — 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, Vcc -, then Vcc + and Vpp. Also, no input signal

should be applied until after power-up.

AIC responses to improper conditions

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

AIC register constraints

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

1.
. TA’ register can be either positive, negative, or zero.
. RA register must be > 1.

TA register must be > 1.

RA’ register can be either positive, negative, or zero.
+ TA’ register) must be > 1.
(RA register + RA’ register) must be > 1.

. (TA register

. TB register must be > 1.

TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS

IMPROPER CONDITION AIC RESPONSE

TA register + TA' register = O or 1 Reprogram TX Counter A with TA register value

TA register — TA’ register = O or 1

TA register + TA' register < O 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 = O or 1 Reprogram RX Counter A with RA register value

RA register — RA’ register = O or 1

RA register + RA’ register = O 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 = O or 1

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

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

AIC and DSP cannot communicate Hold last DAC output

improper operation due 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 AIC
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).

11 t2
FRAME
SYNC
FSX
OR | | -

NGOING CONVERSION
et o —»

t2 - t1 = 1/19.2 kHz

o

v/
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TLC32044], TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

FSX

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).

t

|{¢————————— TRANSMIT CONVERSION PERIOD ————————]
t2 .

FSR : |

| |
|&—RECEIVE CONV. —pié— RECEIVE CONV. —f
PERIOD A PERIOD B

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

FSX

When incrementally adjusting the conversion period viathe 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.
Or, 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.

t

| |
|- TRANSMIT CONV. -Di¢— TRANSMIT CONV.-P}¢ TRANSMIT CONV. ¥
PERIOD A PERIOD B PERIOD C

12

=1 [ | T

| |
|¢&————RECEIVE CONVERSION PERIOD A —————pj¢—————RECEIVE CONVERSION PERIOD B————]
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

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

The TA, TA’, 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).

A

PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY
FSX
! TRANSMIT TRANSMIT | TRANSMIT |
h—————CONVERSION————-—*—CONVERSION——————*——CONVERSION———N
PERIOD A PERIOD B PERIOD C
2
FSR

| )
RECEWVE CONVERSION __og  ReCEIVE CONVERSION PERIOD B——————b|

PERIOD A

1/
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

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 A/D and D/A paths to be used without using the A/D and D/A 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) A/D 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.
1 No change from normal operation. The EODX signal is The pulse that initiates the A/D 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 EODR signal is
out here. brought out.
27 and 28 | There are no test output signals provided on these pins. The outputs of the A/D path low-pass or bandpass filter
(depending upon control bit d2 — see AIC DX 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 (30-pF) loads.
D/A PATH LOW-PASS FILTER TEST; PIN 13 (WORD/BYTE) 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 (sin x)/x correction filter is inserted, the OUT + and OUT — signals will have a flat response (see Figure 2). The
common-mode range of these inputs must not exceed +0.5 V.

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

F-90.
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

PIN 27 (POSITIVE),
PIN 28 (NEGATIVE)!

TEST CONTROL

TEST (PIN 1 AT O V)

FILTER

»

\ 4

AD  —>—

xc 3
Y

>
»

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

FILTER

(Sin x)/x -
CORRECTION -

D/A 44—

xc2

v

TEST CONTROL
(PIN 13 at -5 V)

PIN 16 (POSITIVE),
PIN 15 (NEGATIVE)!

FIGURE 2. LOW-PASS FILTER TEST FOR TRANSMIT SECTION

TAll analog signal paths have differential architecture and hence have positive and negative components.
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TLC32044I, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

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

Supply voltage, VCC+ (see Note 1) . . ... .. . -0.3Vto15V
Supply voltage, VDD - - - -« o -0.3Vtoi15V
OUtpUL VOItage, VO . . . o oot -03Vto15V
Input voltage, V| . ... ... -0.3Vtol15V
Digital ground voltage . . ... ... ... ... .. -03Vto 15V
Operating free-air temperature range: TLC320441 ... ... .. ... ... ... ........ -40°C to 85°C
TLC32044C .. ... ... 0°C to 70°C
Storage temperature range . ... .. ... ...t -40°C to 125°C
Case temperature for 10 seconds: FN package. . ... ....... ... ... ... .......... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C
NOTE 1: Voltage values for maximum ratings are with respect to VCC —.
recommended operating conditions
PARAMETER MIN NOM MAX UNIT
Supply voltage, Vcc 4+ (see Note 2) 4.75 5 5.25 Vv
Supply voltage, Vo — (see Note 2) -4.75 -5 -5.25 \"
Digital supply voltage, Vpp (see Note 2) 4.75 5 5.25 \
Digital ground voltage with respect to ANLG GND, DGTL GND [*] \
Reference input voltage, V,ﬂ@u {see Note 2) 2 4 \%
High-level input voltage, Viy 2 Vpp+0.3 \
Low-level input voltage, V| (see Note 3) -0.3 0.8 v
Load resistance at OUT + and/or OUT -, Rp 300 Q
Load capacitance at OUT + and/or OUT -, C 100 pF
MSTR CLK frequency (see Note 4) 0.075 5 10.368 MHz
Analog input amplifier common mode input voltage (see Note 5) +*1.5 \"
A/D or D/A conversion rate 19.2 kHz
Conversion rate 20 kHz
Operating free-air temperature, Tp TLC320441 40 85 °C
TLC32044C 0 70

NOTES: 2.
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal.

Voltages at analog inputs and outputs, REF, Vcc +. and VcC -, are with respect to the ANLG GND terminal. Voltages at

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 (SCF) specifications apply only when the low-pass section SCF clock is 288 kHz and

the high-pass section SCF clock is 8 kHz. If 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. If 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
(SCF) 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.

. This range applies when (IN+ — IN—-) or (AUX IN+ — AUX IN-) equals +6 V.
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

electrical characteristics over recommended operating free-air temperature range, VcC+ = 5V,
Vcec- = -5V, Vpp = 5 V (unless otherwise noted)

total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
VoH High-level output voltage Vpp = 475V, Igy = -300 A 2.4 \
VoL Low-level output voltage Vpp = 475V, g = 2mA 0.4 Vv
| Supply current § v TLC32044I 40 A
U urrent from m.
CC+ Supply CC+  [Ticazoaac 35
[ Supply current from V TLC320441 40 A
— U ro — m
CC- Supply CC-  [Ticazoaac ~35
IDD __ Supply current from Vpp fMSTR CLK = 5.184 MHz 7 mA
Vief Internal reference output voltage 3 3.3 \
Temperature coefficient of
250 °C
Vret internal reference voltage pem/
£ Output resistance at REF 100 kQ
receive amplifier input
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
A/D converter offset error (filters in) 10 70 mV
Common-mode rejection ratio at IN+, IN—,
CMRR Note 6 55 dB
or AUX IN+, AUX IN - See Note
" Input resistance at IN+, IN — 100 a
or AUX IN+, AUX IN -, REF
transmit filter output
PARAMETER TEST CONDITIONS MIN TYP' MAX | UNIT
Output offset volt t OUT + [V
Voo l.qu offset vo ége at OU or O 15 80 mv
(single-ended relative to ANLG GND)
Maximum peak output voltage swing across RL = 300 Q,
vVom : +3 v
R at OUT + or OUT - (single-ended) Offset voltage = O
Maximum peak output voltage swing between
\ RL = 600 Q +6 \
oM OUT + and OUT — (differential output) L
tall typical values are at Tp = 25°C.
NOTE 6: The test condition is a 0-dBm, 1-kHz input signal with an 8-kHz conversion rate.
b F-93
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

electrical characteristics over recommended operating free-air temperature range, VCC+ = 5 V.
VcCc- = -5V, Vpp = 5 V (unless otherwise noted)

system distortion specifications, SCF clock frequency = 288 kHz

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Attenuation of second harmonic of | single-ended| Viy = —0.1 dB to - 24 dB referred to Vef. 70 a8
A/D input signal differential See Note 7 62 70
Attenuation of third and higher single-ended| Vjn = —0.1 dB to —24 dB referred to Vef, 65 a8
harmonics of A/D input signal differential See Note 7 57 65
Attenuation of second harmonic of | single-ended| Vi, = -0 dB to —24 dB referred to Vief, 70 a8
D/A input signal differential See Note 7 62 70
Attenuation of third and higher single-ended| Vih = -0 dB to —24 dB referred to Ve, 65 a8
harmonics of D/A input signal differential See Note 7 57 65
A/D channel signal-to-distortion ratio
PARAMETER TEST CONDITIONS A, = 1% A, = 2% A, = 4% ONIT
(see Note 7) MIN MAX | MIN MAX | MIN MAX
Vin = -6 dBto —0.1 dB 58 >58% >588
Vin = —12dBto -6 dB 58 58 >58%
Vin = —18dBto —12 dB 56 58 58
Vin = —24 dBto -~ 18 dB 50 56 58
A/D channel signal-to-distortion ratio Vin = —30dB to —24 dB 44 50 56 dB
Vin = —36 dB to -30 dB 38 44 50
Vin = —42 dBto —-36 dB 32 38 44
Vin = -48 dBto -42 dB 26 32 38
Vin = - 54 dB to ~48 dB 20 26 32
t Al typical values are at Tp = 25°C.
: A, is the programmable gain of the input amplifier.
8 A value >60 is over range and signal clipping occurs.
D/A channel signal-to-distortion ratio
PARAMETER TEST CONDITIONS MIN  MAX UNIT
(see Note 7)
Vin = —6dBto ~0.1dB 58
Vinh = .—12dBto -6 dB 58
Vin = —18 dBto —12 dB 56
Vin = -24dBto -18dB 50
D/A channel signal-to-distortion ratio Vin = —30 dB to -24 dB 44 dB
Vjnh = —-36 dB to —30dB 38
Vin = —42 dBto -36 dB 32
Vin = ~48 dBto —42 dB 26
Vin = —-54 dB -48 dB 20

NOTE 7: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to V(ef). The load impedance for the DAC
is 600 Q.
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

electrical characteristics over recommended operating free-air temperature range, VCC+ = 5 V.
Vce- = =5V, Vpp = 5 V (unless otherwise noted) (Continued)

gain and dynamic range

PARAMETER TEST CONDITIONS MIN TYPT MAX [ UNIT
Absolute tra it gain tracki hile t itti —48 dB to 0 dB signal range,
/ solute transmit gain tracking error while transmitting 0 signal range £0.05 £+0.15 48
into 600 Q See Note 8
—48 dB to O dB signal range,
Absolute receive gain tracking error 9 g +0.05 +0.15 dB
See Note 8
power supply rejection and crosstalk attenuation
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
_ idle channel, supply signal
Y or Vee - supply voltage f = 0to 30 kHz 30
e":e?::on ratﬁ)c recei\?: Zhanne? at 200 mV p-p measured d8
T i . -
) f = 30 kHz to 50 kHz at DR (ADC output) 45
Ve + or Veg - supply voltage f = 0 to 30 kHz Idle channel, supply signal 30
rejection ratio, transmit channel at 200 mV p-p measured dB
(single-ended) f = 30 kHz to 50 kHz at OUT + 45
Crosstalk attenuation, transmit-to-receive (single-ended) 80 dB
T Al typical values are at Ta = 25°C.
NOTE 8: Gain tracking is relative to the absolute gain at 1 kHz and O dB (O dB relative to Vef).
,
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TLC32044I, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

delay distortion

bandpass filter transfer function, SCF fclock = 288 kHz, input (IN+ — IN—-) is a +3-V sinewave'
(see Note 9)

FREQUENCY

PARAMETER |TEST CONDITION RANGE ADJUSTMENT ADDEND# MIN TYPS MAX | UNIT
f < 50 Hz K1 x 0 dB -33 -29 -25
f = 100 Hz K1 x — 0.26 dB -4 -2 -1
f = 150 Hz to 3100 Hz K1 x 0 dB -0.25 0 0.25
. f = 3100 Hz to 3300 Hz K1 x 0 dB -0.3 0 0.3
. . Input signal
Fiiter gain ) f = 3300 Hz to 3650 Hz K1 x 0 dB -0.5 [0] 0.5 dB
reference is O dB
f = 3800 Hz K1 x 2.3 dB ~5 -3 -1
f = 4000 Hz K1 x 2.7 dB -20 -17 -16
f = 4400 Hz K1 x 3.2dB - 40
f = 5000 Hz K1 x 0 dB -65

low-pass filter transfer function, SCF fgjock = 288 kHz (see Note 9)

FREQUENCY

PARAMETFR TEST CONDITION RANGE ADJUSTMENT ADDEND* MIN TYPS MAX | UNIT
f = 0 Hz to 3100 Hz K1 x 0dB -0.25 0 0.25
f = 3100 Hz to 3300 Hz K1 x 0 dB -0.3 0 0.3
. f = 3300 Hz to 3650 Hz K1 x 0 dB -0.5 0 0.5
Filter gain input signal f = 3800 Hz K1 x 2.3 dB "5 -3 -1 o8
reference is O dB
f = 4000 Hz K1 x 2.7 dB -20 -17 -16
f = 4400 Hz K1 x 3.2dB - 40
f = 5000 Hz K1 x 0 dB - 65
serial port
PARAMETER TEST CONDITIONS MIN TYPS MAX | UNIT
VoH High-level output voltage IoH = -300 uA ) 2.4 Vv
VoL  Low-level output voltage loL = 2mA 0.4 \
] Input current ) +10 nA
C;i Input capacitance 15 pF
Co Output capacitance 15 pF

T See filter curves in typical characteristics.

* The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock frequency. A slight error in the 288-kHz SCF may result from
inaccuracies in the MSTR CLK frequency, resu!lbing 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 specifications, where K1 = 100 « [(SCF frequency — 288 kHz)/
288 kHz]. For errors greater than 0.25%, see Note 10.

SAll typical values are at Tp = 25°C.

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 respect to the average gain within the passband. The passbands are 150 to 3600 Hz and O to 3600 Hz
for the bandpass and low-pass filters respectively.

10. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched-
capacitor filter clock frequency to 288 kHz.

£.96 TeExas “?
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TLC32044l1, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature range, VCC+ = 5V,
vcc- = -5V, Vpp =5V

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

PARAMETER TEST CONDITIONS TYPT  MAX | UNIT
with (sin x)/x 550 | pV rms
Transmit noise . . DX input = 00000000000000, constant input code 325 425 | pV rms
without (sin x)/x
18 dBrncO
i . . 300 500 | uV rms
Receive noise (see Note 11) Inputs grounded, gain = 1
18 dBrncO
timing requirements
serial port recommended input signals
PARAMETER MIN MAX | UNIT
tc(MCLK) Master clock cycle time 95 ns
tr(MCLK) Master clock rise time 10 ns
tf(MCLK) Master clock fall time 10 ns
Master clock duty cycle 25% 75%
RESET pulse duration (see Note 12) 800 ns
tsu(DX) DX setup time before SCLK! 20 ns
th(DX) DX hold time after SCLK{ tc(SCLK)/4. ns

TAll typical values are at Ta = 25°C.
NOTES: 11. The noise is computed by statistically evaluating the digital output of the A/D 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.

*i
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature range, VCCc+ = 5V,
veec- = -5V, Vpp = 5 V (continued)

serial port — AIC output signals

PARAMETER MIN MAX | UNIT
tc(SCLK) Shift clock (SCLK) cycle time 380 ns
t(SCLK) Shift clock (SCLK) fall time 50 ns
1 (SCLK) Shift clock (SCLK) rise time 50 ns

Shift clock (SCLK) duty cycle 45 55 %
td(CH-FL) Delay from SCLK? to FSR/FSX! 90 ns
td(CH-FH) Delay from SCLK?T to FSR/FSX1 90 ns
td(CH-DR) DR valid after SCLKt 90 ns
tdw(CH-EL)  Delay from SCLK1 to EODX/EODRI in word mode 90 ns
tdw(CH-EH) Delay from SCLK1 to EODX/EODR! in word mode 90 ns
(EODX) EODX fall time 15 ns
t(EODR) EODR fall time 15 ns
tdb(CH-EL) _ Delay from SCLK1 to EODX/EODR! in byte mode 100 ns
tdb(CH-EH) _ Delay from SCLK1 to EODX/EODR! in byte mode 100 ns

TABLE 2. GAIN CONTROL TABLE
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION)

CONTROL REGISTER BITS A/D CONVERSION

INPUT CONFIGURATIONS 36 a7 ANALOG INPUT? RESULT

Differential configuration 1 1 +6V full-scale
Analog input= IN+ — IN— () (o] .

= AUX IN+ — AUX IN- 1 (o] +3V full-scale

0 1 +1.5V full-scale

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

Analog input = IN+ — ANLG GND (9] 0
= AUX IN+ ~ ANLG GND| 1 0 +3V full-scale
0 1 +1.5V full-scale

Tin this example, V(ef 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.

Rfp Rtb
‘v‘v‘v N Av‘v‘v
R
IN+ —AMW + = AUX IN + —aAA h -
R TO MUX r © { TO MUX
IN — —AAA - AUX IN - —AAA -
+ +
Rfp Rib
Rfp = Rford6 = 1,d7 = 1 Rfp = Rford6 = 1, d7 = 1
dé = 0,d7 = 0 dé = 0.d7 = 0
Rfp = 2R ford6 = 1,d7 = 0 - Rfp = 2R for d6 = 1,d7 = O
Rfy = 4R ford6 = 0, d7 = 1 Rfh = 4R for d6 = 0, d7 = 1
FIGURE 3. IN+ AND IN- GAIN FIGURE 4. AUX IN+ AND AUX IN -
CONTROL CIRCUITRY GAIN CONTROL CIRCUITRY
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TLC32044lI, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

(sin x)/x correction section

If the designer does not wish to use the on-board second-order {sin x)/x correction filter, correction can
be accomplished in digital signal.processor (DSP) software. (Sin x)/x correction can be accomplished easily
and efficiently in digital signal processor (DSP) 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.

(sin x)/x roll-off for a zero-order hold function

The (sin x)/x 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 x)/x ROLL-OFF

20 log sin « f/fg
= fifg
fs (Hz)
(f = 3000 Hz)
(dB)
7200 ~-2.64
8000 -2.11
9600 -1.44
14400 -0.63
19200 -0.35

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

correction filter

To compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter shown below, is
recommended.

Wi+ 1)

[y}

——> Y(i+ 1)

(1-p1IP2 z-1

[s}]

The difference equation for this correction filter is:
Yi+1 = p2(1-p1) (Uj+ 1) +p1 i

where the constant p1 determines the pole locations.

The resulting squared magnitude transfe: function is:

2 — 2
IH(f)|2 _ p24 (1 -p1)
1 - 2p1 cos(2 = fifg) + p12
{i’ )
EXAS F-99
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TLC32044), TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

correction results

Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and
9600-Hz sampling rates.

TABLE 4
ERROR . (dB) ERROR (dB)
fs = 8000 Hz fs = 9600 Hz
f (Hz)
pl = -0.14813 p1 = -0.1307
p2 = 0.9888 p2 = 0.9951
300 -0.099 -0.043
600 -0.089 -0.043
900 -0.054 o]
1200 -0.002 o]
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

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 I/O sample. The coefficients k1 and k2 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)

xas WP
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TLC32044I, TLC32044C

VOICE-BAND ANALOG INTERFACE CIRCUITS

byte-mode timing

—M - UHSCLK) Sy @t(SCLK) [ tc(sCLK)
SHIFTCLK 2V ZV' 2V Z’Vl 2V 2V ZVI
o8V o 08V | | |
td(CH-FLI-» b [ —& e~ td(CH-FH) —{ le-td(CH-FL) td(CH-FHI- le—
| | i | | 1
| U
7SR, FSX Yooy 4 | 08 vk 2 7
[ [l
| ~# k-1d(CH-DR) : |
2 Vv l
DR D15 n 01::3] 09 Y D8 p7 Y 06 b2 \ D1 DO
08V - |
tsu(DX)—¥ je— | |
[ " |
o/ - DON'T CARE
DX 015 f'o1af013) D9 X o8 ) { b7 {06 X o2 { o1 ) oo
! |
[PERY t .
— h(DX) —¥ k-tab(CH-EL) tdb(CH-EHI |-
EODR, EODX ’ ooy ) zZv
word-mode timing
k—-’f-'c(scw)
I
SHIFT CLK zvl 2"' | | zvl 2v|
| o8 Vl ] ogv 08V | ]
| ! |
s b t4(CH-FH)I-¥ k= |
. I | |
FSX, 7S Y b f
— T 4
|
}—o{ k-td(CH-DR) |

D15

tsu(DX)-¥ le— -
|

[ i

TR I B

—+  j=th(DX)

14 013 fo12) 011 02\ 01 DO

|
|
|
1

| |
tdw(CH-ELI }'— —# le-tdw(CH-EH)

2V
osvl }

FIGURE 5. SERIAL PORT TIMING

xxs %0
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TMS32010 < FSx
- SN74L5299
st ay’ DX
DEN G2
G1 - S0 CLK <]
v b—o e TLC32044
AO/PAO A o D8-D15 G1
YO \ \
A1/PAY A-H SR
A2/PA2 N 4
SN74L5138 SN74LS299 SHIFT CLK
L] s1 an’
G2
o cik < SN74LS74
G1 c1
,D0-D15 D0-07
po-015 K \ \ AAH s < 10[—<4— DR
\ AY AY 7
WE ®
© eLK ouT ° MSTR CLK
iNT <+ EODX

FIGURE 6. TMS32010/TMS320C15-TLC32044 INTERFACE CIRCUIT

in instruction timing

CLK OUT
|
BEN j | [
I
S0, G1 1 | |
T
D0-D15 J_WJ\

out instruction timing
CLK OUT | | | | | | | |
WE l ! l

SN74LS138 Y1 1 | I

SN74LS5299 CLK

DO0-D15 —( )

— vaup r—
FIGURE 7. TMS32010/TMS320C15-TLC32044 INTERFACE TIMING
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TLC32044I, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

Magnitude —dB

Magnitude-dB

AIC TRANSMIT AND RECEIVE LOW-PASS FILTER

TYPICAL CHARACTERISTICS

AIC TRANSMIT AND RECEIVE LOW-PASS FILTER

20 3 v v v r r
SCF clock f = 288 kHz
10 Ta = 25°C
0 2.5f Input = *3-V sinewave
A ]
2
E
-20 \ |
>
E A
-30 \ 3 1.5
-40 Y
-50 ° /
—60 1 SCF clock f = 288 kHz 05 /
Ta = 25°C \ ‘ 7
—~70} A= //
Input = #*3-V sinewave V ]
-80 L | I FE—
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5

Normalized Frequency —kHz x

SCF Clock Frequency Normalized Frequency —kHz x

SCF Clock Frequency

288 kHz 288 kHz
FIGURE 8 FIGURE 9
AIC RECEIVE-CHANNEL BANDPASS FILTER AIC RECEIVE-CHANNEL HIGH-PASS FILTER
20 20 T T T T T
‘ SCF clock f = 8 kHz
10 10-TAa = 25°C
Input = #*3-V sinewave

0 |

off - | ; |
3 BER /

@
-20 © -10 /
L]
-30 g -20
VR S
40 N é’ -30
-50 /
Low-pass SCF clock f = 288 kHz -40
—60[ High-pass SCF clock f = 8 kHz
_70} TA = 25°C \ -50
Input = *3-V sinewave
_80 d 1 1 1 1 —l 1 1 _60
0 05 1 15 2 25 3 35 4 45 5 0 50 100 150 200250 300 350 400 450 500

Frequency — kHz
FIGURE 10

Normalized Frequency —kHz x

FIGURE 11

A/D Conversion Rate

8 k samples/s
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

AIC RECEIVE CHANNEL BANDPASS FILTER AIC (SIN X)/X CORRECTION FILTER
- v T v - 5
Low-pass SCF clock f = 288 kHz sé; cl:)ck f] - 2'88 I‘(Hz [/-\‘
2.5 ||| High-pass SCF clock f = 8 kHz 4571, = 25°C
Ta = 25°C 4 |- Input = +3-V sinewave /

Input = *3-V sinewave

N

o
w
(&)
\

v
i \ 2
>
S 9. 3
' /\ 3 25
A /
3 =
go \ / \ s . 2
15 v
05 4 +
4+ \ 1 /
~— 05
| e
0.0 o

1
05 1 15 2 25 3 35 4 45 5 05 1 156 2 25 3 35 4 45 5

F —kH
requency z Normalized Frequency —kHz x S—_____CF Clock Frequency

FIGURE 12 288 kHz
FIGURE 13
(SIN X)/X CORRECTION FILTER A/D SIGNAL-TO-DISTORTION RATIO
6 l ‘ VS
N INPUT SIGNAL
(sin x)/x 100
4 °°’f9°‘i°" 1-kHz input signal
f"‘e'l 90 - 8-kHz conversion rate
|
2 o
3 L~ © 80
o // ervor 2 70 GAIN = 1X —
3 9 & GAIN = 4Xx P
£ — 60 -
g ~_ 5
@ k]
s _2 N s 50
2
2
D/A converter {sin x)/x é 40
-4 —Di ion for TB ister = 36 =
istortion for register \ 5 30
2
» 20
-6
0 05 1 15 2 25 3 35 4 45 5 10
Normalized Frequency —kHz x M 0
. 288 kHz -50 -40 -30 -20 -10 V] 10
FIGURE 14 Input Signal Relative to Vief—dB
FIGURE 15
i
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

A/D GAIN TRACKING

(GAIN RELATIVE TO GAIN AT O dB INPUT SIGNAL)

Gain Tracking—dB

-0.3
-0.4

-0.5

-0.2

0.5 T T
1-kHz input signal

0.4 - 8-kHz conversion rate

0.3

0.2

0.1

0 .

-0.1

-50 -40 -30 -20 -10 0 10
Input Signal Relative to Vief—dB

FIGURE 16

D/A CONVERTER SIGNAL-TO-DISTORTION RATIO

Signal-to-Distortion Ratio —dB

Vs
INPUT SIGNAL LEVEL
100

T T T T
1-kHz input signal into 600 Q
90 - 8-kHz conversion rate

80
70 : —
60— ,/

50 /
a0 i

30

20

10

[o]
-50 -40 -30 -20 -10 0 10
Input Signal Relative to Vief—dB

FIGURE 17

o
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TLC32044I, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

D/A GAIN TRACKING A/D SECOND HARMONIC DISTORTION
(GAIN RELATIVE TO GAIN Vs
AT O dB INPUT SIGNAL LEVEL) INPUT SIGNAL
0.5 T T T T -100 T T T
1-kHz input signal into 600 1-kHz input signal
0.4 - 8-kHz conversion rate — 90 8-kHz conversion rate
©
0.3 T -80
s
o 0.2 £ -70
3 g g
o 0.1 £ ~-60
£ Q
E 9 —'-\ ]
g (4] ~J § -50
= 0 € _a0
£ k]
O _g.2 — - -30
c
S
-0.3 § -20
)
-0.4 -10
-05 0
-50 -40 -30 -20 -10 0 10 -50 -40 -30 -20 -10 o . 10
Input Signal Relative to V ef—dB Input Signal Relative to Vief—dB
FIGURE 18 FIGURE 19
D/A SECOND HARMONIC DISTORTION
‘ Vs
INPUT SIGNAL
-100 T T T T
1-kHz input signal into 600
— 90| 8-kHz conversion rate
®
3 -80 P
c
2 -70
S
% -60 //
[a]
g -50
S
E -a0
]
I
- —-30
c
<]
- g -20
»n
-10

0
-50 -40 -30 -20 -10 0 10
Input Signal Relative to Vief—dB

FIGURE 20
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

A/D THIRD HARMONIC DISTORTION
Vs
INPUT SIGNAL

-100 T T T
1-kHz input signal

—90 - 8-kHz conversion rate °

-80

0 N\
R

—

Third Harmonic Distortion—dB

- 50 _ -

ol b
T e e T S——
- 20 - - —
~-10 .

0
-50 -40 -30 -20 -10 (4] 10
Input Signal Relative to V ef—dB

FIGURE 21

D/A THIRD HARMONIC DISTORTION
Vs
INPUT SIGNAL
-100

: r : .
1-kHz input signal into 600 Q
—90 | 8-kHz conversion rate

—_ 80 4 -
_4 _

-70 +—

-60 —e e e

-850 —— t—

-40
-30

Third Harmonic Distortion—dB

-20

-10

0

-50 -40 -30 -20 -10 0 10

Input Signal Relative to Vief—dB
FIGURE 22
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL APPLICATION INFORMATION

TMS32020/C25 TLC32044
CLKOUT < MSTR CLK Vee+
FSX < FSX REF —' T
DX > DX ANLG GND
FSR - FSR BAT 421
DR - DR Vee -
CLKR |—o—e SHIFT CLK Vpp
CLKX —I
DGTL GND

FIGURE 23.

C = 0.2 yF, CERAMIC

AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS AND

TL4A31

FOR:

SCHOTTKY DIODEt

Vee

3-V OUTPUT

‘D
32500 @

Vee = 12V, R = 7200 @

Ve = 10 V. R = 5600 Q

FIGURE 24.

TThomson Semiconductors

Vec = 5V.R = 16000

EXTERNAL REFERENCE CIRCUIT FOR TLC32044
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

D2873, SEPTEMBER 1986 —REVISED FEBRUARY 1989

® Advanced LinCMOS™ Silicon-Gate ALL TYPES . .. DW OR N PACKAGE
Technology TLCO820__M . . . J PACKAGE
(TOP VIEW)
® 8-Bit Resolution
® Differential Reference Inputs :ggf ggE
® Parallel Microprocessor Interface 01
® Conversion and Access Time Over g;E
Temperature Range WR/RDY ]
Write-Read Mode . . . 1.18 us and 1.92 us MODE []
Read Mode . . . 2.5 us Max "B (]
® No External Clock or Oscillator Components INT [
Required GND [
® On-Chip Track-and-Hold TLCO820_M . . . FK PACKAGE
® Low Power Consumption . . . 50 mW Typ TLC0820_I. TLCO820_C . . . FN PACKAGE
ADC0820__Cl, ADC0O820__C . . . FN PACKAGE
® Single 5-V Supply (TOP VIEW)
® TLCO0820B is Direct Replacement for g z
National Semiconductor ADC0820B/BC and 29 4
Analog Devices AD7820L/C/U; 58%2¢%5¢
TLCO820A is Direct Replacement for
National Semiconductor ADC0820C/CC and 3212009 _
Analog Devices AD7820K/B/T D2 [Ja 181 OFLW
D3[)s 17 07 (MSB)
description WR/RDY [16 16} D6
MODE [} 7 15(] D5
The TLCO820A, TLC0820B, ADC0820B, and RO 14[] D4
ADCO0820C are Advanced LinCMOS™ 8-bit 910111213
analog-to-digital converters each consisting of T o e
two 4-bit ““flash’’ converters, a 4-bit digital-to- 2. 18
analog converter, a summing (error) amplifier, CRE

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 us 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/us 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.

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 0°C to 70°C. See Available Options.

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to
specifications per the terms of Texas Instruments TE

dard Production pr ing does not F-109
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TLC0820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

AVAILABLE OPTIONS

SYMBOLIZATION?

OPERATING TOTAL
DEVICE PACKAGE TEMPERATURE UNADJUSTED
SUFFIX RANGE ERROR
TLCO820AC DW, FN, N 0°C to 70°C +1LSB
TLCO820AI DW, FN, N -40°C to 85°C +1LSB
TLCO820AM DW, FK, J, N -55°C to 126°C +1LSB
TLC0820BC DW, FN, N 0°C to 70°C +0.5 LSB
TLCO8208I DW, FN, N -40°C to 85°C +0.5 LSB
TLCO820BM DW, FK, J, N -55°C to 1256°C +0.5 LSB
ADC0820BC DW, FN, N 0°C to 70°C +0.5 LSB
ADCO820BCI | DW, FN, N -40°C to 85°C +0.5 LSB
ADCO0820CC DW, FN, N 0°C to 70°C +1LSB
ADCO820CCI | DW, FN, N -40°C to 85°C +1LSB

Tin many instances, these ICs may have both TLCO820 and ADC0820 labeling

on the package.

functional block diagram

(12) 4-BIT FLASH
REF + oo ANALOG-TO- |, 18
REF - DIGITAL AP
CONVERTER @2
(4 MSBs) —
a4 (3)
outputr |4
" 4-BIT LATCH
DIGITAL- AND (5)
b rowice e [
BUFFERS
(15)
4-BIT FLASH (16)
ANALOG-TO-
T DIGITAL 2 | (7
-1 . CONVERTER
AN in +1 (4 LSBs)
MODE {7)
_ 6
WrrpY & X — TIMING (9)
— (13) AND
cs CONTROL
__ 8
RD

OFLW

DO (LSB) )

D1
D2
D3
D4
D5

D6

D7 (MsB) J

L DIGITAL
QUTPUTS
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TLCOB20A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

PIN
NAME NUMBER DESCRIPTION

ANLG IN 1 Analog input

CS 13 This input must be low in order for RD or WR to be recognized by the ADC.

Do 2 Three-state data output, bit 1 (LSB)

D1 3 Three-state data output, bit 2

D2 4 Three-state data output, bit 3

D3 | 5 Three-state data output, bit 4

D4 14 Three-state data output, bit 5

D5 15 Three-state data output, bit 6

D6 16 Three state data output, bit 7

D7 17 Three-state data output, bit 8 (MSB)

GND 10 Ground

INT 9 In the WRITE-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. tq(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(int).
INT goes low at the end of tgg)|_ and the conversion results are available sooner (see Figure 2). INT is reset by the
rising edge of either RD or CS.

MODE 7 Mode-selection input. It is internally tied to GND through a 50-xA 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.

NC 19 No internal connection

OFLW 18 Normally the DFLW output is a logical high. However, if the analog input is higher than the VREF + ., OFLW
will be low at the end of conversion. It can be used to cascade 2 or more devices to improve resolution (9
or 10-bits).

RD 8 In the WRITE-READ mode with TS low, the 3-state data outputs DO through D7 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. RD also enables the three-state
data outputs upon completion of the conversion. The RDY output going into the high-impedance state and
INT going low indicates completion of the conversion.

REF — 11 This input voltage is placed on the bottom of the resistor ladder.

REF + 12 This input voltage is placed on the top of the resistor ladder.

Vee 20 Power supply voltage

WR/RDY 6 In the WRITE-READ mode with TS 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, tq(int).
provided that the RD input does not go low prior to this time. td(int) is approximately 800 ns.

In the READ mode, RDY (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
10 @ microprocessor system.

TEXASs {?

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

F-111



TlCﬂBZOA, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

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

F-112
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TLC0820__1 | TLC0820__C
TLCO820_M ADC0820__Cl | ADC0820__C uNIT
Supply voltage, Ve (see Note 1) 10 10 10 \%
Input voltage range, all inputs (see Note 1) ~0-21t0 0.2t ~0.2to v
Vee+0.2 Vee+0.2 Vcc+0.2
Output voltage range, all outputs (see Note 1) -0.21t0 ~0-21t0 ~0.2t0 \%
Vee+0.2 Vcc+0.2 Vce +0.2
Operating free-air temperature range -55to0 125 —40 to 85 0to 70 °C
Storage temperature range - 65 to 150 - 65 to 150 —-65 to 150 °C
Case temperature for 60 seconds: FK package 260 °C
Case temperature for 10 seconds: FN package 260 260 °C
Lead temperature 1,6 mm (1/16 inch) from case 300 oc
for 60 seconds: J package
Lead temperature 1,6 mm (1/16 inch) from case 260 260 260 oc
for 10 seconds: DW or N package
NOTE 1: All voltages are with respect to network ground terminal, pin 10.
recommended operating conditions
TLCO820_M TLC0820__1 TLC0820_C
ADC0820__CI ADC0820_C UNIT
MIN NOM MAX MIN NOM MAX MIN NOM MAX
Supply voltage, Vcc 4.5 5 8 4.5 5 8 4.5 5 8 \%
Analog input voltage -0.1 Vee+0.1 [ -0 Vect+0.1 [ -0.1 Veg+0.1 i
Positive reference voltage, VRgF + VREF - Vee | VREF - Vee | VREF - Vee \Y
Negative reference voltage, VREF — GND VRer+{ GND VRer+| GND VREF + \%
High-level inputj Vcc = 4.75 V| TS, WR/RDY, RD 2 2 2 v
voltage, V|4 to 5.25 V MODE 3.5 ) 3.5 3.5
Low-level input| Vcc = 4.75 V|TS, WR/RDY, RD 0.8 0.8 0.8 v
voltage, V| to 5.25 V MODE 1.6 1.5 1.5
Delay fo next conversion, t4(NC) 500 500 500 ns
(see Figures 1, 2, 3, and 4)
Delay time from WR to RD in write-read mode,
. 0.4 0.4 0.4 us
tdWR (see Figure 2)
Wnte-f)ulse duration in write-read mode, ty,w 05 50 0.5 50 0.5 50 us
(see Figures 2, 3, and 4)
Operating free-air temperature, Ta -55 125 -40 85 0 70 °C
+
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

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

PARAMETER TEST CONDITONS MIN TYP'T MAX | UNIT
Vv =475V,
cc Full range 2.4
— R IoH = - 360 uA
VoH High-level output voltage Any D, INT, or OFL \%2
Vee = 475V, Full range 4.5
IoH = — 10 uA 25°C 4.6
v Low-level output volta Any D, OFCW, iNT, Vee = 5.25V, Full range 0.4 v
ow-level output v e —
oL P 9 | or WRIRDY loL = 1.6 mA 25°C 0.34
CS or RD Full range 0.005 1
WRIRDY Full range 3
IiH High-level input current VIH = 5V 25°C 0.1 0.3 A
MODE Full range 200
25°C 50 170
. CS, WR/RDY, RD,
he Low-level input current ViL=0 Full range -0.005 -1 rA
or MODE
Full range 3
Off-state (high-impedance Vo =5V 25°C 01 03
loz N Any D or WR/RDY - - uA
state} output current Full range -3
Vo = 0
25°C -0.1 -03
CSats5V, Full range 3
| Anal . . Vi =5V 25°C 0.3 A
nalog input curren —
! 91ne CSats5V, Full range -3 #
Vi =0 25°C -0.3
Any D, OFLW, INT, Full range 7
Y Vo =5V
or WR/RDY 25°C 8.4 14
| Short it output t| Any D or OFLW Full range -6 A
-cir or m
0s ort-circuit output curren ny o 3590 TR
T 0= Full range -4.5
25°C -63 -9
R Ref ist Full range 1.25 6 K
C
ref eference resistance 2550 14 23 53
| Supp! . CS, WR/RDY Full range 15 A
n — m
CC Supply curre and RD at O V 25°C 75 13
’ . Any digital 5
C;i Input t Full F
i nput capacitance ANLG IN ull range e p
Co Output capacitance Any digital Full range 5 pF
TAll typical values are at Tp = 25°C.
Texas WP
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TLCO820A, TLC0820B, ADC08208B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

operating characteristics, VCC = 5V, VREF+ = 5V, VREF- =0, tr = tf = 20 ns, Tpo = 25°C
(unless otherwise noted)

. TLC0820B TLCO820A
PARAMETER TEST CONDITIONS ADC08208B ADC0820C UNIT
MIN TYP  MAX MIN TYP  MAX
- Supply voltage
k V =5V + 5%, Ta = MIN to MAX +1/16  x1/4 +1/16 +1/4]| LSB
SvS sensitivity cc A °
Total unadjusted error’| MODE pin at 0 Vv, Ta = MIN to MAX 1/2 1 LSB
Read mode
1, MODE pin at 0 V, See Fi 1 1.6 2.5 1.6 2.5
convi conversion time. pin & ee Figure us
Int, | t- MODE pin at 5V, CL = 50 pF,
gy e count - pina L P 800 1300 800 1300| ns
down delay time See Figures 3 and 4
t, t, t, t
taR Access time from RD! | MODE pin at O V, See Figure 1 :Z’(;VR :ZBVR f;’(‘)vn f;r(';’ﬂ ns
MODE pin at 5 V, CL = 15 pF 190 280 190 280
A time from RD! | t td(int)
taR1 coess time from dWR < td(int) CL = 100 pF 210 320 210 320
See Figure 2
MODE pin at 5 V, CyL = 15 pF 70 120 70 120
A i fi RD i
taR2 ccess time from RDI ‘dWR‘ > td(int) CL = 100 pF 20 150 20 150 ns
See Figure 3
taINT Access time from INT! | MODE pin at 5 V, See Figure 4 20 50 20 50 ns
] 'R = 1k, CL = 10 pF,
tdi Disable ti f RD? 70 95 70 95 ns
dis ‘sable time from See Figures 1, 2, 3, and 5
Delay time f MODE pin at O V, C( = 50 pF,
RDY Y Hime from - pin @ L P 50 100 |- 50  100| ns
CS! to RDY! See Figure 1
Del i f = 50 pF,
RN oY time from CL=50p 125 225 125 225| ns
RD1 to INT? See Figures 1, 2, and 3
Delay time f MODE pin at 5 V, t < td(int)-
WRIL ey time from - pin @ dWR < td(int) 200 290 200 290| ns
RDI to INT! See Figure 2
Delay time from MODE pin at 5 V, CL = 50 pF,
t —— 175 270 175 270 ns
dWIH WR? to INT? See Figure 4
Slew rate tracking 0.1 0.1 V/us

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” TECHNIQUES

PARAMETER MEASUREMENT INFORMATION

s /N

- - - -

| : je—tanci—|
[]
WR/RDY I | WITH EXTERNAL PULL-UP
—3  |ef-taroy —» r—'dam
__ T |
INT |

:‘—'convﬂ—q |

DOD] === — - ——————-— -E[- --------

iﬂ-——'an————bl —»  je—tdis

FIGURE 1. READ MODE WAVEFORMS (MODE PIN LOW)

& :\H/'\ VAR W
WR/RDY —\_} *\"_/’ WR/RDY w Bk__
‘dWR—k————*—‘d(NC)—.‘

]
[ -l
| R r— ] e tawR — —» l‘—‘deH
|
iNT | | INT qk f
td(int) H—H] - lt—tdnm n—'d(im)—’l
DO-D7 == o= o o o = {- F— - DO-D7 == = om o = g ?--
taR1—p|  |e— ] 'aRZ—OI jo—
—'DI 14— tdis —¥ tdis l‘—
FIGURE 2. WRITE-READ MODE WAVEFORMS FIGURE 3. WRITE-READ WAVEFORMS
[MODE PIN HIGH AND tgwRr < td(int)] [MODE PIN HIGH AND tqwRr > td(int)]
CS Low
RD LOW

F—tatin)—4| ¢ camr
> -DATA
D0-D7 VALID

FIGURE 4. WRITE-READ MODE WAVEFORMS
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW)
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TLC0820A, TLCO820B, ADCO820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

PARAMETER MEASUREMENT INFORMATION

TLC0820 Vee CL = 10pF
OR ¢
T
ADC0820 veg — — Tl ! T
INPUT — RD onl—e DATA RD 1A 50%
= OUTPUT GND :10%
GND ! —>l tdis r—
CL $1kQ VoH 9
! 1 DATA 0%
OUTPUTS
® ' GND
= ty = 20 ns
Vee CL = 10 pF
TLCO820 —itr [—
OR 3 Vee —— '{' ¥oo%
ADC0820 31k RD 1 50%
INPUT —RD o DATA GND :10%
n °
s OUTPUT tdis |
GND Vee 7
TL v |
) VoL 10%
L ty = 20 ns
Dn = DO ...D7
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS
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TLCO820A, TLC08208B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PRINCIPLES OF OPERATION

The TLCO820A, 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 conversionis —0.1 V to Vcc +0.1 V. Analog input signals
that are less than VREF — + % LSB or greater than VREF + — Y2 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 ratiometric 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 us 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 WRJ/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.

TEXAs {?
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL

CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

N,

TYPICAL APPLICATION DATA

cs — 1201
Ei 3] & Vee b—
WR __ (1)
© WR/RDY ANLG ANLG IN
RD IN
l ® | &5
7
20 (2) DO MODE ——)—-5
D1 B3] o rees 112 o5V
B’LPS o o 02 lm F
5 .
D3 (5) o3 /_]_\ u
D4 (14) =
Da
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D6 (16)
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ot 18) ) Serw GND 4 0-’%:
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FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

D2982, FEBRUARY 1987 —REVISED JANUARY 1989

e Advanced LinCMOS™ Technology J OR N DUAL-IN-LINE PACKAGE
. (TOP VIEW)
e Self-Calibration Eliminates Expensive
Trimming at Factory and Offset Adjustment ANLG Vcc - it vce
in the Field IN- 0 p12
e 12-Bit Plus Sign Bipolar or 12-Bit Unipolar e é o
ANLG GND D10
e +1/2 and =1 LSB Linearity Error in Unipolar REF D9
Configuration X ANLG Ve + 1 ps
e 10 s Conversion Time (clock = 2.6 MHz) e 5] o 1o
e Compatible with All Microprocessors WR % D5/DI5 f BUS
e True Differential Analog Voltage Inputs s D4/Di4
RD '] D3/DI3
e 0to 5V Analog Voltage Range with Single DGTL GND [] D2/DI12
5-V Supply (Unipolar Configuration) READY OUT [] D1/DI

INT [] bo/pIo J

e —5Vto 5V Analog Voltage Range with
+5-V Supplies (Bipolar Configuration)

e Low Power...25 mW Maximum

description

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(0 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 A/D 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 us (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 TLC1225Al and TLC1225BI are characterized for operation from —40°C to 85°C.

Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated

PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated

on products in the formative or design phase of v}
development. Characteristic data and other
specifications are design goals. Texas Instruments

reserves the right to change or discontinue these lNS’T RUMENTS

products without notice. POST OFFICE BOX 655012 * DALLAS, TEXAS 75265
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| TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

functional block diagram

r —————————————— el
| MICROPROCESSOR |
|
[ c AngrTION 8| s 8-BIT SWITCH N !
ANLG Vg - DAC g I k4 CONTROL |
13-BIT I
N+ CAPACITOR DAC T I 8-BIT SAR |
AND'S/H
3 u ® \ : REGISTER 1 !
1 COMP REGISTER 2 8-BIT l
s * I'g 5 pata !
IN- 13-BIT l 14 ALU paTH |
REF CAPACITOR DAC ' !
AND S/H 4 | SBIT e 8-WORD !
13— CALIBRATION |- RAM :
L-‘-—W—q: DAC | ADDRESS | ADDRESS I
{13 | COUNTER | COUNTER I
5V - 10 V TRANSLATOR | 1 2 y, |
13-BIT SWITCH CONTROL ! CLOCKS I
13 BIT SAR <+ ! 6 I
7| INPUT DATA LATCHES |
13-BIT CALIBRATION | '
CONTROL LOGIC | < 1+ |
3
13 | |
13-BIT DATA LATCH |4 ' |
6 |
¢ 1 | |MuUX CONTROL I
13 13 | ROM
1/0 BUS —p—¢ > ar |
|
TIE HIGH—~ ! PROGRAM I
INT < : COUNTER |
3 > | | |
S —» o — |- - = — - = J
WR —»
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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 B and 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.

lGND lGND LGND

A

- - -

ASaagav)

TGND TGND TGND

B [

FIGURE 1

2. An A/D conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR and the
result is stored in the RAM.

capacitor calibration of the ADC’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 A/D conversion result for the remaining comparator offset, obtained in Step 2 above, is
retrieved from the RAM and is input to the 8-bit DACs.

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The 8-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, Cy, 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 8-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.

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

Vief (Step 3)
GND (Step 4)

:

CmsB + 1-\ Cx

MSB CAPACITOR
VOLTAGE ERROR
(Step 4)

L

Cx - CmsB -

T

GND (Step 3)
Vyef (Step 4)

FIGURE 2

analog-to-digital conversion
The fol!owing steps are performed in the analog-to-digital conversion process:

1. Step 1 of the Calibration of Comparator Offset Sequence is performed. The A/D conversion resuit 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 8-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 8-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 DGTLVCC) (seeNote 1) ... . oo oo oo oo e 15V
Supply voltage, ANLG VO G = « -« v vt et e e -15V
Control and Clock input voltage range . .. .......... .0 -03Vto +15V
Analog input (IN+, IN-) voltage range,

VigandVi— . ANLG Vcc— —0.3Vto ANLG Voe+ +0.3V
Reference voltage range, Vref . . .. oo v o i i -03Vto ANLGVce+ +03V
Pin 7 voltage range, VOS . - -« -« o oot -0.3Vto ANLGVce+ +0.3V
Outputvoltagerange . ............ ..t -0.3Vto DGTL Vcg +0.3V
INPUL CUITENE (DB PIN) . . o et e e e e e e +*5 mA
Input current (Per Package) . . . . .. +20 mA
Operating free-air temperature range:

TLC1225AM, TL1225BM . . . .. . e -55°C to 125°C

TLC1225A1, TLC1225Bl . . . . e e e e —40°C to 85°C
Storage temperature range . . . .. .. e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: Jpackage . ............ 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, TLC12258
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

recommended operating conditions

MIN MAX UNIT
ANLG Voo + 4.5 6
Supply voltage ANLG Voo - -55 ANLG GND \
DGTL Vce 45 6
High-level input voltage, V|, all digital inputs except CLK IN 2 v
(Vcc =4.75V1t0525V)
Low-level input voltage, V), all digital inputs except CLK IN 0.8 v
(Vog = 4.75V105.25 V)
Bipolar range ANLGVgo— — 0.05 ANLGV +0.05
Analog input voltage, Vj.+. Vi~ U:ipolar ra?\ge ANLG ((E:I\CI:D ~005 ANLG vgg: Toos| ¥
Pin 7 (TIE HIGH) 2 v
Clock input frequency, fciock 0.3 2.6 MHz
Clock duty cycle 40% 60%
Pulse duration, CS and WR both low, ty, (CS-WR) 50 ns
Setup time before WR? or CS1, tgy 50 ns
Hold time after WRt or CS#, t 50 ns
Operating free-air temperature, T TLC1225AM, TLC1225BM =55 125 °C
TLC1225A1, TLC12258BI ~40 85

electrical characteristics over recommended operating free-air temperature range,

ANLG Vcc + = DGTLVCC = Vref =

5V, ANLG Vcc- = -5V (for bipolar input range),

ANLG Vcc - = ANLG GND (for unipolar input range) (unless otherwise noted) (see Note 2)

PARAMETER TEST CONDITIONS MIN  MAX UNIT
' lo=-18mA 24
Vi High-level output voltage DGTLVcc =475V \
OH ig utput voltag cC 10 = —50 pA 4.5
VoL Low-level output voltage DGTLVcc =475V, Igp=8mA 0.4 \
VT4 Clock positive-going threshold voitage 27 3.5 \
V1= Clock negative-going threshold voltage 1.4 21 \
‘ _ VT4 min — VT_ max 0.6 .
\ Clock input hysteresis v
hys put hysierest VT4 max — V1_ min 21
rref Input resistance, REF terminal 1 10 MQ
[[%] High-level input current V=5V 1 RA
IiL Low-level input current V=0 ~1 HA
High-impedance-state Vo=0 -3
loz o HA
output leakage current Vo=5V 3
1 Output current Vo =0 -8 mA
utput cu
o P Vo=5V 8
DGTL Icc Supply current from DGTL Voo folk = 2.6 MHz, CS hi gh 3 mA
ANLG IcC + Supply current from ANLG Voo + felk = 2.6 MHz, _S hig| 3 mA
ANLG Icc— Supply current from ANLG Voo - folk = 2.6 MHz, CS hi gh -3 mA
NOTE 2:  Bipolarinput range is defined as: Vj4+ = ~5.05V105.05V,V|_ = -5.05V105.05V, and|V,4 ~ V|- | = 5.05 V. The unipolar input

voltage range is defined as: V4

= —0.05V105.05V, V|

= -0.05V10505V,and | V4 - Vi

_|=505V.

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

operating characteristics over recommended operating free-air temperature range,

ANLG Vcc + = DGTL Ve = Vref = 5V, ANLG Vcc - = -5V (for bipolar input range),
ANLG Vcc - = ANLG GND (for unipolar input range), fclock = 2.6 MHz (unless otherwise
noted) (see Note 2)

PARAMETER TEST CONDITIONS MIN | MAX | UNIT
Unipolar input range TLC1225A 1
J i
E Linearity error P i % [Ticrezs =05 LSB
i}
) ! Bipolar input range TLC1225A =2
POIBTINPULIANGe I IET2258 15
Zero error +05| LSB
Adjusted positive and negative . .
Unipol t range +1| LSB
full-scale error (see Note 3) nipoiar input rang
Adjusted iti ti
djusted positive and negative Bipolar input range *1 LSB
full-scale error (see Note 4)
Temperature coefficient of gain 15| ppm/°C
Temperature coefficient of offset point 1.5| ppm/°C
Zero error . +0.75
Supply voltage Positive and negative ANLGVCG+ = 5V £ 5%,
K - + B9, *0.75| LSB
Svs sensitivity full-scale error gg'_}? \\;CC—_ ; v 5+V5;/' 5%,
Linearity error cc= =0 +0.25
clock
1 Conversion time (1/f 27
¢ version time (1/1cik) cycles
Access time (delay from falling edge of
¢ i CL = 100 pF 110 ns
a CS'RD to data output) L P
- Disable time, output (delay from rising RL = 10kQ, CL=10pF 60 ns
dis edge of RD to high-impedance state RL = 2kQ, Cp = 100 pF 60
td(READY) RD or WR to READY OUT delay 140| ns
t4(NT) RD or WR to reset of INT delay 400| ns
NOTES: 2.Bipolar input range is defined as: V|4 = -5.05V105.05V,V|_ = -5.05V105.05 V,and |V|+ —V|_| < 5.05 V. The unipolar input

voltage range is defined as: V|4 = -0.05V1t05.05V,V|_ = -0.05Vt05.05V, and |Vj4+ -V|_| = 5.05V.
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, TLC12258
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

INPUT SAMPLING

: J&——>— CONVERSION
glgligligiglgluiuipininigigigligiy
s \__/ 7/ n___/

|

|

READY ’ I \ / \

|
| l
' : \ r
! L
|
| | tA(INT) —a—p} :
L N | ]
wNT | Ir \ [ { :
|
| l&-»td(READY) : [€»—td(READY)
td(READY)—had : : tdREADY) —la-by :

’

be——1n -tais
tsu—9 — | ta—le—p \
1/0 BUS { w Ik' { N > out
COMMAND TO CALIBRATE COMMAND TO
7 CAPACITORS & OFFSET INITIATE CONVERSION

(REQUIRES 105 CLOCK CYCLES)
) FIGURE 3. TIMING DIAGRAM
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-CONVERTERS

PARAMETER MEASUREMENT INFORMATION

DGTL
Vce
v
_— DATA O ™ o% J 90%
c OuTPUT GND 10%
L ‘
AL tdis
L 1 L VoH 90%
= = = DATA OUTPUT
DGTL GND
Vee
RL
v
w DATA o FF 90%
OUTPUT GND 10%
CL
v [—t4is
cc——
= = DATA OUT (—
VoL £10%

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 A/D 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 CSor
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 A/D conversion

When INT goes low, conversion is complete and the A/D result can be read. A new conversion can begin
immediately. The A/D 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

When both CS and RD 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
D12is low if V4 — V| is positive and high if Vj 4+ — V|- is negative.
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

general
reset INT

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 | Vj+ — V|- |. When | V|+ — V|- | equals Vyef, the highest conversion data
value results. When | V|4 — V|— | 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 A/D 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 A/D 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 S+ WA 1/0 BUS REQUIRED NUMBER
DI5 Dl4 DI3 DI2 DIt DI0 OF CLOCK CYCLES
Conversion 1 H L X X X L 27
Calibrate? ? L X L L L L 105

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 (i.e., 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 | V|4 — V|- | values, higher source resistances, and lower charge on the bypass capacitors (i.e., faster
conversion rate).

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

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 V¢ lines can cause conversion error. Low-inductance tantalum capacitors (> 1 uF) with
short leads should be used to bypass ANLG Vcc and DGTL Vc . 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

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 01111 1111 1110 to
01111 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 M

VRS * 8192

The difference between the actual and ideal differential voltages is:

Delta = V; VES + VFS @
elta = -1- —

X FS 8192
Then apply a differential input voltage of:

Delta (3

and adjust Vyef 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 —

1

(4094) 0 1111 1111 1110 L POSITIVE
FULL-SCALE
TRANSITION
ZERO TRANSITION - ~
-~
-~
P
-~
w {2) 0 0000 0000 0010 — ~
o (1) 0 0000 0000 0001 _|
2 1 (0) 0 0000 0000 0000 LSB |
> | 1
B - Vet 1111111111111 (= 1) +Vyef
3 1-11111 1111 1110 (-2)
g
-~
-~
P
g
P
-~
_I—rJ — 1 0000 0000 0001 (- 4095}
NEGATIVE FULL-SCALE TRANSITION  _1_1 0000 0000 0000 (-4096)

ANALOG INPUT VOLTAGE VIN(+) — Vin(-=)!

FIGURE 5. TRANSFER CHARACTERISTIC

IN(+) TIE HIGH

SIGNAL IN DGTL Vcc

1,
L,

IN(-) ;L\
I

T

SEE NOTE A £ ANLG Vce

>
"

»

+
T——i |
L————I‘—‘ Vref 0.1 4F l

ANLG GND

DGTL GND

-_L- 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-DIGITAL CONVERTERS

TYPICAL APPLICATIONS (Continued)

o
<

[IN(+)  ANLG Ve 4 i
’ +
10 uF
TLC1225A -
TLC12258B =
r‘ IN(—)
FIGURE 7. INPUT PROTECTION
5V
14 KkQ
<)
XOR VXDR
SEENOTEB IN(+) ANLG Ve + .
500 0 | -—LO‘luF ——10 yF
ZERO 2¢— IN(-) SEE NOTE A /_L\ j_?
ADJ = =
DGTL V¢ L 2 L 2
_I_ 1t
500 0 TLC1225A 0.1 4F 10 yF =— &
T T $39k
TLC12258 $
= L = =
- - TIE HIGH
1/2 LM358A
Vref 1 4 . l 1kQ
S FS
ADJ
*1 uF

NOTES: A. Vj_ = 0.15 x ANLG VoG 4.
B. 15% of ANALOG Ve = VxpR = 85% of ANALOG Vi,

FIGURE 8. OPERATING WITH RATIOMETRIC TRANSDUCERS
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

D3008, SEPTEMBER 1986 —REVISED OCTOBER 1988

Advanced LinCMOS™ Silicon-Gate D OR N PACKAGE

Technology (TOP VIEW)
Easily Interfaced to Microprocessors out1 v Uie[JRes
On-Chip Data Latches out2[j2  1sL]REF
GND[]3 14 VDD
Monotonic over the Entire A/D Conversion DB7[J4  13[JWR
Range DB6[]s  12[]JCS
Segmented High-Order Bits Ensure Low- ggi E 6 " %gg?
Glitch Output ? 10
DB3 (s 9[]DB2
Designed to be Interchangeable with Analog
gewcas AD7524n,n :_I]VII IZM-7524, and Micro FN PACKAGE
ower Systems 52 (TOP VIEW)
Fast Control Signaling for Digital Signal N~
N " [l ouw
Processor Applications Including Interface 8 8 % g
with TMS320
KEY PERFORMANGE SPECIFICATIONS GND [l :jE VDD
Resolution 8 Bits b7 Hs 16[ WR
Linearity error % LSB Max NC I8 15[ ﬂE
Power dissipation 5 mW M bB6 [J7 cs
VoD = 5V mW Max DB5 [I8 4[] DBO
Settling time 100 ns Max 9 Jot11213
Propagation delay 80 ns Max a g % S pos
oo“oo

NC—No internal connection

description

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
% 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 muitiplying (2 or 4 quadrant) makes the TLC7524 an ideal choice for many
microprocessor-controlled gain-setting and signal-control applications.

The TLC7524l is characterized for operation from —25°C to 85°C, and the TLC7524C is characterized
for operation from 0°C to 70°C.

Advanced LInCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily include testing of all parameters.
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TLC7524 ’
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

functional block diagram

Vbbb
[(14)
(15) R R R
REF ——— |
2R 2R
(16)
W [ RFB
X | $-2 ! s-3 | 58 3k
] 1 | I | "
: : e : ouT1
[}
| | 1 | (2)
+ n + 4 ouT2
| | | 1
sl | — 1 i a 3
— aal DATA LATCHES GND
WR » <¢
77
' ' 3 h '
(a) (5) (6) (11)
D87  DB6 DBS DBO
(MsB) (LSB)

V
DATA INPUTS

operating sequence

Y o
su(CS) th(CS)

——tw(WRI———>|
. 1 1
1
= \ e
[¢—tsu(D)—»
| su l—3— th(D)
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

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

Supply voltage, VDD . - - o o v e -0.3Vto16.5V
Digital input voltage, V) .. ... .. ... -0.3VtoVpp+0.3V
Reference voltage, Vief . . . . ... i +25V
Peak digital input current, I} . . . ... .. L 10 pA
Operating free-air temperature range: TLC75241 ... ... ... .. ... ... ... .... —25°C to 85°C
TLC7524C ... ... ... ... .. 0°C to 70°C
Storage temperature range . . . ... ... ...u ettt -65°C to 150°C
Case temperature for 10 seconds: FNpackage. .. ... ...... ... ... .. ... ............ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C
recommended operating conditions
Vpp = 5V Vpp = 15V UNIT
MIN NOM MAX [ MIN NOM MAX
Supply voltage, Vpp 4.75 5 525|145 15 15.5 \
Reference voltage, Vief +10 +10 \
High-level input voltage, V| 2.4 135 \%
Low-level input voltage, V) 0.8 1.5 \%
CS setup time, tg,(CS) . 40 40 ns
CS hold time, th(Cs) 0 0 ns
Data bus input setup time, tsy(D) 25 25 ns
Data bus input hold time, ty(p) 10 10 ns
Pulse duration, WR low, ty(WR) 40 40 ns
Operating free-air temperature, T TLC7524! =28 85 | -2 8% °C
TLC7524C [¢] 70 [0] 70
electrical characteristics over recommended operating free-air temperature range, Veef = *10 V,
OUT1 and OUT2 at GND (unless otherwise noted)
PARAMETER TEST CONDITIONS Vop = 5V Vop = 15V UNIT
MIN TYP MAX MIN TYP MAX
H High-level input current V) = Vpp 10 10 nA
I8 Low-level input current Vi =0 -10 -10 A
ouT DBO-DB7 at OV, WR,CSat0V, +400 +200
kg Output leakage Viegf = £10V . oA
current DBO-DB7 at Vpp, WR, CSat0V,
ouT2 . +400 +200
Vigf = £10V
Quiescent | DBO-DB7 at Vjymin or V) max 1 2 mA
IppD Supply current
Standby DBO-DB7 at O V or Vpp 500 500 pA
kgyg “UPPly voltage semsitivity, |\ 100 0.01 0.16 0.005 0.04 | %FSR/%
Again/AVpp
Input capacitance,
% peo.oB7, WR. C5 Vi=0 5 5| PF
Co Output capacitance out E)-DB7 atov, 30 30 pF
ouT2 WR and CS at O V 120 120
Co Output capacitance oum D_BO-DB7_at VoD. 120 120 pF
ouT2 WR and CS at O V 30 30
) Reference input impedance 5 20 5 20 @
(Pin 15 to GND)
%
F-133
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TLC7524

Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended operating free-air temperature range, Vyef = *10 V,
OUT1 and OUT2 at GND (unless otherwise noted)

PARAMETER TEST CONDITIONS Vop = 5V Vop = 15V UNIT
MIN TYP MAX MIN TYP' MAX

Linearity error +0.5 +0.5 LSB
Gain error See Note 1 +2.5 +2.5 LSB
Settling time (to %2 LSB) 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 OUT1 or OUT2 %fa:a f:_:soa:/o( 1\20";:01":;”:;’2 v 0.5 05 | %FSR
Temperature coefficient of gain | Tpo = 26°C to MAX +0.004 +0.001 %FSR/°C

NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vgt — 1 LSB.
2. OUT1 load = 100 Q, Cext = 13 pF, WR at O V, CS at 0 V, DBO-DB7 at 0 V to Vpp or Vpp to O V.

principles of operation

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 OUT1 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, Iyef, 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 likg represents leakage
currents to the substrate: The capacitances appearing at OUT 1 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 capacitance {120 pF maximum) appears at OUT 1. 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, lref would be switched to OUT1.

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 LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

principles of operation (continued)

—

S R

AA

ouT1

30 pF

T

likg

Iref —
ouT2

REF AN——@
1256 é l likg

FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW

120 pF

S R

Vret VDD

Rg
l‘ C (See Note 4)

Ra = 2kQ
(See Note 3)

DBO-DB7 | E

CS —

WR

L—- OUTPUT

FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

Vet VDD
20 k9
3
Rp = 2ka /:{‘ Rg 2040 3
(See Note 3) /9 VWA~ > 't
Rl L ~ _
FB (See Note 4) $ 10 ka p—— OUTPUT
ouT 3 p/
5 kQ

swan [ W
— >

39

dl
1

FIGURE 3. BiPOLAR OPERATION (4-QUADRANT OPERATION)

NOTES: 3. Rp and Rp used only if gain adjustment is required.
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation.
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TLC7524
Advanced LinCMOS™ 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) ANALOG OUTPUT
MSB  LSB MSB  LSB
11111111 ~Vef (255/256) 1111111 Vief (127/128)
10000001 ~ Vyef (129/256) 10000001 Vref (1/128)
10000000 ~Vyef (128/256) = —Vgf/2 10000000 0
01111111 ~Vyef 1127/256) 01111111 ~Vyef (1/128)
00000001 ~Vyef (1/256) 00000001 —Vyef (127/128)
00000000 0 00000000 ~Vyef
NOTES: 5. LSB = 1/256 (V,efl.
6. LSB = 1/128 (Vygf).
microprocessor interfaces
AN
D0-D7 DATA BUS >
7
Z-80A N1
DBO-DB7
WR uT1
WR TLC7524
- ouT2
TS
I DECODE
> [
iORG >——» LOGIC
A N
AN
AO-A15 ADDRESS BUS >
7
FIGURE 4. TLC7524—2-80A INTERFACE
A
D0-D7 DATA BUS >
7
N ¥
6800 N/
DBO0-DB7
02 { . ouT1
WR TLC7524
_ ouT2
TS
DECODE
. (
vmA o LOGIC
AN
AN
AO-A15 ADDRESS BUS D
7

FIGURE 5. TLC7524-—-6800 INTERFACE
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TLC7524

Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

microprocessor interfaces (continued)

A8-A15

8051

ALE
WR

ADO-AD7

e
ADDRESS BUS D
DECODE R
>
N LOGIC
8-BIT 2
I LATCH
N Ts
) ouT1 '
WR TLC7524 }
> ouT2
DBO-DB7
/\\
AN
ADDRESS/DATA BUS >

FIGURE 6. TLC7524—-8051 INTERFACE
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-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.

REF (ANALOG OUTPUT VOLTAGE)

FIGURE 7. VOLTAGE MODE OPERATION

OUT1 (FIXED INPUT VOLTAGE)

II ouT2

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

equation:
Vo = V| (D/256)

where
VO = analog output voltage
V| = fixed input voltage
D = digital input code converted to decimal

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

PARAMETER TEST CONDITIONS

MIN  MAX

UNIT

Linearity error at REF Vpp = 5V, 0UTt = 2.5V, OUT2 at GND, Tp = 0°C to 70°C

1

LSB
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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 additiona! information about Tl sockets, contact the nearest Tl 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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IC SOCKETS
PLASTIC LEADED CHIP CARRIER

PERFORMANCE SPECIFICATIONS
- DEVICE GUIDE

Mechanical BARRIERS
Recommended PCB thickness range: 0.062 in to 0.092 in UNIQUE, HIGH
Recommended PCB hole size range: 0.032 in to 0.042 in NORMAL'FORCE

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 EASILY
Wipe: 0.075 in min

AUTO INSERTED :
Durability: 5 cycles min \-\

Contact retention: 1.5 lbs min

Electrical

Current carrying capacity: 1 A

Insulation resistance: 5000 MQ min

Dielectric withstanding voltage: 1000 V ac rms min
Capacitance: 1.0 pF max

Environmental

Operating temperature:

Operating: — 40°C to 85°C

Storage: —40°C to 95°C

Temperature cycling with humidity: will conform to final EIA
specifications PART NUMBER SYSTEM

Shelf life: 1 year min

MATERIALS CPR PH XXX - X —-X-0

Body — Ryton R-4 (40% glass) U/L 94-VO rating

Contacts — CDA 510 spring temper Contact surface 1 — tin lead

Contact finish — 90/10 tin (200 puin —400 uin) over 40 guin plating
copper : Contact spacing 1 — 0.050 in

Number of pos (044, 052, 068, 084)
Plated thru hole, solder tail
Tl socket Series
Plastic leaded chip carrier

CONTACT

CLOSED BOTTOM
DESIGN

Contact factory for detailed information

PLASTIC LEADER CHIP CARRIER CPR SERIES

2,54

(0.100) TVP_.I I“‘ STANDOFF
R
.

- ( X @ 8 s 3 e .\ o @ ® _[(o_ég‘w? .
o R

1 | - T

| : A e \/ ) ..

! ; s ® \\_ L

| : e
) L
( B « s & ® ® = @ @ @ r—
A
Device guide barriers not shown Pos A B [
aa | 2143 | 1778 | 12,70
0.844 | (0.700) | (0.500)
52 | 2398 | 2032 | 1524
10200 (0.944) | (0.800) | (0.600)
¢ s | 29.06 | 2540 | 20,32
90° vp i ¥ o6 (1.144) | (1.000) | (0.800)
‘_2,54?13‘;100) (0.025) " 3314 30.48 25.40
3.18
- 10.125) (1.344) | (1.200) | (1.000)

Extraction tool available, consult factory.
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IC SOCKETS
PLCC BURN-IN/TEST

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: 180°C max
Electrical

Contact rating: 1.0 A per contact
Contact resistance: 30 mQ max
Insulation resistance: 1000 MQ min

PART NUMBER SYSTEM

Dielectric withstanding voltage: 500 V ac rms min CPJ AA33A — XXX B

MATERIALS

Body — ultem glass filled (U/L 94 VO)

Contact — copper alloy Number of positions

Plating — overall gold plate .
Tl series socket

PLCC BURN-IN/TEST SOCKETS CPJ SERIES

23,00 (0.906) 2,54
0.100
17.20 (0.677) —f o o (0100 4,27 (0.050)
) 2,54 361
PATENTIPE NDING (0.100) © (0.150)
. o—
BRI | 41l + — 1,27 (0.050) (P S o—t 1300
17.90 444 M 4 4
(0.705) r i — ° ® 10.512)
i ® | 254 1
C,j ~r 7.80 (0.307) :‘__ Iy (0.100
12,10 — 25a
(0.476) = C 10,1001 |-1.27 (0.050)
g A 3,81 (0.150) <1508 1(0.200) |
T 18.08 (0.712)
. i 2 J
SIZES: 18 PIN
1,27 (0.050)
! 22 PIN
5.08 (0.200)
|~—12.90 (0.507)

[l 7

LL.HHHHB_A__ﬂ 14,00 (0.551)

3.00 (0.118)
0,50 0,35 -1,30 (0.051)
(0.020)

(0.014)

Dimensions in parentheses are inches
Contact factory for detailed information
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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 Il

Shock: 100 G, sawtooth waveform, 2 shocks each direction
per MIL-STD 202, Method 213, Test Condition |

Durability: 5 cycles, 10 mQ max contact resistance change
per MIL-STD 1344, Method 2016

Solderability: per MIL-STD 202, Method 208

Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in
diameter test pin

Withdrawal force: 0.5 0z (14 g) per pin min using 0.018 in
diameter test pin

Electrical

Contact rating: 1.0 A per contact

Contact resistance: 20 mQ max initial

Insulation resistance: 1000 MQ 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
100°C, tin

Corrosive atmosphere: 10 mQ max contact resistance
change when exposed to 22% ammonium sulfide for
4 hours

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

Temperature soak: 10 mQ 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 (QQ-B-626)

Inner contact — Beryllium copper (QQ-C-530) heat treated
Plating: (specified by part number)

PIN GRID ARRAY

@000 0
POOOO
0000

A 8 l@@EEO

—
©000eEE OO0
PPOEEOEOO0 O
PPOEEOEOO0 @
$PPOEEEEEO®
I s

rlo 10/0.12) (6400) TYP NONCUMULATIVE

1.3/2,0
(0.05/0.08) TYP

3,6/4.6

IS
r._WTI ik Yf‘ﬁﬁjfL

2,67/3,61
{0.105/0.150)

1,36

(0. 021) DIA (0.053) DIA
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IC SOCKETS
HIGH DENSITY PIN GRID ARRAY

WIDE-TAPERED
ENTRY

PRECISION
MACHINED
SLEEVE

PRECISION
SIX-FINGERED
INNER CONTACT

Inner contact — 30 uin gold over 50 pin nickel or 100 uin
tin/lead over 50 pin nickel

Outer sleeve: — 10 pin gold over 50 pin nickel or 50 pin
tin/lead over 50 pin nickel

PART NUMBER SYSTEM

3 5

C X G XX — XXX X X—X X
2 L A . B

Pin Length
W/W S/T
3-0.510 long | 9-0.105/0.150|
Plating
PIN Sleeve Clip
0 Gold Gold
5 Tin Gold

-Body Style and Orientation

- Contact Loading Pattern

Pin i
Grid '—Number of Pins
Array 024 to 324

— Overall Grid Size
5x5=05t0 18x18=18

L— BODY MATERIAL
G — Glass Filled Epoxy
P — PBT Polyester

Tl Socket
Insulator Size 20%1 0 10.305'

9Ix9 (0.950) 24,13 (0.800) 20,32
10x 10 (1.050) 26,67 (0.900) 22,86
11x11 (1.150) 29,21 (1.000) 25,40
12x12 (1.250) 31,75 (1.100) 27,94
13x13 (1.350) 34,29 (1.200) 30,48
14x14 (1.450) 36,83 (1.300) 33,02
156x 15 (1.550) 39,37 (1.400) 35,56
16x16 (1.650) 41,91 (1.500) 38,10
17x17 (1.750) 44,45 (1.600) 40,64
18x18 (1.850) 46,99 (1.700) 43,18

TNoncumulative
Dimensions in parentheses are inches
Consult factory for detailed information
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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 mQ max contact resistance
change per MIL-STD 1344, Method 2016

Solderability: per MIL-STD 202, Method 208

Electrical

Contact rating: 1.0 A per contact

Contact resistance: 20 mQ max initial

Insulation resistance: 1.0 MQ 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 mQ max contact resistance change when
tested per MIL-STD 202, Method 1038

Temperature soak; 10 mQ max contact resistance change
when exposed to 105°C temperature for 48 hours

Shelf life: 12 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 4 yin over min 70 pin nickel
plating

TFor additional plating option consult the factory.

BURN-IN TEST PIN GRID ARRAY

ZERO INSERTION
FORCE DUAL
BEAM CONTACT
SYSTEM

CLOSED BOTTOM
DESIGN

PART NUMBER SYSTEM

C XX X - XXX XX - 01
_LPlating
37 — overall gold plate
Number of positions
Conﬁg’uration
W-—11x11x2
Style ZF — Zero force

\— Tl Series socket

83,82
(3.30) " 3543 8,99 35,05
35,43 (1.395) (0.354) (1.38) MAX
8,99 | (1.395) . 2.54
10.354) -~ .
{0.100) 6.99
3 j . J E 10.275)
| ‘rf
2'54}- 121 x 2 = 25.40
(0.100) / = (1.00)
62,23 r —
(2.45) {
AL 29,60
DE e
4 b b Hy | m e e a2 S
228 e
2,54 —» o 15,24
.1 . . .
(0.100 (0.600) Dimensions in parentheses are inches
1 Contact factory for detailed information
) CONTACT OPEN CONTACT CLOSE
48,00 — 59,94 '
(1.89) — (2.36)
14,98
(0.590)
33.02 4/— __\
| 1 /OO
3 [ { Hitt—
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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 CLKQUT 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-MHz operation requires a third-overtone crystal.

X1 X2/CLKIN

CRYSTAL

it

Clt—~ ~T~C2

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.

RXD, Inc. N.E.L. Frequency Controls, Inc.
Norfolk, NB Burlington, Wi
(800) 228-8108 (414) 763-3591

CTS Knight, Inc.
Contact' the local distributor.
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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
L] 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 inte 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 Tl system after one year from the last
delivery.

A digital 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 Tl SYSTEM
- CODE SENT BACK TO CUSTOMER FOR VERIFICATION

CUSTOMER
APPROVES
ALGORITHM

NO

l TI PRODUCES PROTOTYPES I

CUSTOMER
APPROVES
PROTOTYPES (MINIMUM
PRODUCTION ORDER
REQUIRED)

NO

C TMS320 PRODUCTION D)

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

51/4” FLOPPY:  Tl-tagged or COFF format from Cross-Assembler
EPROM (TMS320): TMS320E14, TMS320E15, TMS320E17, TMS320E25
EPROM (others): TMS27C64

PROM: TBP28S166, TBP28S86

MODEM (BBS): Tl-tagged or COFF format from Cross-Assembler

When a code is submitted to Texas Instruments for masking, the code is re-
formatted to accommadate the Tl 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 invoive
the removal of address re-location 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 Tl standard prod-
uct and resold as though it were an unprogrammed version of the
device at thie 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 Tl 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 MOS Semicon-
ductor test limits, procedures, or processing without notice. Unless prior
arrangements for notification have been made, Tl advises all customers to
reverify current test and manufacturing conditions prior to relying on
published data.

H-1
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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 are:

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 ym).

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)

e Manufacturing site.

Tl reliability control systems extend beyond qualification. Total reliability
controls and management include a product reliability monitor and final pro-
duct release controls. MOS memories, utilizing high-density active elements,
serve as leading indicators in wafer-process integrity at TI| MOS fabrication
sites, enhancing all MOS 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
contaminates 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 B

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 MIL-STD-883C, Method 1010.5,
-65 to +150°C, Condition C

Per MIL-STD-883C, Method 1011 .4,
-565 to +125°C, Condition B

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 B1

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-V0) 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 equivaient gates. The numbers have been determined
from design verification runs.

Table H-2. TMS320C2x Transistors

DEVICE # TRANSISTORS # GATES
NMOS: TMS32020 80K 27K
CMOS: TMS320C25 160K 40K
TMS320C25-50 160K 40K
TMS320E25 160K 40K

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



Appendix H - Quality and Reliability

H-6



Appendix |

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 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).

ASSEMBLER
Cc SOURCE DSP SOFTWARE
COMPILER CODE LIBRARY DFDP
0. o, Q, Q,
| | 1 1
L |1 [ 1 |
on ASSEMBLER
|
0.
]
?n FORMATTER PROM PROGRAMMER
DOWNLOAD “’LINKED’’ OBJECT CODE
AlB
ol
[ ) a Ny
SIMULATOR SWDS
( )l TARGET
?o ?o / H/W

Figure I-1. TMS320C2x Development Tools
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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 Tl 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 SPRUO11A).

The nearest Tl 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 on page I-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 !-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

SPRUO11A). For ordering information, see Section [|.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.
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 Tl-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, VAX/VMS, VAX ULTRIX, and SUN-3 UNIX.
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1.1.2 TMS320C2x Simulator

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 1/0 ports so that specific 1/0
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 cabability 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

1/0 device simulation.

The simulator is currently available for the VAX/VMS 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 comgiler 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.
back to Figure I-1 for a diagram of the development environment when using

the C compiler.

Included with the shipment of the TMS320C25 C compiler
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,

VAX/VMS, 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 1/0.

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 1/0

ports so that specific I/0 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 |/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 TMSSZOCZx

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 (AIB2) Adaptor Connector that
connects the SWDS directly to the TMS320 AIB2.

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.

1.1.6 TMS320C2x Emulator (XDS)

The TMS320C2x Emulator (XDS/22) is a self-contained 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 O 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

[ J 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
SPRUO11A) for more information.
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Figure 1-2. TMS320C2x XDS/22 System Configuration

1.1.6 TMS320 Analog Interface Board 2

The TMS320 Analog Interface Board 2 (AIB2) 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 1/0O 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 péckages and the
TMS320C2x PGA packages are already installed on the AIB2. Adaptor sock-.
ets are required when using PLCC or CER-QUAD packages with this board.
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The AIB2 will operate with the TMS320C1x 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/0 port

POWER
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CABLE

ANALOG
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Figure 1-3. TMS320 AIB2 System Configuration
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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)

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 fellowing functions:

1)  Designing FIR filters (Kaiser window)

2) Designing FIR filters (Parks-McClellan)

3) Designing IIR filters (Butterworth, Chebychev | and Il, 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 1R filters. After the filter is designed,
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 Famijly Development Support
Reference Guide (literature number SPRUO11A). To obtain details, contact
the nearest Tl 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 SPRAO12A). These routines and algo-
rithms are written in TMS320C2x source code as well as TMS320C1x source
code. Additionally, macros for the TMS320C1x 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 BPl magnetic tape for the
VAX/VMS 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.LIS 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 SPRAO12A), 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.

1.11.10 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 Tl 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 SPRAO12A). The bulletin board also provides new
DSP application software as it becomes available. See the TMS320 Family
Development Support Reference Guide (literature number SPRUO11A) for

information on how to access the bulletin board.
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1.2 Part Order Information

This section provides the device and support tool part numbers. Table I-1 lists

the part numbers for all the second-generation members of the TMS320 fam-
ily. Table [-2 gives ordering information for TMS320C2x hardware and soft-

ware support tools.

Table |-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 tool prefix and suffix desig-
nators is included to assist in understanding the TMS320 product numbering
system.

Table I-1. TMS320C2x Digital Signal Processbr Part Numbers

OPERATING PACKAGE TYPICAL
DEVICE TECHNOLOGY | FREQUENCY TYPE DISSIPATION
TMS32020GBL NMOS 20 MHzt Ceramic 68-pin PGA 1250 mW
TMS320C25GBL CMOS 40 MHzt Ceramic 68-pin PGA 500 mW
TMS320C25FNL CMOS 40 MHzt Plastic 68-lead PLCC 500 mW
TMS320C25GBA CMOS 40 MHz Ceramic 68-pin PGA 500 mW
TMS320C25FNL50 CMOS 50 MHz* Plastic 68-lead PLCC 500 mW
TMS320E25FZL CMOS 40 MHZ* Ceramic 500 mW
68-lead CER-QUAD

TMilitary version available.
tMilitary version planned; contact nearest Tl 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 TMDS3242850-02
VAX/VMS TMDS3242250-08
VAX ULTRIX TMDS3242260-08
SUN-3 UNIX TMDS3242550-08
Simulator IBM MS/PC-DOS TMDS3242851-02
VAX/VMS TMDS3242251-08
C Compiler (TMS320C25) IBM MS/PC-DOS TMDX3242855-02
VAX/VMS TMDX3242255-08
VAX ULTRIX TMDX3242265-08
SUN-3 UNIX TMDX3242555-08
Digital Filter Design Package (DFDP) IBM PC-DOS DFDP-1BM002
DSP Software Library IBM MS/PC-DOS TMDC3240812-12
VAX/VMS TMDC3240212-18

HARDWARE TOOLS

Analog Interface Board 2 (AIB2)

RTC/AIB320A-06

Analog Interface Board Adaptor

RTC/ADP320A-06

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

Software Development System (SWDS) TMDX3268821

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 I-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 TMDX3288825
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

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 wili have one of
three prefix designators: TMX, TMP, and TMS. Texas Instruments recom-
mends two of three possible prefix designators for its support tools: TMDX
and TMDS. 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.

TMP Final silicon die that conforms to the device’s electrical épeciﬁcations

but has not completed quality and reliability verification.

TMS Fully qualified production device.

Support Tool Development Evolutionary Flow:

TMDX Development support product that has not yet completed Texas In-

struments internal qualification testing.

TMDS Fully qualified development support product.

TMX and TMP devices and TMDX development support tools are shipped

against the foilowing 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:

qualified production devices are to be used.

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

1-14
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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 I-4 provides a legend for
reading the complete device name for any TMS320 family member.

TMS 320 C 25 GB L

PREFIX I— TEMPERATURE RANGE
TMX = experimental device H= 0to50°C
TMP = prototype device L= 0to70°C
TMS = qualified device S = -5510100°C
SMJ = MIL-STD-883C M= -551t0125°C
A = -401to 85°C
DEVICE FAMILY ——mm ————— PACKAGE TYPE
320 = TMS320 family N = plastic DIP
J = ceramic CER-DIP
TECHNOLOGY JD = ceramic DIP
C = CMOS side-brazed
E = CMOS EPROM GB= ceramic PGA
No letter = NMOS FZ = ceramic CER-QUAD

FN = plastic leaded CC
" FD = ceramic leadless CC

DEVICE
1st-gen. DSP:
10
14
15
17
2nd-gen. DSP:
20

25
3rd-gen. DSP:
30

Figure I-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.

TMDS 32 4 28 1 0-0 2

QUALIFICATION STATUSJ
TMDX = prototype
TMDS = qualified

DEVICE FAMILY
32 = TMS320 family

PRODUCT TYPE
4 = software
6 = hardware

L MEDIUM?

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

S/W FORMAT?
0 = object code
1 = source code

SEQUENCE NUMBER?

8 = upgrade

MODEL# GENERATION#?
11 = XDS/11 1 = 1st-gen.
22 = XDS/22 2 = 2nd-gen.
88 = upgrade kits 3 = 3rd-gen.

OPERATING SYSTEMT FORMATT

02 = 1st-gen. VAX/VMS 1 = Tl-tagged

08 = 1st-gen. IBM MS/PC-DOS 5 = COFF

22 = 2nd-gen. VAX/VMS

28 = 2nd-gen. IBM MS/PC-DOS
32 = 3rd-geri. VAX/VMS
38 = 3rd-gen. IBM MS/PC-DOS

t Software only.
t Hardware only.

Figure 1-5. TMS320 Development Tool Nomenclature
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A/D interface 6-40
accumulator 3-9, 3-24
adaptive filtering 5-64
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(TMS320C25) 4-23
addition 3-25, 5-36, 5-51
ADDK
Add to Accumulator Short Immediate
(TMS320C25) 4-26
address bus (A15-A0) 2-4
addressing modes 4-2
ADDS
Add to Accumulator with Sign-Exten-
sion Suppressed 4-27
ADDT 3-24
Add to Accumulator with Shift Speci-
fied by T Register 4-28
ADLK
Add to Accumulator Long Immediate
with Shift 4-30
ADRK
Add to Auxiliary Register Short Imme-
diate (TMS320C25) 4-31
AIC interface 6-37
A-law/p-law companding 5-61
analog converters (TlI) F-2
analog interface board 2 (AIB2) 1-8
analog interface circuits (T1) F-2
ANDK
AND Immediate with Accumulator
with Shift 4-33
applications 1-6
architectural overview 3-3
architecture 3-1
arithmetic logic unit (ALU) 3-9, 3-24
arithmetic operations 5-32, 5-35
assembler C-2,1-3
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(ARAU) 3-9, 3-17, 3-20, 5-50
auxiliary register file bus (AFB) 3-9, 3-19
auxiliary register pointer (ARP) 3-9,
3-16, 3-20, 3-43
auxiliary register pointer buffer
(ARB) 3-9,3-19, 3-43
auxiliary registers 3-9, 3-16, 4-4, C-2

B

BBNZ 5-33
BBZ 5-33
BGEZ

Branch if Accumulator Greater Than or
___ EqualtoZero 4-42
BIO 2-5, 3-49
BIT 3-73,5-33
bit manipulation 5-33
bit-reversed (BR) addressing 3-19, 4-5,
4-7,5-69
BITT 3-25,5-33
BLEZ
Branch if Accumulator Less Than or
Equal to Zero 4-49
BLKD 3-20, 5-24
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Memory 4-50 -
BLKP 3-20, 5-24
Block Move from Program Memory to
Data Memory 4-53
block diagram 3-6
block moves 3-20, 5-24
blocks BO-B2 3-10, 3-12, 3-14, C-2
BNV 5-35
BR 2-5,3-70
branches 3-25, 3-37,5-29, C-4
bulletin board 1-11
burst-mode operation 3-61
BV 5-35
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C

C compiler 1-5

CALA 5-8

CALL 5-8

calls 5-29, C-4

carry bit (C) 3-25, 3-43, 5-51, C-6

central arithmetic logic unit (CALU) 3-9,

3-22
CLKOUT1 2-6, 3-44, 3-48
CLKOUT2 2-6, 3-48
CLKR 2-6, 3-56, C-7
CLKX 2-6, 3-56, C-7
clock phases 3-48, C-
clock timing 3-44, 3-
CMPR
Compare Auxiliary Register with Aux-
iliary Register ARO 4-67
CNF 3-43
CNFD 3-14,5-26,C-5
CNFP 3-14,5-26,C-5
codec interface 6-34
codecs (Tl) F-2
companding 5-61
A-law/p-law  5-61
sign-magnitude data 5-61
two’s-complement data 5-61
computed GOTO 5-15
context switching 5-17
continuous-mode operation 3-62, 3-64,
3-66
control system 6-47
convolution 5-36
crystal oscillator circuit 6-5
crystals F-144
cycle timings (instructions) C-4, D-1

5
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D

D/A converters (Tl) F-2

D/A interface 6-39

data address bus (DAB) 3-9, 3-19

data bus (D15-D0) 2-4, 3-9

data memory 3-12

data memory addressing 3-19

data memory expansion . 3-12

data memory page pointer (DP) 3-9,
3-20, 3-43

data moves 3-20, 5-36
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data receive register (DRR) 3-10, 3-16,
3-56, C-
data transmit register (DXR) 3-10, 3-16,
3-56
decode (pipeline) 3-29
denormalization 5-49
development support |-1
analog interface board 2 (AIB2) 1-8
C compiler |-5 ,
DFDP (digital filter design
package) 1-10
DSP Software Library 1-11
emulator (XDS) 1|-6
macro assembler/linker 1-3
simulator 1-4
SoftWare Development System
(SWDS) I-5
TMS320 DSP bulletin board
service |-11
TMS320 DSP hotline [-11
XDS/22 upgrade 1-10
digital filter design package (DFDP) 1-10
digital filters 5-62
direct address bus (DRB) 3-9, 3-19
direct addressing mode 3-19, 4-2, C-2
direct memory access (DMA) 3-71, 6-29
disk drives 6-47
division 5-43
DMOV 3-20, 5-36
DR 2-6,3-56
DS 2-4,3-14
DSP Software Library 1-11
DX 2-6, 3-56

E

echo cancellation 6-45
EINT 3-53, 3-54
electrical specifications A-1
emulator (XDS) 1[-6
EPROM E-1

EPROM interfacing 6-19
EPROM memories (TI) F-2

-EPROM Programming E-1

execute (pipeline) 3-29
extended-precision arithmetic 5-50
external clock (CLKX) 3-56 '
external flag (XF) 3-44, 3-50
external memory interface 3-47
external program/data access 3-40



F

Fast Fourier Transforms (FFT) 5-69

fetch (pipeline) 3-29

filtering 5-62

FIR filters 5-62

fixed-point conversion 4-116

floating-point arithmetic 3-24, 5-46

floating-point conversion 3-27, 4-79,
5-46

format bit (FO) 3-43, 3-56

FORT C-7

frame sync pulses 3-56, 3-60, 3-62

frame synchronization mode bit
(FSM) 3-43, 3-56, C-6

framing control 3-60

FSR 2-6, 3-56
FSX 2-6,3-56
G

gates H-5

global memory 3-69, 6-32

global memory allocation register
(GREG) 3-9, 3-16, 3-69, 3-70, 6-32

graphics 6-46

H

hardware applications 6-1
direct memory access (DMA) 6-29
disk drives 6-47
echo cancellation 6-45
global memory 6-32
graphics 6-46
high-speed control 6-47
high-speed modem 6-45
image processing 6-46
instrumentation 6-48
interfacing memories 6-10
interfacing peripherals 6-34
numeric processing 6-48
robotics 6-47
system applications £€-45
system control circuitry 6-3
user target design using XDS 6-7
voice coding 6-46

hardware stack 3-11, 3-28, 5-10, 5-11,

5-17

Harvard architecture 1-3
HOLD 2-5, 3-39, 3-53, 3-71
hold mode (HM) 3-43, C-6

HOLDA  2-5, 3-39, 3-71
hotline 1-11
|

1/0 interface 3-47, 6-42
1/0 port addressing 3-47, 6-42
IACK  2-5,3-52, 3-53
IDLE 3-71,C-4
IR filters 5-62
image processing 6-46
immediate addressing mode 3-19, 4-9
IN 3-47,5-24
indexed addressing 5-50
indirect addressing mode 3-19, 4-4, 5-36
initialization 5-3
instruction cycle timings D-1
instruction pipeline 3-29
instruction register (IR) 3-9, 3-30
instruction set summary 4-12
instructions (assembly language) 4-1
instrumentation 6-48
interface timing analysis 6-27
interfacing memories 6-10
interfacing peripherals 6-34
internal hardware summary 3-8
interrupt acknowledge (IACK) 3-52,
3-53
interrupt flag register (IFR) 3-9, 3-52,
5-17
interrupt mask register (IMR)  3-9, 3-186,
3-52,5-17
interrupt mode (INTM) 3-43, 3-52, 3-53
interrupts  2-5, 3-39, 3-52, 3-54, 3-71,
5-17, C-4
external interrupt interface 3-53
operation 3-52
priorities 3-52, 5-23
service routine 5-17
__ vector locations  3-52, 5-17
IS 2-4,3-14

K

key features 1-5
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LACT 3-24,5-46
Load Accumulator with Shift Specified
by T Register 4-79
left shifts 3-27, 5-32
linker -3
logical operations 5-32
loop control 5-14
LTA 5-39
LTD 5-39
Load T Register, Accumulate Previous
Product, and Move Data 4-97
LTP
Load T Register and Store P Register
in Accumulator 4-99

M

MAC 5-38,5-39, C-4

MACD 5-36,5-39, C-4

macro assembler 1-3

mask options  3-12, G-1

memory 3-12,5-24,C-2
addressing modes 3-19, 4-2
auxiliary registers = 3-16
block moves 5-24
data memory 3-12
global memory 3-69, 6-32
memory expansion 3-12
memory maps 3-14
memory-mapped registers 3-16
program memory 3-12

memory addressing modes 3-19, 4-2
direct addressing 3-19, 4-2, C-2
immediate addressing 3-19, 4-9
indirect addressing 3-19, 4-4

memory combinations 3-47

memory interface 6-10

memory management 5-24

memory maps 3-14

memory products (Tl) F-2

memory-mapped registers 3-14, 3-16

microcall stack (MCS) register 3-10,

3-30

microcomputer mode 2-5, 3-12, 3-15

microprocessor mode 2-5, 3-12, 3-15

modem_ 6-45

MP/MC  2-5,3-15
MPY 5-39, C-3
MPYA
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Multiply and Accumulate Previous '
Product (TMS320C25) 4-110
MPYK C-3
MPYS ‘
Multiply and Subtract Previous Prod-
uct (TMS320C25) 4-112
MPYU 3-26
MS/PC-DOS I-11
MSC 2-5,6-16
multiplexed external data bus 3-35
multiplication 5-38, 5-55, C-3
multiplier 3-10, 3-26, 5-38
multiprocessing 3-68

N

nomenclature 1-15

NORM 3-24,5-46, C-4
normalization 5-46, 5-49
numeric processing 6-48

o)

on-chip program RAM execution 5-29

on-chip program ROM 3-14

on-chip RAM 3-10, 3-14, 5-26

on-chip RAM configuration control bit
(CNF) 3-43

ordering information 1-12,1-13
oscillator circuit 6-5

OUT 3-47,5-24

overflow flag (OV) 3-43,5-35

ovarflow management 5-35
cverflow mode (OVM) 3-44,5-32,5-35
overflow saturation mode 3-24

P

P register (PR) 3-25, 3-26, 5-38

part numbers 1-12,1-13

PC stack 5-8

PC/MS-DOS I-11

period register (PRD) 3-10, 3-16, 3-44,
5-12, C-5

peripheral interface 6-34

PID control 5-76

pinouts 2-2

pipeline operation 3-29



decode 3-29

execute 3-29

fetch 3-29

prefetch 3-29

three-level pipeline 3-29

two-level pipeline 3-29

wait states 3-29
PM bits 3-44,5-43,C-2
POP 3-29
POPD 3-29, 5-11
powerdown modes 3-46
powerup reset circuit 6-3
prefetch (pipeline) 3-29
prefetch counter (PFC) 3-10, 3-30
product quality/reliability H-1
product register (PR) 3-10, 3-26, 5-38
product shift mode (PM) bits 3-27, 3-44,

5-33, 5-43, C-6

program access (on-chip) ' 3-40
program address bus (PAB) 3-10
program bus 3-10
program counter (PC)
program memory 3-12
program memory expansion 3-12
PROM interfacing 6-11
prototype devices G-1
PS 2-4,3-14
PSHD 3-29, 5-11
PUSH 3-29

3-10, 3-28, 3-37

Q

quality/reliability H-1

queue instruction register (QIR) 3-10,
3-30

Q15 format 3-27, 5-46

R

R/W  2-4

RAM interfacing 6-24

READY 2-4,3-70

receive framing synchronization signal
(FSR) 3-56

receive shift register (RSR) 3-10, 3-56

received serial data (DR) 3-56

reliability tests H-2

repeat counter (RPTC)
3-53,5-14

reset (RS ) 2-5, 3-39, 3-41, 3-52, C-5

reset circuit 6-3

3-10, 3-29, 3-46,

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

S

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 -4
single-instruction loops 5-14
sockets (Tl) F-139
software applications 5-1
SoftWare Development System
(SWDS) I-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
SQRA 3-26,5-42
SQRS 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
STRB 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 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

TMS320C1x 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 (DX) 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

Vv

VAX/VMS  [-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 [-10

XF 2-5, 3-44, 3-50

XINT 3-52,C-7

XSR 3-56

X1 2-6

X2/CLKIN 2-6

y4

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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