






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TLC1205A, TLC12058B, TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

TYPICAL APPLICATIONS

(4095) 0 1111 1111 1111 —

(4094) 0 1111 1111 1110 L POSITIVE
FULL-SCALE
TRANSITION
ZERO TRANSITION — -~
-
-~
-
-~
w {2) 0 0000 0000 0010 — -~
2] {1) 0 0000 0000 0001 _|]
‘.j 1 (0) 0 0000 0000 0000 |]LsSB 4
| |
& Vet 111111 -1 +Vyef
8 111111111 1110 (- 2)
P
-~
-~
-
-
-

— 1 0000 0000 0001 (-4095)

NEGATIVE FULL-SCALE TRANSITION -

L_ 1 0000 0000 0000 (-4096)

ANALOG INPUT VOLTAGE [Vip(+) - Vin(-)l

FIGURE 7. TRANS

FER CHARACTERISTIC

IN(+)

SIGNAL IN

IN(-}

1
—’—_—_T_— Vret
— 0.1,F
T,

ANLG GND

DGTL GND

-L- POWER GND

DGTL Vge 4 -9
Lo Lo
T T

ANLG Vco 4 4
*LO 1 uF L W0 uF |
T 5 =

NOTE:

A. The analog input must have some current return path to ANALOG GND.

B. Bypass capacitor leads must be as short as possible.

FIGURE 8. ANALOG CONSIDERATIONS

ADVANCE INFORMATION
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TLC1205A, TLC1205B, TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

TYPICAL APPLICATIONS (Continued)

<

[ IN(+)

IN(-}

ANLG Ve +

TLC1205
TLC1225

+
10 uF

-t

FIGURE 9. INPUT PROTECTION

g 5V
; s$aw
(@) VXDR
m XDR [ IN(+)  ANLG Vge+ i .
- 500 0 0.1 uF —L=10 4F
2 ZERO 3¢ iN(~) SEE NOTE A T T
ADJ = =
8 L DGTL V¢e _‘L .
b4 0.1 uF 10 uF =
5002 $ TLC1205 » u S
2 1 1 TL81225 j?-\ L g3ow
|
o Vref 4 Sk
2 g 3 Fs
. ADJ
1 uF B4
= :: 8.2 kQ
NOTE: A. V|- = 0.156 x ANLG Vg +-
B. 15% of ANALOG VeC = VxpR < 85% of ANALOG Ve
FIGURE 10. OPERATING WITH RATIOMETRIC TRANSDUCERS
EXAS U’
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TLC1540M, TLC15401, TLC1541M, TLC15411
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

02859, DECEMBER 1985 —REVISED JANUARY 1988

LiﬁCMOS‘" Technology J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW)
@ 10-Bit Resolution A/D Converter o
inpuT Ao [t U20]] vee
® Microprocessor Peripheral or Stand-Alone INPUT A1 (]2 19[] SYSTEM CLOCK
- Operation inPUT a2 (3 18[] 10 cLock
® On-Chip 12-Channel Analog Multipiexer INPUT A3 [J4  17[] ADDRESS INPUT
) : INPUT A4 [Js  16[] DATA OUT
@ Built-In Self-Test Mode INPUT A6 [J6 15[ 5
® Software-Controllable Sample and.Hold INPUT A6 (]7  14]] REF+
. INPUT A7 [J8  13[] REF -
® Total Unadjusted Error . . . INPUT A8 (]9 12[] INPUT A10
TLC1540: +0.5 LSB Max ano o 1] INPUT A9
TLC1541: 1.0 LSB Max

® Pinout and Control Signals Compatible with

FK OR FN CHIP CARRIER PACKAGE
TLC540 and TLC549 Families of 8-Bit A/D ;

(TOP VIEW)
Converters : o
O
TYPICAL PERFORMANCE g
Channel Acquisition Sample Time 5.5 us 2 2 2 s
Conversion Time 21 ps - - E
Samples per Second 32x103 2 E E 8 g’
Power Dissipation 6 mW 222>
description ‘ INPUT A3 4 18[} /0 cLOCK
The TLC1540 and TLC1541 are LinCMOS™ A/D INPUT A4 [15 17{J ADDRESS INPUT
peripherals built around a 10-bit, switched- INPUT AS [I6 160 DATA QUT
capacitor, successive-approximation, A/D INPUT A6 1]7 150 CS
converter. They are designed for serial interface INPUT A7 L] 8. 14[] REF +
to a microprocessor or peripheral via a three- 9
state output with up to four control inputs ©®aQ oo
lincluding independent System Clock, /0 Clock, TEIqy
Chip Select (CS), and Address Input]. A 2 25°
2.1-megahertz system clock for the TLC1540 € £4

and TLC1541, with a design that includes

simultaneous read/write operation, allows high-

speed data transfers and sample rates of up to

32,258 samples per second. In addition to the

high-speed converter and versatile control logic, there is an on-chip 12-channel analog multiplexer that
can be used to sample any one of 11 inputs or an internal *‘self-test’’ voltage, and a sample-and-hold that
can operate automatically or under microprocessor control. Detailed information on interfacing to most
popular microprocessors is readily available from the factory.

The converters incorporated in the TLC1540 and TLC1541 feature differential high-impedance reference
inputs that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply
noises. A totally switched-capacitor design allows guaranteed low-error conversion {+0.5 LSB for the
TLC1540, =1 LSB for the TLC1541) in 21 microseconds over the full operating temperature range.

The TLC1540 and the TLC1541 are available in FK, FN, J, and N packages. The M-suffix versions are
characterized for operation from —55°C to 125°C. The I-suffix versions are characterized for operation
from —40°C to 85°C.

LinCMOS is a trademark of Texas Instruments Incorporated

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
current as of publication date. Products conform to v} .
sgusfie:tiunt pn'r “ll’l !duzis of Texas iIlmdrmnoﬂg T E
standard warranty. Production processing does n - !
necessarily include testing of a'ﬁ paumt‘tcn. INSTRUMENTS . . 29
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TLC1540M, TLC15401, TLC1541M, TLC1541]
LinCMOS™10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

functional block diagram

REF+ REF—
] 10-BIT
R SAMPLE R ANALOG-TO-DIGITAL L
] v AND v CONVERTER e
] HOLD (SWITCHED-CAPACITORS)
—1 12CHANNEL L 10
ANALOG J —  aNALOG 4
INPUTS N —] MuLTIPLEXER
— OUTPUT 10 10-TO-1 DATA DATA
— DATA 7~%—] SELECTOR AND [— /oo o
] a INPUT REGISTER DRIVER
_ 7 ADDRESS -
REGISTER
‘} i' ' A 4
al
4 1
ay
SELF-TEST CONTROL LOGIC
REFERENCE > AND 1/0
COUNTERS
ADDRESS N INPUT 22
INPUT > MULTIPLEXER i
4
3 4
Vo >
cLockK v
cs »> 4
SYSTEM o~
CLOCK v
operating sequence
J1l2]3]a|s|e]|7]8]9]w0 [1v]2]3|a|s|ef7|8]a}10
CLI:D%K——/‘—J U U l_I !__] l_l | I I l l I || DON'T ;:CARE
14— ACCESS i |« SAMPLE e teony —— 14— ACCESS o) g SAMPLE 4,
& ' cvcLes ' | CYCLEB | (See Note A) ! 1 C¥CLEC 7 | CYCLEC i
£ :Y I
S Now 0 wHCS) 1
ADDRESS MmSB LSB DON'T CARE N ms8 LSB Tca
DON" RE
wror — 7+ Xe2Xe o0y $— DOOC
DATA HI-ZSTATE svaTe
our X asXasX a7XaeX as Xae X asX(azX ATX 0 X O 00000000
A9
44— PREVIOUS CONVERSION DATA——————p 4————— CONVERSION DATA B —‘._—82
MSB LSB MSB MSB LSB MsB
(See Note B}

NOTES: A. The conversion cycle, which requires 44 System Clock periods, is initiated on the 10th falling edge of the I/0O Clock! after
CS! goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the /0 Clock
must remain low for at least 44 System Clock cycles to allow conversion to be completed.

8. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining
nine bits (A8-A0) will be clocked out on the first nine I/O Clock falling edges.

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles {or less) after
a chip-select falling edge is detected before responding to control input signals. Therefore, no attempt should be made to
clock-in address data until the minimum chip-select setup time has elapsed.

{ip
Texas
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TLC1540M, TLC15401, TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

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

Supply voltage, VCC (see Note 1) ... .. . . 6.5 V
Input voltage range (any input) . .. .. ... .. ... -0.3VtoVce + 0.3V
Output voltage range . . . ................ . ... ... -0.3VtoVgee + 0.3V
Peak input current range (any input) .. ... ... +10 mA
Peak total input current (all inputs) . ........... e +30 mA
Operating free-air temperature range: TLC1540l, TLC15411. . ... ... .......... -40°C to 85°C

TLC1540M, TLC1541M . .. . ... ... .. .. ~-55°C to 125°C
Storage temperature range . . .. ... ... ..ottt e -65°C to 1560°C
Case temperature for 60 seconds: FK package. .. .......... ... .. ... ... ... 260°C
Case temperature for 10 seconds: FN package. ................ ... ... .. .......... 260°C
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package .......... 300°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package . . .. ... ... 260°C

NOTE 1: All voltage values are with respect to digital ground with REF — and GND wired together (unless otherwise noted).

Texas 3 E-31
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TLC1540M, TLC15401, TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

recommended operating conditions

TLC1540, TLC1541
UNIT
MIN NOM MAX
Supply voltage, Vo 4.75 5 5.5 v
Positive reference voltage, VRgr 4 (see Note 2) 2.5 Vce Vee +0.1 \
Negative reference voltage, VRefF — (see Note 2) -0.1 [¢] 2.5 Y
Differential reference voltage, VREF + — VREF - (see Note 2) 1 vee Vee+0.2 \
Analog input voltage (see Note 2) 0 Vee v
High-level control input voltage, V|4 2 v
Low-level control input voltage, V|_ 0.8 \"
Setup time, address bits before 1/0 CLKT, tg,(A) 400 ns
Hold time, address bits after 1/0 CLKT, th(A) 0 ns
System
Setup time, TS low before clocking in first address bit, tg,(Cs) (see Note 3) 3 clock
cycles
System
CS high during conversion, tyH(CS) a4 clock
cycles
Input/Output clock frequency, foik(1/0) 0 1.1 MHz
System clock frequency, fCLK(SYS) foLk1/0) 2.1 MHz
System clock high, tH(SYS) 210 ns
System clock low, ty| (SYS) 190 ns
Input/Output clock high, tywi(1/0) 404 ns
Input/Output clock low, twL(1/0) 404 ns
o System foLK(SYS) = 1048 kHz 30 ns
Clock transition time foLk(sys) > 1048 kHz 20
(see Note 4) 1o fCLK(1/0) < 525 kHz 100
ns
fcLk (/o) > 525 kHz 40
Operating free-air : TLC1540M, TLC1541M - 55 125 oc
temperature, Tp TLC15401, TLC15411 -40 85

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all "1 751111111 1}, while input voltages less than that
applied to REF — convert as all *’0’'s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts.

3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or less)
after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made
to clock-in an address until the minimum chip select setup time has elapsed.

4. This is the time required for the clock input signal to fall from V4 min to V) max or to rise from V| max to Viy min. In
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 microseconds
for remote data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling
microprocessor. :

E_32 TeExas {'f
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TLC1540M, TLC15401, TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

electrical characteristics over recommended operating temperature range, VCC = VREF+ = 4.75 V
to 5.5 V (unless otherwise noted), fCLK(l/0} = 1.1 MHz, fCLK(SYS) = 2.1 MHz

POST OFFICE BOX 655012 * DALLAS, TEXAS 76265

PARAMETER TEST CONDITIONS MIN TYP? MAX | UNIT
4 VOH High-level output voltage (pin 16) Vee = 475V, loH = 360 A 2.4 \
VoL Low-level output voltage Vee = 475V, loL = 3.2mA 04 \
| Off-state (high-impedance state) Vo = V¢ CS at Veg 10 A
0oz = H
output current Vg = 0. CS at vee -10
17"} High-level input current V| = Ve 0.005 25 A
hL Low-level input current Vi =0 -0.005 ~25 HA
Icc Operating supply current CSatoV 1.2 2.5 mA
Selected channel at Ve, 0.4 1
Unselected channel at 0 V )
Selected channel leakage current pA
Selected channel at 0 V, 0.4 1
Unselected channel at Vg ’
Icc + 'REF Supply and reference current VRer~ ~ Vco CSatov 1.3 3 mA
Analo t 7 55
C; Input capacitance l 9 |.npu s pF
1 Control inputs 5 15
Texas WP
INSTR E-33
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TLC1540M, TLC15401, TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

operating characteristics over recommended operating free-air temperature range,
Vce = VREF+ = 4.75V to 5.5 V, fcLk(ly0) = 1.1 MHz, foLK(SYS) = 2.1 MHz

PARAMETER TEST CONDITIONS MIN MAX UNIT
TLC1540 +0.5
Li it See Note 6 LSB
inearity error Tici547 ee Note 1
TLC1540 +0.5
z See Notes 2 and 6
ero error TiC847 ee Notes 2 an " Ls8
TLC1540 +0.5
Fuli-scale error TLC1541 See Notes 2 and 6 i LS8
TLC1540 +0.5
Total djusted See Note 7 LSB
unadjusted error TiCi8a1 ee Note e
‘| 0111110100 1000001100
Self-test output code Input A11 address = 1011 (See Note 8) (5001 (524)
tconv Conversion time See Operating Sequence 21 us
Total access and conversion time See Operating Sequence 31 us
1/0
tacq Channel acquisition time (sample cycle)| See Operating Sequence 6 clock
cycles
Time output data remains valid
ty 10 ns
after 1/0 clockl
Delay time, 1/0 clock!
tq y time > 400 ns
to data output valid
- See Parameter
ten Output enable time 1560 ns
- " Measurement
tdis Output disable time ) 150 ns
- - Information
tr(bus) Data bus rise time 300 ns
t(bus) Data bus fall time 300 ns

T All typical values are at Vec = 5V, Ta = 256°C.

Analog input voltages greater than that applied to REF + convertto all “’1"’s (11111111), while input voltages less than that

applied to REF - convert to all’’0’’s {(00000000). For proper operation, REF + voltage must be at least 1 volt higher than
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts.

between 11111111 and the converted output for full-scale input voltage.

. Total unadjusted error comprises linearity, zero, and full-scale errors.
. Both the input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated

. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
. Zera error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference

NOTES: 2.
5
6
7
8
and is used for test purposes.
E-34
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TLC1540M, TLC15401, TLC1541M, TLC1541I
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

PARAMETER MEASUREMENT INFORMATION

14V
Vee
3k 3Kk0
OUTPUT TEST OUTPUT TEST POINT OUTPUT TEST POINT
UNDER TEST POINT  UNDER TEST UNDER TEST
3k
Ccp CL T %
(SEE NOTE A) 7 I ¥ {SEENOTE A)_L L (SEE NOTE A) =
= (SEE NOTE B) (SEE NOTE B)
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
td, tr, AND tg tpzH AND tpz tpzL AND tp 2
Vee
cs \ 50%
(- — oV
|
|
SYSTEM |
CLOCK |
|
—»i Pz j4— —>| trLZ [
| | |
OUTPUT ™\ | : Vce
WAVEFORM 1 (SEE NOTE B) . | |
(SEE NOTE C) | Y
—»i pzHie— —» tpHz le—
| |l
OouTPUT | 90% VoH
WAVEFORM 2 50%
(SEE NOTE C) ov

1/0
cLock N 08V
OuTPUT

—ta—»
|
—————————— 24v
DATA
outPUT N 08V
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR
RISE AND FALL TIMES

NOTES: A. C_ = 50 pF

B. ten = tpzH OF tPZL. tdis = PHZ OF tPLZ-
Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control

C.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control

{i,
Texas
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TLC1540M, Tl8154m TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

prmclples of operation

The TLC1540 and TLC1541 are complete data acquisition systems on single chips. Each includes such
functions as sample-and-hold, 10-bit A/D converter, data and control registers, and control logic. For
flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input,
1/0 Clock, and System Clock. These control inputs and a TTL-compatible three-state output are intended
for serial communications with a microprocessor or microcomputer. The TLC1540 and TLC1541 can
complete conversions in a maximum of 21 microseconds, while complete input-conversion-output cycles

can be repeated at a maximum of 31 microseconds.

The System and I/O Clocks are normally used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for
the device. Once a clock signal within the specification range is applied to the System Clock input, the
control hardware and software need only be concerned with addressing the desired analog channel, reading
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will
drive the ‘‘conversion crunching’’ circuitry so that the control hardware and software need not be concerned
with this task.

When CS is high, the Data Output pin is in a three-state condition and the Address Input and 1/0 Clock
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a
control logic point with their counterpart pins on additional A/D devices when additional TLC1540/1541
devices are used. In this way, the above feature serves to minimize the required control logic pins when
using multiple A/D devices.

The control sequence has been designed to minimize the time and effort required to initiate conversion
and obtain the conversion result. A normal control sequence is:

1. CS is brought low. To minimize efrors caused by noise at the CS input, the internal circuitry waits
for two rising edges and then a falling edge of the System Clock after a low CS transition, before the
low transition is recognized. This technique is used to protect the device against noise when the
device is used in a noisy environment. The MSB of the previous conversion result will automatically

- appear on the Data Out pin.

2. A new positive-logic multiplexer address is shifted in on the first four rising edges of the 1/0 Clock.
The MSB of the address is shifted in first. The negative edges of these four I/0 Clock pulses shift
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling
edge. The sampling operation basically involves the charging of internal capacitors to the level
of the analog input voltage.

3. Five clock cycles are then applied to the 1/0 pin and the sixth, seventh, eighth, ninth, and tenth
conversion bits are shifted out on the negative edges of these clock cycles.

4. The final tenth clock cycle is applied to the 1/0 Clock pin. The falling edge of this clock cycle
completes the analog sampling process and initiates the hold function. Conversion is then performed
during the next 44 System Clock cycles. After this final I/0 Clock cycle, CS must go high or the
1/0 Clock must remain low for at least 44 System Clock cycles to allow for the conversion function.

CScanbe keptlow during periods of multiple conversion. When keeping CS low during periods of multiple
conversion, special care must be exercised to prevent noise glitches on the I/0 Clock line. If glitches occur
on the 1/0 Clock line, the 1/O sequence between the microprocessor/controller and the device will lose
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise,
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps
1 through 4 before the 44 System Clock cycles occur. Such action will yield the conversion result of the
previous conversion and not the ongoing conversion.

'E-36
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TLC1540M, TLC15401, TLC1541M, TLC15411
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

principles of operation {continued)

It is possible to connect the System and I/O Clock pins together in special situations in which controlling
circuitry points must be minimized. In this case, the following special points must be considered in addition
to the requirements of the normal control sequence previously described.

1. When CS is recognized by the device to be at a low level, the common clock signal is used as
an 1/0 Clock. When CS is recognized by the device to be at a high level, the common clock signal
is used to drive the ‘‘conversion crunching’’ circuitry.

2. The device will recognize a CS low transition only when the CS input changes and subsequently
the System Clock pin receives two positive edges and then a negative edge. For this reason, after
a CS negative edge, the first two clock cycles will not shift in the address because a low CS must
be recognized before the 1/0 Clock can shift in an analog channel address. Also, upon shifting in
the addresiﬁ must be raised after the eighth I/O Clock that has been recognized by the device,
so that a CS low level will be recognized upon the lowering of the tenth I/O Clock signal that is
recognized by the device. Otherwise, additional common clock cycles will be recognized as |/O
Clock pulses and will shift in an erroneous address.

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins
sampling upon the negative edge of the fourth I/0 Clock cycle, the hold function is not initiated until the
negative edge of the tenth I/O Clock cycle. Thus, the control circuitry can leave the I/O Clock signal in
its high state during the tenth /O Clock cycle until the moment at which the analog signal must be converted.
The TLC1540/TLC1541 will continue sampling the analog input until the tenth falling edge of the I/O Clock.
The control circuitry or software will then immediately lower the /O Clock signal and hold the analog signal
at the desired point in time and start conversion.

Detailed information on interfacing to most popular microprocessors is readily available from the factory.

Texas b
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

D3008, SEPTEMBER 1986 —REVISED MARCH 1988

Advanced LiInCMOS™ Silicon-Gate D OR N PACKAGE
Technology (TOP VIEW)
Easily Interfaced to Microprocessors out1 [y Uis[JRes
. ouT2[]2 1s[JREF
On-Chip Data Latches
P GND[s 14[d VDD
Monotonic over the Entire A/D Conversion DB7 []4 13[JWR
Range DB6 []s 12[]Cs
Segmented High-Order Bits Ensure Low- 085 [ 11[]DBO
Glitch Output 084 [}y 10[]DB1
DB3 [ ]s 9| ]DB2
Designed to be Interchangeable with Analog
Devices AD7524, PMI PM-7524, and Micro FN PACKAGE
Power Systems MP7524 (TOP VIEW)
Fast Control Signaling for Digital Signal N -
o . [l = ou
Processor Applications Including Interface 8 8 LZ) Lig
with TMS320
KEY PERFORMANCE SPECIFICATIONS GND [ 4 :3E Voo
Resolution 8 Bits bB7 H5 16[: WR
Linearity error % LSB Max NC[]6 el [\l_C
Power dissipation 5 mW M DB6 |} 7 Ccs
at Vpp = 5V mW Max DB5 18 14[] pBO
Settling time 100 ns Max S 10111213
Propagation delay 80 ns Max g g (2) g b
oo“oao

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
%2 LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 milliwatts
typically.

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

The TLC7524! 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 o Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to v}
specifications per the torms of Texas Instruments TE

standard warranty. Production processing dees not

necessarily include testing of all parameters. INSTRUMENTS E-39
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

functional block diagram

Vbo
(14
{15) R R R
REF ——
‘P
2R ::ZR
(16)
Rrg
S
| | } 83 1S8 1 2a
| | | 1 i )
" : ' : ouT1
|
| ! | | 2
+ ) + { 2 our2
1 : I P !
1 1
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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 VOItaGE, VDD - -+« o oot et e e e e

Digital input voltage, V|

-0.3Vt 165V
-0.3VtoVpp+0.3V

Reference voltage, Vief . . . . ..o oot +25V
Peak digital input current, 1| . .. .. ... . 10 pA
Operating free-air temperature range: TLC75241 . ......................... —25°C to 85°C
TLC7524C . ... ... 0°C to 70°C
Storage temperature range . . . . ... .. ...t -65°C to 150°C
Case temperature for 10 seconds: FN package. ... ................... .. ..., 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C
recommended operating conditions
Vpp =5V Vpp = 15V UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Vpp 4.75 5 65.25 [ 145 15 155 \%
Reference voltage, Vief *10 +10 \
High-level input voltage, Viq 2.4 13.5 \
Low-level input voltage, V)i 0.8 1.5 \"
CS setup time, tg,(CS) 40 40 ns
CS hold time, th(CS) 0 o ns
Data bus input setup time, tgy(D) 25 25 ns
Data bus input hold time, th(p) 10 10 ns
Pulse duration, WR low, tw(WR) 40 40 ns
. X TLC75241 -25 85 | -25 85
Operating free-air temperature, Ta TLC7524C 0 70 0 70 °C

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

INSTRUMENTS
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Vpp =5V Vpp = 15V
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
[[T¥] High-level input current V) = Vpp 10 10 pA
L Low-level input current V) =0 -10 -10 uA
DBO-DB7 at 0 V, WR, CS .
ouT1 2 R.CSatov £400 +200
| Output leakage Vief = £10V A
kg R e n
current DBO-DB7 at Vpp. WR, CSat0 Vv,
ure ouT2 oD +400 +200
Vit = £10V
Quiescent | DBO-DB7 at Vjymin or V) max 1 2 mA
Ipp  Supply current -
Standby DBO-DB7 at 0 V or Vpp 500 500 A
Supply voltage sensiiivitv,
k av = +10% . A . .04 | %FSR/%
SVS Again/AVpp (o]} 0.01 0.16 0.005 0.0
Input capacitance,
Ci — == Vi=0 5 F
i DpBO-DB7, WR, T5 ' 5 P
X OouUT1 DBO-DB7 at O Vv, 30 30
Co Output capacitance —_— — pF
ouT2 WR and CS at 0 V 120 120
OouT1 DBO-DB7 at Vpp. 120 120
Co Output capacitance —— _a DD pF
ouT2 WR and CS at O V 30 30
Ref input i d
e_ erence input impedance 5 20 5 20 @
(Pin 15 to GND)
Texas W
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TLC7524

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

operating characteristics over recommended operating free-air temperature range, Vrief = 210V,
OUT1 and OUT2 at GND (unless otherwise noted)

Vpp = 5V Vpp = 16V

PARAMETER TEST CONDITIONS P DTDYP, " M'N"prt | UNT
Linearity error +0.5 +0.5 LSB
Gain error See Note 1 +2.5 +2.5 LSB
Settling time (to % 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 %‘a;d *c_éoa:'(; 1\20';110_3")";;":2 v 0.5 0.5 | %FsR
Temperature coefficient of gain | TA = 25°C to MAX +0.004 +0.001 %FSR/°C

TTvpical values at Tp =
NOTES:

26°C.

1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Ve — 1 LSB.
2. OUT1 load = 100 @, Cext = 13 pF, WR at O V, TS at 0 V, DBO-DB7 at O 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 QUT2 bus lines,
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally
weighted current sources. Most applications only require the addition of an external operational amplifier
and a voltage reference.

The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire
reference current, Iref, is switched to OUT2. The current source 1/256 represents the constant current
flowing through the termination resistor of the R-2R ladder, while the current source likg represents leakage
currents to the substrate. The capacitances appearing at OUT1 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 regardiess 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)
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FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW
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FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)
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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.

i
Texas b
INSTRUMENTS E-43

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




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
1111 ~Vyef (255/256) 1111111 Vret (127/128)
10000001 ~ Vet (129/256) 10000001 Vref (1/128)
10000000 - Vyef (128/256) = —Vief/2 10000000 0
01111111 - Vyef (127/256) 01111111 = Vyef (1/128)
00000001 - Vyef (1/256) 00000001 ~Vyef (127/128)
00000000 0 00000000 ~Vyef
NOTES: 5. LSB = 1/266 (Vygf).
6. LSB = 1/128 (Vigf).
microprocessor interfaces ’v
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FIGURE 5. TLC7524—6800 INTERFACE
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

microprocessor interfaces (continued)
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

D2973, JANUARY 1987 —REVISED JULY 1988

® Advanced LinCMOS™ Silicon-Gate DW OR N PACKAGE
Technology (TOP VIEW)
Easily Interfaced to Microprocessors AGnD [+ U200 outs
OUTA ]2 19]] RFBB
On-Chip Data Latches reBa[J3 18[]Rers
Monotonic Over the Entire A/D Conversion ReFA[]s 170 vpp
Range DGND[Js 16 ]WR
; . DACA/DACB (6 150 ]CS
) Des!gned to be Interchangeable with Analog msB) p87 []7 1af] D8O (LSB)
Devices AD7528 and PMI PM-7528 pBs (e 1307 pB1
@ Fast Control Signaling for Digital Signal oB5 (]9 12[]DB2
Processor Applications Including Interface DB4 [0 11{]DB3
with TMS320
FN PACKAGE
KEY PERFORMANCE SPECIFICATIONS (TOP VIEW)
Resolution 8 bits
Linearity Error 1/2 LSB é E g E §
Power Dissipation at Vpp = 5 V 5 mW roqocx
Settling Time at Vpp = 6 V 100 ns 2
Propagation Delay at Vpp = 5 V 80 ns Reral) a IBE REFB
- DGND[]5 170} Voo
description BACA/DACE 6 160 WR
The TLC7528 is a dual 8-bit digital-to-analog (MSBIDB7 [} 7 15(] TS
converter designed with separate on-chip data DB6 [)8 1a(] DBOI(LSB)
latches and featuring excellent DAC-to-DAC 9
matching. Data is transferred to either of the two Do~
DAC data latches via a common 8-bit input port. L2288

Control input DACA/DACB determines which

DAC is to be loaded. The “‘load’”’ cycle of the

TLC7528 is similar to the ““write”’ cycle of a random-access memory, allowing easy interface to most
popular microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches during
changes in the most significant bits, where glitch impulse is typically the strongest.

The TLC7528 operates from a 5-V to 15-V power supply and dissipates less than 15 mW (typical). Excellent
2- or 4-quadrant multiplying makes the TLC7528 a sound choice for many microprocessor-controlled gain-
setting and signal-control applications.

The TLC7528l is characterized for operation from —25 to 85°C. The TLC7528C is characterized for
operation from 0°C to 70°C.

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information . Copyright © 1987, Texas Instruments incorporated
current as of publication date. Products conform to v}

spn.iiﬁe:tions per tl'l,o t‘mns of Texas Inst;ununts TE

standard warranty. Production processing does not 4
necassarily include testing of :II plrlm!tnu. INST RUMEN1S E 7
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TLC7528

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTER

functional block diagram
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

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

Supply voltage, Vpp (to AGND or DGND)
Voitage between AGND and DGND
Input voltage, V| (to DGND)
Reference voltage, ViefA or ViefB {to AGND)
Feedback voitage VRFBA or VRFBB (to AGND)
Output voltage, Vga or VOB (to AGND)

Peak input current

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

recommended operating conditions

Operating free-air temperature range: TLC7528I
TLC7528C . .. o

-0.3Vto16.5V
+VDD
-0.3VtoVpp+0.3
+25V

10 uA

-25°C to 85°C
0°C to 70°C
-65°C to 150°C
260°C

INSTRUMENTS
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Vpp = 475Vt 525V| Vpp = 145V to 166V UNIT
MIN NOM MAX MIN NOM MAX
Reference voltage, Viofa o ViafB =10 =10 \
High-level input voltage, V|4 2.4 13.5 \
Low-level input voltage, V|| 0.8 1.5 \%
CS setup time, tgy(CS) 50 50 ns
CS hold time, th(Cs) 0 0 ns
DAC select setup time, tg(DAC) 50 50 ns
DAC select hold time, th(DAC) 10 10 ns
Data bus input setup time tg,(D) 25 25 ns
Data bus input hold time th(p) [¢] 0 ns
Pulse duration, WR low, tw(WR) 50 50 ns
) TLC7528] -25 85 -25 85
Operating free-air temperature, Tp TLC7528C 5 70 o 70 °C
+3
EXAS E—49




TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

electrical characteristics over recommended operating free-air temperature range,
VriefA = ViefB = 10 V, VoA and VOB at 0 V (unless otherwise noted)

Vpp = 5V Vpp = 16V
PARAMETER TEST CONDITIONS UNIT
MIN Tye? MaX | MIN TYPT MAX
liH High-level input current V| = Vpp 10 10 pA
L Low-level input current V=0V -10 -10 A
Reference input impedance
5 12 20 5 12 20 kQ
(Pin 15 to GND)
DACA data latch loaded
OUTA with 00000000, +400 +200
, Output leakage Vigta = +10V A
n
tkg current DACB data latch loaded
ouTB with 00000000, +400 +200
Viefg = +10V
Input resistance match 1% 1%
(REFA to REFB)
DC | itivity,
supply sensitivity AVDD = +10% 0.04 0.02 | %%
A gain/A Vpp
DBO-DB7 at V| i
Ipp  Supply current {quiescent) 0  ¥inmin or 1 1 mA
Vi max
Ipp  Supply current {standby) DBO-DB7 at O V or Vpp 0.5 0.5 mA
Input DBO-DB7 10 10
npu
Ci WR, T8 pF
i e _ 15 15
cepacitanc DACA/DACE
- DAC data latches loaded 50 50
c Output capacitance, with 00000000 of
o
OUTA, OUTB DAC data latches loaded
( ) . ata latches loade: 120 120
with 11111111

tan typical values are at Tp = 25°C.
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended operating free-air temperature range,
ViefA = VriefB = 10 V, VOA and VB at 0 V (unless otherwise noted)

Vpp = 5V Vpp = 15V
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Linearity error +1/2 +1/2 LSB
Settling time (to 1/2 LSB) See Note 1 100 100 ns
Gain error See Note 2 2.5 2.5 LSB
AC feedthrough REFA to OUTA See Note 3 65 -85 dB
REFB to OUTB -65 -65
Temperature coefficient of gain See Note 4 0.007 0.0035 | %FSR/°C
Propagatlon'delav (from digital input See Note 5 80 80 ns
to 90% of final analog output current
Channel-to- REFA to OUTB See Note 6 77 77 oB
channel isolation | REFB to OUTA See Note 7 77 77
Measured for code transition from
Digital-to-analog glitch impulse area 00000000 to 11111111, 160 440 nVs
Tp = 25°C )
Measured for code transition from
Digital crosstalk glitch impulise area 00000000 to 11111111, 30 60 nVs
TA = 25°C
Harmonic distortion Vi=8Vrms, f=1kHz, -85 -85 dB
Ta = 25°C
NOTES: 1. OUTA, OUTB ioad = 100 ©, Cext = 13 pF; WR and TS at O V; DBO-DB7 at 0 V to Vpp or Vpp to O V.
2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vigf ~ 1 LSB.
3. Vief = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with 00000000.
4. Temperature coefficient of gain measured from 0°C to 25°C or fET 25 ‘zgto 70°C.
5. VigfA = ViefB = 10V; OUTA/OUTBload = 1002, Cext = 13 pF; WRand CS at 0 V; DBO-DB7 at O V to Vpp or Vppto O V.
6. Both DAC latches loaded with 11111111; Vigtp = 20 V peak-to-peak, 100-kHz sine wave; Viefg = 0; Tp = 25°C.
7. Both DAC latches loaded with 11111111; Vg¢g = 20 V peak-to-peak, 100-kHz sine wave; Viefa = 0; To = 25°C.

principles of operation

The TLC7528 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of
the switch state. Most applications require only the addition of an external operational amplifier and voltage
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1.

Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows
to OUTA. A small leakage current (l|kg) flows across internal junctions, and as with most semiconductor
devices, doubles every 10°C. Cq, is due to the parallel combination of the NMOS switches and has a value
that depends on the number of switches connected to the output. The range of Cq is 50 pF to 120 pF
maximum. The equivalent output resistance rq varies with the input code from 0.8R to 3R where R is
the nominal value of the ladder resistor in the R-2R network.

Interfacing the TLC7528 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB
control signals. When CS and WR are both low, the TLC7528 analog output, specified by the DACA/DACB
control line, responds to the 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 is latched until the CS and WR signals go low again. When
CS is high, the data inputs are disabled regardiess of the state of the WR signal.

The digital inputs of the TLC7528 provide TTL compatibility when operated from a supply voltage of 5 V.
The TLC7528 may be operated with any supply voltage in the range from 5 V to 15 V, however, input
logic levels are not TTL compatible above 5 V.
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TLC7528 _
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

VREF A

R
—VWA—- RFBA

OUTA
AGND

DACA DATA LATCHES
AND DRIVERS

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA

RFBA

FIGURE 2. TLC7528 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111,

MODE SELECTION TABLE

DACTA/

DACB TS | WR | DACA | DACB
L L [ L [ wriTe [ HOLD
H L | L | HoLD | WRITE
X H | X | HOLD | HOLD
X X H HOLD HOLD

L = low level, H = high level, X = don't care

(]
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

The TLC7528 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and
bipolar operation are summarized in Tables 1 and 2, respectively.

Vi(A)
+10V
R1 (See Note 1) ) (See Note 1)
e s e e e e e e e | — M ¢
Voo T oso REFA [RFBA —: C1 (See Note 2}
— e . OUTA
8 8 =
. . INPUT 8
I BUFFER 7P LATCH [0 : -~ Voa
m :037 1 % b
l —
DACA/ | RFBB R4 (See Note 1)
(6) lDACB -9
(15) |E§ CONTROL } r | C2 (See Note 2)
e lwa Logic 8 8 ours
A4 LATCH |~{ DACB | v
[o]:]
oGND (2. Rers] AGND
T b e o o e - - e [ —
= AGND
RECOMMENDED TRIM R3 (See Note 1)
RESISTOR VALUES Vi)
R1,R3 500 @ oV
R2,R4 1500
NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment

with digital input of 255.
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing

or oscillation.

FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

POST OF
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

Vila)

+10V R6 (See Note 2)

AN

20 k@

FR1 (See Note 1)
ee Note
4' R2 (See Note 1)

17
vpp 2L o — T T T T Théra| T |RFea T C1 (See Note 3) | (See RS
1arf bso ee Note

outal Note 2)

8 8 > 20 'k
o by INPUT 8 R7
H BUFFER 7> LATCH 4] DACA D agno | A1 A .
7 VT o87 o / A2 Voa
! f B2 wo |
| DACAY { ‘ rree| | R4 (See Note 1) 5 ka2
6) oacs IS
(151 'Cs CONTROL + ours| | C2 (See Note 3) R8
e Twa LoGic 8 8 —] (See Note 21—V
—t L<9{ LATCH |~ DACB R9‘
(5) VWA~
DGND AGND
_l__‘l REFB _: 10 k2 aa Vo
- J ¢ = AGND 4,
/SR3 (See Note 1) (See Note 2) R12
R10 5 kO
10V 20 k0 L
Vi)

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1
for Voa = O V with code 10000000 in DACA latch. Adjust R3 for Vog = O V with 10000000 in DACB latch.
2. Matching and tracking are essential for resistor pairs R6, R7, R9, and R10.
3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers.

FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION)

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE
DAC LATCH CONTENTS ANALOG OUTPUT DAC LATCH CONTENTS ANALOG OUTPUT
mMsB  LsBt ms8  LsB?
11111111 ~V; (255/256) 11111111 Vi (127/128)
10000001 ~V; (129/256) 10000001 V; (1/128)
10000000 -V (128/256) = - Vj/2 10000000 ov
01111111 -V; (127/256) 01111111 —V; (1/128)
00000001 -V (1/256) 00000001 -V; (127/128)
00000000 ~V; (0/256) = O 00000000 -V; (128/128)
t1LsB = (2-8)y; : F1LSB = 2=y
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

microprocessor interface information

N
A8-A15 ADDRESS BUS > ]
A 7
> DACA/DACB
- ADDRESS |2
8051 DECODE Cs
woeic P _ Ticszs
> WR
'N I \_jpBO
WR 1 B :
DB7
atel»{ LaTcn
M\ N
ADO-AD7 DATA BUS > 1
7

NOTE: A = decoded address for TLC7528 DACA.
A +1 = decoded address for TLC7528 DACB.

FIGURE 5. TLC7528 — INTEL 8051 INTERFACE

\
AB-A1S ADDRESS BUS ) ]

A

7
A > DACA/DACB
ADDRESS
VMA DECODE [
LOGIC TLC7528

A+1

cPU R __
6800 > WR
DBO
.
[ ]
02 D87
AN
D0-D7 DATA BUS > 1
7

NOTE: A = decoded address for TLC7528 DACA.
A+1 = decoded address for TLC7528 DACB.

FIGURE 6. TLC7528 — 6800 INTERFACE
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

. AN
AB-A15 ADDRESS BUS ) ]

AV

rd
> DACA/DACB
ADDRESS |2
1ORQ DECODE cs
LOGIC TLC7528

\ 4

A+t __
CPU > WR
280-A , \_| oBo
B
._}‘ 5
J— 7
- DB7
.
D0-D7 DATA BUS > ]
7

NOTE: A = decoded address for TLC7528 DACA.
A+1 = decoded address for TLC7528 DACB.

FIGURE 7. TLC7528 TO Z80-A INTERFACE

programmable window detector

~ The programmable window comparatot shown in Figure 8 will determine if voltage applied to the DAC
feedback resistors are within the limits programmed into the TLC7528 data latches. Input signal range
depends on the reference and polarity, that is, the test input range is O to — Vief. The DACA and DACB
data latches are programmed with the upper and lower test limits. A signal within the programmed limits
will drive the output high.

v v
TEST oo ¢c
INPUT
(3) lm L
070 -V P
ref RFBA ::‘l kQ
outali2)
(4)
DACA
FA
l (4 RE I q
DATA - > DBo
INPUTS » °
(71| PB7 " _
ol 15) = AGND . |
o1 16 TLC7528 v
> W
6
U 5acapace .
—a\ OUT (20}
v 118} REFB +
+ Vref DACB
5 penp /
RFBB
(19)

FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER)
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

digitally controlled signal attenuator

Figure 9 shows the TLC7528 configured as a two-channel programmable attenuator. Applications include
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation fora O to 15.5 dB

range.
Attentuation db - -20 logqp D/256, D - digital input code
17 (3)
Vpp———
wEra — RFBA [ 2,
14) oUTA
YNt DACA v Al L—ourpur
D8O |
. DATA BUS
TLC7528 on7
cslus
wa |18
(20){ouTs DACADACBHE
(18)
DACB
Vos ¢ REFB
aGnpfM
V' |ares panp 2L
19

FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR

TABLE 3. ATTENUATION vs DACA, DACB CODE

ATTN(dB) DAC INPUT CODE CODE IN ATTN(dB) DAC INPUT CODE CODE IN

DECIMAL DECIMAL
0 11111111 255 8.0 01100110 102
0.5 11110010 242 8.5 01100000 96
1.0 11100100 228 9.0 01011011 9N
1.5 11010111 215 9.5 01010110 86
2.0 11001011 203 10.0 01010001 81
2.5 - 11000000 192 10.5 01001100 76
3.0 10110101 181 11.0 01001000 72
3.5 10101011 171 11.5 01000100 68
4.0 10100010 162 12.0 01000000 64
4.5 10011000 1562 12.5 00111101 61
5.0 10010000 144 13.0 00111001 57
5.5 10001000 136 13.5 00110110 54
6.0 10000000 128 14.0 00110011 51
6.6 01111001 121 14.6 00110000 48
7.0 01110010 114 15.0 00101110 46
7.5 01101100 108 15.5 00101011 43
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA
programmable state-variable filter

This programmable state-variable or universal filter configuration provides low-pass, high-pass, and band-
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required.

As shown in Figure 10, DACA1 and DACB1 control the gain and Q of the filter while DACA2 and DACB2
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for
the cutoff-frequency equation to be true. With the TLC7528, this is easily achieved.

1
2n R1 C1

The programmable range for the cutoff or center frequency is 0 to 15 kHz with a Q ranging from 0.3 to
4.5. This defines the limits of the component values.

47 oF
vj —WREFA e outal2) ~ —

fe =

DACA —+
0 k2
U Mvoo (Rg) (3) A1 3
(14)lpBo RFBA p— + R4
DATA e vy
AGND|(1)
IN 7 e,  TicTszs A3 30k HIGH PASS
{15) ke 1 out
cs —_ ouTe}(20) A2 3
Ll DAcCB - .
(5) ﬁ (Rf) RFBB| 19) L
DGND =
L ] REFB =
L)) [R—
— 2bacamace 4 eanorass
our
DACA1 AND DACB1
)|reFa
(17)
(14)] o0 | -
DBO
DATAZ .
N (] I TLCT7528 AGND) c2
DB7

L
(15) r—%
[ ~ 20 |
(LTI DACB OuTB20) NJ000 pF L_
Ry D arae]l12 ae LOW PASS
_r‘5_‘{ DGND [‘T outr

+
REFBJ{18)

—e

———DACA/DACB

CIRCUIT EQUATIONS:
Cq1 = C2. Ry = R2,. Rg = Rg

DACA2 AND DACB2

a R3 Re
Rgq Rfb(DACB1)

Ap = — —
NOTES: A. Op-amps A1, A2, A3, and A4 are TL287. ° Rs
B. C3 compensates for the op-amp gain-bandwidth limitations.
256 x (DAC ladder resistance)
DAC digital code

C. DAC equivalent resistance equals

FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER

E-58 TExAs i
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS. TEXAS 75265



AD7533, TLC7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

D2166, OCTOBER 1986 —REVISED JULY 1988

® Advanced LinCMOS™ Silicon-Gate AD7533 . . . N PACKAGE
Technology TLC7533 ... D OR N PACKAGE
® Monotonic Over the Entire A/D Conversion (TOP VIEW)
Range ouT 11 16 ] RFB
_ out2[d2  1s{] REF
® F Settling Ti
ast g Time ano (s 1403 Voo
® CMOS/TTL Compatible (MsB) BIT 1[J4  13[] BIT 10 (LSB)
L BT 2[]s 12[dBITO
® Four-Quadrant Multiplication 8iT 3]s n BT s
® Designed to be Interchangeable with Analog BIT 47 wo[]8IT7
Devices AD7533, AD7520, and PMI BIT 58 9[]BITE
PM-7533
FN CHIP CARRIER PACKAGE
KEY PERFORMANCE (TOP VIEW)
SPECIFICATIONS
Resolution 10 Bits S s o w
. N 220 1k uw
Linearity Error 1/2 LSB oOo0Ozcxcca
P -
OW?I DIS.SIDatIOn 30 mW 75 Z
Settling Time 150 ns o
GND VpD -~
description (MSB) BIT 1 BIT 10 (LSB) l—
NC NC <
The AD7533 and TLC7533 are Advanced BIT 2 BIT 9 E
LinCMOS™ 10-bit digital-to-analog converters BIT BIT 8
3
featuring two- and four-quadrant multiplication. 9 g
The AD7533 and TLC7533 are functionally S0~ W
equivalent to the AD7520 and have the same E E E E 2
pinout. Texas Instruments advanced thin-film- —
on-monolithic-CMOS fabrication process NC—No internal connections w
provides 10-bit linearity without laser trimming. (&)
AVAILABLE OPTIONS 2
The AD7533 and TLC7533 feature TTL or :
CMOS compatibility with low input leakage SYMBOLIZATION OPERATING <
currents from 5-V to 15-V power supplies. pevice | PACKAGE| TEMPERATURE >
Output scaling is provided by an internal SUFFIX RANGE (@)
feedback resistor and an external operational AD7533C N |-25°CroBs°C <
amplifier. Either positive or negative reference AD7533L | FN. N 0°C to 70°C
voltages can be used. TLC7533C| D, FN, N | 0°C to 70°C
TLC7533) D, N ~25°C to 856°C
The AD7533C and TLC7533I are characterized
for operation from —25°C to 85°C. The Tin many instances, these ICs may have both
AD7533L and TLC7533C are characterized for Afcf(z?*: and TLC7533 symbolization on the
operation from 0°C to 70°C. package.
Advanced LInCMOS is a trademark of Texas Instruments Incorporated.
ADVANCE INFORMATION documents contain . Copyright © 1986, Texas Instruments Incorporated
inforwiup on hll.::l %r::m in t{mc's':mg:i.v:'g “lin T ¢
ction 0 imen Ira Ic
5'-:':'...4 mhpvpspociﬁcninm are subject to change EXAS E-59

without notice.
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AD7533, TLC7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

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

Supply voltage, Vpp (see Note 1)
Digital input voltage, V|
Output voltage at TA =
RFB to ground at Tp =
Reference voltage, Vyef
Operating free-air temperature range: AD7533C, TLC7533I

AD7533L, TLC7533C

Storage temperature range '
Case temperature for 10 seconds: FN package

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package

NOTE 1: All voltage values are with respect to the network ground terminal.

recommended operating conditions

-65°C to

-03Vto17V
-03toVpp+0.3V

+25V

-0.3Vto VpD

+25V

0°C to 70°C

160°C
260°C

MIN NOM MAX | UNIT
Supply voltage, Vpp 5 16.5 v
> Reference voltage, Vgt +10 \
c High-level input voltage, ViH 2.4 \
< Low-level input voltage, V)L 0.8 \
> Operating free-air temperature, T, AD7833C, TLC7S33I -25 8% °C
> perating P ' "A "AD7583L, TLC7533C 0 70
O electrical characteristics over recommended operating temperature range, VDD = 15V,
M Vet = £10 V, OUT1 and OUT2 at O V (unless otherwise noted)
L ed
Z PARAMETER TEST CONDITIONS MIN MAX | UNIT
"1 ([ likg Input leakage current = 0 or Vpp +1 uA
o T Input resistance, REF (see Note 2) 5 20 kR
Full 200
E ouT1 Digital inputs at V| 2‘; o::ange tt 50
> loikg Output leakage current our2 e — Full range 200 nA
- gitel inp H 25°C +50
o= K Supply voltage sensitivity Vpp = 14Vt 17V, Full range 0.008 %/%
@) SVS AAy/AVDp (see Note 3) Digital inputs at Vi or VL 25°C 0.005
Z Ipp  Supply current 2 mA
C; Input capacitance V) = O or Vpp 5 pF
OuUT1 o 100
ouTZ Digital inputs at Vi 35
Co Output cap ce pF
ouT! Digital inputs at V| 35
ouT2 dnal inp I 100
NOTES: 2. Temperature coefficient is approximately — 300 ppm/°C.
3. Ay is the ratio of the D/A external operational amplifier output voltage to the REF input voltage when using the internal feedback
resistor.
EXAS Ui
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AD7533, TLC7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

operating characteristics over recommended operating free-air temperature range, Vpp = 15 V,
Vief = 10 V, OUT1 and OUT2 at 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Relative accuracy See Note 4 +0.05 | %FSR
Full range +1.5
. I - 4

Gain error Digital inputs = V)4, See Notes 4 and 5 25°C 214 %FS
To +0.05% FSR, R = 100 @

Output current settling time o L 150 ns
Digital inputs changing from V| to V), or V| to V|4
Digital inputs at Vy,

Feedth h +0.1 | %FSR

rough error Vet = 10 V sine wave at 100 kHz

NOTES 4. Practical Full Scale Range (FSR) = Vief — 1 LSB.
6. Gain error is measured using an internal feedback resistor, Full Scale (FS) = V g (1023/1024). Maximum gain change from
Ta = 25°C to minimum or maximum temperature is +0.1% FSR.

2
Q
=
<
=
ec
(@]
e
=
w
O
2
<
>
(@]
<
TExAs ‘t’f E—61
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AD7533, TLC7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

PRINCIPLES OF OPERATION

The AD7533 and TLC7533 are 10-bit multiplying D/A converters consisting of an inverted R-2R ladder
and analog switches. Binary-weighted currents are switched between the OUT1 and OUT2 bus lines by
NMOS current switches. The on-state resistances of these switches are binarily scaled so that the voltage
drop across every switch is the same. The OUT1 and OUT2 bus lines should be maintained at the same

' potential so that the current in each ladder leg remains constant and is independent of the switch state.

Most applications require only the addition of an external operational amplifier and a voltage reference.

The equivalent circuit for all digital inputs low is shown in Figure 1. With all of the digital inputs low, the
entire reference current, Iyef, is switched to OUT2 as shown in Figure 2. The current source lrgf/ 1024
represents the constant current flowing through the termination resistor of the R-2R ladder; while the current
source llkg represents leakage currents to the substrate. The output capacitances, Co(1) and Co(2), are
due to the capacitance of the NMOS current switches and vary with the switch state. With all digital inputs
low, all of the current switches and the entire resistor ladder are switched to the OUT2 bus line. The
capacitance appearing at OUT2 is a maximum of 100 pF; at OUT1 there is a maximum of 35 pF. With
all digital inputs high, all of the current switches are switched to OUT1, and 100 pF maximum appears
at OUT1. A maximum of 35 pF appears at OUT2 as shown in Figure 3.

ouT2
ouT1
RFB

BIT1 BIT2 BIT3 BIT10
FIGURE 1. SIMPLIFIED D/A CIRCUIT — ALL DIGITAL INPUTS LOW

RFB
ouT1

ouT2
'"‘QT I 35 pF
FIGURE 2. D/A EQUIVALENT CIRCUIT — . FIGURE 3. D/A EQUIVALENT CIRCUIT —
ALL DIGITAL INPUTS LOW ALL DIGITAL INPUTS HIGH
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AD7533, TLC7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

TYPICAL APPLICATION DATA

The AD7533 and TLC7533 are capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit
configurations for 2-quadrant or 4-quadrant multiplication are shown in Figures 4 and 5. Input coding for
unipolar and bipolar operation are summarized in Tables 1 and 2, respectively.

1BV V)
Ra = 2k
(see Note 6)
Rp (see Note 6)

VDD REF RFB C1q (see Note 7)
oAl [NC] 87" apzsaz OuT! = -
INPUT > . OR Vo
(D) S piTio  TLC7833 o, +
GND

-

FIGURE 4. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

sV V)

RA = 2 kO !

(see Note 6) 20 kQ 3; 20 k(.

Rp (see Note 6)
[
v
\Y C4 (see Note 7) 3 L— (o]
DD REF RFB 1 0ws
AN
DIGITAL BITY  Ap7s3z OuTl - )
: 5 kQ
INPUT o OR
.
o gT10  THC7533  our2 / L
GND /

FIGURE 5. BIPOLAR OPERATION (4-QUADRANT OPERATION)

NOTES: 6. Ra and Rg are used only if gain adjustment is required.
7. Cq (10-33 pF) may be required for phase compensation when using high-speed op-amps.

ADVANCE INFORMATION

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE
DAC DIGITAL INPUT DAC DIGITAL INPUT
ANALOG OUTPUT
MsE  Lsa! ANALOG OUTPUT s Lsa? LOG
RARRRERRANI -V (1023/1024) 1111111111 +V) (511/512)
1000000001 -V} (513/1024) 1000000001 +V| (1/512)
1000000000 -V (512/1024) = -V gf/2 1000000000 ]
o11111111 -V (511/1024) 0111111111 -V (1/512)
0000000001 -V (1/1024) 0000000001 -V (611/512)
0000000000 ~V| (0/1024) = O 0000000000 -V {512/512) = -V,
f1us8 = (2-10) v
$11SB = (279 v,
T (]
EXAS
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AD7533, TLC7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

NOILVIWHO4NI 3ONVAQY

TYPICAL APPLICATION DATA

The AD7533 and TLC7533 may be used in voltage output operation as shown in Figure 6. In this
configuration, the input voltage is applied to the OUT1 terminal and the output voltage is taken from the
REF terminal. The output voltage varies with the digital input code according to the equation shown. The
output should be buffered to prevent loading errors due to the high output resistance of this circuit (typically
10 kQ). The input voltage should not exceed 1.5 V to ensure nonlinearity errors less than 1 LSB.

15V Vo - zTno Vi
Vbo REF
DIGITAL \> BT ap7s33  OUT? V=18V
INPUT . OR
© A om0 T8 ourz
GND

i L

FIGURE 6. VOLTAGE OUTPUT OPERATION

By conneciing the DAC in the feedback of an op-amp as shown in Figure 7, the circuit behaves as a
programmable gain amplifier with the transfer function:

1024
Vo B 7V| <T)

where D = Digital Input Code (expressed as a decimal number)

15V
vi GAIN TABLE
l D Vo/Vy
VDD REF RFB 1023 | -1.00097
DIGITAL [ B'." AD7533 ouT1 3 512 | -2
INPUT > : OR bvo 256 | -4
(D) * TLC7533 128 | -8
ouT2 -
o BIT 10 2| Zs12
GND 1 -1024
t__—__ O | open loop

FIGURE 7. PROGRAMMABLE GAIN A:PLIFIER
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AD7533, TLC7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

TYPICAL APPLICATION DATA

The programmable function generator shown in Figure 8 produces both square and triangular wave output
at a frequency determined by the digital input code. The digital input of the digitally programmable limit
detector shown in Figure 9 determines the trip point of the PASS/FAIL output. For a digital input of
00000 00000, the threshold is 0 V, for 11111 11111, the threshold is — Vygf.

_ r'l_ r__ 4.7 kQ
1 kQ

SQUARE WAVE

sV 10 k2
I——NC Cx  qo0ked
14
Vpp REF  RFB \ IX
AN - -
DIGITAL BTl Ap7s3z  OUT b
INPUT . OR > TRIANGLE
. WAVE
oL grio  THC7533  oym2 /
f=_D (1
GND 024 | B Ry, Cy
Ry = 10 k

FIGURE 8. PROGRAMMABLE FUNCTION GENERATOR
15V Vief

l—TEST INPUT (0 TO — V,gq)

Vop REF  RFB

INPUT . OR PASS/FAIL OUTPUT

D L ]
(D) » BIT10

N
DIGITAL > BT Ap7s3z  OUT!

ADVANCE INFORMATION

THRESHOLD = —v,ef(L )
1024

I
iy

FIGURE 9. PROGRAMMABLE LIMIT DETECTOR
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AD7533, TLC7533

Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

TYPICAL APPLICATION DATA

15V Vret
R1k
I < —Vo
REF  RFB !
piGmaL [N 87" ap7sas  ouTt \ R2g
INPUT > . OR
D) , g0 TLCTS33 oo .
GND / - Ry \_ D / Ry
l Vo V"”l:(m +n2) 7024 (W)]
= where: 0 < D < 1023
FIGURE 10. MODIFIED SCALE-FACTOR AND OFFSET
> 15V Veef
U ¥ 10 kQ 10 k2
; Vpop REF  RFB ANALOG
N
O MAGNITUDE B0' aprsaz  OUT \ e
m BITS H OR \o— vo
> girio  TLC7S33  out2 / ) .
_— ! kQ
2 GND T
e 1 | -
o L 4
=
g SIGN BIT >
> FIGURE 11. 10-BIT AND SIGN MULTIPLYING D/A
-
2
T {l’
E-66 EXAS
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Appendix E - Tl Sockets

E.2 Tl Sockets

The sockets produced by Texas Instruments are designed for high-density
packaging needs. The production sockets and burn-in/test sockets for DIP
and PLCC packages, described in the following pages, are compatible with

TMS320C1x devices.
For additional 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

E-67



IC SOCKETS
PLASTIC LEADED CHIP CARRIER

PERFORMANCE SPECIFICATIONS

Mechanical :
Recommended PCB thickness range: 0.062 in to 0.092 in
Recommended PCB hole size range: 0.032 in to 0.042 in
Vibration: 15 G

Shock: 100 G

Solderability: Per MIL-STD 202, Method 208

Insertion force: 0.59 Ibs per position

Withdrawal force: 0.25 Ibs per position

Normal force: 200 g min, 450 g typ

Wipe: 0.075 in min

Durability: 5 cycles min

Contact retention: 1.5 Ibs min

Electrical

Current carrying capacity: 1 A

Insulation resistance: 5000 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

Shelf life: 1 year min

MATERIALS

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

Contacts — CDA 510 spring temper

Contact finish — 90/10 tin (200 pin — 400 yin) over 40 pin
copper

EVICE GUIDE
BARRIERS

UNIQUE, HIGH
NORMAL FORCE
CONTACT

L

EASILY
AUTO INSERTED

i
5

\CLOSED BOTTOM
DESIGN

PART NUMBER SYSTEM

CPR PH XXX —-X-X-0

Contact surface 1 — tin lead
plating
Contact spacing 1 — 0.050 in
Number of pos (044, 052, 068, 084)
Plated thru hole, solder tait
Tl socket Series
Plastic teaded chip carrier

Contact factory for detailed information

PLASTIC LEADER CHIP CARRIER CPR SERIES

. «0.1%};5)47\/»“] e STANDOFF

: ) P N N 1
é : _‘J L _[10.1%05)4*rvp

) : . . .

o w D i .

'
l

CY : ol

) O .. .
i « 2 o » &« e @ = 3 @ @
fe ) « s e ]
A
Device guide barriers not shown Pos A B [
44 21,43 17,78 12,70
(0.844 | (0.700) | (0.500)
shs 52 23,98 20,32 15,24
10,3201 (0.944) | (0.800) | (0.600)
4 68 29,06 25,40 20,32
90°Trvp r T 063 (1.144) | (1.000) | (0.800)
‘2.541(3‘.,100) . {0.025) 84 34,14 30,48 25,40
31
. c 10.125) (1.344) { (1.200) | (1.000)
Extraction tool available, consult factory.
PRODUCTION DATA documents contain information "
current as of publication date. Products conform to v}
sgn:‘f:ﬁ;tw::r a’n.lr ttru,t”t;az.s of Texas .Intéumtnt:
stan A ion processing does no
E—68 necessarily include testing of :II parlmoutors. lNST RUMEN1S

34 Forest Street + Attleboro, Massachusetts 02703



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
Dielectric withstanding voltage: 500 V ac rms min

MATERIALS

Body — ultem glass filled (U/L 94 VO)
Contact — copper alloy
Plating — overall gold plate

PLCC BURN-IN/TEST SOCKETS CPJ SERIES

23,00 (0.906)

17.20 (0.677)

DAL NN s ™\

17.90
(0.708)

12,10
(0.476)

— 1.27 10.050)

el

7,80 (0.307)

/fﬁl
ot
%Cﬁ

B

==

1.27 {0.050)

5,08 (0.200)
+—12,90 (0.607)

3.81 (0.150)

AN | I ]

J| |

14,00 {0.551)

0.35
(0.014)

Dimensions in parentheses are inches
Contact factory for detailed information

‘ﬂlﬂLW 1

(0.020}

3.00 (0.118)

1,30 (0.051)

PART NUMBER SYSTEM
CPJ AA33A — XXX B

Number of positions

T1 series socket

*—1 [13.00
o 0.512]

© I 2,54
’ —
o o (0.100)

2,54
(0.100) 1,27 (01‘050)

— 1.27 (0.050}
254 @ 00?:3_—‘ 380
|0.1001T‘“ ® ©150)
® e
®

«——+— 5,08 {0.200)
18,08 (0.712):

SIZES: 18 PIN
22 PIN

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments

dard Production ing does not

necessarily include testing of all parameters.

INSTRUMENTS
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E-—70 specifications per the terms of Texas Instruments

IC SOCKETS
DUAL-IN-LINE

PERFORMANCE SPECIFICATIONS

Mechanical

Accommodates IC leads 0.011 + 0.003 in by
0.018 + 0.003

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: 0.100in + 0.003 in each
direction

Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A,
Method 2005.1 Test Condition lIi.

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 (C7X and C86): 16 oz (454 g) per pin max

Insertion force (C50): 12 oz per pin max

Withdrawal force: (40 g) per pin min

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

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: —55°C to 125°C, gold; —40°C
to 100°C, tin

Corrosive atmosphere: 10 m{ 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

Shelf life: 12 months min

Materials (C7X, C50, and C86)

Body — PBT polyester U/L 94 VO rating

C7X & C50 Contacts — Outer sleeve: brass

Clip: BECU or PHBR

Contact finish — clip 30 uin gold over 50 uin nickel or
50 pin tin/lead over 50 uin nickel

— sleeve 10 uin gold over 50 uin nickel
or 50 gin tin/lead over 50 uin nickel

C86 Contacts — Phosphor bronze base metal

C86 Contact-finish — Tin plate 200 uin over copper flash

Specified by
Part Number

C7X SERIES — SCREW MACHINE

WIDE-TAPERED
ENTRY

PRECISION PRECISION
FOUR-FINGERED MACHINED
CONTACT SLEEVE

C7X SERIES
PART NUMBER SYSTEM
C7X M XX- X X
Variations
Solder Tail
9 — Pin length 0.105/0.150
Wire Wrap

3 — Pin length 0.510

Plating (Sleeve/Clip)
0 — Gold/Gold
5 — Tin/Gold

\—S — Single-in-line package (where applicable)

Number of
Positions

'— Screw Machine Socket
1 — wire wrap
2 — solder tail

C86 SERIES — STAMPED AND FORMED

WIDE-ENTRY
WINDOW

DUAL-FACED
SINGLE BEAM
HIGH RELIABILITY
GAS-TIGHT
CONTACT

C86 SERIES
PART NUMBER SYSTEM

XX — 01
L Variation
01 — Standard product

c 86
‘LTn Dual Face Wipe Single Beam

Number of positions

Tl Socket Series

PRODUCTION DATA documents contain information
current as of publication date. Products conform to

standard warranty. Production processing does not
necessarily include testing of all parameters.

Texas {'P
INSTRUMENTS

34 Forest Street « Attleboro, Massachusetts 02703



IC SOCKETS
BURN-IN/TEST DIP

PERFORMANCE SPECIFICATIONS

Mechanical

Accommodates IC leads 0.011 in by 0.018 in NOM

Recommended PCB thickness range: 0.062 in to 0.092 in

Recommended PCB hold size range: 0.032 in to 0.042 in

Durability: 10K cycles — CM Series, 5K cycles — CP/CQ

Solderability: per MIL-STD 202, Method 208

Electrical

Contact rating: 1.0 A per contact

Contact resistance: 20 mQ max initial

Insulation resistance: 1000 MQ at 500 V dc

Dielectric withstanding voltage: 1000 V ac rms

Capacitance: 1.0 pF max per MIL-STD 202, Method 305

Environmental

Operating temperature: —65°C to 170°C — CP/CM Series,
~65°C to 150°C — CQ Series

Humidity: 10 mQ max contact resistance

Temperature Soak: 10 mQ max contact resistance change

MATERIALS

Body — PPS (polyphenyien sulfide) glass filled U/L 94 VO
Contacts — Higher performance copper nickel alloy
Plating:T 4 xin of gold min over 100 uin of nickel min

TFor additional plating options consult the factory

BURN-IN/TEST DIP SOCKETS

PART NUMBER SYSTEM
€ X 37 XX - 22 8 X

L— Pin to pin
A—0.100 centers
B—0.070 centers

PPS high temperature
body material

Copper nickel alloy
Soldertail

Number of positions

—— Overall gold piate

L— Series Features

Q- Auto unloadable

P — High density mounting
M —Shrink 0.070 centers

L— TI Socket Series

€Q37 SERIES
A D [+ B

Number ofl 4001 | 20.02| £0.01 | £0.01

Length Width | Contact

14 20,32 (0.800)
16 22,35 (0.880)| 12,70 | 15,24 | 7,62
18 24,89 (0.980) | (0.500) | (0.600) | (0.300}
20 27,43 {1.080)

(0‘3%)-L 24 32,51 (1,280)
28 37,59 (1.480)| 19,05 | 22,86 | 15,24
T:“-_ 2.5 40 52,83 {2.080) [ (0.750) | {0.900} | (0.600)
~ (0.100) 42 55,37 (2.180)
SOLDER TAIL
254 ||
(0.100) —af  pt— CP37 SERIES
CQ37 SERIES CP37 SERIES Number of A B C
. Positions max +0.02 max
1— — Length Width
r B c 8 11,68 (0.460)
D
Pl ' N D
L SN ’ ) (0.300) | (0.500)
051 s 201 18 22,86 (0.900)
woza max] I (o.bZS)J hoz.ozvgs) 20 25,40 (1.000)
©.020) +—3,00 3.20 14.48 —ol (0.090) 24 30,48 (1.200) | ooy | 953,
o0 one (01261 0570) 28 35,56 (1.400) | 4 606, | (0.800)
1.57) 40 50,80 (2.000) ) i
CM37 SERIES CM37 SERIES
6.50 = 0.51 A B c
10.256) p
10.020) "P“o"‘il:ie'"“ +0.016 +0.02 | +0.016
sitions Length Width
10,67 17.20
— 28 27,18 (1.070) 0.420) | (0.677)
40 37,85 (1.490)
42 39,62 (1.560) | (%20 | 2500
11,99 54 50,29 (1.980) ) )
4 o4 20,32 26,92
0.53—elle , 1e~—] L 248 64 59,18 (2.330) 10.800) | (1.060)
(0.021) 10,0703 10.137)
0,50 Dimensions in parentheses are inches
10.0201 Contact factory for detailed information
PRODUCTION DATA documents contain information .
current as of publication date. Products conform to v}
spne.i’lic:tians per ll;o ldovm_s of Texas .Innarnmenls EXAS
standard warranty. Production processing does not
necessarily include testing of ."“ poum:urs. INST RUMENTS

34 Forest Street » Attleboro, Massachusetts 02703
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Appendix E ~ Crystals

E.3 Crystals

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

Table E-1 lists the commonly used crystal frequencies.

Table E-1. Commonly Used Crystal Frequencies

FREQUENCY CRYSTAL MODE
14 MHz Fundamental
18.432 MHz Fundamental
20 MHz Fundamental
20.48 MHz Fundamental
25.6 MHz May require third-overtone

A crystal connected across X1 and X2/CLKIN on the TMS320C14/E14 pro-
cessor enables the internal oscillator, as shown in Figure E-1. The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. Crystal specifi-
cations requirements are listed below:

Load capacitance = 20 pF
Series resistance = 30 Q
Power dissipation = 1 mW
Parallel resonant

X1 X2/CLKIN
CRYSTAL
1Nl
L D v
°T T

Figure E-1. Crystal Connection

Vendors of crystals suitable for the TMS320C14/E14 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 F
Programming the TMS320E14 EPROM Cell

The TMS320E14 includes a 4K x 16-bit EPROM implemented using an in-
dustry-standard EPROM cell for prototyping, early field testing, and pro-
duction. The TMS320C14 with a 4K-word masked ROM then provides a
migration path for cost-effective production.

Key features of the EPROM cell include standard programming and verifica-
tion. The EPROM cell also includes a code protection feature that allows code
to be protected against copyright violations. The protection feature can be
used to protect reading the EPROM contents. This appendix describes erasure,
programming and verification, and EPROM protection and verification.

This appendix contains the following major topics:

{ Programming and Verification (Section F.1 on page F-3)

- Erasure

- Fast Programming

- SNAP! Programming
- Program Verify

—  Program Inhibit

- Read

- Output Disable

® EPROM Protection and Verification (Section F.2 on page F-10)

- EPROM Protection
- Protect Verify

F-1



Appendix F

An EPROM adapter socket (part no. TMDX3270110) shown in Figure F-1, is
available to provide 68-pin to 28-pin conversion for programming the
TMS320E14.

Figure F-1. EPROM Adaptor Socket
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Programming TMS320E14 EPROM - Programming/Verification

F.1 Programming and Verification

The TMS320E14 EPROM cell is programmed using the same family and de-
vice codes as the TMS27C64 8K x 8-bit EPROM. The TMS27C64 EPROM
series are ultraviolet-light erasable, electrically programmable read-only mem-
ories, fabricated using HVCMOS technology. The TMS27C64 is pin-compati-
ble with existing 28-pin ROMs and EPROMs. The TMS320E14, like the
TMS27C64, operates from a single 5-V supply in the read mode and needs
an additional supply (12.5-V) for programming. All programming signals are
TTL level. For programming outside the system, existing EPROM programmers
can be used. Locations may be programmed singly, in blocks, or at random.
When programmed in blocks, the data is loaded into the EPROM cell one byte
at a time, the low byte first and the high byte second. The EPROM adapter
socket shown in Figure F-1has an inverter on it, so that from the EPROM
programmer’s point of view, data is loaded high byte, then low byte (as shown
in Figure F-2). The device itself, however, expects data low byte first, high
byte second.

The TMS320E14 uses 13 address lines to address the 4K-word memory in
byte format (8K-byte memory). In word format, the most-significant byte of
each word is assigned an odd address and the least-significant byte an even
address in the byte format. Programming information should be downloaded
to EPROM programmer memory in a high-byte to low-byte order for proper
programming of the devices (see Figure F-2).

TMS320C14 On-Chip TMS320E14 On-Chip EPROM
Program Memory Program Memory Programmer
(Word Format) {Byte Format) Memory

Byte Format with
Adapter Socket

0(0000h) 1234h 0(0000h) 34h 0(0000h) 12h

1(0001h) 5678h 1(0001h) 12h 1(0001h) 34h

2(0002h) 9ABCh 2(0002h) 78h 2(0002h) 56h

3(0003h) DEFOh 3(0003h) 56h 3(0003h) 78h

: . 4(0004h) BCh 4(0004h) 9Ah

5(0005h) 9Ah 5(0005h) BCh

: . 6(0006h) FOh 6(0006h) DEh

4095(0FFFh) 7(0007h) DEh 7(0007h) FOh
8191(1FFFh)

Figure F-2. EPROM Programming Data Format
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Programming TMS320E14 EPROM - Programming/Verification

F-4

Caution:

The TMS320E14 does not support the signature mode available
with some EPROM programmers. The signature mode puts a
high voltage (12.5 VDC) on pin A9. The TMS320E14 EPROM cell
is not designed for this feature and will be damaged if subjected
to it. A 3.9K ohm resistor is standard on the Tl programmer
socket between pin A9 and the programmer. This protects the
device from unintentional use of the signature mode.




Programming TMS320E14 EPROM - Programming/Verification

Figure F-3 shows the wiring conversion to program the TMS320E14 using the

28-pin pinout of the TMS27C64. The table of pin nomenclature provides a
description of the TMS27C64 pins. The code to be programmed into the de-
vice should be in serial mode.

< A S
1 28 | | |
7] Vvee Vee o
N Y [N pr 8lg
M e IR EEER R
N——as A8 p— ree e
5 A9 24 3.9K0 A10 9 6 5 1 686766 8564 636261
—— 28 ML . .
4 A4 mpER A h o ot
A 7 A3 & 22 11 89
N 8 a2 A10 21 / 12 58
9 =120 13 57
N—1 E = 18 s 1AL
o<1 a0 N T N—A2h ¢ ss |2
Qa7 FGM b o "
p— 1 P as P2 EPT
12 Q2 Qs 16 Vep 17 53
Y 13 Qs |8 ) 78 TMS320E14 52
14 /anp 19 5
TMS27C64 20 :g
PINOUT 21
5 22 48
23 47
CLKIN 24 a6
125 45
] 26 “
2728293031323334353637383940414243
I 99 0
\ >|>
PIN NOMENCLATURE (TMS320E14)
NAME 110 DEFINITION
A12(MSB)-AQ(LSB) ! On-chip EPROM programming address lines
CLKIN | Clock oscillator input
E } EPROM chip enable
EPT | EPROM test mode select
G | EPROM output enable
GND | Ground
PG | EPROM write/program select
Q8(MSBI-Q1(LSB) /0 Data lines for byte-wide programming of on-chip 8K bytes of EPROM
RS | Reset for initializing the device
Vece | 5-V to 6.5-V power supply
Vpp | 12.5-V to 13-V power supply

Figure F-3. TMS320E14 EPROM Conversion to TMS$27C64 EPROM

Pinout
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Programming TMS320E14 EPROM - Programming/Verification

Table F-1 shows the programming levels required for programming, verifying,
and reading the EPROM cell. The paragraphs following the table describe the
function of each programming level.

Table F-1. TMS320E14 Programming Mode Levels

SIGNAL | TMS320E14 | TMS27C64 |PROGRAM|PROGRAM| READ | EPROM |PROTECT
NAME t PIN PIN VERIFY PROTECT | VERIFY
E 19 20 ViL ViL ViL ViH ViL
G 23 22 ViH PULSE PULSE ViH ViL
PGM 16 27 PULSE ViH VIH ViH ViH
Vep 18 1 Vep Vep Vee Vep Veep
Vee 433 28 Vcep Veep Vce Veep Veee
Vss 3.34 14 Vss Vss Vss Vss Vss
CLKIN 24 14 Vss Vss Vss Vsgs Vgs
EPT 17 26 Vss Vss Vss Vpp Vpp
Q8-a1 29-32,37,38, | 19-15,13-11 DN QouT QouT Qg= Qg=

41,42 PULSE RBIT
A12-A7 | 15,111,108, 2,23,21,24, ADDR ADDR ADDR X X
7.2 25,3
AB 1 4 ADDR ADDR ADDR X ViL
A5 68 5 ADDR ADDR ADDR X X
A4 67 6 ADDR ADDR | ADDR Vin X
A3-A0 66,65,56,55 7-10 ADDR ADDR ADDR X X
LEGEND:

T - Signal names shown are for TMS320E14 EPROM programming mode only.
Viy = TTL high level
Vi = TTL low levei

ADDR = byte address bit
Vpp =125 + 0.25 V (FAST) or 13 + 0.25 V (SNAP!)
Vec=5+ 025V
Veep =6 + 0.25V (FAST) or 6.5 + 0.25 V (SNAP!)
X = don't care
PULSE = low-going TTL pulse
Din = byte to be programmed at ADDR
QouT = byte stored at ADDR

F.1.1 Erasure

F-6

Before programming, the device is erased by exposing the chip through the
transparent lid to high-intensity ultraviolet light (wavelength 2537 ang-
stroms). The recommended minimum exposure dose (UV-intensity x expo-
sure-time) is 15 watt-seconds per square centimeter. A typical 12 milliwatt
per square centimeter, filterless UV lamp will erase the device in 21 minutes.
The lamp should be located about 2.5 centimeters above the chip during era-

sure. After erasure, all bits are in the high state. Note that normal ambient light
contains the correct wavelength for erasure. Therefore, when using the
TMS320E14, the window should be covered with an opaque label.



Programming TMS320E14 EPROM - Programming/Verification

F.1.2 Fast Programming

After erasure (all memory bits in the cell are a logic one), logic zeroes are
programmed into the desired locations. The fast programming algorithm,
shown in Figure F-4, is normally used to program the entire EPROM contents,
although individual locations may be programmed separately. A programmed
logic zero can only be erased by ultraviolet light. Data is presented in paraliel
(eight bits) on pins Q8-Q1. Once addresses and data are stable, PGM is
pulsed. The programming mode is achieved when Vpp = 12.5 V, PGM = V|,
Vee = 6.0V, G = Viy, and E = Vj_. More than one TMS320E14 can be pro-
grammed when the devices are connected in parallel. Locations can be pro-
grammed in any order.

Fast programming uses two types of programming puises: prime and final.
The length of the prime pulse is 1 ms. After each prime pulse, the byte being
programmed is verified. If correct data is read, the final programming pulse is
applied; if correct data is not read, an additional 1-ms prime pulse is applied
up to a maximum of 25 times. The final programming puise is 3X times the
number of prime programming pulses applied. This sequence of programming
and verification is performed at Vo = 6.0V, and Vpp = 12.56 V. When the full
fast programming routine is complete, all bits are verified with Voo = Vpp =
5V.

F.1.3 SNAP! Pulse Programming

The EPROM can be programmed using the TI SNAP! Pulse programming al-
gorithm illustrated by the flowchart of Figure F-5, which can reduce pro-
gramming time to a nominal of one second. Actual programming time will
vary as a function of the programmer used. Data is presented in parallel (eight
bits) on pins Q8 through Q1. Once addresses and data are stable, PGM is
pulsed.

The SNAP! Puilse programming algorithm uses pulses of 100 microseconds
followed by a byte verification to determine when the addressed byte has been
successfully programmed. Up to ten 100 microsecond pulses per byte are
provided before a failure is recognized.

The programming mode is achieved when Vpp = 13.0 V, Vgc = 6.5V, V and
G = Vi4, and E = Vji. More than one device can be programmed when the
devices are connected in parallel. Locations can be programmed in any order.
When the SNAP! Pulse programming routine is complete, all bits are verified
with Ve = Vpp =56 V.
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Programming TMS320E14 EPROM - Programming/Verification

F.1.4 Program Verify

Programmed bits may be verified with Vpp = 125 V when G = V|, E = V|,
and PGM = V|. Figure F-6 shows the timing for the program and verify op-
erations for both Fast and SNAP! Pulse programming.

START

ADDRESS =
FIRST LOCATION

Vee =6 £ 025V
Vpp = 125V £ 0.26 V

PROGRAM ONE

1 ms PULSE
INCREMENT X
VERIFY

ONE BYTE

E
e [P
FAILE 3X ms DURATION

[

LAST
ADDRESS?

INCREMENT
ADDRESS

[ Vec = Vpp =5V £ 025V ]

COMPARE
ALL BYTES TO
ORIGINAL
DATA

FAIL

DEVICE
PASSED

Figure F-4. Fast Programming Flowchart
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Programming TMS320E14 EPROM - Programming/Verification

L ADDRESS = FIRST LOCATION —|

[Vec =65V £ 0.25V, vpp = 13V £ 0.25 V|

PROGRAM ONE PULSE = t,, = 100 p:s jat——1

INCREMENT ADDRESS

LAST NO

ADDRESS?

[ ApDREss = FiRsT LocaTiON |

?
L

X=0 i

la——————f PROGRAM ONE PULSE = t,, = 100 us |

VERIFY
WORD

INCREMENT
ADDRESS

LAST
ADDRESS?

YES

[ Vee = Vpp = 5.0V £ 0.25 V | {

DEVICE FAILED

il

COMPARE

ALL BYTES FAlL

TO ORIGINAL
DATA

PASS

DEVICE PASSED

Figure F-5. SNAP! Pulse Programming Flowchart

—_—

PROGRAM
MODE

INTERACTIVE
MODE

FINAL
VERIFICATION
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Programming TMS320E14 EPROM - Programming/Verification

= :-Q—VERIFY-—D‘
1

ViH
) ~ ADDRESS ADDRESS
A12-a0 . STABLE x N1

DATA OUT 1 ViH/VoH
VALID

DATA IN >
Qs-Q1 -
STABLE HI

ViL'Vou

Vep
Vep

Vee

Veer
Vee
Vee

VIH

NN

ViL

VIH

|
o)
=

-\

ViL

——— e e e e e e e e e — — — — L N

:

VIH

ViL
Figure F-6. Programming Timing

F.1.5 Program Inhibit

Programming may be inhibited by maintaining a high level input on the E pin
or PGM pin.

F.1.6 Read

The EPROM contents may be read independent of the programming cycle,
provided the RBIT (ROM protect bit) has not been programmed. The read is
accomplished by setting E to zero and pulsing G low. The contents of the
EPROM location, selected by the value on the address inputs, appear on
Qs8-Q1.



Programming TMS320E14 EPROM - Programming/Verification

F.1.7 Output Disable

During the EPROM programming process, the EPROM data outputs may be
disabled, if desired, by establishing the output disable state. This state is se-
lected by setting the G pin high or E pin high. Whichever occurs first will de-
termine the time to high impedance on the outputs. While output disable is
selected, Q8-Q1 are placed in the high-impedance state.




Progfamming TMS320E14 EPROM - EPROM Protection/Verification

F.2 EPROM Protection and Verification

This section describes the code protection feature included in the EPROM cell,
which protects code against copyright violations. Table F-2 shows the pro-
gramming levels required for protecting the EPROM and verifying the pro-
tection. The paragraphs following the table describe the protect and verify
functions.

Table F-2. TMS320E14 EPROM Protect and Protect Verify Mode Levels

SIGNAL| TMS320E14 PIN TMS27C64 PIN |EPROM PROTECT| PROTECT VERIFY
E 19 20 Viy ViL
G 23 22 ViH ViL
PGM 16 27 ViK ViH
Vep 18 1 Vep Veer
Vec 4 28 Veep Veer
Vss 3 14 Vss Vss
CLKIN 24 14 Vss Vss
EPT 17 26 Vpp Vpp
08-01 29-32,37,38, 19-15,13-11 08=PULSE 08=RBIT
41,42
A12-A10 156,11,10 2,23,21 X X
A9-A7 87,2 24,25,3 X X
A6 1 4 X ViL
A5 68 5 X X
A4 67 6 ViH X
A3-A0 66,65,56,55 7-10 X X
LEGEND:

Viq = TTL high level; V| = low-level TTL, Vcc =5 £ 0.25 V; Vpp = 125 £ 05V,
Veep =6 £ 0.25 V (FAST) or 6.5 £ 0.25 V (SNAPI);
X = don't care; = low-going TTL level pulse; RBIT = ROM protect bit

F.2.1 EPROM Protection

The EPROM protection facility is used to completely disable reading of the
EPROM contents to guarantee security of proprietary algorithms. This facility
is implemented through a unique EPROM cell called the RBIT (ROM protect
bit) cell. Once the contents to be protected are programmed into the EPROM,
the RBIT is programmed, disabling access to the EPROM contents and. disa-
bling the microprocessor mode on the device. Once programmed, the RBIT
can only be cleared by erasing the entire EPROM array with ultraviolet light,
thereby maintaining security of the proprietary algorithm. Programming the
RBIT is accomplished using the EPROM protection cycle, which consists of
setting the E, G, PGM, and A4 pins high, Vpp and EPT to 12.5 + 0.5 V, and
pulsing Q8 low. The complete sequence of operations involved in program-
ming the RBIT is shown in the flowchart of Figure F-7. The required setups
in the figure are detailed in Table F-2.
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'

PROGRAM ONE
PULSE OF 3X-ms
EPROM DURATION
PROTECT ‘
SETUP
‘ PROTECT
PROGRAM ONE VERIFY
SETUP
1-ms PULSE

VERIFY
RBIT

— PASS e
DEVICE DEVICE
FAILED PASSED

PROTECT
VERIFY
SETUP

VERIFY
RBIT

EPROM
PROTECT jwa—
SETUP

Figure F-7. EPROM Protection Flowchart
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F.2.2 Protect Verify

Protect verify is used following the EPROM protection to verify correct pro-
gramming of the RBIT (see Figure F-7). When using protect verify, Q8 outputs
the state of the RBIT. When RBIT = 1, the EPROM is unprotected; when RBIT
= 0, the EPROM is protected. The EPROM protection and verify timings are
shown in Figure F-8. :
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VERIFY

[4————PROTECT—————»{
VIH

A4

Vi

vpp!

Vep

Vee /

Veee

[Jﬂ/r. -

Veee

vee!

VIH

mi

il

ViL

ViH

i

ViH

Vi

ViH/V
HI-2 H/VOH

HI-Z

|
I
|

ViL'VoL
Vep

SR FRN I

EPT
Vss

VaTe767676747676 767676 6 47676 6 466 047876 6460 Vin
3!"l"'ii'il'iiiiiiiiiiii'h
RN e

1125V Vpp and 6.0 V V¢ for Fast Programming; 13.0 V Vpp and 6.5 V V¢ for SNAP!
Pulse Programming.

Figure F-8. EPROM Protection Timing
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ADDH

Add to High Accumulator 4-8
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LAR 4-8,4-37
LARK 4-8,4-39
LARP 4-8, 4-40
LDP 4-8, 4-41
LDPK 4-8,4-42
LST 4-9, 4-43
LT 4-9,64-44
LTA 4-9,4-45
LTD 4-9,4-45
MAR 4-8,4-47
MPY 4-9, 4-49
MPYK 4-9, 4-50
NOP  4-9,4-51
OR 4-8,4-52
OuUT 4-10, 4-53
PAC 4-9,4-54
POP 4-9,4-55
PUSH 4-9,4-56
RET 4-9, 4-57
ROVM 4-9, 4-58
SACH 4-8,4-59
SACL 4-8,4-60
SAR 4-8,4-61
SOVM 4-9, 4-63
SPAC 4-9,4-64
SST 4-9,4-65
SUB 4-8,4-66
SUBC 4-8, 4-67
SUBH 4-8,4-69
SUBS 4-8,4-69

TBLR 4

TBLW 4-10,4-72

XOR 4-8,4-73

ZAC 4-8,4-74

ZALH 4-8,4-74

ZALS 4-8,4-75
assembly language tools D-2
Asynchronous Mode 3-65
auxiliary register pointer (ARP) 3-17,

3-30, 3-31
addressing modes 3-30

Index-1




auxiliary registers (ARO,AR1) 3-29, 4-4
auxiliary registers (ARO,AR1) 3-29

B

B
Branch Unconditionally 4-9
Bank Select Register (BSR) 3-8
BANZ
Branch On Auxiliary Register Not
Zero 4-9
barrel shifter 3-23
BGEZ
Branch If Accumulator Greater Than or
Equal To Zero 4-9, 4-22
BGZ
Branch If Accumulator Greater Than
Zero 4-9
Bit Clear Register (BCLR) 3-34
bit manipulation 5-19
Bit Set Register (BSET) 3-34
BLEZ
Branch If Accumulator Less Than Or
Equal To Zero 4-9, 4-24

BLZ
Branch If Accumulator Less Than
Zero 4-9
BNZ
Branch If Accumulator Does Not Equal
Zero 4-9
bulletin board D-9
BV 5-20
Branch On Overflow 4-9
BZ
Branch If Accumulator Equals
Zero 4-9
C
CALA
Call Subroutine Indirect 4-9
CALL

Call Subroutine 4-9
Capture Control Register (CCON) 3-54
central arithmetic logic unit (CALU) 3-22
codec interface 6-16
Codec Mode 3-74
codecs (Tl) E-2
Common Object File Format (COFF) D-2
Compare Registers (CMPRx) 3-46

Index-2

convolution operations 5-22
crystal oscillator circuit 6-5
crystals E-72

D

D/A converters (Tl) E-2
D/A interface 6-16

D/A interface 6-16
Data Direction Register (DDR) 3-33
Data Memory 3-27
data memory page pointer (DP)

3-30

data RAM expansion 6-12
data shift 5-21
development support D-1

analog interface board (AIB2) D-7

assembly language tools D-2

CPU simulator D-4

DFDP (digital filter design

package) D-8

DSP Software Library D-9

emulator (XDS) D-5

TMS320 DSP bulletin board

service D-9

TMS320 DSP hotline D-9

TMS320C14/E14 Adapter D-8
digital filter design package (DFDP) D-8
DINT

Disable Interrupt 4-9
direct addressing mode 3-30, 4-2
division 4-67, 5-26
DMOV 5-22

Data Move In Data Memory 4-10
DSP Software Library D-9

3-17,.

E

EINT
Enable Interrupt 4-9
emulator (XDS) D-5
EPROM erasure F-6
EPROM memories (Tl) E-2
EPROM programming
(TMS320E14) F-1
EPROM protection/verification
(TMS320E14) F-12
external clock interfacing - 6-5
external memory interfacing 6-8
external peripheral interfacing 6-14



F

fixed-point arithmetic 5-23
Flag Ciear Register (FCLR) 3-19
floating-point arithmetic  5-30

G

gates C-5
General Purpose Timers 3-39

H

Harvard architecture 3-12
hotline D-9

|

immediate addressing mode 3-30, 4-5
IN

input Data From Memory 4-10
indirect addressing mode 3-30, 4-4
Initialization 5-2
Input/Output Latch (10P) 3-34
instruction set summary 4-7
instructions (assembly language) 4-1
Interrupt Flag Register (IF) 3-18
Interrupt Mask Register (IM) 3-18
interrupt mode (INTM) 3-17
Interrupt Mode Bit (INTM) 3-19
Interrupts  3-18
Introduction 1-1

L

LAC
Load Accumutlator with Shift 4-8
LACK
Load Accumulator Immediate
Short 4-8
LARK
Load Auxiliary Register Immediate
Short 4-8
LARP

Load Auxiliary Register Popinter 4-8
LARS

Load Auxiliary Register 4-8
LDP

Load Data Memory Page Pointer 4-8
LDPK

Load Data Memory Page Pointer 4-8
linker D-2
logical and arithmetic operations 5-19

addition 5-29

bit manipulation 5-19

division 5-26

floating-point arithmetic  5-30

multiplication 5-23

overflow management 5-20

scaling 5-21
LST
Load Status Register From data Mem-
ory 4-9
LT
Load T Register 4-9
LTA 5-25

Load T Register and Accumulate 4-9
LTD
Load T Register, Accumulate Previous
Product and Move Data 4-9
Load T Register, Accumulate Previous
Product, and Move Data 4-46

M

MAR
Modify Auxiliary Register 4-8
mask options B-1
MC/MP device configuration 6-7
MC/MP mode configuration 6-7
memory addressing modes 3-30
direct addressing 3-30, 4-2
immediate addressing 3-30,4-5
indirect addressing 3-30, 4-4
Memory Expansion 6-8
memory products (T1) E-2
microcomputer mode 3-14
microprocessor mode  3-14
MPY 5-25
Multiply (with T Register, Store Prod-
uct in P Register 4-9
MPYK
Multiply Immediate 4-9
MS/PC-DOS D-9
multiplication 5-23
multiplier 3-26, 5-23
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N

nomenclature D-12
NOP

No Operation 4-9
normalization 5-30

O

On-Chip Peripheral Register
Mapping 3-8 :

optical encoder interface 6-20
OR

OR with Accumulator 4-8
ordering information D-11
ouT

Qutput Data From Memory 4-10
overflow flag (OV) 3-17,5-20
overflow management 5-20
overflow mode (OVM) 3-17, 3-25, 5-20
overflow saturation mode 3-25

P

P register 3-26, 5-23
PAC
Load Accumulator with P
Register 4-9
parallel shifter 3-23
part numbers D-11
Peripheral Registers
ACTx 3-11
BCLR 3-10
BSET 3-10
BSR 3-8,3-10
CCLR 3-11
CCON 3-11
CMPRx 3-11
DDR 3-10
FCLR 3-10
FIFOx 3-11
IF 3-10
IM  3-10
IOP  3-10
RBR 3-11
RSR 3-11
SBMR/TMR3 3-11
SBRG/TPR3 3-11
SCLR 3-11

Index-4

SCON 3-11

SMAT 3-11

SSET 3-11

SYSCON 3-10

TBR 3-11

TCON 3-10

TMR1 3-10

TMR2 3-10

TPR1 3-10

TPR2 3-10

TSR 3-11

wDT 3-10

WPER 3-10

WTPL 3-10
Peripheral Selection 3-8
pgstart.hardware applications 6-1

system control circuitry 6-3
PiD control 5-32
POP 3-14

Pop Top Of Stack To Low

Accumulator 4-9
powerup reset circuit 6-3
product quality/reliability C-1
product register (P) 3-26, 5-23
program counter (PC) 3-12
Program Memory 3-28
program ROM expansion 6-11
programming EPROM cell
(TMS320E14) F-1

prototype devices B-1
PUSH 3-14

Push Low Accumulator Onto

Stack 4-9

PWM Mode 3-48

Q

Q format 5-23, 5-29, 5-31

R

reliability tests C-2
Reset (system) 3-156
reset circuit 6-3
RET
Return From Subroutine 4-9
ROM codes B-1
ROVM 3-25,5-20
Reset Overflow Mode 4-9
rs-232 interface 6-19



S

SACH

Store High Accumulaltor with

Shift 4-8

SACL

Store Low Accumulaltor
SAR

Store Auxiliary Register
scaling 5-21
Serial Clear Register (SCLR)
Serial Control Register (SCON)
Serial Port Baud Rate Generator
Serial Set Register (SSET) 3-62
shifters 3-23
signal descriptions  2-1
simulator D-4
sockets (Tl) E-67
software applications
software library D-9
SOVM 3-25,5-20

Set Overflow Mode 4-9
SPAC

Subtract P Register From

Accumulator 4-9

4-8
4-8

3-62
3-59
3-63

5-1

SST
Store Status Register
stack 3-12, 3-13
status register 3-16
SuB
Subtract From Accumula/tor with
Shift 4-8
SUBC 5-26
Conditional Subtract
SUBH
Subtract From High
Accumulator 4-8
SUBS
Subtract From Low Accumulator 4-8
Subtract from Low Accumulator with
Sign-Extension Suppressed 4-70
Synchronous Mode 3-69
system applications 6-24
system control circuitry 6-3

4-9

4-8

T

T register 3-26, 5-23
TBLR
Table Read 4-10
TBLW
Table Write 4-10
temporary register (T) 3-26, 5-23
third-party support D-5
Timer Control Register (TCON) 3
Timers 3-36
TMS320 device nomenclature

TMS320 DSP hotline D-9
TMS320C14/E14 Adapter
transistors C-5

D-8

\%

VAX/VMS D-9

w

Watchdog Timer 3-37

Watchdog Timer Buffer Latch
(WTPL) 3-39

Watchdog Timer Register (WDT)

WDT Period Register 3-39

X

XDS emulator D-5
xds XDS design 6-21
system applications
XOR
Exclusive-OR with Low
Accumulator 4-8

6-24

-40

D-13
TMS320 DSP bulletin board service

D-9

3-38

Index-5




V4

ZAC
Zero Accumulator 4-8
ZALH
Zero Low Accumulator and Load
High 4-8

Zero Low Accumulator and Load High
Accumulator 4-75

Index-6

ZALS
Zero Accumulator and Load Low Ac-
cumulator, Sign-Extension Sup-
pressed 4-8
Zero Accumulator, Load Low Accu-
mulator with Sign-Extension Sup-
pressed 4-76
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