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TTL

MEMORIES

SERIES 54/74, 54S/74S
PROGRAMMABLE READ-ONLY MEMORIES

BULLETIN NO, DL-S 7512288, MAY 1975

e Titanium-Tungsten (Ti-W) Fuse Links for ®
Fast, Low-Voltage, Reliable Programming

Full Decoding and Chip Select Simplify
System Design

e All Schottky-Clamped PROM'’s Offer: ° App]ications Inclu-de: )
Fast Chip Select to Simplify System Decode Microprogramming/Firmware Loaders
Choice of Three-State or Open-Collector Outputs Code Converters/Character Generators
P-N-P Inputs for Reduced Loading on Translators/Emulators
System Buffers/Drivers Address Mapping/Look-Up Tables
TYPE NUMBER (PACKAGES) TYPICAL ACCESS TIME
BIT SIZE OUTPUT {ns)
o o o o FROM FROM
—55"C1t0125°C| 0°Cto 70°C [(ORGANIZATION)|CONFIGURATION
ADDRESS | CHIP SELECT
SN54186(J, W) | SN74186(J, N) 512 bits llect 50 55
. . open-collector
(64 W x 8 B) i
SN54188A(J, W) SN74188A(J,N) 256 bit open-collector 30 34
its
SN545188(J, W) [SN74S188(J, N) (32W x 8 B) open-collector 25 12
X
SN545288(J, W) [SN745288(J, N) three-state 25 12
SN54S5287(J, W) |[SN745287(J, N) 1024 bits three-state 42 15
SN54S387(J, W) |SN748387(J, N}| (256 W x 4 B) open-collector 42 15
SN54S8470(J) SN745470(J, N) 2048 bits open-collector 50 20
SN548471(J) SN74S471(J, N)| (256 W x 8 B) three-state 50 20
SN545472(J) SN745472{J, N) 4096 bits three-state 55 20
SN545473(J) SN745473(J,N)| (512Wx 8 B) open-collector b5 20
512 BITS 256 BITS 1024 BITS 2048 BITS 4096 BITS
(64 WORDS BY 8 BITS) (32 WORDS BY 8 BITS) (256 WORDS BY 4 BITS) (256 WORDS BY 8 BITS) (5612 W’ORDS.BY 8 BITS)
‘186 ‘188A, ‘S188, 'S288 '$287, 'S387 ‘S470, 'S4 $472, 'S473
e 1] U D24 vee D0 1 1 U M6 vee ADG 1(] U 16 vee AD A 1? U D20 vee apa 1] D20 vee
ne 2q 23 onp2 DO 2 2 D15 & ADF 2(] D15 ADH ADB 2 D19 ADH apB 2(] 19 AD1
ADA 3(] 22 oo 0O 3 3¢ [114 ADE ADE 3(] s C52 apc 3] D18 ADG apc 3] 318 ADH
ADB 4] [»21 po2 DO 4 34 [»13 ADD ADD 4] Du Cs1 ADD 4] 17 ADF ADD a(] [>17 aDG
anc 5(] (> 20 DO3 DO 5 5 D12 ADC ADA 5] D12 po 1 ADE § D16 Cs2 apE 5] D16 ADF
cs 1 6] (319 DO4 DO 6 6 D11 ADB ADB 6(] D11 po 2 D01 6 D115 gs1 00 1 6] 15 €S
cs2 1] 18 pos Do 77 10 ADA Aapbc 7] D10 0O 3 00 2 7] 14 pos 002 7] (14 pos
ApD 8 En o6 GND 8 9 Dos GND 8(] Do DO 4 D0 3 8(] 13 DO7 003 8(] 13 po7
ADE 9(] D16 po7 DO 4 eg 12 D06 004 9(] 312 pos
AD F 10(] D15 pos GND 10 11 DO5 GND 10] 11 DOS
GND 1 1] Dia 1ot
ne 12 [>13 GND2

NC—No internal connection

170 is used for testing purposes.
The logic at TO is undefined.

description

These monolithic TTL programmable read-only memories (PROM’s) feature titanium-tungsten (Ti-W) fuse links with
each link designed to program in one millisecond or less. The Schottky-clamped versions of these PROM’s offer
considerable flexibility for upgrading existing designs or improving new designs as they feature full Schottky clamping
inputs, choice of bus-driving three-state or

for

improved performance,

Pin assignments for all of these memories are the same for all packages.

open-collector outputs, and improved chip-select access times.

The high-complexity 2048- and 4096-bit PROM’s can be used to significantly improve system density for fixed

low-current MOS-compatible p-n-p

memories as all are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch.
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575

SERI

ES 54/74, 54S/74S

PROGRAMMABLE READ-ONLY MEMORIES

NOTE 1:

description (continued)

Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure
specified. All PROM’s, except the 'S287 and 'S387, are supplied with a low-logic-level output condition stored at each
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected
locations. The procedure is irreversible; once altered, the output for that bit location is permanently programmed.
Qutputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit
within the recommended operating conditions will not alter the memory content.

A low level at the chip-select input(s) enables each PROM except the ‘186, which is enabled by a high level at both
chip-select inputs. The opposite level at any chip-select input causes the outputs to be off.

The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output.
The open-collector output offers the capability of direct interface with a data line having a passive pull-up.

schematics of inputs and outputs

'186, '188A

‘186, “188A

EQUIVALENT OF
EACH INPUT

Vee-— -=

INPUT -

TYPICAL OF
ALL OUTPUTS

—QUTPUT

Programming circuit not shown

‘S188, 'S287, 'S288, 'S387
'S470, 'S471, 'S472, ‘S473

‘S188, 's387,
‘§470, 'S473

'S287, 'S288
‘S471, 'S472

EQUIVALENT OF
EACH INPUT

INPUT

x

»

TYPICAL OF
ALL OUTPUTS

ouT

Programming circuit not shown

PUT

- —— —<¢—Vcc
58 2 NOM

P
3

Programming circuit not shown

TYPICAL OF
ALL QUTPUTS

<

OUTPUT

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

Supply voltage (see Note 1)
Input voltage .
Off-state output voltage

Operating free-air temperature rang

Storage temperature range

SN74’, SN74S

e: SNb54’, SN54S

’ Circuits
" Circuits

7V

55V

... ..5bbvV
—55°C to 125°C
0°C to 70°C
—65°C to 150°C

Voltage values are with respect to network ground terminal (GND 2 of '186),. For ‘186 GND 1 and both GND 2 terminals are all

connected to system ground except during programming. The supply-voltage rating does not apply during programming of the '188,
‘188A, or the 545/74S PROM’s.
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TYPES SN54186, SN74186
PROGRAMMABLE READ-ONLY MEMORIES

recommended conditions for programming

MIN NOM MAX |UNIT]
Supply voltages {see Note 2) \éﬁ% 3 412 5 szT \
Open circuit

High level .
Input conditions {see Note 3 and 4) or equivalent

Low level -5 —61| v
Output voltage —6.5Tf Vv
Output current, output being programmed -95 —120 —130 | mA
Duration of programming pulse (see Note G) 1 20 | ms
Programming duty cycle 25 35| %
Free-air temperature 0 55 | °C

t Absolute maximum ratings.
NOTES: 2.
3.

4.
5.

1Clamp to ensure output does not exceed —0.5 V with respect to GND 1.
Voltage values are with respect to the GND 2 terminals.

The high-level (off) output of a Series 54/74 or 545/74S open-collector gate with no pull-up resistor meets the requirements for
a high-level input condition.

The low-level input voltage must be within 0.5 volts of the applied voltage at GND 1.

Programming is guaranteed if the pulse is applied to the output for 10 ms. Typically, programming occurs in less than 1 ms.

step-by-step programming procedure

Programming the SN54186 or SN74186 is performed individually for each of the 512 bit locations and consists
basically of applying a current pulse to each output terminal where a low logic level is to be changed to a high (off)

level,

The power supply and ground connections described below are designed to ensure that alteration of the

memory content occurs during the programming procedure only.

1.

Connect the memory as shown in Figure 1. To address a particular word in the memory, set the input switches
to the binary equivalent of that word where a low logic level is as specified under “recommended conditions

for programming’” and a high logic level is either an open circuit or connection to an open-collector TTL gate
with no pull-up resistor.

Apply a programming current pulse as specified to the pin associated with the first bit to be changed from a
low-level to a high-level output.

Repeat Step 2 for each high-level output desired in the word addressed (program only one bit at a time). Any bit

that is to remain at a low level should have its respective output open-circuited during the entire programming
cycle for the addressed word.

Set the next input address and repeat steps 2 and 3 at a programming duty cycle of 35% maximum. This
procedure is repeated for each input address for which a specific output word pattern is desired. A low logic
level can always be changed to a high logic level simply by repeating Steps 1 and 2. Once programmed to
provide a high logic level, the output cannot be changed to supply a low logic level.

NOTE: When verification indicates that a bit did not program, repeat steps 2 through 4. If the bit did not program after the second application
of.a 1-millisecond programming pulse, repeat steps 2 through 4 using programming pulse time of 10 to 20 milliseconds. Regardless of
the programming pulse duration, its total average pulse time should be no more than 35% of the programming cycle.

vVee

DO
002
D03
D04
DOS
——~o—| DOG

—cs DO7
OPEN
——1cs2 gnp g DO8

orb |

= GND 2 =

PROGRAMMING
PULSE
GENERATOR

- om o O

5Viw-6V

[TTTTT

OPEN-COLLECTOR OUTPUT
{(NO PULL-UP RESISTOR}

-5Vto-6V

FIGURE 1-PROGRAMMING CONNECTIONS
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TYPES SN54188A, SN74188A, AND SERIES 54S/74S

PROGRAMMABLE READ-ONLY MEMORIES

recommended conditions for programming

‘188A SN54S’, SN74S’ UNIT
MIN NOM MAX |MIN NOM MAX
Steady state 4.75 5 575 |4.75 5 6.75
Supply voltage, V¢ (see Note 6) Y v
Program pulse 10 105 1% 10 105 1t
High tevel, V|H 24 5 2.4 5
Input voltage \)
Low level, Vi 0 0.5 0 0.5
o See load circuit See load circuit
Termination of all outputs except the one to be programmed . .
(Figure 2) (Figure 2)
R +0.3
Voltage applied to output to be programmed, VO(pr) (see Note 7) 0.25 08 0 0.25 0.3 \Y
Duration of Vo programming pulse Y (see Figure 3 and Note 8) 1 20 1 20 | ms
Programming duty cycle 25 35 25 35 %
Free-air temperature 0 55 0 55 | °C
T Absolute maximum ratings.
NOTES: 6. Voltage values are with respect to the GND 2 terminals.

7. The ‘188A, 'S188, 'S288, 'S470, 'S471, 'S472, and 'S473 are supplied with all bit locations containing a low logic level, and
programming a bit changes the output of the bit to high logic level. The ‘S287 and ‘S387 are supplied with all bit outputs at a
high logic level, and programming a bit changes it to a low logic level.

8. Programming is guaranteed if the pulse applied is 10 ms long. Typically, programming occurs in 1 ms.

step-by-step programming procedure

1.
2.
3.

Apply steady-state supply voltage (Vcc =5 V) and address the word to be programmed.
Verify that the bit location needs to be programmed. If not, proceed to the next bit,

If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select
input(s).

. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 3.9 kQ2

and apply the voltage specified in the table to the output to be programmed. Maximum current out of the
programming output supply during programming is 150 mA.

5. Step V¢ to 10.5 V nominal. Maximum supply current required during programming is 750 mA.

6. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 10 us and 1 ms after V¢ has

10.

NOT

LOAD CIRCUIT FOR EACH OUTPUT
NOT BEING PROGRAMMED OR FOR
PROGRAM VERIFICATION

reached its 10.5-V level. See programming sequence of Figure 3.

. After the X pulse time (1 ms) is reached, a high logic level is applied to the chip-select inputs to disable the

outputs.

. Within 10 us to 1 ms after the chip-select input(s) reach a high logic level, V¢ should be stepped down to 5V at

which level verification can be accomplished.

. The chip-select input(s) may be taken to a low logic level {to permit program verification) 10 us or more after Vg

reaches its steady-state value of 5 V.

At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a

bit.

ES: A)
B)

Ve should be removed between program pulses to reduce dissipation and chip temperatures. See Figure 3.

When verification indicates that a bit did not program, repeat steps 3 through 9. If the bit did not program after the
second application of a 1-ms X pulse, repeat steps 3 through 9 using an X pulse time of 10 to 20 ms. Regardless of the X
duration, the total average pulse time of Y should be no more than 35% of the programming cycle.

105V
F o

- ———0v

M

VERIFY F—Y —+—-—3Y TYPICAL
5V NEED TO +}— VERIFY PROGRAM
PROGRAM l I REMOVE V¢ TO

% 3.9 kst
ouTPUT

REDUCE AVERAGE
/_powsn

10usto 1 ms

Vee I

10usto 1 ms

de

T

REMOVE
Vo(pr) Voltpr)

Vin

Vio

FIGURE 2
FIGURE 3—VOLTAGE WAVEFORMS FOR PROGRAMMING
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TYPES SN54186, SN54188A, SN74186, SN74188A
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

SN54186 SN74186
SN54188A SN74188A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vi 4.5 5 5.5 | 4.75 5 5.25 \Y
High-leve! output voltage, VoH 5.5 5.5 \Y
Low-level output current, g 12 12| mA
Operating free-air temperature, T —55 125 0 70 | °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
‘186 ‘188A
PARAMETER TEST CONDITIONST UNIT
MIN TYPI MAX |MIN TYPI MAX
ViH4  High-level input voltage 2 2 \4
ViL  Low-level input voltage 0.8 08 | V
Vik  Input clamp voltage Vee =MIN, 1= -12mA —1.5 —1.5 \Y
Vee=MIN, Vig=2Vv, \ =24V 100
IoH  High-level output current cc IH OH HA
ViL=08V VOH =55V 200 100
Vee =MIN, Vig=2V,
VoL Low-level output voltage 0.4 045 | V
ViL=08V, IgL=12mA -
I .Input current at maximum Vec = MAX, V=55V 1 1 | ma
input voltage
IH High-level input current Vee = MAX, V=24V 40 40 | uA
he Low-level input current Vee = MAX, V=04V -1 -1 | mA
' Suppl . y MAX. See Note 9 Both CSat0OV 47 95 A
urren = , See Note m
cc suppve cc Both CS at 4.5 V 80 120
| Supply current, all outputshigh See Note 10 50 80
CcCH Supplycur alloutputshig Ve = MAX ee No mA
IccL  Supply current,all outputslow See Note 11 82 110
Co Off-state output capacitance [Vcg=5V, Vpo=2V, f=1MHz 6.5 6.5 pF

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
FAll typical values are at Ve =6 V, Tp = 25°C.
NOTES: 9. Icc of ‘186 is measured with all outputs open and the address inputs at 4.5 V., Typical values are for 50% of the bits programmed.
10. lgcH of "188A is measured with all inputs at 4.5 V, all outputs open.
11. IccL of "188A is measured with the chip-select input grounded, all other inputs at 4.5 V, and all outputs open. The typical value
shown is for the worst-case condition of all eight outputs low at one time. This condition may not be possible after the device has
been programmed.

switching characteristics, Vecc =5 V, Ta = 25°C

_ tpLH (ns)
ta(ad) (ns) t3(Cs/Cs) (ns) o ion delay ti
Access time from A ti f ropagation delay time.
TYPE TEST CONDITIONS ceess time from low-to-high-level output
address chip select (enable time)
from chip select (disable time)
TYP MAX TYP MAX TYP MAX
‘186 CpL = 30 pF, Rp1=400 %, 50 75 55 75 40 75
‘188A R 2 =600, See Figure4d 30 50 34 50 23 50
186 TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222



575

SERIES 54S/74S
PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

5188 'S387,
'S470, ‘'S473 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, VGG Series 54S 4.5 5 5.5 4.5 5 5.5 v
Series 74S 4.75 5 5.256 | 475 5 5.25
High-level output voltage, VoH 5.5 5.5 \
Low-level output current, lgp 20 16 | mA
Operating free-air temperature, T o Series 543 55 125 | -55 1259 °c
Series 74S 0 70 0 70

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONSt MIN TYP MAX [UNIT

ViH High-level input voltage 2 \

ViL Low-level input voltage 0.8 \'4

Vik Input clamp voltage Vee = MIN, I} = -18 mA -1.2 \
Vee = MIN, VoH = 2.4V 50

loH High-level output current ViH=2V, HA
ViL=08V VoH =5.5V 100

VoL Low-level output voltage Vee = MIN, VIH=2V, 05| V
V=08V, loL = MAX

1) Input current at maximum input voltage Vce = MAX, V=55V 1| mA

IH High-level input current Vee = MAX, V=27V 25 | pA

hL Low-level input current Vee = MAX, Vi=05V —250 | uA
Vg = MAX, 'S188 80 110
Chip select(s) at 0 V, 'S387 100 135

‘ec  Supply current Outputs open, '5470 o185 | ™
See Note 12 ‘S473 120

switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)

— tpH (ns)
t (ns}) t, {ns)
a“““.’ a(CS.) Propagation delay time,
Access time from Access time from .
TYPE TEST CONDITIONS i . low-to-high-level output
address chip select (enable time) ] . .
from chip select (disable time)
TYPF MAX TYP} MAX TYPE MAX
SN545188 25 50 12 30 12 30
SN745188 25 40 12 25 12 25
SN545387 Cp = 30 pF, 42 75 15 40¢ 15 404
. SN748387 R =300 %, 42 65 15 35 15 35
SN54S470 RpL2 =600, 50 80 20 40 15 35
SN74S470 See Figure 4 50 70 20 35 15 30
SN548473 55 20 15
SN74S473 55 20 15

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
tan typical valuesareat Vo =5V, Tp = 25°C.

®An SN54S387 in the W package operating at free-air temperatures above 108°C requires a heat sink that provides a thermal resistance from

case to free air, Rgca. of not more than 42 °C/W.

fTentative specifications.
NOTE 12: The typical values of Icc shown are with all outputs low.
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