TMS27C291, TMS27C292 16,384-BIT UV
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES
TMS27PC291 16,384-BIT PROGRAMMABLE READ-ONLY MEMORY

SEPTEMBER 1986 —REVISED APRIL 1988

® Organization ... 2K x 8 J AND N PACKAGE
(TOP VIEW)

® Single 5-V Power Supply

® Pin Compatible with Existing 2K x 8
Bipolar/High-Speed CMOS EPROMs
and PROMs
® All Inputs/Outputs TTL Compatible
High Speed
® Max Access/Min Cycle Time
Vee £ 5%
‘27C/PC291-3 '27C292-3 35 ns
‘27C/PC291 ‘27C292 45 ns
'27C/PC291-5 ‘'27C292-5 650 ns
Vee + 10%
‘27C/PC291-35 °27C292-35 35 ns FN PACKAGE
‘27C/PC291-45 ‘27C292-45 45 ns (TOP VIEW)

‘27C/PC291-50 ‘27C292-50 50 ns
Low-Power CMOS Technology

. @ 3-State Output Buffers A10
® Low Power Dissipation (Voc = 5.25 V) 511
— Active . . . 394 mW Max s2
s3t
Erasable NC
® 100% Pretestable as
sffQ7
description 38 g 23388
The TMS27C291 and TMS27C292 series are
16,384-bit, uitraviolet-light erasable, electrically ¥ These pins have different pin assignments and
programmable read-only memories. The functions in the program mode (see page 3).

TMS27PC291 series are 16,384-bit, one-time,
electrically programmable read-only memories.
These devices are fabricated using CMOS
technology for high speed and simple interface READ MODE

ADVANCE INFORMATION H EPROMSs/PROMs/EEPROMSs

with MOS and bipolar circuits. AH inputs
N N pola np PIN NOMENCLATURE
(including program data inputs) can be driven by 20AT0 Y —
Series 74 TTL circuits without the use of P
. . . GND Ground
external resistors. Each output can drive eight i
. L . . NC No Connection
Series 74 TTL circuits without external resistors.
. Q1-as Outputs
The data outputs are three-state for connecting N
- . 81, 52, 83 Chip Selects
multiple devices to a common bus. The J and N
Vee 5-V Power Supply

dual-in-line packages are pin compatible with
existing 24-pin bipolar PROMs and high speed
EPROMs.

The TMS27C291 and TMS27C292 are offered in dual-in-line ceramic packages (J suffix). The TMS27C291
ceramic package is designed for insertion in mounting-hole rows on 7,62-mm (300-mil) centers. The
TMS27C292 ceramic package is designed for insertion in mounting-hole rows on 15,24-mm (600-mil)
centers.
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7
The TMS27PC291 PROM is offered in dual-in-line plastic package (N suffix) designed for insertion in
mounting-hole rows on 7,62-mm (300-mil) centers. This version of the device is still in development, and
the ADVANCE INFORMATION notices in this data sheet pertain to the N package devices. The
TMS27PC291 PROM is also offered in a 28-lead plastic-leaded chip carrier (FN suffix) for surface mounting
applications on solder lands on 1,27-mm (50-mil} centers.

All devices are guaranteed for operation from 0°C to 70°C.

operation

There are eight modes of operation for the TMS27C291, TMS27C292 and the TMS27PC291 as listed
in the following table. The read mode requires a single 5-V supply. Ali inputs are TTL or CMOS levels except

H SNOYd33/SINOUd/SINOYd3

for Vpp during programming (13.5 V).

MODE
FUNCTION "1 Output | Output | Output | Program | Program | Fast | Blank Check | Blank Check -
Read | Dissbie®| Dissbie?| Disable? Verlfy Inhibit | Program Ones Zeros Signatu
Sivept | v ViH x# X Vep Vpp VPP viup 1 Viup) viL
S2VFYY | Vi X v X viey | Vimer | ViHe) ViL(p) VIH(P) ViH
S3PCMT | viy X X viL | Viee | Viee | Viue vi$ VH VH
Vee Vee Vee Vee Vee vee Vee Vee Vee Vee Vee
A9 X x . X x x X X X X vee | Vpp
AQ X X X X X X X X X Vit | Vi
CODE
a1-a8 | ogur| H-z HI-Z Hz | Doyt HI-Z OIN Ones Zeros MFG| DEV
97 | o2

tPin assignment for program mode.

$X can be V)| o Viy.
Svy=12v  05V.

1(P) = Programming mode.
#Output can be disabled using any of these three methods.

read/output disable

When the outputs of two or more of these devices are connected in parallel on the same bus, the output
of any particular device in the circuit can be read with no interference from competing outputs of the other
devices. To read the output of a ‘27C291, '27PC291, or '27C292, a low-level signal is applied to $1 and
a high-level signal is applied to S2 and S3. Any other combination of logic states on these three inputs
will disable the outputs. Output data is accessed at pins Q1 through Q8.

latchup immunity

Latchup immunity is a minimum of 250 mA on all inputs and outputs. This feature provides latchup immunity
beyond any potential transients at the P.C. board level when the devices are interfaced to industry-standard
TTL or MOS logic devices. The input/output layout approach controls latchup without compromising
performance or packing density. ‘

*
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erasure (TMS27C291-_ _JL and
TMS27C292-_ _JL)

Before programming, the ‘27C291 or ‘27C292
is erased by exposing the chip through the
transparent lid to high intensity ultraviolet light
(wavelength 2537 angstroms). The
recommended minimum exposure dose (UV
intensity x exposure time) is 25 watt-seconds
per square centimeter. A typical 12 milliwatt-per-
square-centimeter, filterless UV lamp will erase
the device in 45 minutes. The lamp should be
located about 2.5 centimeters above the chip
during erasure. It should be noted that normal
ambient light contains the correct wavelength
for erasure. Therefore, when using the ‘'27C291
or '27C292, the window should be covered with
an opaque label.

programming mode pin functions

In the programming mode pins 18-20 on the
dual-in-line packages or pins 22-24 on the
plastic-leaded chip carrier no longer act as chip
selects. Pin S1 becomes _the Vpp power
supply, pin S2 becomes the VFY (verify) input,
and pin S3 becomes the PGM (program) input
in the programming mode. Programming mode
pin assignments and nomenclature are given in
the figures to the right.

blank check mode

The '27C291 and '27C292 use a differential
memory cell. This means that an unprogrammed
device has ambiguous states in all address
locations. Prior to programming, the blank check
mode is used to verify that both sides of the
differential cell are erased. The blank check
mode is defined as S3 to V4 and S1 to
ViL. In this mode, S2 selects between blank
check Os and 1s.

fast programming

Data is presented in parallel {eight bits) on pins
Q1 through Q8. Once addresses and data are
stable, PGM is puised. The programming mode
is achieved when Vpp = 13.5V, V¢ = 5.0V,
VFY = Vi, PGM = puised V). More than one
'27C281, '27C292, or ‘27PC291 can be
programmed when the devices are connected in
parallel. Locations can be programmed in any
order, but it is recommended that all locations
be programmed.

PROGRAMMING AND
BLANK CHECK MODE
PIN ASSIGNMENTS

J AND N PACKAGES
(TOP VIEW)

FN PACKAGE

(3]

NMOO < WO
cogzooc

PROGRAM MODE

PIN NOMENCLATURE
AO-A10 Address Inputs
GND Ground
NC No Connection
PGM Program Input
Q1-a8 Outputs
vee 5-V Power Supply
VFY Verify Input
Vpp 13.5-V Power Supply

*p
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Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is
0.1 millisecond; this-puise is applied X times. After each Prime pulse, the byte being programmed is verified.
If the correct data is read, the Final programming pulse is applied. If correct data is not read, an additional
0.1-millisecond pulse is applied up to a maximum X of 4. The Final programming pulse is 24X long. This
sequence of programming and verification is performed at VCC = 5.0 V and Vpp = 13.5 V. When the
full Fast programming routine is complete, all bits are verified with VcC = 5V + 10% (see Figure ?).

program inhibit
Programming may be inhibited by maintaining a high-level input on the PGM pin.
program verify

Programmed bits may be verified with Vpp = 13.5 V when VFY = V| and PGM = V4.
signature mode

The signature mode provides access to a binary code identifying the manufacturer and type. This mode
is activated when A9 is forced to 12 V = 0.5 V. Two identifier bytes are accessed by A0, i.e., AO =
VL accesses the manufacturer code; A0 = V|H accesses device code. All other addresses must be held
at VL. Each byte possesses odd parity on bit Q8. The manufacturer code for these devices is 97, and
the device code is 02.

START
YES VERIFY FAIL DEVICE

X =47
ADORESS = BYTE FAILED
FIRST LOCATION
¥ No PASS
Vee = SO0V
Vpp = 136V
. LAST NO INCREMENT
m ADDRESS? ADDRESS
YES
PROGRAM ONE
Vee = 5.0V
™1 0.1 ms PULSE cc 10

_mcnsmzm X ConpAn .
ALL BYTES TO ST AL DEVICE
ORIGINAL FAILED
DAT
YES PASS
DEVICE

PASSED

VERIFY
FAIL ONE BYTE

PROGRAM ONE
PULSE OF e —
24X ms DURATION

|

FIGURE 1. FAST PROGRAMMING FLOWCHART

EXAS J@
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logic symbols?

EPROM 2048 x 8 PROM 2048 x 8

8) 3 @) o

A0 =) 9) A0 @
BT A VI o) Al ) A VI oy @

a2 — o — AV @2 A2 AV ) 22
Py i — A vi— a3 A3 —2l—] AY Ea3
Ad (;) o AV 1a) 24 At =3 0o AV na 04
AS :2: ch%a7 AV AS 7a) f‘ 2047 AV s 22
A6 A vh—2L e PO — AV a6

n (16} T (16)
A7 AVF——-aqa7 A7 AV a7

123) 7 123) a7
A8 22) A Vi—— g A8 _-—(22) A Vp————aqs8
A9 Ag 22 |

21
At0 g;: =z A0 :zo: R 2

$1139) & $1 119) &
s2 EN $2 ——f EN

(18) 18)
s3 $3 ——]

TThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for J and N packages.

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

Supply voltage range, Voc (see Note 1) . .. .. ... ... . ... i, -06Vto7V
Supply voltage range, Vpp (programming mode) . . .. ........................ ~-06Vto 14V
input voltage range (see Note 1): All inputs except ASand S3 ................ -0.6Vto 6.5V

A9and 83 ... .. ... ...l -06Vto14aVv
Output voltage range (see Note 1) .. ................ ... ...cuu s, -06Vtovee + 1V
Operating free-air temperature range . . . ... ... ... .ottt 0°C to 70°C
Storage temperature range .. ............... ... .. . L -65°C to 150°C

Stresses beyond those listed under *‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating
only, and functional operation of the device at these or any other conditions beyond those indi d in the ‘'R ded Operating
Conditions'* section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

IOTE 1: Under absolute maximum ratings, voitage values are with respect to GND.

*p
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recommended operating conditions

'27C291, ‘27PC291 “27C291-35, "27PC291-36

R "27C292 *27€292-35
".":' '27C291-3, ‘27PC291-3 *27C291-45. ‘27PC291-45 oNIT
- ‘27¢292-3 "27C292-45
g '27C291-5, '27PC291-6 '27€291-50, "27PC291-50 |

'27C292-5 '27€292-50

o MIN NOM  MAX MIN NOM  MAX
g Voo Supply voltage 2.75 5 525 4.5 5 55
o) ViH High-level input TTL 2 Vec+1 2 Vee+1 v
g voltage (see Note 2) | CMOS Vee-0.2 Vee+1 Vee-0.2 Vee+1
% ViH(P) :‘:;:"z;:’;“;e 2 | Programming 3 Ve +1 3 Vee+1 v
% v Low-level input L ~05 0.8 ~0.5 0.8 v
L] L voltage (see Note 2} [ CMOS -05 GND +0.2 ~05 GND +0.2
2 viLP) tz:’t"a::'z;:p;:‘e 2 | Programming -0.5 0.4 -0 0.4 v
L TA Operating free-air temperature [¢] 70 o] 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data shee
for logic voltage levels only. These are absolute voltages with respect to device ground pin and include all overshoot due tc

system and/or tester noise. Do not attempt to test these values without suitable equipment.

g electrical characteristics over full ranges of recommended operating conditions
< PARAMETER TEST CONDITIONS MIN TYP! MAX | uNIT
> Vo High-level output voltage IoH = —4mA 2.4 v
z VoL Low-level output voltage loL = 16 mA 0.4 v
O | Awinputs except 31 Vi =0Vto5.5V 1 10
m [ Input current { g rA
31 51 =0Vto55V +10
— lg  Output current (leakage} Vo =0VtoVce 1 %210 KA
% lpp  Vpp programming current Vpp = 13.6V 50 mA
o '27C291-3, '27PC291-3 Ver = 5.25V te = dc 15 3|
3 "27C292-3 cc =2 e = min a0 75
'27C291-35, '27PC291-36 tc = dc 15 35
=55V A
< "27C292.35 Vee e = min 20 5| "
> “27C291, '27PC291 te = dc 16 35
vee = 5.25V A
—1 | Supply current | '27C292 cc te = min 356 60 m
r— CC  (seeNote3) | '27C291-45, 27PC291-45 te = oc 15 35
O - Voe = 6.5V - mA
> 27C292-45 tc = min 35 60
"27C291-5, '27PC291-5 tc = dc 15 35
=5.25V
"27C292.5 vee e = min 0 ] ™
"27C291-50, '27PC291-50 te = dc 15 35
Vee = 6.5V A
"27C292-50 cc =55 tc = min 30 66|

TTypical Icc is measured at Vog = 5V, Ta = 25°C and CMOS input levels.
NOTE 3: Assume signal transition times of 5 ns or less, timing reference levels of 1.5 V, and addresses toggling between O V and 3 v

TeEXxas "9
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capacitanc: over recommended supply voltage range and oporating free-air temperature range,
1 MHz

PARAMETER TEST CONDITIONS MIN, TYP?¥ MAX | UNIT
Allinput 31 V] =0V,f=1MH ' 8 1 F
o Input itance inputs except ] z (] p!
$1 V] =0V, f=1MHz 16 20 pF
Co  Output capacitance Vo=0V,f=1MHz 12 156 pF
tc paci mea: ts are made on a sample basis only.

$Typical values are at TaA = 25°C and nominal voltages.

switching characteristics over full ranges of recommended operating conditions (see Notes 3 and 4
and Figure 2)

‘'27C291-3,°27PC291-3 | '27C291, "27PC291 '27C291-5, ‘'27PC291-5
‘'27C292-3 '27C292 '27C292-5
PARAMETER '27C291-36, '27PC291-35 | "27C291-45, 27PC291-45 | *27C291-60, '27PC291-50 | UNIT
'27C292-35 ‘27029245 '27C292-50
MIN MAX MIN MAX MIN MAX
| ta(A) Access time from address 35 v 45 50 ns
| ton(s1) Enable time from 31 25 35 35 ns
tan(52) Enable time from S2 25 35 35 ns
Tnls;” Enable time from §3 25 35 35 ns
tdis Disable time from 51,82, $3 [¢] 26 0 35 0 35 ns
ty(A) Output valid time 0 0 0 ns

NOTES: 3. Assume signal transition times of 5 ns or less, timing reference levels of 1.5 V, and addresses toggling betweenOVto3V.
4. Minimum cycle time is equal to maximum access time.

recommended timing requirements for programming

. MIN NOM MAX | UNIT
tw{lPGM) Initial program pulse duration 0.1 0.4 ms
w(FPGM) Final program puise duration 24 9.6 ms
tsu(A) Address setup time 1 #s
tsu(vPP) VPpsetup time ‘ 1 us
tsy(VFY) VFY setup time 1 us

| tdis(vFy) Oulputdisable time from VFY 0 35 ns
ten(VFY) Outputenable time from VFY ) 35 ns
| tsu(D) Data setup time : 1 . »s
thiA) Address hold time 0 us
th{D) Data hold time 1 us

R
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supply current vs operating frequency

PARAMETER TEST CONDITIONS TYPt MAX? | UNIT
OHz<f=1MHz 15 35 mA
% ' Suopl ) T= 10MHz 26 50 | mA
-] cc  Supplycurren T = 20 MHz 32 60 | mA
g T = 30 MHz 40 75 mA
0
]
; SUPPLY CURRENT
o Vv§
g OPERATING FREQUENCY
= ;
m
m 80
L
]
70
2 /
o
< o0
n l
s .
£ s0 MAXIMUM?
> 4
2 L~
U § 40 [~
< @ et
TYPICALT
m 20 - -
- ’
°
g v
) \
= ¥
> 0.1 1 10 20 30
- f—Operating Frequency —MHz
L
o 1Typical cc is measured at Ve =6V, Ta = 25°Cand CMOS inputs levels.
z #Maximum Igc is measured at Ve = 6.5V, Tp = 0°Cand CMOS input levels.

*
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PARAMETER MEASUREMENT INFORMATION

2.0V
Ry = 1000
OUTPUT
UNDER TEST
T

FIGURE 2. OUTPUT LOAD CIRCUIT

read cycle timing

VIH
A0-A10 X ADDRESS VALID X
|

A
| iw

|
|
p—t ta(A) P—.{— ty(A)

l
_ { A ViH
51 % | F k
: 4 ! viL

| |
b=t tonis 1) :
| VIH
Y § N
1 v
| w
ten(S2) }
1 VIH
Y N
I } viL
[ ten(s3) et
I N Vo
a1-a8 HI-Z X j-— HI.Z —
Vou
TeExas J@ ‘ 6-11
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program cycle timing

|s—— VERIFY ——a=d
f————— PROGRAM——{
| - ‘
A0-A10 x ADDRESS STABLE : X
1}
T |
— ke touta) ;———;h(m—-i
I
Q1-08 —HI-Z DATA IN HI-Z — DATA OUT HI-Z e
| 1 | |
| ‘-— t ! |
F=—th(D)
—-! po— tguiD) | | | |
bt || :
L ! ) L1 L
Vep | P ! |
1 | |-tsu(VFY)- | —e F=—tdis(VFY)
t,
—~ -t | —= be-tentvin)
|
T
|
1
|
1
|

ooty (FPGM)

tProgramming levels for Vi and V).

NOLLYINHO4NI 3ONVAQY I SINOHd33/SINOYd/SINOHd3
3

vin'!

vt

ViH/VOH

ViL'Vou

Vep

Vee
viu'!
viL

ViH

vt
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