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CIRCUIT CELLAR

The fast algorithm uses closed-loop
margin checking. To ensure reliable
program margin, the fast algorithm
utilizes two different pulse types: ini-
tial and overprogram. The duration of
the initial PGM pulse(s) is 1 ms, which
will then be followed by a longer over-
program pulse of length 4x ms; some

chip types use 3x (x is the number of
initial 1-ms pulses applied to a par-
ticular location before a correct verify
occurs). Once it is verified, four times
that number of pulses are applied to
the same location to permanently
burn the data. If 15 (some chip types
require 25 pulses) 1-ms pulses are ap-

(a)

c_Esv aEsv c_sE;/
_ﬂ_ov J—Lov I——ov

PIN # 2716 2732 2764
1 N/C N/C Vpp
28 N/C N/C Vee *
e
5V
27 N/C N/C PG
A
ov
26/24 Vee Vee N/C
5V 5V
23721 Vpp
22/20 OE /Vpp
25V 5V
| F 51V |
20/18

27128 27256 27512
Al5
21v 12,5V
J: 12,5V | l 'I |‘
Vee* Vee*

s Sasltt J—
Al4 Al4

-J—l—l—o-vsv ILI:-st
Al3 A13

_J—LJ—:VSV _J—Ll:vsv

All All
Msv 5V 5V
o il e b
OE OE OE/Vpp
5V 5V 12.5v
AR il L D
CE

CE CE
5V 5V
Uil

*6.0 VOLTS ONLY ON EPROMS THAT ALLOW FAST PROGRAMMING

plied to any single-byte location with-
out reaching the margin, the overpro-
gram pulse is applied automatically.

The entire sequence of program
pulses and byte verifications is per-
formed at V.. = 60V and V,, =
210V (V,, may be 12.5V on some
EPROMSs). When the fast program-
ming cycle has been completed, all
bytes should be compared to the
original data with V., = V,, = 50 V.

The fast algorithm may be the
preferred programming method since
it allows certain EPROMs to be pro-
grammed in significantly less time
than the standard 50-ms-per-byte pro-
gramming routine. Typical program-
ming times for 27128s, for example,
are on the order of 2 minutes, a six-
fold reduction in programming time
from the standard method.

CONFIGURATION MAZE

The first problem encountered in any
EPROM programmer design is to
compare the pins of the various
EPROMs (see figure 1b). Among the
28 defined pins (four are unused on
24-pin devices), 21 are used for the
same functions (address and data).
Evidently, semiconductor manufac-
turers never thought very far ahead or
talked to each other, because the re-
maining seven pins are a complicated
switching maze. Among the different
EPROMs, the same pin location can
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Figure 1: (a) EPROM programming-pin functions by EPROM type. (b) The great EPROM pin-out maze, illustrating the
configuration of those EPROMs the CCSP is designed to handle.
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CIRCUIT CELLAR

supply power, address, or program-
ming pulses. Figure la illustrates the
differences in detail.

In inexpensive programmers, con-
figuration jumpers are frequently
used to select the specific wiring con-
figuration for different EPROM types.
Wire jumpers rather than semicon-
ductor switches are used because of
the high currents involved. Take pin 26
(pin 24 on 24-pin EPROMSs) with either
a 2732 or 27128 installed, for exam-
ple. In both cases, the voltage level is
5V. On a 27128 it is a TTL Al3 ad-
dress line; on a 2732 it is a 150-milli-
ampere V. power line. Similarly, pin
22 (all pin numbers are referenced to
a 28-pin layout) has to be set at 0 V,
5V, 125V, 21V, or 25V at currents
ranging from 400 microamperes to
50 mA, depending upon the EPROM.

Fortunately, only five of the seven
configuration pins require elaborate
voltage and current control. Rather
than use mechanical jumpers, | de-
signed a voltage-control circuit that
could be preset to the voltage limits
of the desired EPROM type and easi-
ly pass high current when required.
Figure 2 illustrates this basic circuit
that is duplicated for each of the five
pins (pins 28, 26, 1, 22, and 23).

The level shifter uses an LM317 volt-
age regulator as a programmable
voltage controller. The basic LM317
output voltage is set by two resistors:
R1 between the adjustment pin and
ground and R2 between the adjust-
ment pin and the output. As the for-
mula shows, with R1=665 ohms and
R2=221 ohms, the output is 5.0 V.

In this configuration, various Rl
resistors can be connected from the
adjustment pin to ground through
open-collector 7407 drivers. These
were used since they operate at up to
30 V (don't substitute a 7417). The
four drivers from top to bottom set
5V, 12.5V, 21V, and 25 V, respective-
ly (not all sections are required for
each EPROM pin). Their inputs are fed
by a parallel output port.

Normally, the regulated output of
an LM317 is 1.2 V to 32 V. An addi-
tional two-transistor control circuit is
added to allow the output to go to
0 V on command. Rather than provid-
ing a resistance path to ground, how-
ever, this is accomplished by apply-

ing a negative 1.2 V to the adjustment
pin. Because there is no way to know
how many of the control circuits will
be set to 0 V at any one time or if the
7407 drivers are enabled concurrent-
ly, the —1.4V bias source is itself a
regulated supply. .

The CCSP level-shifter circuit can
simulate a variety of programmable
conditions. For example, by setting
the 7407 driver that limits the output
to 5 V and pulsing the 0 enable line,
we have a TTL-level PGM, OE, or CE
control line. (In the tests | conducted,
the circuit easily responded to control
input changes of 20 kilohertz with lit-
tle overshoot on the output. At those
speeds, however, the output filter ca-
pacitor should be small.) Since the cir-
cuit is also capable of supplying 500
mA at 5V, it is also appropriate to use
this same circuit to supply and con-
trol V...

The heart of the CCSP is found in
the analog switching system and the
management of the seven control
lines in figure la. While I haven't ex-

I designed a circuit
that could be preset
to the voltage limits
of the desired EPROM.

plained yet how these level shifters
are individually controlled, it still
seems appropriate to show how they
are ultimately configured. Figure 3a
demonstrates how they are con-
nected to the ZIF socket (zero inser-
tion force programming socket), and
figure 3b outlines their power source
connections.

8-BIT MICROCOMPUTER

INTELLIGENCE

As [ mentioned earlier, the CCSP's in-

telligence is provided by an Intel

8052 AH microcomputer. BASIC-52 is

particularly suited for this application,
(continued)
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Figure 2: Typical programmable voltage-control circuit for EPROM pins 28,

26, 1, 22, and 23.
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Three control lines—
RD, WR, and

PSEN—are gated
to allow 64K bytes
of combined program

and data memory.

providing IF. . .THEN, FOR. . .NEXT,
DO. . WHILE/UNTIL, ONTIME, and
CALL statements as well as a broad
repertoire of 8051 assembly language
instructions. Calculations can be han-
dled in integer or floating-point math.

The 8052AH contains an 8K-byte
BASIC interpreter in ROM, 256 bytes
of RAM, three 16-bit counter/timers,
six interrupts, and 32 1/O lines that are
redefined as a 16-bit address and an
8-bit data bus. A minimum of 1K byte
of RAM is required for BASIC-52 to
function, and any RAM must be
located starting at 0000 hexadecimal.
(I won't go into great detail on this
computer since it closely resembles
the BCC-52 presented in August
1985.) The microcomputer section of
the CCSP is outlined in figure 4.

Three control lines—RD (pin 17), WR
(pin 16), and PSEN (pin 29)—are gated
to allow 64K bytes of combined pro-
gram and data memory. The three
most significant address lines (A13-
Al5) are connected to a 74LS138
decoder chip, IC4, which separates

the addressable range into eight 8K-
byte memory segments, each with its
own chip select (YO-Y7). The four
most significant chip selects are con-
nected to 8K-byte 6264 static RAMs,
ICs 7-10. This area is the RAM buffer
for reading or writing EPROMs. 1C6,
addressed at 0000 hexadecimal, must
be another 6264 RAM for BASIC-52
to function. ICI1 (2000-3FFF hexa-
decimal) contains the programmer
software and is intended for either a
2764 or 27128.

All together, 56K bytes of memory
are defined on the CCSP if you use
five 6264 RAMs (as ICs 6-10) and a
27128 EPROM in IC11. To use the pro-
grammer, you need only the one
RAM chip installed in IC6 (such a
limited buffer area will require many
passes to write or copy any large
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Figure 3: (a) Block diagram showing the connections to the ZIF socket. Note the level-shifter circuitry connections for those
pins that require programming voltages or that differ across EPROM types.
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CIRCUIT CELLAR

EPROM). The memory cannot be ex-
panded since the rest of the address
space is decoded as 1/O.

The address range of 6000-7FFF
hexadecimal is divided into two 1/O
strobes at 6000 and 7000 through
IC17. |Editor's note: For the remainder of the
article, all addresses will be in hexadecimal.|
Two 8255A-5 peripheral interface
adapters providing three 8-bit 1/O
parallel ports each are controlled by
a strobe line. The three 1/O ports—
labeled A, B, and C—and a write-only
mode-configuration port on each
8255 occupy four consecutive ad-
dresses at 6000-6003 (IC12) and
7000-7003 (IC13). respectively. The
ZIF socket and level-shifting circuitry
outlined in figure 2 are connected to
41 of these parallel I/0 bits. The lines
attached to IC12 (the control PIA) are

used primarily for presetting the level
shifters and providing the program-
ming pulses. IC13 (the address and
data PIA) supplies the address and
data bus lines to the EPROM. Figure
5 details the configuration and con-
nection of the level shifters and power
distribution.

The CCSP communicates with a ter-
minal or host computer through an
on-board serial port. The port’s data
rate is hard-coded in the program
ROM and is preset at 1200 bits per
second, but you can reprogram it to
any standard value between 300 and
19,200 bps. (The 8052 AH chip has the
capability for automatic data-rate
selection on the console port. Be-
cause the CCSP has both a local and
a remote operating capability trig-
gered by the GET command, the

Power supplies with
the required output
are readily available,
so | excluded an
on-board supply to

keep costs lower.

automatic data rate cannot be used))
MC1488 and MCI1489 drivers/re-
ceivers (ICs 14 and 15) convert the
8052's serial 1/O line TTL logic levels
to RS-232.

(continued)

(b)
ZIF CONNECTION / FUNCTION
AND VOLTAGE RANGE
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(b) CCSP power-distribution block diagram.
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CIRCUIT CELLAR

Power for the CCSP is provided by
an external supply that must deliver
+12 V at 200 mA, +5V at 800 mA,
and -5V to —12 V at 30 mA. Power
supplies with these outputs are read-
ily available on the surplus market, so
| excluded an on-board supply to
keep costs lower. In fact, a perfect unit
is the Coleco computer power supply
available from Radio Shack for $4.95
(part #277-1022).

Three V,, voltages must be con-
tended with: 12.5V, 21V, and 25 V.
All are derived from the +30V out-
put of the DC-to-DC converter circuit
shown in figure 5. IC24 is a 78540
switching regulator configured as a
voltage multiplier. This circuit is
capable of producing 30 V at 50 mA
from a 5 input. (For more informa-

circuit, see my November 1981 arti-
cle, "Switching Power Supplies: An
Introduction.”)

The user entry/display interface is
shown in figure 6. It consists of a two-
button entry panel through which you
operate the programmer in local
mode, a local/remote LED indicator,
EPROM power-on indicator, and a
seven-segment display through which
the computer displays EPROM type
and errors. To save 1/O bits, | used a
somewhat unorthodox display driver
rather than the usual parallel port and
seven-segment decoder configura-
tion. The seven-segment LED is at-
tached to an 8-bit shift register that
has each output connected to drive
an individual segment and the deci-
mal point. To display a character, the

tracted from a memory-resident table
and quickly shifted into the shift reg-
ister. Ordinarily, I wouldn't use such
a software-intensive approach, but I
didn’t have to write the software.

PROGRAMMER SOFTWARE

The CCSP is controlled by a program
that is a combination of BASIC and
8051 assembly language. The
BASIC-52 program provides all ini-
tialization and control functions, in-
cluding local mode support and menu
processing in the remote mode. The
assembly language routines are used
only where speed is critical, as in
reading, comparing, verifying erasure,
and programming EPROMs. In addi-
tion, the Intel hexadecimal file upload
and download routines are written in

tion on this regulator and this specific ~ seven-segment information is ex- (continued)
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Figure 5: Detailed schematic of the programmer’s level-shifting circuitry.
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CIRCUIT CELLAR

When working in local

mode, you can copy
any 2 7xxx EPROM by
swapping the original
and copy EPROMs
multiple times.

assembly language to keep up with
the attached ASCII terminal device.
Figure 7 outlines the CCSP software
logic flow.

The software that drives the CCSP
is capable of running in two basic
modes: local, where the CCSP acts as
an EPROM copier controlled by but-

tons, and remote, where the CCSP
acts as a full-featured programming
workstation serially connected to the
user's terminal. When working in local
mode, you can copy any 27XXxX
EPROM regardless of its size by swap-
ping the original and copy EPROMs
multiple times. The larger the RAM
buffer is, the fewer times you will have
to change the EPROMs.

POWER-UP AND RESET
When the CCSP is first powered up or
reset, its software configures itself for
a 2716 EPROM, the default type. After
setting up the hardware, the software
outputs a 0 in the seven-segment LED
display to indicate the EPROM type,
turns on the local mode LED, and
sizes the RAM buffer.

If no memory is located at 8000 (the
buffer area), the CCSP allocates 4K
bytes of system RAM in IC6 as the

buffer area. If it is unable to ac-
complish this, it will stop and display
an alternating error code, E and O, in
the seven-segment LED display. Press-
ing a button or sending a character to
the serial port will force the CCSP to
reattempt sizing memory (memory
sizing is destructive). If you have RAM
chips plugged into locations IC7
through IC10, this will provide addi-
tional buffer memory. After memory
is sized, the CCSP enters a loop to
determine what mode you want the
programmer to operate in.

During the mode-setting loop, the
CCSP will decide if it is going to run
in local or remote mode. The mode
selected is determined by which event
occurs first: If one of the buttons is
pressed first, the CCSP establishes
local mode; if a character is detected
at the serial port first (via the
BASIC-52 GET command), the pro-

®e
| oo PIN #22 &
LM3 ZIF PIN #22
Yera o /a1 oo
A $1% 6659 1 7407 ;’7\ ;
1% / 8 9 | 5VENABLE
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0.22Q 1/2WATT 195081 i
+5V VWA { o y ; 10 % 11 : 12.5V ENABLE<(|C13-PCI)
3478 " MILLER </ 98300 !
5506 OR N 12 13 | 21V ENABLE 2
13 14 |15 5507 < i < (1C13-PC2)
41209 e S
1% :} —
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s 2N2222
4700 &
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00474 wy
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A S1% 6650 7407 ;J;
1% 2 1 5V ENA
MA <‘| BE__((ic13-PBa)
41200
% 4 3
4 b 25V ENABLE < (1C13-PB5)
ALL RESISTORS ARE 1/4 WATT 5%
UNLESS OTHERWISE NOTED. (Ic12-PB3)

Figure 5 continued.
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CIRCUIT CELLAR

grammer enters remote mode. Once
a mode has been selected, the CCSP
must be reset or powered off/on to
change modes.

STAND-ALONE LOCAL MODE

In local mode, the CCSP is controlled
by two buttons called Type and Start/
Next. Displays to the user are made
via the seven-segment LED display.
When local mode is initially entered,
or at any point between completed
programming cycles, you can change
the designated EPROM type by press-
ing Type. Each press of the button
steps the CCSP to the next EPROM
type, and the seven-segment LED dis-
play is updated with the number that
indicates the currently selected type.
The designations are shown in table 1.

After setting the type of EPROM to
work with, you begin the copy cycle
by pressing Start/Next. At this point
the seven-segment LED will display an
alternating L and O, indicating that
you should insert the original EPROM
into the ZIF socket. You then load the
original EPROM and press Start/Next
again to begin the next step: reading
the EPROM.

When the CCSP has read as much
of the EPROM data as the memory
buffer will allow, it signals you to
remove the original EPROM and in-
sert the copy EPROM by displaying an
alternating L and C on the seven-seg-
ment display. After doing this, you
again press Start/Next.

The CCSP will now attempt to pro-
gram the contents of the RAM buffer
into the copy EPROM. After verifying
that the target area of the copy
EPROM is erased, the letter “P” is dis-
played on the seven-segment display
to indicate that programming is in
progress (LED2 will be red, indicating
that power is on to the EPROM and
it should not be removed). When pro-
gramming is complete, the contents
of the EPROM are compared to the
memory buffer contents. During this
time, the letter “C" is displayed on the
seven-segment display (LED2 will be
green, indicating power off).

If the target EPROM is not erased
or the programming was not success-
ful (bad compare). the seven-segment
LED will display an alternating E and
a numeral, either a 1 for an unerased

target EPROM or a 2 for a failed com-
parison. If an error does occur, you
will be returned to the “between
copies” state at the next press of the
button.

Assuming all went well, the CCSP
checks to see if the entire EPROM has
been copied. If it has, the CCSP
returns to the “between copies” state
and displays the current EPROM type
selected on the seven-segment dis-
play.

If the entire EPROM has not yet
been copied, the effective starting ad-
dress of the RAM buffer will be incre-
mented by the size of the RAM buf-
fer, and the CCSP will prompt you to
insert the original EPROM again. This
time, the programmer reads the

The amount of data read will be either
the RAM buffer size or the remaining
bytes to be copied from the EPROM,
whichever is less. After reading the
original, the CCSP calls for the copy
EPROM, and programming continues
as described above.

These steps will continue until the
entire contents of the original EPROM
have been transferred into the copy
EPROM. Using this approach allows
any size EPROM to be copied, regard-
less of the amount of memory in the
RAM buffer.

REMOTE MODE OPERATION

When used in remote mode, the CCSP
turns into a menu-driven program-
ming workstation, controlled by an

EPROM starting at the new address. (continued)
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Figure 6: The CCSP's entryldisplay circuit.
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