






































































































































Example 3: Dynamic Memory Timing Controller 

The third and last example will demonstrate a state 
machine design using the PSG507. Figure 8 shows the circuit 
requirement for a memory timing controller used for 
interfacing an Intel 8086 to an 'ALS2967 dynamic memory 
controller. Note that the clock generator and refresh timer, 
developed in Examples I and 2, can be used in this circuit. 

The dynamic memory timing controller generates the 
control signals (RAS, CAS, MSEL, etc.) needed for 
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accessing and refreshing the dynamic memory. The memory 
timing controller must also be capable of arbitrating between 
refresh and access cycles. In other words, if a refresh request 
(REFREQ) occurs while the timing controller is performing 
an access cycle, the controller must finish the access cycle 
before granting the refresh request. Likewise, if an access 
cycle is requested during a refresh cycle, the controller must 
hold the processor while completing the refresh cycle. After 
the refresh cycle has been completed, the access cycle can 
be performed. 
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Figure 8. Memory Timing Controller 
(Example 3) 
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Figure 9 shows a detailed flow chart for the intended 
application. Note that two sequences are executed and three 
states are used. State 0 (STO) provides an initalization and 
holding state, while state 1 (ST!) is assigned to the access 
sequence. The access sequence consists of 10 clock cycles 
as shown in Figure 10. State 2 (ST2) is assigned to the 
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refresh/access grant sequence (Figure 11). This particular 
sequence takes 20 clock cycles, with a logical decision being 
made between count 9 and count 10. If at count 9 RDY is 
low, the counter will continue on and execute the access grant 
sequence. IfRDY is high, the controller will clear the counter 
and return to state O. 
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Figure 9. Flow Chart: Dynamic Memory Timing Controller 
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Figure 10. Access Cycle 

Developing the logic equations for this application 
becomes a simple matter when referencing the sequences to 
a decimal count (Figures 10 and 11). It is important to realize 
that each sequence has been referenced to a state. This allows 
the same binary counter to be used for each sequence, even 
though each sequence is of a different length. 

The first step in implementing the above application 
is to define the logic equations which will make the binary 
counter perform as described in the flow chart of Figure 9. 
As will become evident, these equations fall directly from 
the flow chart. After the counter has been made to perform 
as described, the outputs can be easily decoded from the 
binary count and the present state of the state holding 
registers. 

Figure 12 shows a fuse map for step 1 as described 
above. Initalization is performed by taking the reset input 
high. When this condition occurs, all product lines except 
the reset product line are forced inactive. When the reset 
product line is active, the counter and state holding registers 
(PO and PI) are reset to zero on the first active clock edge. 

The CNT/HLDl register is set high, which places the counter 
in the hold mode. The RDY, MCI, RAS, and CAS outputs 
are driven high on the same active clock edge. Since the RDY 
output does not feed back to the AND array, a buried state 
register, BRD Y, is used to monitor the RD Y output and is 
also set high. MSEL and RFC are driven low. 

Controlling the binary counter is a simple matter and 
normally takes only a couple of logic equations. For each 
sequence, a start and stop condition must be defined. In the 
case of STl, when the condition RESET = L, ALE = H, 
MilO = H, REFREQ = H, PO = L, and PI = L occurs, 
STO (PI = L, PO = L) changes to STl (PI = L, PO = H), 
and the CNT IHLD I register is driven low to let the counter 
advance on the next active clock edge. When the counter 
reaches nine, STI returns to STO and the counter is cleared 
and put back into the hold condition. 

In the case of ST2, when the condition RESET = L, 
=== REFREQ = L, PO = L, and PI = L occurs, STO changes 
to ST2 (PI = H, PO = L) and the CNT/HLDI register is 
driven low to let the counter advance on the next active clock 
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edge. As shown in the flow chart, if MilO and ALE go high 
while in state 2, RDY and BRDY will be reset low on the 
next active clock edge. When the counter reaches nine, if 
RDY (BRDY) is high the state registers are returned to STO 
and the counter is cleared and placed back into the hold 
condition. If RDY (BRDY) is low, the counter advances on 
until it reaches 19. ST2 then returns to STO with the counter 
being cleared and placed back into the hold condition. 

Access Sequence 

STl CNT 0: Reset RAS 
ST 1 CNT 1: Set MSEL 
STl CNT 2: Reset CAS 
STl CNT 9: Set RAS, 

Refresh Sequence 

With the binary counter programmed to execute the 
flow chart in Figure 9, it is now a simple matter of decoding 
the outputs to perform as required in Figures 10 and 11. This 
is the same technique used in Example 1, except now a state 
has been assigned to each sequence. Below is a summary 
of the switching requirements for both the access (STl) and 
the refresh sequence (ST2). 

Reset 
MSEL, 
Set CAS 

ST2 CNT 0: 
ST2 CNT 1: 

ST2 CNT 5: 

ST2 CNT 6: 
ST2 CNT 7: 
ST2 CNT 10: 
ST2 CNT 11: 
ST2 CNT 12: 

ST2 CNT 19: 

Reset MCI 
Set RFC, 
Reset RAS 
Reset RFC 

Set RAS 
Set MCI 
Reset RAS 
Set MSEL 
Reset CAS, 
Set RDY, 
Set BRDY 
Set RAS, 
Reset MSEL, 
Set CAS 

Note that the transition changes are set up in the 
previous clock cycle, just as in Example 1. Figure 13 shows 
a complete fuse map for the memory controller . 
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Figure 13. Memory Timing Controller 
(Example 3) 
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DESIGNER NOTES 

Obtaining Maximum Counter Performance 

As with any programmable logic device, there are 
usually several different methods for implementing anyone 
application. In some cases, device performance is affected. 
On the PSG, maximum counter frequency is affected by how 
the designer controls the 6-bit counter. 

For example, in the waveform generator example 
shown at the beginning of this application note, the counter 
was reset to zero after reaching count 11 by using the 
nonregistered SCLRO function. By using the registered 
SCLRI function, a higher operating frequency is obtainable. 

This method requires an additional "AND" term as 
shown in Figure 14, but does provide maximum 
performance. Note that during the 10th clock cycle the set 
input on the SCLRI register is high. On the next active clock 
edge, the counter advances to 11 and the SCLR1 register 
is set high. This causes the counter to be reset on the next 
active clock edge. At the same time, the SCLR1 register is 
reset low to allow the counter to advance past zero. 

In effect, the setup time requirement for SCLR1 is 
performed in the previous clock cycle. When using the 
SCLRO method, the setup time must be added to the fmax 
equation. This results in a lower fmax. The same tradeoffs 
apply with the CNT/HLD function. The PSG507 data sheet 
specifies fmax for both methods. 

Expanding the 6-Bit Counter 

In Example 2, the six bit counter had to be expanded 
to 7 bits. This was accomplished by adding one of the state 
registers to the most significant bit of the counter. It should 
be noted that the synchronous clear and count hold functions 
must be controlled through the set and reset inputs of the 
added bits. The designer must be aware of certain limitations 
when trying to perform this function. Figure 15 shows three 
additional bits being added to the 6-bit counter. Note that 
every bit added requires two additional "AND" terms. 

A problem can arise on certain counts when trying to 
generate a synchronous clear before reaching the full binary 
count (all outputs high). The designer must ensure that both 
Sand R are not high simultaneously. For example, let's say 
we want the 9-bit counter to return to zero at count 383 
(1011111112). At count 383, the SIR register used for C7 
is being told to set. Therefore, any reset command would 
result in both Sand R being high simultaneously. 

This problem, only seen on a few data words, can be 
solved by using another state register to control the counter 
reset. This method is similar to that used above to obtain 
maximum operating frequency. Figure 16 shows the 9-bit 
counter returning to zero after count 383. Notice that at 
count 382 the extra SIR register is being told to reset on the 

next ,,-ctive dock edge. At count 383 the six product lines 
controlling C6, C7, and C8 are disabled by the feedback from 
the extra register, in particular the S input on C7. At 
count 383, the 9-bit counter will return to zero and the extra 
register is set high. 

An extra register may also be needed to achieve the 
count/hold function when using an expanded counter. During 
certain counts the added bits will change state, even though 
the 6-bit counter is programmed to hold. For example, let's 
say we want the 9-bit counter to hold at count 383. Even 
though the 6-bit counter can be held at 111111, C6 and C7 
will advance on the next active clock edge. In order to hold 
C6 and C7 where they are, an extra register is used to disable 
the product lines responsible for the transition from count 
383 to 384. Since the counter is on hold, the extra hold 
register can only be reset from an input pin or a state 
register(s) transition (not on the next count). In this example, 
an input pin is used to reset the extra register and the 
CNT/HOLD register. When the CONTINUE input is taken 
low, the counter will continue to advance. The system must 
guarantee that the continue input will not be low during count 
382 to avoid the indeterminant set = H, reset = H state. 
Figure 17 shows this 9-bit counter. 

It is also important to note that when using extra 
registers a reset input may be necessary to set the extra 
registers high after powerup, since all SIR registers power­
up clear. This requirement would not be necessary if the 
phase of the extra register was reversed. This is easily 
accomplished by using the inverted feedback from the extra 
register. However, it is good state machine design practice 
to include a reset input that forces all SIR registers to a known 
state. 

Software Support 

The PSG507 is supported by two software packages; 
CUPL, which was created by and is supported by Assisted 
Technologies, a division of Personal CAD Systems 
Incorporated, and ABEL, which was created by and is 
supported by FutureNet, a division of Data 1/0 Corporation. 
Each of these software packages can be used to reduce 
equations and to generate a fuse map necessary to program 
the PSG507. Appendices A and B show the ABEL and CUPL 
files for Examples 1, 2, and 3. In addition, a PSG507 
template is shown for each software package. These 
templates provide software information that will make it 
easier for the designer to create the source files. 

Test vectors are included with the ABEL and CUPL 
source files so software simulation can be performed on the 
computer. If the proper instruction is provided, the software 
will attach the test'vectors to the end of the fuse map. This 
allows programming equipment to run a functional test on 
each device immediately after programming. 
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Figure 14. Registered SCLR Example 
(Designer Notes) 
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'PSG507 Example 1: Waveform Generator 

title { 

Device: TIBPSG507 

Application: PSG507 Example 1: Waveform Generator. 

Source: Breuninger, R. K. "A Designer's Guide to the 
TIBPSG507," Programmable Logic Data Book, 3-39, 
Texas Instruments, 1988. 

Transcription: INLAB Inc., 

} 

include a507; 

250-I West 6th Avenue 
Broomfield, CO 80020 
303-460-0103 

/* counter states of interest */ 
define COUNT1 =ptOO; 

ptOO = !c3 & !c2 & !c1 & cO; 
define COUNT5 =pt01; 

pt01 = !c3 & c2 & !c1 & 

define COUNT7 =pt02; 
pt02 = !c3 & c2 & c1 & 

define COUNT11=pt03; 

/* ref clk */ 

/* sys_clk */ 

/* pclk */ 

sclrO 

pt03 c3 & !c2 & c1 & 

pin8 pt04; 
pt04 = !cO; 

pin9.s COUNT5 
pin9.r COUNT1 

pin10.s= COUNT11; 
pin10.r= COUNT5; 

COUNT11; 

COUNT11; 
COUNT7; 

cO; 

cO; 

cO; 

/* synchronous clear on count 11 */ 

test vectors { /* psg_clk count ref clk sys_clk pclk */ 

pin1 pin8 pin9 pin10; 

0 /* 0 */ H L L 

C /* 1 */ L L L 
C /* 2 */ H L L 
C /* 3 */ L L L 

C /* 4 */ H L L 

C /* 5 */ L L L 

C /* 6 */ H H L 
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c /* 7 */ L H L 

C /* 8 */ H L L 

C /* 9 */ L L L 

C /* 10 */ H L L 

C /* 11 */ L L L 

C /* 0 */ H H H 

C /* 1 */ L H H 

C /* 2 */ H L H 

C /* 3 */ L L H 

C /* 4 */ H L H 

C /* 5 */ L L H 

C /* 6 */ H H L 

C /* 7 */ L H L 

C /* 8 */ H L L 

C /* 9 */ L L L 

C /* 10 */ H L L 

C /* 11 */ L L L 

C /* 0 */ H H H 
} 
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'PSG507 Example 2: Refresh Timer 

title { 

Device: TIBPSG507 

Application: PSGS07 Example 2: Refresh Timer. 

Source: Breuninger, R. K. HA Designer's Guide to the 
TIBPSGS07,H Programmable Logic Data Book, 3-42, 
Texas Instruments, 1988. 

Transcription: INLAB Inc., 

} 

include aS07i 

250-I West 6th Avenue 
Broomfield, CO 80020 
303-460-0103 

/* input signals */ 
define reset 
define RESET 

pin2; /* inactive low */ 
ptOO; 
ptOO = reset; 

define rfc 
define RFC 

pin3; /* active high refresh complete */ 
ptOl; 
ptOl rfc; 

/* the seventh counter bit */ 
define c6 pO; 

/* counter states of interest */ 
define COUNT63 pt02; 

pt02 = !c6.q & c5 & c4 & c3 
define COUNT 7 6 pt03; 

pt03 = c6.q & !cS & !c4 & c3 

/* counter 
c6.s 
c6.r 
sclrO 

control */ 
COUNT63; 

COUNT76 I 
COUNT76 I 

RESET; 
RESET; 

/* refreq */ 
define refreq 

test vectors { 

pin8 i refreq.s 
refreq.r 

& c2 & cl 

& c2 & !cl 

RFC I RESET; 
COUNT76; 

& cO & !reset; 

& !cO & !reset; 

pinl reset rfc refreqi 

repeat 4 { 
o 
C 

1 
1 

o 
o 

Li 

H; 
/* power on */ 

} /* reset */ 
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repeat 76 { C 0 0 H; } 

C 0 0 L; 
C 0 0 L; 
C 0 1 H; 

repeat 74 { C 0 0 H; } 

C 0 0 L; 
C 0 0 L; 
C 0 1 H; 

} 
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'PSG507 Example 3: Dynamic Memory Timing Controller 

title { 

Device: 

Application: 

Source: 

TIBPSGS07 

PSGS07 Example 3: Dynamic Memory Timing 
Controller. 

Breuninger, R. K. HA Designer's Guide to the 
TIBPSGS07,H Programmable Logic Data Book, 3-45, 

Texas Instruments, 1988. 

Transcription: INLAB Inc., 

} 

include a507; 

/* input signals 
define reset 
define ale 
define mio 
define refreq 

/* output signals 
define rdy 
define mc1 
define rfc 
define ras 
define msel 
define cas 

/* internal */ 
define brdy 

250-1 west 6th Avenue 
Broomfield, CO 80020 
303-460-0103 

*/ 
pin2; 
pin3; 
pin4; 
pinS; 

*/ 
pin8; 
pin9; 
pin10; 
pin11; 
pin13; 
pin14; 

p2; 

/* inactive low */ 
/* address latch enable */ 
/* memory I/O * / 
/* refresh request */ 

/* ready */ 
/* mode control */ 
/* refresh complete */ 
/* row address strobe */ 
/* multiplexer select */ 
/* column address strobe */ 

/* buried ready - always identical to 
output signal 'rdy'. Permits testing 

the output pin state. */ 

/* counter states of interest */ 
define COUNTO !c4 & !c3 & !c2 & !c1 & !cO; 
define COUNT1 !c4 & !c3 & !c2 & !c1 & cO; 
define COUNT2 !c4 & !c3 & !c2 & c1 & !cO; 
define COUNT 3 !c4 & !c3 & !c2 & c1 & cO; 
define COUNTS !c4 & !c3 & c2 & !c1 & cO; 
define COUNT 6 !c4 & !c3 & c2 & c1 & !cO; 
define COUNT 9 !c4 & c3 & !c2 & !c1 & cO; 
define COUNT 1 0 !c4 & c3 & !c2 & c1 & !cO; 
define COUNT11 !c4 & c3 & !c2 & c1 & cO; 
define COUNT12 !c4 & c3 & c2 & !c1 & !cO; 
define COUNT19 c4 & !c3 & !c2 & c1 & cO; 
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/* LOW and HIGH operations for clarity */ 
define LOW .r=l; /* usage: (rs LOW) -> (rs.r=l) */ 
define HIGH = .s=l; 

state_diagram (p1.q,pO.q) { 

if (reset) { 

} 

/* These are the levels of all output and control 
signals in the idle state. Other states return 

modified signals to these levels before resuming the 
idle state. */ 

mc1 HIGH; rdy HIGH; rfc LOW; ras HIGH; msel LOW; 
cas HIGH; brdy HIGH; 

sclrO=l; hld1 HIGH; /* counter cleared and holding */ 
idleState; 

state idleState=OO { 

} 

/* Wait for Request */ 
if (ale & mio & refreq) { 

} 

/* Memory Access Request */ 
hld1 LOW; 
accessCycle; 

if (! refreq) { 

} 

/* Memory Refresh Request */ 
hld1 LOW; 
refreshCycle; 

state accessCycle=Ol { 

} 

/* Generate the Memory Access Sequence. */ 
if 

if 

if 

if 

} 

(COUNTO) 
ras LOW; 

(COUNT1) 
msel HIGH; 

(COUNT2) 
cas LOW; 

(COUNT9) { 

/* Return modified control and output 
signals to their idle values. */ 

ras HIGH; msel LOW; cas HIGH; 
sclrO=l; hld1 HIGH; 
idleState; 

state refreshCycle=lx { 
/* Generate the Memory Refresh Sequence. */ 
if (ale & mio) { 
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} 

} 

} 

/* An Access Request occurs during refresh. Hold 
off the processor until refresh is complete (at 
COUNT9 below). */ 

rdy LOW; 
brdy LOW; 

if (COUNTO) 
mcl LOW; 

if (COUNT1) { 
rfc HIGH; ras LOW; 

} 

if (COUNT3) 
mcl HIGH; 

if (COUNTS) 
rfc LOW; 

if (COUNT6) 
ras HIGH; 

if (COUNT9) 
/* The Refresh Sequence is complete. */ 
if (brdy.q) { 

} 

/* The processor did NOT make a Memory Access 
request during the Refresh Sequence. 
Return to idle. */ 

sclrO=l; hldl HIGH; 
idleState; 

/* A Memory Access Request was received during the 
Refresh Sequence. Generate the Memory Access 
Sequence now. */ 

if (COUNT10) 
ras LOW; 

if (COUNTll ) 
msel HIGH; 

if (COUNT12) { 

} 

rdy HIGH; cas LOW; 
brdy HIGH; 

if (COUNT19) { 

} 

ras HIGH; msel LOW; cas HIGH; 
sclrO=l; hldl HIGH; 
idleState; 

test vectors { 

/* Access Cycle */ 

pinl reset ale mio refreq rdy mcl rfc ras msel cas; 
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/* power on*/ 

/* reset */ 

H /* 0 */ 
H /* 1 */ 
H /* 2 */ 
L /* 3 */ 
L /* 4 */ 
L /* 5 */ 
L /* 6 */ 
L /* 7 */ 
L /* 8 */ 
L /* 9 */ 
H /* 0 */ 
H /* 0 */ 

pinl reset ale mio refreq rdy mcl rfc ras msel cas */ 
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/* Refresh/Access Grant Cycle 

H /* 0 */ 
H /* 1 */ 
H /* 2 */ 
H /* 3 */ 
H /* 4 */ 
H /* 5 */ 
H /* 6 */ 
H /* 7 */ 
H /* 8 */ 
H /* 9 */ 
H /* 0 */ 
H /* 0 */ 

pinl reset ale mio refreq rdy mcl rfc ras msel cas */ 
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C 

A-34 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
1 

o 
o 
o 
o 
o 
o 
o 

o 
1 
1 

1 
1 
1 

1 
1 

1 

1 

1 

o 
o 
o 
o 
o 
o 
1 
1 

1 

1 
1 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

H L 
L L 
L H 
L H 
H H 
H H 
H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H /* 0 */ 
H /* 1 */ 
H /* 2 */ 
H /* 3 */ 
H /* 4 */ 
H /* 5 */ 
H 

H 

H 

H 

H 

/* 6 */ 
/* 7 */ 
/* 8 */ 
/* 9 */ 
/* 10 */ 
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c 0 0 1 1 L H L L L H /* 11 */ 
c 0 0 1 1 L H L L H H /* 12 */ 
C 0 0 1 1 H H L L H L /* 13 */ 
C 0 0 1 1 H H L L H L /* 14 */ 
C 0 0 1 1 H H L L H L /* 15 */ 
C 0 0 1 1 H H L L H L /* 16 */ 
C 0 0 1 1 H H L L H L /* 17 */ 
C 0 0 1 1 H H L L H L ; /* 18 */ 
C 0 0 1 1 H H L L H L /* 19 */ 
C 0 0 1 1 H H L H L H /* 0 */ 
c 0 0 1 1 H H L H L H /* 0 */ 

} 
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Appendix B 

TI Device Cross Reference 
111!11111111!IIII!ISIIIII!III!II!m!~m!!II!mlllll!!!!!3I!!!!!!!!II!!SSII!!!!!!!IS!S!S!!!!!!III!I!!I!lmSIII!IIIS!!!IIIII!!llml!11111!!I!!!!!II!II!!IIII!IIII!!II!!III!!!I!Sm!llll!ml!il!III!~mm!1IIIIII!! 

~~teettere~.~ee,e!,e,etr~" .. ~ .. " .. ~ ........ ~IM! .. I..WII'ocI&N .......... Itoi .. ~teettetre'tell/'olltoMtltlC~~~eete,eee 
,~ " ~_ ""'" .",.","" .t.",.""",,, ... ", •• "".",,,,,,,,,,,,,1 ''''oW''''''_ """"""""""'''''''''''''''''''''' •• ,,''' __ '''''''' "It'" "'lfltl " •• 

11 DEVICE CROSS REFERENCE 

TI Device Name proLogic Name ~ 

PAL 16L8NA-2 
PAL 16R4NA-2 
PAL 16R6NA-2 
PAL 16R8NA-2 
PAL20 L8A 
PAL20R4A 
PAL20R6A 
PAL20R8A 
TIBPAD16N8-7 
TIBPAD1SN8-6 
TIBPAL16L8 
TIBPAL16R4 
TIBPAL16R6 
TIBPAL16R8 
TIBPAL20LS 
TIBPAL20R4 
TIBPAL20R6 
TIBPAL20R8 
TIBPAL20L 10 
TIBPAL20X4 
TIBPAL20X8 
TIBPAL20X10 
TIBPAL22V10 
TIBPAL22VP10 

P16LS 
P16R4 
P16R6 
P16RS 
P20LS 
P20R4 
P20R6 
P20RS 
P16N8 
P18NS 
P16LS 
P16R4 
P16R6 
P16RS 
P20LS 
P20R4 
P20R6 
P20R8 
P20L10 
P20X4 
P20X8 
P20X10 
P22V10 
P22VP10 

C-15 
C-19 
C-20 
C-21 
C-24 
C-26 
C-27 
C-2S 
C-16 
C-22 
C-15 
C-19 
C-20 
C-21 
C-24 
C-26 
C-27 
C-2S 
C-25 
C-29 
C-30 
C-31 
C-32 
C-34 
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TI DEVICE CROSS REFERENCE (continued) 

TI Device Name 

TIB82S105B 
TIB82S167B 
TIBPLS506 
TIBPSG507 
TICPAL16L8 
TICPAL16R4 
TICPAL16R6 
TICPAL16R8 
TICPAL22V10 
TIEPAL 1 OH16P8 

proLogic Name 

A105B 
A167B 
A506 
A507 
P16L8 
P16R4 
P16R6 
P16R8 
P22V10 
P16P8E 

Page 

G-3 
C-5 
C-7 
C-11 
C-15 
C-19 
C-20 
C-21 
C-32 
G-34 
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Appendix C 

Logic Diagrams 
i!iiIi~!I!!!!!!mm;:;!llliillll;;;=~!!iiE!m~i!ii;mm!!illliiili!limil!!!:!il!~ill!iI!iimii!!!I!iii!!!I!Jii!iiil!!l!iliillliiii 
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o 
I 

(r,) 

P 
I--" 

o 
Ul 
<Y 
I 

I--" 

::. 

;!S 

~ 

!1! 

~ 

... 

pt471:=] 
pt46t=] 
pt4:5C=] 
pt44t=] 
pi4X-] 
pr0421:-] 
pr4l[-] 
pi41J[-] 
pt39[-] 
pi38[-] 
'pt37t-] 
pt36C-] 
pt35[-] 
pt3<l[-] 
pt33[-] 
pt3Z£=] 
pt31[=] 
pt3()[=] 
pt2'X=] 
pt29[-] 
pt27t-] 
pt26[-] 
pt2S[-] 
pt24t-] 
pt23t-] 
pt22[-] 
pt2l[-] 
pt2Ot=l 
ptl~-] 
ptl8[-] 
ptl7t=] 
ptl6C-] 
ptl:5l:=] 
ptI4[=] 
pil3[-] 
ptl2[-] 
ptm-] 
pilot-] 
pt09[-] 
pt08[.] 
pim-] 
pt06C-] 
ptf):5[=] 
pt04C-] 
piOX-] 
pt02t=] 
ptOlla] 
ptOll[-J 

I t , 11, t, t, 'q , t , 1 , 11 I '1 I' , t, 

Illl} ! 1111111111 lit 1!t lll> l> 1. 1. ~ ~ 'S 'S Un !!i1~~~rHl! 
A 1 , 1 1 , r ~ iii iii ~ i 1 , 1 1 1 , 1 , • • 1 , 

mmmmrH£lIHilmm rWlJdJdJrWlJ 

G~GGGGGGfff*fff~ 
111111 ~~ n 1111 ~~ 11 11 11 11 11 !! 11 11 

I l_I-J-I-J~-J~-J-I-J~-J~-ll , I I I I I I I I I I ' I I I I I rpr.H~~9J 
ro.-lpln19J 

~ -, 



DEFAULT STATES 
All unreferencecl go.tes reMo.in unprogro.MMecl. 

Unreferencecl AND go.tes clefo.ult to logiC O. Unreferencecl DR go.tes 
o.re uncleflnecl. 

Exo.Mple: 

ptOO = OJ 
preset = pin19J 

PRESET/DE OPTION 
PRESET 

....--preset=pln19 J 

(oe=1» 

I 
-

oJ05b-2 

C-4 

1 

1* clefo.ult AND go.te *1 
1* clefo.ult PRESET IDE OPTION *1 

DE 

19 (preset=OJ> 19 

I ioe= Ipln19J - 1 
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Lp:1= 
~pln7 
~lpln7 

6 __ r--- pln6 
~1p1n6 

~pln5 
~Ipms 

~pln4 
~lpln4 

~I= Lr--- pine 
~1P1n2 
~pln23 
~lpln23 

~pln22 
~lpln22 

~pln21 
~lpln21 

~pln20 
~lpln20 

~p1n19 
~IP1n19 

~plnIB 
~lplnlB 

~p1n17 
~lp1n17 

47 40 24 

I 

I 

I 

I 

I 

I 

I 

I 

I 

plnl4-.q 
plnl4.q 
pln15.q 
p.,l5.q 
p2.q 
p2.q 
p3.q 
p3.q 
p4.q 
p4.q 
p5.q 
p5.q 
p6.q 
p6.q 
p7.q 
p1.q 

;:: 

<J 
p2,s­::: 

;:- p2.r- ~ -T~'---'T 

p3,s­

p3.r= 

::: 
::: 

pAI.s= 

p4.r= 

p5.s= 

p:S.r= ;::: 
;:- p6.s= 

p6"'=---,-",,---,,-,--, ... 
... -.... 
;::. 
;::: 
;::: 
... 
-;::: ;::: 
~ 

-
;:::: -

p1.s= 
p1 .... 

o.167b-l 
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DEFAULT STATES 
All unreferenced go. tes reMo.in unprogro.MMecl. 

Unreferencecl AND go. tes clefo.ul t to logiC O. Unreferencecl OR go. tes 
o.re uncleflned. 

ptOO = 0; 
preset = pln16J 

PRESET/DE OPTION 
PRESET 

.--preset=pln16) -
(oe=l) 

I 
-

oJ67b-2 

/* clefo.ult AND go.te */ 
/* clefo.ult PRESET/DE OPTION */ 

DE 

16 (preset=O) 16 

I J. ioe= Ipln16) 

1 1 
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DEFAULT STATES 
All unreferencecl go. tes reMo.in unprogro.MMecl. 

Unreferencecl AND go. tes clefo.ul t to logiC 0. Unreferencecl DR go. tes 
o.re uncleflnecl. The Output Cells clefo.ult to reglsterecl opero.tlon. 
Registers o.re positive-eclge triggerecl. Outputs o.re perMo.nently 
eno.blecl. 

Exo.Mple' 
pt96 = 0; 
oe = 1J 
elk = pin1; 

1* clefo.ul t AND go. te *1 
1* output buffers o.lwo.ys eno.blecl *1 
1* registers positive-eclge triggerecl lIV 

OUTPUT ENABLE 
OUTPUTS PERMANENTLY ENABLED PIN 17 OUTPUT ENABLE 

17 i=D 
to DE;. o.ll output cells • 17 t=D 

to [](, o.tl output cells. 

oe = 1; I'M. clefo.ul t *1 oe = I pln17J 

CLOCK POLARITY 
POSITIVE -EDGE TRIGGERED NEGA TIVE -EDGE TRIGGERED 

1 ?D to o.ll registers. 1 ?D to a.ll registers. 

elk = plnl; 1* clefo.ult *1 elk = Ipln1; 

TYPICAL OUTPUT CELL OPERATION 
REGISTERED 

r----------------------~ I I 
I I 
I I 

-I-plnB,s= I 
I I 

-!-plnB,r= 8 
I 
I 

I OUTPUT CELLI 
~----------------------~ 

No slgno.l spec If leo. tlon for pln8= 
is perMittecl. 

Unprogro.MMed Sto.te 

.-----------------------------, 
COMBINA TDRIAL 

I----------------------~ I I 
I I 
I I 

-I-pInB= I 
I I 
I 8 
I 
I 
I 

I OUTPUT CELLI 
~----------------------~ 

Slgno.l speclflco.tlons for pln8.s= 
o.ncl pin8.r= o.re not perMittecl. 
All cells of the reset terM 
o.re progro.MMecl o.s if 

pln8.r = 0; 

ho.cI been specifiecl. 
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- - -"'- - _'ilJ il 

to 1£ &II cutpu'I ails • 

_ D 

~ ~­cm:== 
~== :m:== === gm:=== tm:== t;;:== :=== 
~=== ttn:== 
~~-ai: 
cm:== ~,.-

~== :m:== pt64o-

=:== 
~--
~== =-r.== i>ts6"-

=== ~-mr.== tsOo-p 

==== 
~== i>W5"-

=== W-== pwo-

=m:== PW--

=== =:== j>t32o-

~--=== ~== 
~== i>W"-

c::== ~-

~== i4:== Pt1"'-~ 

~ 
~ 
'4:== 30-
120-

~== =m:== =:== 
~== ==== =:== 
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-I'l96 -= ===== -jn9I 

===== -jr188 

====~ ====t= ====t= =====:. 
-ptn 

-a~ 
=====;~ 
=====-m 
-pt71 

====~~ 
e! 

===== 
===== -pt6! ====m; 
===== -pt;56 

====~ 
====~ 
-~ 

====~ -pt48 

-pt47 

====~ ====I:m 
====~ -pt-lll 

-pt39 

====~ 
-~ 

====~ 
====~ 
===== 
====~ 
====~ 
====~ 
-~ 

====~ 
====~ ====tw -ptId 

===== ===== ===== ===== 
====~ -pt8!i -= ====t::f -jrIGG 

~ I RRR,:Jn: JI: ~RRRR~RR~ ~~~~~~~~ 
~it~tl~i!!!1!lfl11ti~&lll!tiiltlli iililitt iii i ;, I II ~ ~ ~ 
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DEFAULT STATES 
All unref'erenced go. tes reMo.in unprogro.MMed. 

Unref'erencecl AND go. tes def'o.ul t to logic 0. Unreferenced OR go. tes 
o.re undefined. The Output Cells def'o.ul t to registered opero. tion. 
Registers o.re positive-edge triggered. Outputs o.re preManently 
enabled. 

EXo.Mplel 

pt79 = 0; 
oe = 1J 
elk = pln1; 

IlIE def'o.ul t AND go. te lIEl 
IlIE output buf'fers always eno.blecl lIEl 
IlIE registers positive-edge triggered lIEl 

OUTPUT ENABLE 
OUTPUTS PERMANENTLY ENABLED PIN 17 OUTPUT ENABLE 

17 C) to D~ o.ll output cells 17 t=e> 
to D~ o.ll output cells 

1 
.. .. 

oe = 1J 1* defo.ul t lIEl oe = I pln17J 

CLOCK POLARITY 
POSITIVE -EDGE TRIGGERED NEGA TIVE -EDGE TRIGGERED 

1 ?D to o.ll regIsters .. 1 t='D to o.ll regIsters .. 

elk = pinlJ IlIE defo.ul t lIEl elk :. !pin1; 

TYPICAL OUTPUT CELL OPERATION 
REGISTERED 

r----------------------~ 

i =u W -+-plnS.s= S Q I 

-+-Plns.r= R MUX : 8 
I I 
I I 

I OUTPUT CELLI 
~----------------------~ 

No signo.l speciflCo. tion f'or pin8= 
Is perMitted. 

Unprogro.MMeci Sto.te 

~------------------------------~ 
COMBINATORIAL 

r----------------------~ 

+Plns= S Q ! I -:0 W 
lOR MUX I 8 
I I 
I I 

I OUTPUT CELLI 
~----------------------~ 

Signo.l specifiCo. tions f'or pin8.s= 
o.nd pln8.r= o.re not perMitted. 
All cells of the reset terM 
o.re progro.MMed o.s If' 

pln8.r = OJ 

ho.d been specified. 
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1 

~pln2 
~lpln2 

~pln3 
~lpln3 

~pln4 
~lpln4 

~pln5 
~lpln5 

~pln 
~Ipln 

6 
6 

7 ~pln 
~IPI n7 

~p 
~Ip 

~p 
~Ip 

In8 
InB 

In9 
In9 

o 4 8 12 16 20 24 28 

--

-

r--
-

-
pln1 

I pln1 

)--, 

>---' 
I-~ 

~ ~ 
pln18 

I pln18 -

~ 
pln17 

I pln17 
~ 

)--, 

~ 

~ .... 
pln16 

I pln16 -
t-f--
t-i---1 

.... 
pln15 

I pln15 
~ 

}--...: 

-
pln14 

I pln14 -

-
pln13 

I pln13 
..-

J ..... 
plnll 

t--Iplnll 

pln1 

Ipln 

pin 

Ipi 

pi 

Ipl 

pi 

I 

p 

I 

pln14.oe= 

pln14= I 

pln13.oe= 

I pln13= 

19 

18 

17 

16 

15 

14 

13 

pln12.oe= -:J 12 
Ipln12=~ 
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~Pln2 
~lpln2 

~Pln3 
~lpln3 

~pln4 
~lpln4 

~Pln5 
~lpln5 

~pln6 
~lpln6 

~Pln7 
~lpln7 

~plna 
~Iplna 

~pln9 
~lpln9 
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o 4 8 12 

--

16 20 24 28 

pln1 
Ipln1 

pln1a 
Ipln1a 

pln17 
Ipln17 

pln16 
Ipln16 

pln15 
Ipln15 

pln14 
Ipln14 

pln13 
Ipln13 

- plnll 
>-- Iplnll 

pln19.oe= 

Ipln19= 

pln1B.oe= --;:::] 

19 

18 
Ipln1B= -j...>O-+J--
~-----' 

pln17.oe= --;:::] 
17 

Ipln17= -j...>O-+r--
~r------'-

pln16.oe= --;:::] 16 
Ipln16= -j...>O 

~t------' 

pln15.oe= --;:::] 
15 

Ipln15= -j...>O>--+J--
~I-----

pln14.oe= --;:::] 
14 

Ipln14= -----t.,.>o-+l--
~t------'-

pln13.oe= --;:::] 
13 

Ipln13= -j...>O-+J--
~-----' 

pln12.oe= --;:::] 12 
Ipln12=~ 

~r-' ____ 1_1 
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1----~ 

2----~ 

3 ~ 

4 Cllpln4= ---G 
vee 

5 -- CIJpln5= ---G 
vee 

7 -- Cllpln7= ---G 
vee 

8 [Ilplne= ---G 
vee 

9-----1~ 

10 ---------1~ 

11-----1~ 

o 4 8 12 16 20 24 28 
pln1 -

Ipln1 -

pln2 
Ipln2 

pln3 
Ipln3 

pln4 
Ipln4 

pinS 
I pine 

pln9 
I pin') 

pintO 
Ipln10 

plnll 
Iplnll 

pln23 
Ipln23 

pln22 
Ipln22 

pln21 
Ipln21 

pln17 
Ipln1] 

pln16 
Ipln16 

plnt5 
Iplnt5 

plnt4 
Ipln14 

f--pln13 
~lpln13 

~1------23 

~1-----22 

D-mpIn21= 21 

Vee 

D-CI1PIn20=-- 20 

vee 

D- Dlplnt8= -- 18 

vee 

D- [llpln17= 17 

Vee 

~----16 

~'--------15 

~----14 

~,...-----13 
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---D---1 21 
- iD-IPlnet=-.... j-

1(11------1---pln2l 
--Iplnet 

---D---1 21 
- ~D-Pln2l .. -1-

vee 
-- pln2l ___ /1_--1 
-lpln2l ~ 

Truth To.lole for pin2 pin21 Truth To.lole for pin2 pin21 

Ipin21 = pin2J 0 1 pin21 = pln2J 0 0 

1 0 1 1 

Active LOW' Active HIGH 

PROGRAMMABLE POLARITY 
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2_ .. ~ pln2 
~lpln2 

~pln3 
~lpln3 

~pln4 
~lpln4 

~pln5 
~lpln5 

~pln6 
~lpln6 

~pln7 
~lpln7 

~pln8 
~lpln8 

~pln9 
~lpln9 

--

o 4 8 12 16 20 24 28 

pln19 
Ipln19 

pln1a 
Ipln1a 

'" ./ 

Ipln17.q 
pln17.q 

" ./ 

Ipln16.q 
pln16.q 

"\ 
./ 

I pln15.q 
pln15.q 

I pln14.q 
pln14.q 

pln13 
Ipln13 

f-- pln12 
r---lpln12 

pln19. oe= 

Ipln19 = 19 

pln1S. 

Ipln1S 
18 

pln17.cI= 

pln16.cI= 

pln15.cI= 

pln14.cI= 

pln13. oe= 

Ipln13 
13 

pln12. oe= 

Ipln12 = 12 
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0 4 8 12 16 20 24 28 

pln19.d= 

~Pln2 Ipln19.q 
Ipln2 pln19.q 

plnlB.d= 

~Pln3 
Ipln3 

IplnlB.q 
plnlB.q 

pln17.d= 

~Pln4 Ipln17.q 
Ipln4 pln17.q 

pln16.d= 

~Pln5 
I pinS 

Ipln16.q 
pln16.q 

pln15.d= 

~Pln6 I pln15.q 
I pinG pln15.q 

pln14.d= 

~Pln7 Ipln14.q 
Ipln7 pln14.q 

pln13.d= 

~PlnB I pln13.q 
IplnB pln13.q 

pln12.d= 

~Pln9 
Ipln9 

I pln12.q 
pln12.q 
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~Pln2 
~lpln2 -

~pln 
~Ipln 

3 
3 

~PI 
~Ipi 

n4 
n4-

~p 
~Ip 

In5 
In5 

pln6 
Ipln6 

pln7 
Ipln7 

pinS 
IpinS 

pln9 
Ipln9 

plnll-
Iplnll 
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4 8 1 2 16 20 24 28 32 
II II 
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I I I 

-Pln1~ 
Ipln1 

1 

...r-[pln19.oe=1l 

19 
Iplnt9= 

1I1e MUXr 

+ [plnlS.oe=ll 

18 
Ipln1S= 

-;lIle MUXr 
J 
"r-[Pln17.oe=1l 

17 
Ipln17= 

JI/Cl MUXr 
.s 
J:""" [pln16.oe=ll 

16 
Ipln16= ~ 

1I1e Muxf 
J 
~[pln15.oe=1l 

15 
Ipln15= ~ 

1I1e MUXr 
J 
"r-[Pln14.oe=ll 

14 
Ipln14= 

JIIe MUXr 
J 
~[pln13.oe=1l 

13 
Ipln13= .-v-

.;fIle MUXr 
J ..r-[pln12.oe=ll 

12 
Ipln12= 

RIle MUXr 
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r [pln19.oe=1J ---: f­

-D-1Pln19= 

+---ct I/O MUX L 

19 

If there is no signo.l specifico.tion for pin19.oe 
the Architecturo.l Fuse reMo.ins into.ct o.nd the 
output buffer is in high-iMpedence sto.te. 

I f there is 0. signo.l specifico. tion of 

pin19.oe = 1j 

the fuse is progro.MMed o.nd the output 
buffer is in output sto. teo 

TYPICAL OUTPUT BUFFER PROGRAMMING 

r [pln19.oe=lJ -; ~ 

......f'l- 19 -D- Ipln19= -r V~--.--
r-------------- -----~, 

4 i pln19 A i 
+---<r I pln19 MUX I 

I I 
I liD MUX I L _____________________ ~ 

I/O FEEDBACK 

r[pln19.oe=lJ ---: f-

......f'l- 19 -D-Ipln19= -r-v::x>---.--
r-------------- -----r, 

4 : pln19.pt MUX : 
+---<r Ipln19.pt I 

I I 
I liD MUX I L _____________________ ~ 

HIGH-SPEED FEEDBACK 

TYPICAL I/O MULTIPLEXER PROGRAMMING 
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~pln3 
~lpln3 

~pln4 
~lpln4 

~pln5 
~lpln5 

~pln6 
~lpln6 

LJ'...::-- pln7 
~lpln7 

~pln8 
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~ pln10 
~lplnl0 
~ plnll 
~Iplnll 
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pln23 
Ipln23 

pln21 
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Ipln20 

pln19 
Ipln19 

pln18 
Ipln18 

pln17 
I pln17 

pln16 
I pln16 

pln14 
I pln14 

I--- pln13 
r---lpln13 

pln22.oe= 

Ipln22= 

Ipln21= ~I<!J 

Ipln20= ~j 

I pln19= ~"0!J 

Ipln18= ~~ 

I pln17= ~7<!J 

pln16.oe= 

Ipln16= 

23 

22 

21 

20 

19 

18 

17 

16 

pln15.oe= -:J 15 
Ipln15=~ 
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~pln2 
~lpln2 

~pln3 
~lpln3 

~pln 
~Ipln 
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~p 
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In5 
In5 

In6 ~IP pln6 

pln7 
Ipln7 

pinS 
IpinS 

pln9 
Ipln9 

pln10 
Ipln10 

plnll 

0 

--

= : 

Iplnll -

4 8 12 16 20 24 28 32 36 
II 

I I 

......, pln23.oe 
$--IPln23= 

23 

- plnl 
~ Iplnl 

~ pln22.oe 
---1 Ipln22= 

pln22 
Ipln22 

~ 
pln2l.o 

Ipln2l= 

- pln2l -
Ipln2l 

pln20. 
~IPln20 

pln20 
Ipln20 -

W=- Plnl9 
Ipln1 

plnl9 -
Iplnl9 -

~ pin! 
Iplnl 

pln1S 
Ipln1S 

-{ pin 
-t:E3 Ipl 

pln17 
Ipln17 

17~ n17= 
17 

-p 
~ Ip 
J~ 

pln16 
Ipln16 

.~O~ In16= 16 

~I 
pln1S 

Ipln1S 

PN5'O~ pln1S= 15 

= -
pln14.oe= r:L ~ 14 
Ipln14=~ 

pln13 - 13 
r-lpln13 
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~PIn2 
~lpln2 

~pln3 
~lpln3 

Lt-..:-- pln4 
~lpln4 

~plnS 
~lplnS 

~pln6 
~lpln6 

~pln7 
~lpln7 

~plnB 
~lpln8 

~pln9 
~lpln9 

~ plnl0 
~lplnl0 
~ plnll 
~lpln11 
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-- pln23 
Iplll23 

pln22 
Ipln22 

pln21 
Iplll21 

Ipln20.q 
pln2o.q 

Ip1n19.q 
p1n19.q 

I plnlB.q 
plnlB.q 

Ip1n17.q 
plnl7.q 

pln16 
I pln16 

plniS 
IplnlS 

~ pln14 
f--lpln14 

P 1n22.oe= 

n22= Ipi 

p 1n21.oe" 

Ipi n21= 

pln20.c1= 
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plnlB.cI= 

plnI7.c1= 

p 1n16.oe= 

Ipl n16= 

pi n1S.oe= 

Ipi n15= 
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~pln2 
---vcs:- I pin!! 

~pln3 
---vcs:- I pln3 

1~ pln4 ---vcs:- I pln4 

~pln5 
---vcs:- I pln5 

Lf'.:::- pinG 
---vcs:- I pln6 

~pln7 
---vcs:- I pln7 

~pln8 
---vcs:- I pln8 

~pln9 
---vcs:- I pln9 

~ plnlO 
---vcs:- I plnlO 
!1_-",",=- plnll ---vcs:- I plnll 

o 4 
--

8 12 16 20 24 28 32 36 
pln23 

Ipln23 

pln22 
I pln22 

I pm21.q 
pln21.q 

Ipln20.q 
pln20.q 

I pln19.q 
pln19.q 

I plnlS.q 
plnlS.q 

I plnl7.q 
plnl7.q 

I plnl6.q 
pln16.q 

pln15 
Iplnl5 

- pln14 
-lpln14 

23 

pi n22.oe= 

Ip In22= 
22 

pln21.d= 

pln20.d= 

pln19.c1= 

plnlB.d= 

plnl7.d= 

pln16.d= 

pi n15.ol1= 

Ip Inl5= 
15 

14 
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2_~ pln2 
~lpln2 
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~lpln6 
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Ipln23 

pIn22.d= 

Ipln22.q 
pln22.q 

pIn21.d= 

Ipln21.q 
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I pln2o.q 
pln20.q 

pln19.d= 

I plnl9.q 
pln19.q 

pln18.d= 
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pln17.d= 

I pln17.q 
pln17.q 

pln16.d= 

I pln16.q 
pln16.q 

pln15.d= 
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pln15.q 

f--- pln14 
f---lpln14 
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~ 

pln23 
Ipln23 

pln22 
Ipln22 

pln21 
Ipln21 
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Ipln20.q 
pln20.q 

................ 

pJn2 
Ipln2 

pJn2 
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pJn2 
Ipln2 

3.oe= 
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2.oe= 
2= 

1.oe= 
1= 

....... ;::... D---
Ipln19.q 
pln19.q 

....... ~D-

Ipln1S.q 
pln18.q 

~~D-
Ipln17.q 
pln17.q 

pln16 
Ipln16 

~ 

pln15 
Ipln15 

r-.. 

~ 

i----pln14 
f--lpln14 

pln1 6.oe= 
6= Ipln1 

pln1 
Ipln1 

5.oe= 
5= 

pln1 4.oe= 
4= Ipln1 

23 

22 

21 

16 

15 

14 

p20x4 

C-29 



~pln2 
~lpln2 

Lt-..:-- pln3 
~lpln3 

~PIn4 
~lpln4 

~pln5 
~lpln5 

~pln6 
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z __ ~ pln7 
~lpln7 

~p1n8 
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~pln9 
~lpln9 

~plnl0 
~lplnl0 

~p1nll 
~Iplnll 
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-- pln23 
Ipln23 

~ 

-
Ip1n22.q 
pln22.q 

::: ...... .... 
Ipln21.q 
pln21.q 

~ ......., 
....., 

Ipln20.q 
p1n20.q 

:::~ 
....... 

Ipln19.q 
p1n19.q 

::.!::::: 
....., 

Ipln18.q 
pln18.q 

:::. ...... 
...... 

Ipln17.q 
pln17.q 

......., 

....... 
Ip1n16.q 
plnt6.q 

~~ 

....... 

Ip1n15.q 
p1n15.q 

~ 

I--pln14 
I---Ipln14 

pln2 3.ce= 
3= Ipln2 

pln22.d='---H 

pln2Ld= ---H 

pln20.d=--+I 
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pln17.d=---H 

pln16.d= --+I 

pln15.d= ---H 
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4= Iplnt 
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o 4 8 12 16 20 2 4 28 32 
I 

36 40 to 0.11 Mo.c:roceu s 

reset= • to 0.11 Mo.c:rocell s 

OE+8 
23 

MACRO 
CELL 

OE+l0 MACRO 
22 

CELL 

-
OE+12 MACRO 

21 
CELL 

OE+14 MACRO 
20 

CELL 

OE+16 MACRO 
19 

CELL 

OE+16 MACRO 
18 

CELL 

OE+14 MACRO 
17 

CELL 

OE+12 MACRO 
16 

CELL 

OE+l0 MACRO 
15 

CELL 

OE+8 MACRO 
14 

CELL 

'-' -preset= ---. 
to all registers 

;- I--Pln13~ 
~lpln13 
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CONFIGURATION OPTIONS 

REGISTERED, ACTIVE -LO\ol OUTPUT REGISTERED, ACTIVE -HIGH OUTPUT 

11:--0 pln23.oe= 11:--0 pIn23.oe'" ,.,.-~~ I.~"'· ~~ D Q 23 D Q 23 

plnl ll" plnl ll" 

preset= preset= 

--lpIn23.q " --lpIn23.q 
-- p1n23.q -- pln23.q 

Ipln23 = qJ 1* defo.ult *1 pln23 = qJ 

COMBINA TDRIAL, ACTIVE -LO\ol OUTPUT COMBINA TDRIAL, ACTIVE -HIGH OUTPUT 

IE--o pln23.oe= 11:--0 pln23.oe= 

,.'-- r-23 1.,- r-23 

--pIn23 .... --pIn23 
--lpIn23 --lpln23 
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o 4 B 12 16 20 24 2B 32 36 40 "to 0.11 Mo.c:roc:eii s 

rese1;= • "to o.ll Mo.c:roc:ell s 

OE+8 MACRO 
23 

CELL 

OE+l0 MACRO 
22 

..,. 
CELL 

OE+12 MACRO 
21 -

CELL 

OE+14 MACRO 
20 

CELL 

OE+16 MACRO 
19 

CELL 

OE+16 MACRO 
18 

CELL 

OE+14 MACRO 
17 

CELL 

OE+12 MACRO 
16 

.... 
CELL 

OE+l0 MACRO 
15 

CELL 

OE+8 MACRO 
14 

CELL 

prese1;= ____ 
"to 0.11 regls1;ers 

I-Pln13~ 
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CONFIGURATION OPTIONS 

REGISTER FEEDBACK, REGISTERED, ACTIVE -LOW' OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE -HIGH OUTPUT 

1E-Q..----pln23.oe= -------, 1E-Q---pln23.oe= -------, 

I.~~~-----; 
plnl 

23 23 

-- I pln23.q ==~::J-----.J 
-- pln23.q 

-- Ipln23.q ==~::J-----.J 
-- pln23.q 

! pln23 = q J /l¥. default l¥./ pln23 = qJ 

lID FEEDBACK, REGISTERED, ACTIVE-LOV OUTPUT lID FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 

1E-Q---pln23.oe= -------, 1E-Q---pIn23.oe= -----, 

23 13Eh,.,... ----i 
~ plnl 

23 

--pln23 ===~f-------..J --lpIn23 -- pln23 ===~f--------.J --lpln23 

I pln23 = q J /l¥. default l¥./ pln23 = q J 

lID FEEDBACK, COMBINATORIAL, ACTIVE -LOV OUTPUT lID FEEDBACK, COMBINATORIAL, ACTIVE-HIGH OUTPUT 

1E-Q----pln23.oe= -----, 1E-Q---pIn23.oe= -----, 

23 23 

--pln23 ===~f-------..J --lpIn23 -- pln23 ===~f--------.J --lpln23 
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TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837·7530. 

ARIZONA: Phoenix (602) 995·1007; 
Tucson (602) 292·2640. 

CALIFORNIA: Irvine (714) 660·1200; 
Roseville (916) 786·9208; 
San Diego (619) 278·9601; 
Santa Clara (408) 980-9000; 
Torrance (213) 217·7010; 
Woodland Hills (818) 704·7759. 

COLORADO: AUrora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269·0074. 

FLORIDA: Altamome Springs (305) 260-2116; 
Ft. Lauderdale (305) 973·8502; 
Tampa (813) 885-7411. 

GEORGIA: Norcross (404) 662·7900. 

ILLINOIS: Arlington Heights (312) 640·2925. 

INDIANA: Carmel (317) 573·6400; 
Ft. Wayne (219) 424-5174. 

IOWA: Cedar Rapids (319) 395·9550. 

KANSAS: Overland Park (913) 451·4511. 

MARYLAND: Columbia (301) 964·2003. 

MASSACHUSETTS: Waltham (617) 895·9100. 

MICHIGAN: Farmington Hills (313) 553·1569; 
Grand Rapids (616) 957·4200. 

MINNESOTA: Eden Prairie (612) 828·9300. 

MISSOURI: SL Louis (314) 569-7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345·2555. 

NEW YORK: East Syracuse (315) 463·9291; 
Melville (516) 454-6600; 
Pittsford (716) 385·6770; 
Poughkeepsie (914) 473·2900. 

NORTH CAROLINA: Charlotte (704) 527·0933; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464·6100; 
Beaver Creek (513) 427·6200. 

OREGON: Beaverton (503) 643·6758. 

PENNSYLVANIA: Blue Bell (215) 825-9500. 

PUERTO RICO: Hato Rey (809) 753·8700. 

TENNESSEE: Johnson City (615) 461·2192. 

TEXAS: Austin (512) 250·7655; 
Houston (713) 778·6592; 
Richardson (214) 680·5082; 
San Antonio (512) 496.1779. 

UTAH: Murray (801) 266·8972. 

WASHINGTON: Redmond (206) 881·3080. 

WISCONSIN: Brook1leld (414) 782·2899. 

CANADA: Nepean, Ontario (613) 726.1970; 
Richmond Hili, Ontario (416) 884·9181; 
St. Laurent, Quebec (514) 336·1860. 

TI~onal 
Technology Centers 
CALIFORNIA: Irvine (714) 660-8105; 
Santa Clara (408) 748·2220; 

GEORGIA: Norcross (404) 662·7945. 

ILLINOIS Arlington Heights (312) 640-2909. 

MASSACHUSETTS: Waltham (617) 895·9196. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726-1970. 

TI AUTHORIZED DISTRIBUTORS 
Arrow/Klerulff Electronics Group 
Arrow (Canada) 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 
Marshall Industries 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Components 

- OBSOLETE PRODUCT ONLY -
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(508) 462·9332 

ALABAMA: Arrow/Kierulff (205) 837·6955; 
Hall·Mark (205) 837·8700; Marshall (205) 881·9235; 
Schweber (205) 895-0480. 

ARIZONA: Arrow/Klerulff (602) 437·0750; 
Hall·Mark (602) 437.1200; Marshall (602) 496·0290; 
Schweber (602) 431·0030; Wyle (602) 866·2888. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow/Klerulff (818) 701·7500, (714) 838·5422; 
Hall·Mark (818) 773-4500, (714) 669·4100; 
Marshall (818) 407·0101, (818) 459·5500, 
(714) 458-5395; Schweber (818) 880·9686; 
(714) 863·0200, (213) 320·8090; Wyle (818) 880·9000, 
(714) 863·9953; Zeus (714) 921·9000; (818) 889·3838; 
Sacramento: Hall·Mark (916) 624.9781; 
Marshall (916) 635·9700; Schweber (916) 364·0222; 
Wyle (916) 638·5282; 
San Diego: Arrow/Kierulff (619) 565·4800; 
Hall·Mark (619) 268·1201; Marshall (619) 578·9600; 
Schweber (619) 450-0454; Wyle (619) 565·9171; 
San Francisco Bay Area: Arrow/Kierulff (408) 745-6600, 
Hall·Mark (408) 432·0900; Marshall (408) 942·4600; 
Schweber (408) 432.7171; Wyle (408) 727·2500; 
Zeus (408) 998·5121. 

COLORADO: Arrow/Kierulff (303) 790·4444; 
Hall·Mark (303) 790·1662; Marshall (303) 451·8383; 
Schweber (303) 799·0258; Wyle (303) 457·9953. 

CONNETICUT: Arrow/Kierulff (203) 265·7741; 
Hall·Mark (203) 271·2844; Marshall (203) 265·3822; 
Schweber (203) 264-4700. 

FLORIDA: Ft. Lauderdale: 
Arrow/Klerulff (305) 429·8200; Hall·Mark (305) 971·9280; 
Marshall (305) 977-4880; Schweber (305) 977·7511; 
Orlando: Arrow/Kierulff (407) 323·0252; 
Hall·Mark (407) 830·5855; Marshall (407) 767·8585; 
Schweber (407) 331·7555; Zeus (407) 365·3000; 
Tampa: Hall.Mark (813) 530-4543; 
Marshall (813) 576·1399; Schweber (813) 541·5100. 

GEORGIA: Arrow/Kierulff (404) 449·8252; 
Hall·Mark (404) 447·8000; Marshall (404) 923·5750; 
Schweber (404) 449-9170. 

ILLINOIS: Arrow/Klerulff (312) 250·0500; 
Hall·Mark (312) 860·3800; Marshall (312) 490·0155; 
Newark (312) 784·5100; Schweber (312) 364·3750. 

INDIANA: Indianapolis: Arrow/Klerulff (317) 243·9353; 
Hall·Mark (317) 872·8875; Marshall (317) 297·0483; 
Schweber (317) 843·1050. 

IOWA: Arrow/Kierulff (319) 395-7230; 
Schweber (319) 373·1417. 

KANSAS: Kansas City: Arrow/Klerulff (913) 541·9542; 
Hall·Mark (913) 888·4747; Marshall (913) 492·3121; 
Schweber (913) 492·2922. 
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MARYLAND: Arrow/Kierulff (301) 995·6002; 
Hall·Mark (301) 988·9800; Marshall (301) 235·9464; 
Schweber (301) 840-5900; Zeus (301) 997·1118. 

MASSACHUSETTS Arrow/Klerulff (508) 658·0900; 
Hall·Mark (508) 667·0902; Marshall (508) 658·0810; 
Schweber (617) 275-5100; Time (617) 532·6200; 
Wyle (617) 273-7300; Zeus (617) 863·8800. 

MICHIGAN: Detro": Arrow/Klerulff (313) 462·2290; 
Hall·Mark (313) 462·1205; Marshall (313) 525·5850; 
Newark (313) 967·0600; Schweber (313) 525·8100; 
Grand Rapids: Arrow/Klerulff (616) 243·0912. 

MINNESOTA: Arrow/Klerulff (612) 830·1800; 
Hall·Mark (612) 941·2600; Marshall (612) 559-2211; 
Schweber (612) 941·5280. 

MISSOURI: St. louis: Arrow/Klerulff (314) 567·6888; 
Hall·Mark (314) 291·5350; Marshall (314) 291·4650; 
Schweber (314) 739·0526. 

NEW HAMPSHIRE: Arrow/Klerulff (603) 668·6968; 
Schweber (603) 625·2250. 

NEW JERSEY: Arrow/Klerulff (201) 538·0900, 
(609) 596·8000; GRS Elec1ronlcs (609) 964·8560; 
Hall·Mark (201) 575-4415, (201) 882·9773, 
(609) 235-1900; Marshall (201) 882·0320, 
(609) 234·911)0; Schweber (201) 227·7880. 

NEW MEXICO: Arrow/Klerulff (505) 243·4566. 

NEW YORK: Long Island: 
Arrow/Kierulff (516) 231.1009; Hall·Mark (516) 737·0600; 
MarShall (516) 273·2424; Schweber (516) 334·7474; 
Zeus (914) 937·7400; 
Rochester: Arrow/Kierulff (716) 427·0300; 
Hall·Mark (716) 425·3300; Marshall (716) 235-7620; 
Schweber (716) 424.2222; 
Syracuse: Marshall (607) 798·1611. 

NORTH CAROLINA: Arrow/Klerulff (919) 876·3132, 
(919) 725-8711; Hall·Mark (919) 872·0712; 
Marshall (919) 878·9882; Schweber (919) 876·0000. 

OHIO: Cleveland: Arrow/Klerulff (216) 248·3990; 
Hall·Mark (216) 349-4632; Marshall (216) 248-1788; 
Schweber (216) 464·2970; 
Columbus: Hall·Mark (614) 888·3313; 
Daylon: Arrow/Klerulff (513) 435-5563; 
Marshall (513) 898-4480; Schweber (513) 439·1800. 

OKLAHOMA: Arrow/Kierulff (918) 252·7537; 
Schweber (918) 622·8003. 

OREGON: Arrow/Klerulff (503) 645-6456; 
Marshall (503) 644·5050; Wyle (503) 640·6000. 

PENNSYLVANIA: Arrow/Kierulff (412) 856.7000, 
(215) 928·1800; GRS Elec1ronlcs (215) 922·7037; 
Marshall (412) 963·0441; Schweber (215) 441·0600, 
(412) 963·6804. 

TEXAS: Austin: Arrow/Kierulff (512) 835·4180; 
Hall·Mark (512) 258·8848; Marshall (512) 837·1991; 
Schweber (512) 339·0088; Wyle (512) 834·9957; 
Dallas: Arrow/Klerulff (214) 380-6464; 
Hall·Mark (214) 553·4300; Marshall (214) 233·5200; 
Schweber (214) 661·5010; Wyle (214) 235·9953; 
Zeus (214) 783·7010; 
EI Paso: Marshall (915) 593-0706; 
Houston: Arrow/Kierulff (713) 530·4700; 
Hall·Mark (713) 781·6100; Marshall (713) 895·9200; 
Schweber (713) 784-3600; Wyle (713) 879·9953. 

UTAH: Arrow/Klerulff (801) 973-6913; 
Hall·Mark (801) 972·1008; Marshall (801) 485·1551; 
Wyle (801) 974·9953. 

WASHINGTON: Arrow/Klerulff (206) 575-4420; 
Marshall (206) 486·5747; Wyle (206) 881·1150. 

WISCONSIN: Arrow/Kierulff (414) 792·0150; 
Hall·Mark (414) 797·7844; Marshall (414) 797·8400; 
Schweber (414) 784-9020. 

CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735·5511; 
Future (514) 694·7710; 
Ottawa: Arrow Canada (613) 226·6903; 
Future (613) 820·8313; 
Quebec City: Arrow Canada (418) 871·7500; 
Toronto: Arrow Canada (416) 672·7769; 
Future (416) 638-4771; Marshall (416) 674·2161; 
Vancouver: Arrow Canada (604) 291.2986; 
Future (604) 294·1166. 

Customer 
Response Center 
TOLL FREE: (800) 232·3200 

OUTSIDE USA: (214) 995·6611 
(8:00 a.m. - 5:00 p.m. CST) 
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TI Worldwide 
Sales Offices 
ALABAMA: HuntsvHle: 500 Wynn Drive, Suite 514, 
Huntsville, AL 36805, (205) 837-7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995-1007;TUCSON: 818 W. Miracle 
Mile, Suite 43, Tucson, AZ 65705, (602) 292-2640. 

CAUFORNIA: Irvine: 17891 Cartwright Dr., Irvine, CA 
92714, (714) 660-1200; Rooevile: 1 Sierra Gate 
Plaza, Roseville, CA 95678, (916) 786-9208; 
San DIego: 4333 View Ridge Ave., Suite 100, 
San Diego, CA 92123<1619) 278-9601; 
Santa Cia .. : 5353 Betsy Ross Dr., Santa Clara, CA 

,95054, (408) 980-9000; Torrance: 690 Knox St_, 
Torrance, CA 90502, (213) 217-7010; 
Woodland Hili.: 21220 Erwin St., Woodland Hills, 
CA 91367, (818) 704-7759. 

COLORADO: Aurora: 1400 S. Potomac Ave., 
Suite 101, Aurora, CO 80012, (303) 368-8000. 

CONNECTICUT: WaDingford: 9 Barnes Industrial Park 
Rd., Barnes Industriel Park, Wallingford, 
CT 06492, (203) 269-0074. 

FLORIDA: Ahamonte Spring.: 370 S. North Lake Blvd, 
Altamonte Springs, FL 32701,1305) 260-2116; 
Ft_ Lauderdale: 2950 N.W. 62nd St., 
Ft. Lauderdale, FL 33309, (305) 973-8502; 
Tampa: 4803 George Rd., Suite 390, 
Tampa, FL 33634, (813) 885-7411. 

GEORGIA: Norcroa.: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 

ILUNOIS: Arlington Helghta: 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640-2925. 

INDIANA: Ft. Wayne: 2020 Inwood Dr., 
Ft. Wayne, IN 46815, (219) 424-5174; 
Carmel: 550 Congressional Dr., Carmel, IN 46032, 
(317) 573-6400. 

IOWA: Cedar Rapid.: 373 Collins Rd. NE, Suite 201, 
Cedar Rapids, IA 52402, 1319) 395-9550. 

KANSAS: Overland Park: 7300 College Blvd., Lighton 
Plaza, Overland Park, KS 66210, 1913) 451-4511. 

MARYLAND: Columbia: 8815 Centre Park Dr .. 
Columbia MD 21045, (301) 964-2003. 

MASSACHUSETTS: Wahham: 950 Winter St., 
Waltham, MA 02154, (617) 895-9100. 

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farmington Hills, M)48018, (313) 553-1569. 
Grand Rapid.: 3075 Orchard Vista Dr. S.E., 
Grand Rapids, MI 49506, (616) 957-4200. 

MINNESOTA: Eden Pralrla: 11000 W. 78th St .. 
Eden Prairie, MN 55344 (612) 828-9300. 

MISSOURI: St. Loui.: 11816 Borman Drive, 
St. Louis, MO 63146, (314) 569-7600. 

NEW JERSEY: iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050. 

NEW MEXICO: Albuquerque: 2820-0 Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 

NEW YORK: Ea.t Syracuse: 6365 Collomer Dr., 
East Syracuse, NY 13057, (315) 463-9291; 
MelvHIe: 1895 Walt Whitman Rd., P.O. Box 2936, 
Melville, NY 11747, 1516) 454-6600; 
PIttsford: 2851 Clover St_, Pittsford, NY 14534, 
(716) 385-6770; 
Poughkeepsie: 385 South Rd., Poughkeepsie, 
NY 12601, (914) 473-2900. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 
527-0933; Raleigh: 2809 Highwoods Blvd., Suite 100, 
Raleigh, NC 27625, (919) 876-2725. 

OHIO: Beachwood: 23775 Commerce Park Rd., 
Baachwood, OH 44122, (216) 464-6100; 
Beavercreek: 4200 Colonel Glenn Hwy .. 
Baavercreek, OH 45431, (513) 427-6200. 

OREGON: Beaverton: 6700 SW 105th St .. Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 

PENNSYLVANIA: Blue Ball: 670 Sentry Pkwy, 
Blue Bell, PA 19422, (215) 825-9500. 

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg .. 
Suite 505, Hato Rey, PR 00918, (809) 753-8700. 

TENNESSEE: Johnson City: Erwin Hwy, 
P.O. Drawer 1255, Johnson City, TN 37605 
(615)461-2192. 

TEXAS: Austin: 12501 Research Blvd., Austin, TX 
78759, (512) 250-7655; Richardson: 1001 E. 
Campbell Rd., Richardson, TX 75081, 
(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 250, Houston, TX 77074, (713) 778-6592; 
San Antonio: 1000 Central Parkway South, 
San Antonio, TX 78232, (512)496-1779. 

UTAH: Murray: 5201 South Green St., Suite 200, 
Murray, UT 84123, (801) 266-8972. 

WASHINGTON: Redmond: 5010 148th NE, Bldg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 

WISCONSIN: Brookfield: 450 N. Sunny Slope, Suite 
150, Brookfield, WI 53005, (414) 782-2899. 

CANADA: Nepaan: 301 Moodie Drive, Mallorn Center, 
Nepean, Ontario, Canada, K2H9C4, 
(613) 726-1970. Richmond HIli: 280 Centre St. E'., 
Richmond Hill L4C1Bl, Ontario, Canada 
(416) 884-9181; St. Laurant: Ville St. Laurent 
Quebec, 9460 Trans Canada Hwy., St. Laurent, 
Quebec, Canada H4S 1 R7, (514) 336-1860. 

ARGENTINA: Texas Instruments Argentina Viamonte 
1119, 1053 Capital Federal, Buenos Aires, Argentina, 
541/748-3699 

AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd .. North Ryde 
(Sydney), New South Wales, Australia 2113, 
2 + 887-1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victorie, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255-2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16, A-2345 Brunn/Gebirge, 
2236-846210. 

BELGIUM: Texas Instruments N. V. Belgium S.A.: 11, 
~;in~:t3~~080ndetlaan ", 1140 Brussels, Belgium, 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments A/S, Mairelundvej 46E, 
2730 Herlev, Denmark, 2 - 91 7400. 

FINLAND: Texas Instruments Finland OY: 
Ahertajantie 3, P.O. Box 81, ESPOO, Finland, (901 
0-461-422. 

FRANCE: Texas Instruments France: Paris Office, 8P 
678-10 Avenue Morane-Saulnier, 78141 Velizy­
Villacoublay cedex (1) 30 70 1003. 

GERMANY (Fed_ Repubfic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse " 
8050 Freising, 8161 +80-4591; Kurfuerstendamm 
195/196,1000 Berlin 15, 30+882-7365; III, Hagen 
43/Kibbelstrasse, .19,4300 Essen, 201-24250; 
Kirchhorsterstrasse 2, 3000 Hannover 51, 
511 +648021; Maybachstrabe 1" 7302 Ostfildern 
2-Nelingen, 711 + 34030. 
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HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Ctr., 7 Canton Rd., Kowloon, 
Hong Kong, 1852) 3-7351223. 

IRELAND: Texas Instruments (Ireland) Limited: 
7/8 Harcourt Street, Stillorgan, County Dublin, Eire, 
1 781677. 

ITALY: Texas Instruments Italia S.p.A. Divisione 
Semiconduttori: Viale Europa, 40, 20093 Cologne 
Monzese (Milano), (02) 253001; Via Castello della 
Magliana, 38, 00148 Roma, (06) 5222651;1 
Via Amendola, 17,40100 Bologna, 1051) 554004. 

JAPAN: Tokyo Marketing/Sales IHeadquarters): 
Texas Instruments Japan Ltd., MS Shibaura Bldg., 9F, 
4-13-23 Shibaura, Minato-ku, Tokyo 108, Japan, 
03-769-8700. Texas Instruments Japan Ltd.: Nissho­
Iwai Bldg. 5F, 30 Imabashi 3-chome, Higashi-ku, 
Osaka 541, Japan, 06-294-1881; Daini Toyota West 
Bldg. 7F, 10-27 Meieki 4-chome, Nakamura-ku, 
Nagoya 450, 052-583-8691; Daiichi Seimei Bldg. 6F, 
3-10 Oyama-cho, Kanazawa 920, Ishikawa-ken, 
0762-23-5471; DaUchi Olympic Tachikawa 8ldg. 6F, 
1-25-12 Akebono-cho, Tachikawa 190, Tokyo, 
0425-27-6426; Matsumoto Showa Bldg. 6F, 2-11 
Fukashi l-chome, Matsumoto 390, Nagano-ken, 
0263-33-1060; Yokohama Nishiguchi KN 81d9. 6F, 
2-8-4 Kita-Saiwai-cho, Nishi-ku, Yokohama 220, 
045-322-6741; Nihon Seimei Kyoto Yasaka 8ldg. 5F, 
843-2 Higashi Shiokohjidori, Nishinotoh-in Higashi-iru, 
Shiokouji, Shimogyo-ku, Kyoto 600, 075-341-7713; 
2597-1, Aza Harudai, Oaza Yasaka, Kitsuki 873, Oita­
ken, 09786-3-3211; Miho Plant, 2350 Kihara Miho­
mura, Inashiki-gun 300-04, Ibaragi-ken, 
0298-85-2541. 

KOREA: Texas Instruments Korea Ltd., 28th FI., Trade 
Tower, #159, Samsung-Dong, Kangnam-ku, Seoul, 
Korea 2 + 551-2810. 

MEXICO: Texas Instruments de Mexico S.A.: Alfonso 
Reyes-115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06120, 525/525-3860. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 

NETHERLANDS: Texas Instruments Holland B.V., 
19 Hogehilweg, 1100 AZ Amsterdam-Zuidoost, 
Holland 20 + 5602911 . 

NORWAY: Texas Instruments Norway A/S: PB106, 
Refstad 0585, Oslo 5, Norway, 12) 155090. 

PEOPLES REPUBLIC OF CHINA: Texas Instruments 
China Inc .• Beijing Representative Office. 7-05 Citic 
Bldg., 19 Jianguomenwai Dajje, Beijing, China, (861) 
5002255, Ext. 3750. 

PHILIPPINES: Texas Instruments Asia Ltd.: 14th Floor, 
Ba- Lepanto Bldg., Paseo de Roxas, Makati, Metro 
Manila, Philippines, 817-60-31. 

PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico Ulrich, 
2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 

SINGAPORE I + INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Singapore (PTE) Ltd .. 
Asia Pacific Division, 101 Thompson Rd. #23-01, 
United Square, Singapore 1130, 350-8100. 

SPAIN: Texas Instruments Espana, S.A_: C/Jose 
Lazaro Galdiano No.6, Madrid 28036, 1/458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): S-164-93, Stockholm, 
Sweden, 8 - 752-5800. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 
1-7402220. 

TAIWAN: Texas Instruments Supply Co., 9th Floor 
Bank Tower, 205 Tun Hwa N. Rd., Taipei, Taiwan, 
Republic of China, 2 + 713-9311. 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
270111. 
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