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recommended operating conditions fqr PC Cards A and B and miscellaneous Inputs and outputs. 

VCC(A/B) PC Card supply voHage Commercial 

VI Input voltage 

vot Output voltage 

VIH:j: High-level input voltage 
CMOS compatible 

Fail safeS 

VIL:j: Low-level input voltage 
CMOS compatible 

Fail safeS 

t Applies to external oulput buffers 
:j: Applies to external input and bidirectional buffers wnhout hysteresis 
§ Fail-safe pins are 16, 56, 68, 72, 74,82,122,134,138,140,149, and 152. , 
\I Meets TIL levels, VIH MIN -1.65 V and VIL MAX = 0.99 V 

OPERATION 

3.3V 

5V 

3.3V 

5V 

3.3V 

5V 

3.3 V 

5V 

3.3V 

3.3V 

5V 

3.3V 

MIN NOM MAX UNIT 

3 3.3 3.6 
V 

4;75 5 5.25 

0 VCC(A/B) 
V 

0 VCC(A/B) 

0 VCC(A/B) 
V 

0 VCC(A/B) 

.475 VCC(A/B)~ 
V 

2.4 

.475 VCC(A/B)~ V 

,325 VCC(A/I3)~ 
V 

0.8 

.325 VCC(A/B)~ V 

electrical characteristics over recommended operating conditions (unless otherwise noted) 
PARAMETER SIDE OPERATION TEST CONDITIONS MIN MAX UNIT 

3.3 V IOH--o·5mA 0.9VCC 
PCI 

5V IOH=-2mA 2.4 
VOH High-level oulput voltage V 

3.3 V 10H - -0.15 mA 0.9VCC 
PC Card 

10H = -0.15 mA 2.4 5V 

3.3V IOL-l.5mA 0.1 VCC 
PCI 

5V IOL=6mA 0.55 
VOL Low-level output voHage V 

3.3 V IOL= 0.7 mA 0.1 VCC 
PC Card 

5V IOL-0.7mA 0.55 

10Z High-impedance oulput current Vo - VCC or GNo# ±10 IIA 
IlL Low-level input current* VI=GND -1 IIA 
IIH High-level input current* VI-VCC" 1 IIA 

# The 3-state or open-drain outputs must be In the high-Impedance state. 
II Applies to all inputs except TEST 
*IIL not tested on DATA (pin 152) due to internal pulldown resistor and IIH not tested on SPKROUT (pin 149) due to internal pullup resistor. 

PCI clock/reset timing requirements over recommended ranges of supply voltage ~nd operating 
free-air temperature (see Figure 15 and Figure 16) . 

!e 

twH 

twL 

Mlllt 

tw 

tsu 

4-110 

Cycle time, PCLK 

Pulse duration, PCLK high 

Pulse duration, PCLK low 

Slew rate, PCLK 

Pulse duration, RSTIN 

Setup time, PCLK active at end of RSTIN 

~/~ . 
~ThxAs 
INSTRUMENTS 
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ALTERNATE 
SYMBOL 

,!eyc 

thigh 

tlow 

tr,tf 

trst 

trst-clk 

MIN MAX UNIT 

30 00 ns 

11 ns' 

11 ns 

1 4 V/ns 

1 ms 

100 JUI 
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PCI timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 14 and Figure 17) . 

ALTERNATE TEST CONDITIONS MIN MAX UNIT SYMBOL 

PCLK to shared signal 
tval 11 valid delay time 

tpet Propagation delay time CL-50 pF, See Note 5 ns 
PCLK to shared signal 

tlnv 2 invalid delay time 

len 
Enable time, 

lon 2 ns high-impedance-to-aclive delay time from PCLK 

!dis 
Disable time, 

loll 28 ns active-to-hlgh-impedance delay time from PCLK 

tsu Setup time before PCLK valid tsu 7 ns 

th Hold time aiter PCLK high th 0 ns 

NOTE 3: PCI shared signals are AD31-AOO, ClBE3-C/BEO, FRAME, TROY, IROY, STOP, IOSEL, OEVSEL, and PAR. 
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PARAMETER MEASUREMENt INFORMATION 

LOAD CIRCUIT PARAMETERS 

TIMING CLOAOt IOL IOH VLOAD 
PARAMETER (PF) (mA) (mA) (V) 

ten 
tPZH 

50 8 . -8 
0 

tpZL 3 

tdls 
tPHZ 

50 8 -8 1.5 
tPLZ 

tpd 50 8 -8 :I: 

t CLOAD includes the typicalload-circuit distributed capacitanca.' 

:I: VLOtD - VOL _ 50 0, where VOL = 0.6 V, IOL = 8 rnA 
OL 

Timing Input 
(_NoteA) 

, 3V 

11.5 V "-
--._-' .:.......-1-1 , ov 
tsu~~ -: th 

~7V ,+---3V 
• 2.7 V 

Data Input 03 V 1.5 V 1.5 V 
• -:::1 1_ 0.3. OV 
tr-"_ ~l4-tt 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT RISE AND FALL TIMES 

" -- 3V 
l\1.5V 
I ' ov 

Input J 
(_ Note A) 1 1.5 V 

I+---tI- tpd tpdM 
In-Phase 1 /1.5 V 

Output I 
I ~1.;\ VOH 

I~ I VOL 

Out·ot·Phase 
Output 

I 
tpd~ ~lpd 

!c.1 , VOH 
T 1•5V 

'------ VOL 
'\.1.5 V 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

From Output _+-_~ .. 
Under Teat VLOAD 

LOAD CIRCUIT 

---- 3V 
Hlgh·Levei ~~5~-

Input ----If ..... ~ 0 V 

~tw----' 
I I 

~I 3V 
Low-Level , 1.5 V 1.5 V 

Input ___ OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

:~:~: ~ '1.5 V jr1.-5-V--- 3 V 

pow-level 1\ I 
enabling) I I ---- OV 

tpZL ~ 14- -.! l+-
I I tPLZ I I 

---.-!-nl----~.j..---- 3V 
Waveform 11 I I -1.5 V 
(_Note B) I I VOL + 0.3 V 

I '----;------ VOL 
I tpHZ -+i 14-

tpZH~ I+- I I 
1 ~t--VOH 1 V VOH-0.3V 

WaVeform 2 1.5 _ 1.5 V 
(_NoteB) ___ ..L. _______ -,- ov 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

NOTES: A. Phase'relationships between waveforms were chosen arbitrarily. All input pulses ,are supplied by pulse generators having the 
following characteristics: PRR. 1 MHz, Zo - 50 0. tr S 6 ns, tf S 6 ns. 

B. Waveform 1 is for an output with internal conditions such that the output Is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high excapt when disabled by the output control. 

C. For tpLZ and tpHZ, VOL and VOH are measured values. 

Figure 14. Load Circuit and Voltage Waveforms 
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PCIBUS PARAMETER MEASUREMENT INFORMATION 

~ twH -1 
___ O.8-.V00;lj2yf 1\l~ twL ~ 

tr~ ~ ~ Ft, I 
r ~V MIN Peak to Peak 

I I 
~ Ie ~ 

Figure 15. PCLK Timing Waveform 

LnJL 
I 

~ I ~ 
--~~. I ,---
-----~--~I--------------------\,~~------~I 

MI' tau ~ 

Figure 16. RSTIN nmlng Waveforms 

PCLK 1.5V I \ I \ ____ r 
j.- tpd --' ~ ~ tpd 

PCI Output ---;-l-f~ 1~vk .. ~ : 1 ~ 
~ ~ ... ( .. f ),'" ~ 

:'tau~ I 
PCllnput 

-III M-th 

Figure 17. Shared Signals nmlng Waveforms 
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PC Card cycle timing 

4-114 

The PC Card cycle timing is controlled by the wait-state bits in the Intel 82365SL-DF compatible memory and 
1/0 window registers. The PC Card cycle generator uses the PCI clock to generate the correct card address 
setup aM hold times and the PC Card command active (low) interval. This allows the cycle generator to output 
PC Card cycles that areas close to the Intel 82365SL-DF timing as possible while always slightly exceeding 
the Intel 82365SL-DF values. This ensures compatibility with existing software and maximizes throughput. 

The PC Card address setup and hold times are a function of the wait-state bits. Table 54 shows address setup 
time in PCLK cycles and nanoseconds for I/O and memory cycles. Table 55 and Table 56 show command active 
time in PCLK cycles and nanoseconds for 1/0 and memory cycles. Table 57 shows address hold time in PCLK 
cycles and nanoseconds for I/O and memory cycles. 

Table 54. PC Card Address Setup Time, tsu(A), B-Blt and 16-Blt PCI Cycles 

WAIT-STATE BITS 
TS1-G= 01 
(PCLK/ne) 

1/0 3190 
Memory WS1 0 2160 

Memory WS1 1 4/120 

Table 55. PC Card Command Active Tlmeitc(A), B-Blt PCI Cycles 

WAIT-STATE BITS TS1-G=01 
WS ZWS (PCLK/ne) 

0 0 19/570 

110 1 X 231690 

0 1 71210 

00 0 19/570 

01 X 231690 
Memory 10 X 231690 

11 X 231690 

00 1 71210 

Table 56. PC Card Command Active Time, telA), 16-Bit PCI Cycles 

WAIT-STATE BITS TS1-G = 01 
WS ZWS (pcLK/ne) 

0 0 71210 
1/0 1 X 11/330 

0 1 N/A 
00 0 91270 
01 X 131390 

Memory 10 X 17/510 
11 X 231630 
00 1 51150 

Table 57. PC Card Address Hold Time, th(A), B-Bit and 16-Blt PCI Cycles 

WAIT-STATE BITS TS1-G=01 
(PCLK/ne) 

1/0 2160 
Memory WS1 0 2160 
Memory WS1 1 3190 
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timing requirements over recommended ranges of SUfPIY voltage and operating free-air 
temperature, memory cycles (for 100-ns common memory (see Note 6 and Figure 18) 

ALTERNATE 
MIN MAX UNIT SYMBOL 

tsu Setup time, m and CE2 before WEIOE low T1 60 ns 

tsu Setup time, CA25-CAO before WEIOE low T2 tsu(A)+2PCLK ns 

tsu Setup time, REG before WEIOE low T3 90 ns 

ted Propagation delay time, WElOE low to WAIT low T4 ns 

tw Pulse duration, WEIOE low T5 200 ns 

th Hold time, WEIDE low after WAIT high T6 ns 

th Hold time, CE1 and CE2 after WEIOE high T7 120 ns 

tsu Setup time (read), CDATA 15-CDATAO valid before OE high T8 ns 

th Hold time (read), CDATA 15-CDATAO valid after OE high T9 0 ns 

th Hold time, CA25-CAO and REG after WEIOE high T10 th(A)+1PCLK ns 

tsu Setup time (write), CDATA15-CDATAO valid before WE low T11 60 ns 

th Hold time (wrHe), CDATA15-CDATAO valid after WE low T12 240 ns 

NOTE 4: These times are dependent on the register settings assoCIated With ISA walt states and data size. They are also dependent on cycle 
type (readlwrite, memorylllO) and WAIT from PC Card. The times listed here represent absolute minimums (the times that would be ~ 
observed if programmed for zero wait state, 16-bit cycles) with a 33-MHz PCI clock. [ij 

timing requirements over recommended ranges of supply voltage and operating free-air 5> 
temperature, 1/0 cycles (see Figure 19) W 

ALTERNATE 
MIN MAX UNIT SYMBOL 

tsu Setup time, ~ before IORDIiOWR low T13 60 ns 

tsu Setup time, m and CE2 before 10RD/loWR low T14 60 ns 

tsu Setup time: CA25-CAo valid before 10RDliOWR low T15 tsu(A)+2PCLK ns 

tad Propagation delay time, 10ls16 low after CA25-CAO valid T16 35 ns 

ted Propagation delay timEi, JORi5low to WAIT low T17 35 ns 

tw Pulse duration, IORDIiOWR low T18 TcA ns 

th Hold time, lORD low after WAIT high T19 ns 

th Hold time, REG low after lORD high T20 0 ns 

th Hold time, CE1 and CE2 after 10RDIIQWR high T21 120 ns 

th Hold time, CA25-CAO after 10RDliOWR high T22 th(A)+1PCLK ns 

tsu Setup time (read), CDATA 15-CDATAO valid before lORD high T23 10 ns 

th Hold time (read), CDATA15-CDATAO valid after lORD high T24 0 ns 

tsu Setup time (write), CDATA 15-CDATAO valid before 10WR low T25 90 ns 

Ih Hold time (write), CDATA15-CDATAO valid after IOWR high T26 90 ns 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, miscellaneous (see Figure 10) .. 

tpd Propagation delay time 

PARAMETER 

BVD2 low to SPKROUT low 

BVD2 high to SPKROUT high 

IREQto IRQ15-IRQ3 

STSCHG to IRQ15-IRQ3 

~TEXAS 
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ALTERNATE 
MIN MAX UNIT SYMBOL 

T27 
30 

30 
ns 

T28 
30 

30 
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CA25-CAO 

CDATA15-CDATAO 
(write) 

CDATA 15-CDATAO 
(read) 

PC CARD PARAMETER MEASUREMENT INFORMATION 

--K"-----------------r--...:. 
1 I4--T10--.. ., 

I 1 I ~--
1 1 1 1 

-41-~1 -~ I j~-
I I ~ T1 ~.~I.t-----T5 ----.~!4_I .. --T7 --~~ 
1 1 ~ ,,..--.~7"---------
14-~ __ I4--_T2 T3 .j4-T-4--.l....,.--....... ' --::;jT6j+-

I ~:::.:.::.:jz~~i----.--.I-------
~T11 ~ ~T12_ 

-------K : )l--------
--.I T8 I+-- ~ 

I I4-T9 _I 
----------------------k ~------~-

• • • •• With no walt state 
--- With walt atate 

Figure 18. PC Card Memory Cycle 

CA25-CAO -i~-----------------------)----
----!j T16 J4-- J4-- T22 --~~, 

101816 1 \ 1 ,r----
1 1 1 I 

I ~ I },---
1 1 ~T20··· J 

I I ~ I '1'---1 1 ~ I 1 1 r-T14 ... ·~I·I-----T18-----I·~I·I---T21--.. ~ 

~ ~;13 ~ T17~ ,.::;47"---------
I t:::.:.::.:jz LT26 .1 

~T25-+t I' ~ 
CDATA15-CDATAO ______ ~ : ~ _______ _ 

(write) I\ ...... __________ ......,. __ -J1' 

--.I T23 I+-- J 
CDATA 15-CDATAO 

(read) 

I I4-T24~ 

---------------------~ ~--------
- - • •• With no welt state 
---With walt state 

Figure 19. PC Card 1/0 Cycle 
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PC CARD PARAMETER MEASUREMENT INFORMATION 

BVD2 ___ ..... * ..... _____ _ 
j4-T27-Jt 

SPKROUT ______ ...Ji ----

IREQ ___ ..... * _____ ----
j4-T28-Jt 

IRQ1~RQ3 ______ ..... *----
Figure 20. Miscellaneous PC Card Delay Times 
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• 3.3-V Core Logic With Universal PCI 
Interface Compatible With 3.3-V or 5-V PCI 
Signaling Environments 

• Supports PCI Local Bus Specification 2.1 

• Supports Two 32-Blt, 33-MHz PCI Buses 
Providing Concurrent Operation 

• Provides VGAlPaiette Memory and 110 and 
Subtractive Decoding Options 

• Supports Burst Transfers to Maximize Data 
Throughput on Both PCI Buses 

• Propagates Bus Locking 
• Provides Six Secondary PCI Bus Clock 

Outputs 

description 

PCI20XX 
pel·To·pel BRIDGE 

SCPS009 - FEBRUARY 1996 

• Provides Internal Arbitration for up to 
Seven Secondary Bus Masters With 
Programmable Control 

• Low-Power Advanced Submlcron CMOS 
Technology 

• Independent Read and Write Buffers for 
Each Direction 

• Predictable Latency: 16 Clocks on Initial 
Data Phase and 8 Clocks on Subsequent 
Data Phases 

• Supports PCI Clock Run 
• Secondary Bus Is Driven Low During Reset 

The Texas Instruments (TI) PCI20XX provides a high-performance connection path between two peripheral 
component interconnect (PCI) buses. Transactions can occur between a master on one PCI bus and a target 
on another PCI bus. The PCI20XX supports burst mode transfers to maximize data throughput. The two bus 
traffic paths through the PCI20XX act independently. 

The PCI20XX is compliant with the PCI local bus specification revision 2.1 and can be used to overcome the 
electrical loading limit of ten devices per PCI bus by creating hierarchical buses. Furthermore, add-in cards 
requiring multiple PCI devices can use the PCI20XX to overcome the electrical loading limit of one PCI device 
per slot. 

The PCI20XX is also compliant with the PCI-to-PCI bridge architecture speCification 1.0 and implements many 
additional features that make it ideal for bridging two PCI buses. The PCI20XX can be configured for subtractive 
decoding, and negative decoding can be disabled on the secondary interface. Two extension windows are 
included for specialty decoding. The serial and parallel port addresses can be programmed for positive 
decoding on the primary interface. The PCI20XX implements many other features that add performance and 
flexibility. 

An advanced CMOS process is utilized to achieve low system-power consumption while operating at PCI clock 
rates up to 33 MHz. 
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functional block diagram 

P_CLK 

P_CLKRUN 

P_RST 

P]RAME 

P_IRDY 

P_IDSEL 

P_TRDY 

P_STOP 

P_DEVSEL 

""0 P _SERR 

::IJ P_PERR 

o P_LOCK 

C 
C P_ClBE3-P_C/BEO 

o 

.. 

r 

.. 

~ .. 
... .. 

.. 

.. 

.. 

PrimaryPCI 
System Signals 

Primary PCI20XX 
Arbitration 

Primary Interface 
Control 

Inputs/Outputs 

PrlmaryPCI 

System 

Secondary PCI 
System Signals 

Configuration 
Secondary PCI Bus 

r 
Internal Arbiter 

r 

Secondary Interface 
Control 

Control Inputs/Outputs 
~ r 

Date 
..... P _AD31-P _ADO .. Address and Data Buffering 

""0 P_PAR 

::IJ 
m 
S 
m 
:E 
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Configuration 
Registers 

Data 

r--

Address 
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Address and Data 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

r 

.. 

r 

.... .. 

S_REQ5-S_REQO 

S_GNTS-S_GNTO 

S_TRDY 

S_STOP 

S_DEVSEL 

S_SERR 

S_PERR 

S_LOCK 

S_AD31-S_ADO 

S_PAR 



SIGNAL NAME NO. 

GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
P_ADl 
P_AD2 
P_AD3 
P_AD4 
P_AD5 
P_AD6 
P_AD7 
P_AD8 
P_AD9 
P _AD10 
P _ADll 

Table 1. Signal Names Sorted Alphabetically 

SIGNAL NAME NO. SIGNAL NAME 

P _AD12 
P _AD13 
P _AD14 
P_AD15 
P _AD16 
P _AD17 
P_AD18 
P_AD19 
P_AD20 
P_AD21 
P_AD22 
P_AD23 
P_AD24 
P_AD25 
P_AD26 
P_AD27 
P_AD28 
P_AD29 
P J.D30 
P J.D31 
P _C/E\EO 
P C/BEl ,- -
P _C/BE2 
P_C/BE3 
P_CLK 
P_CLKRUN 
P_DEVSEL 
P_FRAME 
P_GNT 
P_IDSEL 
P_IRDY 
P_LOCK 
P_PAR 
P_PERR 
P_REQ 
P_RST 
P_SERR 
P_STOP 
P_TRDY 
S_ADO 
S_AD1 
S_AD2 

SJ.D2 
S_AD4 

S_AD5 
S_AD6 
S_AD7 
S_AD8 
S_AD9 
S_AD10 
S_AD11 
S_AD12 
S_AD13 
S_AD14 
S_AD15 
S_AD16 
SJ.D17 
S_AD18 
S_AD19 
S_AD20 
S_AD21 
S_AD22 
S_AD23 
S_AD24 
SJ.D25 
SJ.D26 
S_AD27 
S_AD28 
S_AD29 
S_AD30 
S_AD31 
S_C/BEO 
S_C/BEl 
S_C/BE2 
S_C/BE3 
S_CLK 
S_CLKRUN 
S_DEVSEL 
S_FRAME 
S_GNTO 
S_GNTl 
S_GNT2 
S_GNT3 
S_GNT4 
S_GNT5 
SJRDY 
SPAR 
S=PERR 

~TEXAS 
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SIGNAL NAME NO. 
S_REQO 
S_REQ1 
S REQ2 
S=REQ3 
S REQ4 
S-REQ5 
S-SERR 

S=STOP 
S_TRDY 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCC 
VCCP 
VCCP 
VCCP 
VCCP 
VCCP 
VCCP 
VCCS 
VCCS 
VCCS 
VCCS 
VCCS 
VCCS 
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Terminal Functions 

primary PCI sy.stem 
TERMINAL 1/0 

NAME NO. TYPE FUNCTION 

P_ClK 
Primary PCI bus clock. P _ClK provides timing for all transactions on the primary PCI bus. All primary 
PCI signals are sampled at rising edge of P _ClK. 

PCI reset. Assertion on the P _RST signal causes the PCI20XX to place all output buffers in the 
P_RST high-Impedance state and reset all internal registers. When asserted, the device is completely 

nonfunctional. After deasserting P RS'f, the PCI20XX returns to its default state. 

primary PCI address and data 

"'D 
l:J o 
C 
c: 
(') 

TERMINAL 
NAME 

P .cAD31-P _ADO 

P_C/BE3 
P_C/BE2 
P_C/BEI 
P_C/BEO 

P_PAR 

-I power supply 

"'D 
l:J m 
S 
m :e 

TERMINAL 
NAME 

GND 

VCC 

VCCP 

VCCS 

I/O 
NO. TYPE 

I/O 
NO. TYPE 

primary PCI interface control 
TERMINAL I/O 

NAME NO. TYPE 

P_DEVSEl 

P_FRAME 

P_GNT 

PJDSEl 

5-6 

FUNCTION 

Primary address/data bus. P _AD31-P _ADO comprise the multiplexed PCI address and data bus on the 
primary interface. During the address phase of a primary bus PCI cycle, P _AD31-P _ADO contain a 
32-bit address or other destination information. During the data phase, P AD31-P ADO contain data. 

Primary bus· commands and byte enables. P _C/BE3-P _C/BEO are multiplexed on the same PCI 
terminals. During the address phase of a primary bus PCI cycle, P _C/BE3-P _C/BEO define the bus 
command. During the data phase, this 4-bit bus is used as byte enables. The byte enables determine· 
which byte paths of the full 32-bit data bus carry meaningful data. P _C/BEO applies to byte 0 
(P _AD7-P _ADO). 

Primary parity. In all primary bus read and write cycles, the PCI20XX calculates even parity across the 
P _AD and P _ C/BE buses. As an initiator during PCI write cycles, the PCI20XX outputs P _PAR with a 
one P _ ClK delay. As a target during PCI read cycles, the calculated partty is compared to the initiator's 
parity indicator. A miscompare can result in a parity error assertion (P PERR) 

FUNCTION 

Device ground terminals 

Power-supply terminal for core logic 

Primary bus signaling environment supply. This poweY-supply input is used in protection circuitry on 
primary bus 1/0 signals. 

Secondary bus signaling environment supply. This power-supply input is used in protection circuitry on 
secondary bus 1/0 Signals. 

FUNCTION 

Primary device select. The PCI20XX asserts P _DEVSEl to claim a PCI cycle as the target device. As 
a PCI initiator on the primary bus, the PCI20XX monitors P _DEVSEl until a target responds. If no target 
responds before timeout occurs, then the PCI20XX terminates the cycle with an initiator abort. 

Primary cycle frame. P JRAME is driven by the initiator of a primary bus cycle. P _FRAME is asserted 
to indicate that a bus transaction is beginning, and data transfers continue while P _FRAME is asserted. 
When P JRAME is deasserted, the primary bus transaction is in the final data phase. 

Primary bus grant to PCI20XX. P _GNT is driven by the primary PCI bus arbiter to grant the PCI20XX 
access tothe primary PCI bus after the current data transaction has completed. P _GNT follows a primary 
bus request depending upon the primary bus parking algorithm. 

Initialization device select. P _IDSEl selects the PCI20XX during configuration space accesses. 
P _IDSEl can be connected to one of the upper 24 PCI address lines on the primary PCI bus. There is 
no IDSEl signal interfacing the secondary PCI bus; thus, the entire configuration space of the PCI20XX 
can be accessed only from the primary bus. 
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primary PCI interface control (continued) 
TERMINAL 1/0 

FUNCTION 
NAME NO. TYPE 

Primary Initiator ready. P -'ROY indicates the primary bus initiator's ability to complete the current data 
P-,RDY phase of the transaction. A data phase is completed upon a rising edge of P _ClK where both P -,ROY 

and P TROY are asserted until wait states are Inserted. 

P ITiCK Primary lock. P J15~K is used to lock the primary bus and gain exclul!ive access as an initiator. 

P_PERR 
Primary parHy-error indicator. P _PERR is driven by a primary bus PCI device to Indicate that calculated 
parity does not match P PAR when enabled through the command register. 

P_REQ 
Primary PCI bus requasl. P J'ii:Ci is asserted by the PCI20XX to request access to the primary PCI bus 
as an initiator. 

Primary cycle stop signal. P _STOP is driven by a PCI target to request the initiator to stop the current 
P_STOP primary bus transaction. P _STOP is used for target disconnects and is commonly asserted by target 

devices that do not support burst data transfers. 

Primary system error. "enabled through the command register, P _SERR is pulsed from the PCI20XX 

P_SERR to indicate that an address parRy error has occurred. The PCI20XX need not be the target of the primary 
PCI cycle to assert this signal. "enabled through the bridge control register, P _ SERR pulses to indicate 
that an address parity errOr occurred on one of the subordinate buses downstream from the PCI20XX. 

Primary target ready. P _TROY indicatas the primary bus target's ability to complete the current data 
P_TRDY phase of the transaction. A data phase Is completed upon a rising edge of P _ClK where both P _IRDY 

and P TROY are asserted until wait states are inserted. 

secondary PCI system 
TERMINAL I/O 

FUNCTION 
NAME NO. TYPE 

S_ClK 
Secondary PCI bus clock. S_ClK provides timing for all transactions on the secondary PCI. bus. All 
secondary PCI Signals are sampled at rising edge of S_ClK. 

Secondary PCI bus clock run. S_ClKRUN is output by the PCI20XX to indicate that the S_ClK 
S_ClKRUN frequency Is decreased and is driven by secondary bus PCI devices to request an increase in the S _ ClK 

frequency. 

secondary PCI address and data 
TERMINAL I/O 

NAME NO. TYPE FUNCTION 

Secondary address/data bus. S_AD31-S_ADO comprise the multiplexed PCI address and data bus on 

S_AD31-S_ADO the secondary interlace. During the addrass phase of a secondary bus PCI cycle, S_AD31:"'S_ADO 
contain a 32-bit address or other destination Information. During the data phase, S_AD31-S_ADO 
contain data . 

S_C/BE3 
. Secondary bus commands and byte enables. S_C/BE3-S_c/BEO are multiplexed on the same PCI 

S C/BE2 terminals. During the address phase of a secondary bus PCI cycle, S_C/BE3-S_C/i!iEO define the bus 

S=C/BE1 
command. During the data phase, this 4-bil bus Is used as byte enables. The byte enables determine 

S_C/BEO which byte paths of the full 32-blt data bus carry meaningful data. S_C/BEO applies to byte 0 
(S AD7-S ADO). 

Secondary parRy. In all secondary bus read and write cycles, the PCI20XX calculates even parRy across 

S_PAR the S_AD and S_CIBE buses. As an initiator during PCI wrHe cycles, the PCI20XX outputs S_PAR with 
a one S_ClKdelay. As a target during PCI read cycles, the calculated parity is compared to the initiator's 
parity indicator. A miscompare can result in a parity-error assertion (S PERR). 
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TermlnatFunctlons (Continued) 

secondary PCllnterface control 
TERMINAL 1/0 

NAME NO. TYPE FUNCTION 

Secondary device select. The PCI20XX asserts S_DEVSEL to claim a PCI cycle as thetarg8t device. 

S_DEVSEL As a PCI initiator on the secondary bus, the PCI20XX monitors S_DEVSEL until a target responds. 
If no target responds before timeout occurs, then the PCI20XX terminates the cycle with an Initiator 
abort. 

Secondary cycle frame. S_FRAME is driven. by the initiator of a secondary bus cycle. S_FRAME is 
S_FRAME aSserted to indicate that a bus transaction Is beginning, and data transfers continue while SjRAME 

is asserted. When S_FRAME is deasserted, the secondllry bus transaction is in the final data phase. 

Secondary bus grant signals. The PCI20XX provides Internal arbitration. S_GNT5-S_GNTO are used 
S_GNT5-S_GNTO to grant potential secondary PCI bus masters access to the bus. A total of seven potential initiators 

(including the PCI20XX) can be loCated on the secondary PCI bus. 

Secondary initiator ready. S_IRDY indicates the secondary bus initiator's ability to complete the 
S_IRDY current data phase of the transaction. A data phase Is completed upon a rising edge of S_ CLK where 

both S IRDYand S TROY are asserted until wait states are inserted. 

S_LOCK Secondary lock. ~_LOCK is used to lock the secondary bus and gain exclusive access as an Initiator. 

S_PERR 
Secondary parity error indicator. S_PERR is driven by a secondary bus PCI device to indicate that' 
calculated parity does not, mlltch S_PAR when enabled through the bridge control register. 

Secondary bus request signals. The PCI20XX provides Internal arbitration. S_REQ5-S_REQO are 
S_REQ5-S_REQO used as Inputs from secondary PCI bus Initiators requesting the bus. A total of seven potential initiators 

(Including the PCI20XX) can be located on the secondary PCI bus. 

S_SERR 
Secondary system error. S_SERR passes through to the primary interface by the PCI20XX if enabled 

'. through the bridge control register. S SERR is never asserted by the PCI20XX. 

Secondary cycle stop signal. S_STOP is driven by a PCI target to request the' initiator to stop the 
S_STOP currant secondary bus transaction. S_STOP is used for target disconnects and is commonly asserted 

by target devices that do not support burst data transfers. 

Secondary target ready. S_ TROY Indicates the secondary bus target's ability to complete the current 
S3RDY data phase of the transaction. A data phase is completed upon a rising edge of S_CLK where both 

S IRDYand S TROY are asserted until wait states are inserted. 

/ 

/ 
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This section provides an overview of the PCI20XX PCI-to-PCI bridge functionality and its applications. 

Introduction to the PCI20XX 

The PCI20XX is a bridge between two PCI buses and is compliant with both the PCI local bus specification 
revision 2.1 and the PCI-to-PCI bridge architecture specification revision 1.0. The PCI20XX supports two 32-bit 
PCI buses operating at a maximum of 33 MHz. The primary and secondary buses can operate independently 
in either a 3.3-V or 5-V signaling environment. The core logic of the PCI20XX, however, is powered at 3.3 V to 
reduce power consumption. 

Host software interacts with the PCI20XX through internal registers that provide the PCI standard status and 
control for both the primary and secondary buses. There are many vendor-specific features included in the 
PCI20XX that exist in the TI extension register set. The PCI configuration header of the PCI20XX is accessible 
only from the primary PCI interface. 

The PCI20XX provides internal arbitration for the seven possible secondary bus masters and provides each 
with a dedicated REQ/GNT pair. The arbiter features a two-tier rotational scheme with the PCI20XX defaulting 
to the highest priority tier. The bus parking scheme is also configurable and can be set to park GNT either on 
the bridge or on the last mastering device. 

Upon system power up, host software configures the PCI20XX according to the devices that exist on 
subordinate buses and enables performance-enhancing features of the PCI20XX. In a typical system, this is 
the only communication with the bridge's internal register set. 

PCI commands 

The PCI20XX responds as a PCI target device to PCI bus cycles based on the decoding of each address phase 
and internal register settings. Table 2 lists the valid PCI bus cycles and their encoding on the C/BE bus during 
the address phase of a bus cycle. 

Table 2. PCI Command Definition 

ClBE3-C/BEO COMMAND 

,0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

Interrupt acknowledge 
Special cycle 

110 read 
110 write 

Reserved 
Reserved 

Memory read 

Memorywr"e 
Reserved 
Reserved 

Configuration read 
Configuration write 

Memory read multiple 
Dual address cycle 
Memory read line 

Memorywr"e and invalidate 

~1EXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 752M 5-9 

3= w 
5> w 
a: 
0.. 

ti 
::J 
C o 
a: 
0.. 



"U 
::xJ o 
C 
C 

~ 
"U 
::xJ m 
< -m :e 

PCI20XX 
PC I· TO-PCI BRIDGE 

SCPSOO9 - FEBRUARY 1996 

PCI commands (continued) 

The PCI2QXX .never responds as a . PCI target to the interrupt. acknowledge, special cycle, or reserved 
commands. The PCI20XX does, however, Initiate special cycles on the secondary interface when a type 1 
configuration cycle issues the special cycle request feature. The remaining PCI commands address either 
memory, 1/0, or configuration space. The PCl20XX accepts PCI cycles by asserting DEVSEL as a 
medium-speed device; that is, DEVSEL fs asserted two clock cycles after the address phase. 

configuration cycles 

31 

31 

5-10 

The PCllocal bus specification 2.1 defines two types of PCI configuration read and write cycles: type 0 and 
type 1. The PCI20XX decodes each type differently. Type 0 configuration cycles are intended for devices on 
the primary bus, while type 1 configuration cycles are intended .for devices at a subordinate bus. The difference 
between these two types of cycles Is the encoding of the PCI P _AD bus during the address phase of the cycle. 
The P _AD bus encoding during the address phase of a type 0 configuration cycle is shown in Figure 1 • The 6-bit 
register number field represents an 8-bit address with the two lower bits masked to 0, indicating a double-word 
boundary. This results in a 256-byte configuration address space, per function, per device. Individual byte 
accesses can be selected within a double word by using the P _ C/BE signals during the data phase of the cycle. 

11 '10 8 7 2 

Reserved Function number Function number 

Figure 1. PCI P _AD31-P:...ADO During Address Phase of a Type 0 Configuration Cycle 

The PCI20XX claims type 0 configuration cycles only when its P _IDSEL terminal is asserted during the address 
phase of the cycle and the PCI function number encoded in the cycle is O. If the function number is 1 or greater, 
the PCI20XX does not recognize the configuration command. The PCI20XX services valid type o configuration 
read or write'cycles by accessing internal registers from the configuration header (see PCI20XX configuration 
heade". 
Because type 1 configuration cycles are issued to devices on subordinate buses, the PCI20XX claims type 1 
cycles based on the bus number of the destination bus. The P _AD bus encoding during the address phase of 
a type 1 cycle is shown in Figure 2. Device number and bus number fields are also defined. 

24 23 18 15 11 10 8 7 2 

Reserved Bus number , Device number Function number Register. number 

Figure 2. PCI P _AD31-P _AD31 During Address Phase of a Type 1 Configuration Cycle 

Several PCI20XX configuration registers in Table 3 are significant when decoding and claiming type 1 
configuration cycles. The destination bus number encoded on the P _AD bus is compared to the values 
programmed in the PCI20XX configuration registers 18h, 19h, and 1 Ah, which are the 'primary bus number, 
secondary bus number, and subordinate bus number registers, respectively. These registers default to OOh and 
are programmed by host software to reflect the bus hierarchy in the system (see Figure 3 for an example of a 
system bus hierarchy and how the PCI20XX registers 18h, 19h, and 1Ah are programmed in this case). 
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configuration cycles (continued) 

PCIBuaO - - -

PCI20XX PCI20XX 

PrlmaryBua OOh PrlmaryBua 

Secondary Bua 01h Secondary Bua 

Subordinate Bua 02h Subordinate Bua 

PCI Bua1 - - - - - -

PCI20XX 

PrlmaryBua 01h 
Secondary Bua 02h 

Subordinate Bua 02h 

PCI Bua2 - - - -
Figure 3. Bus Hierarchy and Numbering 

special cycle generation 
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OOh 
03h 

03h 

PCI Bua3 -

The PCI20XX is designed to generate special cycles on the secondary bus through a type 1 cycle conversion. 
If the following conditions exist during a type 1 configuration cycle, the PCI20XX generates a special cycle on 
the secondary bus with a message that matches the type 1 configuration cycle data: the bus number matches 
the PCI20XX secondary bus number, the device is programmed as 1 Fh, and the function is programmed 7h. 
If the bus number is a subordinate bus and not the secondary, then the PCI20XX passes the type 1 special cycle 
request through to the secondary interface along with the proper message. 

Special cycles are passed through only to subordinate buses; that is, a device on a subordinate bus cannot 
generate configuration cycles directed upstream and messages cannot be passed via special cycles upstream 
through the PCI20XX. . 

compliance to PCllocal bus specification revision 2.1 

The most significant additions to the PCllocal bus specification revision 2.1 are th~ latency requirements on 
PCI peripherals. Minimum response times are specified for a PCI device to respond with valid data. These 
requirements are intended to improve throughput and reduce latencies on the PCI bus. The PCI20XX is fully 
compliant with these guidelines. 

Other additions to revision 2.1 of the PCI specification include the subsystem 10 and subsystem vendor 10 
registers in the PCI configuration header. The PCI20XX also includes these features . 
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typical applications 

5-12 

Figure 4 shows two typical applications for the PCI20XX PCI-to-PCI bridge. A system that requires more than 
ten PCI loads requires a PCI-to-PCI bridge to overcome the electrical loading limits in the PCI local bus 
specification revision 2.1. Since option card slots require two loads each, it is clear that bridging is necessary 
on large and expandable systems. Option cards using more than one PCI device require a PCI-to-PCI bridge 
to limit the load to the option slOt. 

CPU 
Host Bus 

Host 
Bridge PCI 

Device 
to. __ .., ___ •• 

I 
PCI 

BusO f---------L.-----------~ 

PCI20XX 

PCI 
Bus 1 

Figure 4. Typical PCI20XX Applications 
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PCI configuration headers 

The PCI20XX is a single-function PCI device. The configuration header is in compliance with the PCI-to-PCI 
bridge architecture specification, revision 1.0. Table 3 shows the PCI configuration headers, which includes the 
predefined portion of the bridge configuration space. 

Table 3. PCI Configuration Headers 

REGISTER NAME OFFSET 

Device lOt VendorlDt OOh 

Statust Commandt 04h 

Class codet Revision lOt 08h 

BIST Header type t Latency timert Cache line sizet OCh 

Intemal base address register 0 10h 

Intemalbase address register 1 14h 

Secondary bus latency timert Subordinate bus numbert Secondary bus number t Primary bus numbert 18h 

Secondary status registert I/Olimitt I/Obaset lCh 

Memory limitt Memory baset 20h 

Prefetchable memory IimHt Prefetchable memory baset 24h 

Prefetchable base upper 32 bits 28h 

Prefetchable limit upper 32 bits 2Ch 

I/O limit upper 16 bits t I/O base upper 16 bitst 30h 

Reserved 34h 

Expansion ROM base address ·38h 

Bridge control t Interrupt pint Interrupt line t . 3Ch 

Subsystem 10 Subsystem vendor 10 40h 

Extension window base 0 44h 

Extension window limit 0 A8h 

Extensioll window base 1 4Ch 

ExtensioR window limit 1 ,50h 

Reserved 54h 

Reserved 58h 

Reserved 5Ch 

Reserved 60h 

Primary decode Secondary decode Window map Window control 64h 

Reserved Diagnostic reg Reserved Port enable reg 68h 

Clock control ArbHration cfg Buffer control Retry status 6Ch 

Reserved 70h-FFh 

t Used by the PCI20XX 
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vendor 10 

Bit 

Name 

Type 

Dafault 

15 I 14 I 13 I 12 I 

R I R I R I R I 

o I 010 I 1 I 

Register: Vendor 10 
Read Only 
DOh 
1D4Ch 

Type: 
Offset: 
Default: 

11 I 10 I 8 I 8 I 7 I 8 I 5 I 4 I 3 I 2 I flo 
Vendor 10 

R I R I R I R I R I R I R I R I R I R I R I R 
o I o I o I o I 0 I 1 I o I o I 1 I 1 I 010 

Description: This 16-bit register contains a value allocated by the PCI SIG (special interest group) and 
identifies TI as the manufacturer of this device. The vendor 10 assigned to TI is 104Ch. 

devlcelD 
Bit 

Name 

Type 

Default 

15 I 14 I 

R I R I 

U I u I 

Register: 
Type: 
Offset: 
Default:. 
Description: 

13 I 12 I 

R I R I 

u I u I 

Device 10 
Read Only 
D2h 
UUUUh 

11 I 

R I 

u I 

10 I 8 I 8 I 7 I 
OevicelO 

R I R I R I R I 

u I ul u I u I 

8 I 5 I 4 I 3 I 2 I 1 I 0 

R I R I R I R I R I R I R 
u I u I u I u I u I u I u 

This 16-bit register contains a value allocated by the vendor and identifies TI as the 
manufacturer of this device. The device 10 for the PCI2DXX is UUUUh . 

TI extension registers 

5-14 

The TI extension registers lie outside the standard PCI-to-PCI bridge device configuration space (i.e., registers 
4Dh-FFh in PCI configuration space in the PCI2DXX). These registers can be accessed through configuration 
reads and writes and 1/0 space if the internal base address register (10h) is programmed and 1/0 space 
response is enabled in the command register (D4h). TheTI extefllsion registers add flexibility and performance 
benefits to the standard PCI-to-PCI bridge, and can be accessed from the secondary PCI bus through 1/0 reads 
and wr.ites. 
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ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this catalog should include a three-part type number as explained in the 
following example. 

EXAMPLE: PCI 1130 
Pref.x ________________________ ---.J1 / 

U I 
PCel. =. DStanda. rd.pref_ix __________________ ~ . 

n que rcu t escr pt on 
MUST CONTAIN FOUR TO TWELVE CHARACTERS 

Examples: 1130 
1050 
10XX 

Pacuge--------------------------J 
MUST CONTAIN ONE TO THREE LETIERS 

PDV thin plastiC quad flatpack 
PPM = plastic quad flatpack 
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MECHANICAL DATA 

PDV (S-TQFP-G208) THIN PLASTIC QUAD FLATPACK 

157 

208 

156 105 

52 

!..-I~------ 25,50TYp------~.1 
~------- 28,05 SQ--------------~ 

27,95 

~--------------- ~,10 SQ----------------~ 
29,90 

1,45 

104 

0,27 1-$-1 0,08 @I 
~0,17" . 

I 

53 

.Lru-~::= 
I 

0,05 MIN 

~ A3UUUUUlIDUWlUUUUIIIIIIIUIIIIIIII'UUWUlUUUDUUUDUUUUUWlUUDue 

1,60 MAX 

b Seating Plane 

,=10,08 1 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MQ-143 
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MECHANICAL DATA 

PPM (S·PQFP·G208) 

157 

20S 

3,60 
3,20 

156 105 

30,SO SQ --------+1 
30,40 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-143 
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8051, Fax (1) 3076864. 
SUOMI/FINLAND: Texas InstrumentsJOY: Espoo [358] (0) 43 54 20 33, 
Fax (0) 46 73 23. 
SWEDEN: Texas Instruments International Trade Corporation 
(Sverigefillalen): Klsta [46] (08) 752 58 00. Fax (08) 751 97 15. 
SWITZERLAND: Texas Instruments Switzerland AG: Dletlkon [41]866-2-
3771450. 
TAIWAN: Texas Instruments Taiwan Limited: Talpal [886]2-378-6800, 
Fax 2-377.-2718. 
THE NETHERLANDS: Texas Instruments Holland, B.V. Amsterdam [31] 
(020) 546 98 00, Fax (020) 646 31 36. 
UNITED KINGDOM: Texas Instruments LId.: Northampton [44] (01604) 66 
3000, Fax (01604) 66 ·30 01. 

UNITED STATES: Texas Instruments Incorporated: ALABAMA: Huntsville 
(205) 430-0114; ARIZONA: Phoenix (602) 224-7800; CALIFORNIA: Irvine 
(714) 660-1200; Los Angeles (818) 704-8100; San Diego (619) 278-9600; 
San Jose (408) 894-9000; COLORADO: Denver (303) 488-9300; 
CONNECTICUT: Wallingford (203) 269.Q074; FLORIDA: Fort Lauderdale 
(214) 644-5580 Orlando (407) 667-5308; Tampa (813) 573-0331; GEORGIA: 
Atlanta (77.0) 662-7967; ILLINOIS: Chicago (708) 517-4500; INOIANA: 
Indianapolis (317) 573-6400; KANSAS: Kansas City (913) 451-4511; 
MARYLAND: Baltimore (410) 312-7900; MASSACHUSETTS: Boston (617) 
895-9100; MICHIGAN: DetrOit (810) 305-5700; MINNESOTA: Minneapolis 
(612) 828-9300; NEW JERSEY: Edison (908) 906.Q033; NEW MEXICO: 
Albuquerque (505) 345-2555; NEW YORK: Long Island (516) 454-6600; 
Poughkeepsie (914) 897-2900; Rochester (716) 385-677.0; NORTH 
CAROLINA: Charlotte (704) 522-5487; Raleigh (919) 876-2725; OHIO: 
Cleveland (216) ;128-2149; Dayton (513) 427-6200; OREGON: Portland 
(503) 643-6758; PENNSYLVANIA: Philadelphia (610) 825-9500; PUERTO 
RICO: Hato Rey (809) 753-8700; TEXAS: Austin. (512) 250-6769; Dallas 
(214) 917-1264; Houston (713) 778-6592; Midland (915)561-6521; 
WISCONSIN: Milwaukee (414) 798-5021. 

North American Authorized Distributors 
COMMERCIAL 
Almacl Arrow 
Anthem Electronics 
Arrow I Schweber 

800-426-1410/800-452-9185 Oregon only 
801l-826-6436 

Future Electronics (Canada) 
Hamifton Hallmark 
Marshall Industries 
Wyle 
OBSOLETE PRODUCTS 
Rochester Electronics 
MILITARY 
Alliance Electronics Inc 
Future Electronics (Canada) 
Hamilton Hallmark 
Zeus, An Arrow Company 
TI DIE PROCESSORS 
Chip Supply 
Elmo Semiconductor 
Minco Technology Labs 
CATALOG 

800-777-277.6 
800-388-8731 
800-332-6838 
80D-522.Q064 or www.marshall.com 
800-414-4144 

508-462-9332 

800-608-9494 
800-388-8731 
800-332-8636 
800-524-4735 

(407) 298-7100 
(818) 788-7400 
(512) 834-2022 

Allied Electronics 800-433-5700 
Arrow Advantage 800-777.-2776 
Newark Electonics 800-367-3573 
For Distributors outside North Amsrlca, contact your local SB/es Offlce. 

Imponant Notice: Texas l_menlS (Tl) r ....... 1I1e right 10 make changes 10 arlo discontinue any 
prociIct or service identified in this publication without notice. TI advises its customers 1:1 obtain the latest 
version 01 the relevant information 10 verily. before placing orders. that II1e inlormation being reHed upon Is 
currant 

Ple .. e be edvIsad that TI warrants its semiconductor products and ,elated _elo the specificaticns 
applicable atll1e tim. 01 sa~ In acccrdance with Tl'. standard wananty. Tlassumes nc nabUiIy lor 
epplk:allcns assistance. sollware performance •. or third-party product information. or lor inlrlngement 01 
pe.!'l' '" .8I'IICBS dascrbad In this pu~lcallon. Tlassume. nc respcnsllllily lor customers' eppDcatlons or 
""",uctde'~n •. 
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