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Figure 1-1.

AT94S Architecture

Configuration Logic

I PROGRAMMABLE 1/0

5 - 40K Gates FPGA

A

i

Configuration
EEPROM

I

110

For ISP

and C

i

Up to 16
Decoded
Address Lines

| y Data Bus 8-bit

hip

Erase

2314E-FPSLI-6/05

(9]
[0}
£
-
B
2
9]
l kS
©
Up to 16K x 16 Program Status Control 2
» P Program «— Counter [T and Test D Registrers o
o)
SRAM Memory
Interrupt <
| l é,z X 8I — Unit «— 4 Interrupt Lines
nstruction enera PEN
Register Purpose
i < Registrers 2-wirL(JaniSterial «> /0
Instruction
Decoder o Two Serial
l 2 = W > UARTs > 10
73 n
2} [
4 kel
) 5 3
Control Lines 2 < Two 8-bit
5 9 “>|  Timer/Counters
2 5
a £
16-bit
Upto (<> Timer/Counter
16K x 8 with PWM
Data = <™ Watchd
SRAM PEN alchdog
Timer
16 Prog. I/0 <>
Lines Vo

The embedded AVR core achieves throughputs approaching 1 MIPS per MHz by executing
powerful instructions in a single-clock-cycle, and allows system designers to optimize power
consumption versus processing speed. The AVR core is based on an enhanced RISC architec-
ture that combines a rich instruction set with 32 general-purpose working registers. All 32
registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code-efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers at the same clock frequency. The AVR executes out of on-chip
SRAM. Both the FPGA configuration SRAM and AVR instruction code SRAM are automatically
loaded at system power-up using Atmel’s in-system programmable AT17 Series EEPROM con-
figuration memories, which are part of the AT94S Multi-chip Module (MCM).

State-of-the-art FPSLIC design tools, System Designer, were developed in conjunction with the
FPSLIC architecture to help reduce overall time-to-market by integrating microcontroller devel-
opment and debugging, FPGA development, place and route, and complete system
co-verification in one easy-to-use software tool.

ATMEL ;
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2. Internal Architecture

For details of the AT94S Secure FPSLIC architecture, please refer to the AT94K FPSLIC
datasheet and the AT17 Series Configuration Memory datasheet, available on the Atmel web
site at http://www.atmel.com. This document only describes the differences between the AT94S
Secure FPSLIC and the AT94K FPSLIC.

3. FPSLIC and Configurator Interface

* Fully In-System Programmable and Re-programmable
¢ When Security Bit Set:
— Data Verification Disabled
— Data Transfer to FPSLIC not Externally Visible
— Secured EEPROM Will Only Boot the FPSLIC Device or Respond to a Chip Erase
* When Security Bit Cleared:
— Entire Chip Erase Performed
— In-System Programming Enabled
— Data Verification Enabled
External Data pins allow for In-System Programming of the device and setting of the EEPROM-
based security bit. When the security bit is set (active) this programming connection will only
respond to a device erase command. Data cannot be read out of the external programming/data

pins when the security bit is set. The part can be re-programmed, but only after first being
erased.

4. Programming and Configuration Timing Characteristics

Atmel’s Configurator Programming Software (CPS), available from the Atmel web site
(http://www.atmel.com/dyn/products/tools_card.asp?tool_id=3191), creates the programming
algorithm for the embedded configurator; however, if you are planning to write your own soft-
ware or use other means to program the embedded configurator, the section below includes the
algorithm and other details.

41 The FPSLIC Configurator
The FPSLIC Configurator is a serial EEPROM memory which is used to load programmable
devices. This document describes the features needed to program the Configurator from within
its programming mode (i.e., when SER_EN is driven Low).

Reference schematics are supplied for ISP applications.

4.2 Serial Bus Overview
The serial bus is a two-wire bus; one wire (cSCK) functions as a clock and is provided by the
programmer, the second wire (cSDA) is a bi-directional signal and is used to provide data and
control information.

Information is transmitted on the serial bus in messages. Each MESSAGE is preceded by a
Start Condition and ends with a Stop Condition. The message consists of an integer number of
bytes, each byte consisting of 8 bits of data, followed by a ninth Acknowledge Bit. This Acknowl-
edge Bit is provided by the recipient of the transmitted byte. This is possible because devices

4 AT94S Secure Family m———
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4.8 Prggramming Summary; Notes: 1. The 1-Mbit part requires three.EE.F?ROM address
Write to Whole Device :)g;eéizi)l:qtgr'\(/ele bytes must be individually ACK'd by
? Data byte received/sent LSB to MSB.
4.8.1 EEPROM Address is Defined as:
SERLEN <Low AT17LV0O10 0000 000Xg XgX,XgXs XsXgXoX; X000 0000
PAGE_COUNT <0
v Note:  where X, ... X, is (PAGE_COUNT)\b
Send Start Condition |
BYTE_COUNT <0 4.8.2 T_BYTE
l AT17LV010 128
e NO_A 483  T_PAGE
v AT17LV010 1024
v s
EEF?Fe!nOdMMASerZfss(” NO_A
v Y START CONDITION
Middle Byte 0 No— cSCK I I
EEPROM Address A
cSDA i / X
v Yes
EEPROM Adaress” No—u STOP CONDITION
v Yes cSCK ( i [ 1
SB?‘?E???)S&'?(: No—A cSDA
BYTE_COUNT+1
v Yes
No DATA BIT
T_BYTE? SCK
C
cSDA D%
Send Stop Condition
PAGE_COUNT < PAGE_COUNT = No—-
PAGE_COUNT+1
r 7 Yes ACK BIT
- Send Start Condition |« CSCK I I I I
= T cSDA X\ Ak /
>L Send D((e;:;a)Address NO
v Yes
SER_EN < Hil st Data Byte
Lovsvi)z;vEe,j(Sl:r?:by) Va'“etfcfri”‘ggd D No—
v Yes
Power-Cycle EEPROM
(Latches 1st Byte for
FPGA Download
Operations)
END <<
8 AT94S Secure Family s
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49 Programming Summary: Notes: 1.
Read from Whole Device
.
[ 4.9.1
SERLEN =Low AT17LV010
! 4.9.2
AT17LV010
Send Start Condition
§ Send De(;i;g)Address NO
<§(’ ’ Yes
* EE’\;ilggll?/I?gzress NO
i Yes
EEEeRrgMMf(?dfefssm NO‘
Iy Yes
EEESZdMLfgdf;ssm NO
— J Yes
Send Start condition
BYTE_COUNT <0
Send De(\g/;iﬁ%Address NO
by Yes

Sequential Read from Current Address

Read Data Byte‘g)
BYTE_COUNT <
BYTE_COUNT+1

T

Send ACK

BYTE_COUNT=
TT_BYTE?

Yes

¥

Sent Stop Condition

i

SER_EN < High
Low-power (Standby)
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AT94S Secure Family

The 1-Mbit part requires three EEPROM address
bytes; all three bytes must be individually ACK’d by
the EEPROM.

Data byte received/sent LSB to MSB

EEPROM Address is Defined as:

00 00 00 \h

TT_BYTE

131072 \d

START CONDITION
cSCK ]
cSDA

STOP CONDITION
cSCK

cSDA

[ 1

SAMPLE DATA BIT ,
cSCK 1 [11

cSDA X X ) &

ACK BIT
cSCK [

CSDA X\ ACK/—
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49.3 Data Byte
LSB MSB
DO D1 D2 D3 D4 D5 D6 D7
1st 2nd 3rd 4th 5th 6th 7th 8th
The organization of the Data Byte is shown above. Note that in this case, the Data Byte is
clocked into the device LSB first and MSB last.
49.4 Writing
Writing to the normal address space takes place in pages. A page is 128-bytes long in the 1-Mbit
part. The page boundaries are, respectively, addresses where A, down to Agqg are all zero,
and Agg down to Agg are all zero. Writing can start at any address within a page and the number
of bytes written must be 128 for the 1-Mbit part. The first byte is written at the transmitted
address. The address is incremented in the Configurator following the receipt of each Data Byte.
Only the lower 7 bits of the address are incremented. Thus, after writing to the last byte address
within the given page, the address will roll over to the first byte address of the same page. A
Write Instruction consists of:
a Start Condition
a Device Address Byte with R/W = 0
An Acknowledge Bit from the Configurator
MS Byte of the EEPROM Address
An Acknowledge Bit from the Configurator
Next Byte of the EEPROM Address
An Acknowledge Bit from the Configurator
LS Byte of EEPROM Address
An Acknowledge Bit from the Configurator
One or more Data Bytes (sent to the
Configurator)
Each followed by an Acknowledge Bit from the
Configurator
a Stop Condition
4.9.4.1 Write Polling
On receipt of the Stop Condition, the Configurator enters an internally-timed write cycle. While
the Configurator is busy with this write cycle, it will not acknowledge any transfers. The program-
mer can start the next page write by sending the Start Condition followed by the Device Address,
in effect polling the Configurator. If this is not acknowledged, then the programmer should aban-
don the transfer without asserting a Stop Condition. The programmer can then repeatedly
initiate a write instruction as above, until an acknowledge is received. When the Acknowledge
Bit is received, the write instruction should continue by sending the first EEPROM Address Byte
to the Configurator.
An alternative to write polling would be to wait a period of t,,5 before sending the next page of
data or exiting the programming mode. All signals must be maintained during the entire write
cycle.
10 AT94S Secure Family m————
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4.9.5 Reading

Read instructions are initiated similarly to write instructions. However, with the R/W bit in the
Device Address set to one. There are three variants of the read instruction: current address
read, random read and sequential read.

For all reads, it is important to understand that the internal Data Byte address counter maintains
the last address accessed during the previous read or write operation, incremented by one. This
address remains valid between operations as long as the chip power is maintained and the
device remains in 2-wire access mode (i.e., SER_EN is driven Low). If the last operation was a
read at address n, then the current address would be n + 1. If the final operation was a write at
address n, then the current address would again be n + 1 with one exception. If address n was
the last byte address in the page, the incremented address n + 1 would “roll over” to the first byte
address on the next page.

4.9.5.1 Current Address Read

Once the Device Address (with the R/W select bit set to High) is clocked in and acknowledged
by the Configurator, the Data Byte at the current address is serially clocked out by the Configu-
rator in response to the clock from the programmer. The programmer generates a Stop
Condition to accept the single byte of data and terminate the read instruction.

A Current Address Read instruction consists of
a Start Condition
a Device Address with R/W = 1
An Acknowledge Bit from the Configurator
a Data Byte from the Configurator

a Stop Condition from the programmer.

4.9.5.2 Random Read

2314E-FPSLI-6/05

A Random Read is a Current Address Read preceded by an aborted write instruction. The write
instruction is only initiated for the purpose of loading the EEPROM Address Bytes. Once the
Device Address Byte and the EEPROM Address Bytes are clocked in and acknowledged by the
Configurator, the programmer immediately initiates a Current Address Read.

A Random Address Read instruction consists of :

a Start Condition
a Device Address with R/W = 0
An Acknowledge Bit from the Configurator

MS Byte of the EEPROM Address
An Acknowledge Bit from the Configurator

Next Byte of the EEPROM Address

An Acknowledge Bit from the Configurator
LS Byte of EEPROM Address

An Acknowledge bit from the Configurator
a Start Condition
a Device Address with R/W = 1

An Acknowledge Bit from the Configurator
a Data Byte from the Configurator

a Stop Condition from the programmer.

ATMEL i
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4.9.5.3 Sequential Read
Sequential Reads follow either a Current Address Read or a Random Address Read. After the

programmer receives a Data Byte, it may respond with an Acknowledge Bit. As long as the Con-
figurator receives an Acknowledge Bit, it will continue to increment the Data Byte address and
serially clock out sequential Data Bytes until the memory address limit is reached.!") The
Sequential Read instruction is terminated when the programmer does not respond with an
Acknowledge Bit but instead generates a Stop Condition following the receipt of a Data Byte.

Note: 1. If an ACK is sent by the programmer after the data in the last memory address is sent by the
configurator, the internal address counter will “rollover” to the first byte address of the memory
array and continue to send data as long as an ACK is sent by the programmer.

4.9.6 Programmer Functions
The following programmer functions are supported while the Configurator is in programming

mode (i.e., when SER_EN is driven Low):

1. Read the Manufacturer's Code and the Device Code (optional for ISP).
2. Program the device.

3. Verify the device.
In the order given above, they are performed in the following manner.

4.9.7 Reading Manufacturer’s and Device Codes
On AT17LV010 Configurator, the sequential reading of these bytes are accomplished by per-
forming a Random Read at EEPROM Address 040000H.

The correct codes are:

Manufacturers Code -Byte 0 1E
Device Code - Byte 1 F7 AT17LV010

Note:  The Manufacturer's Code and Device Code are read using the byte ordering specified for Data
Bytes; i.e., LSB first, MSB last.

4.9.8 Programming the Device
All the bytes in a given page must be written. The page access order is not important but it is

suggested that the Configurator be written sequentially from address 0. Writing is accomplished
by using the cSDA and ¢SCK pins.

4.9.8.1 Important Note on AT94S Series Configurators Programming
The first byte of data will not be cached for read back during FPGA Configuration (i.e., when

SER_EN is driven High) until the Configurator is power-cycled.

49.9 Verifying the Device
All bytes in the Configurator should be read and compared to their intended values. Reading is

done using the cSDA and cSCK pins.

12 AT94S Secure Family m———
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4.10 In-System Programming Applications

2314E-FPSLI-6/05

The AT94S Series Configurators are in-system (re)programmable (ISP). The example shown on
the following page supports the following programmer functions:

1. Read the Manufacturer’s Code and the Device Code.
2. Program the device.

3. Verify the device data.

While Atmel’s Secure FPSLIC Configurators can be programmed from various sources (e.g., on-
board microcontrollers or PLDs), the applications shown here are designed to facilitate users of
our ATDH2225 Configurator Programming Cable. The typical system setup is shown in Figure 4-
2.

The pages within the configuration EEPROM can be selectively rewritten.

This document is limited to example implementations for Atmel's AT94S application.

Figure 4-2. Typical System Setup

10-pin
Ribbon
Cable

Target System

Secure Secure
FPSLIC| |FPSLIC

ATDH2225
PC T
. In-System
Programming Programming
Dongle Connector
Header

The diode connection between the AT94S’ RESET pin and the SER_EN signal allows the exter-
nal programmer to force the FPGA into a reset state during ISP. This eliminates the potential for
contention on the ¢cSCK line. The pull-up resistors required on the lines to RESET, CON and
INIT are present on the inputs (internally) to the AT94S FPSLIC, see Figure 4-3.

ATMEL i
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Figure 4-3. ISP of the AT17LV512/010 in an AT94S FPSLIC Application

cSDA 1 SEEICE y
cSCKsD o4 Vec
510 [}L
7|0 l8
GND
AT94S
RESET I » RESET (SER_EN) SER_EN
DATAOQ (cSDA)"” i
CLK (cSCK)™
» M2 INIT (RESET/OE)" |——
CON (CE)" |——
» MO
GND
Note: 1. Configurator signal names are shown in parenthesis.
Figure 4-4.  Serial Data Timing Diagram
cSCK
1t
SU.STO
cSDA
-
tan toH

cSDA

12 AT94S Secure Family m———
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4.11 DC Characteristics'"
Voe = 3.3V £ 10%, T, = -40°C - 85°CPE@

Symbol Parameter Test Condition Min Typ Max Units
Vee Supply Voltage 3.0 3.3 3.6 Vv
lec Supply Current Vec =3.6 2 3 mA
I Input Leakage Current Vin =V or Vgg 0.10 10 pA
o Output Leakage Current Vout = Vec OF Vs 0.05 10 pA
Viy High-level Input Voltage Ve x 0.7 Vee + 0.5 \
Vi Low-level Input Voltage -0.5 0.2
Voo Output Low-level Voltage oL =2.1 mA 0.4 \%
Notes: 1. Specific to programming mode (i.e., when SER_EN is driven Low)

2. Commercial temperature range 0°C - 70°C

3. Industrial temperature range -40°C - 85°C

4. This parameter is characterized and is not 100% tested.

4.12 AC Characteristics"
Voe = 3.3V £ 10%, T, = -40°C - 85°CPE@

Symbol | Parameter Min Max Units
foLock Clock Frequency, Clock 100 KHz
tow Clock Pulse Width Low 4 ps
thigH Clock Pulse Width High 4 ys
tan Clock Low to Data Out Valid 0.1 1 ps
taur Time the Bus Must Be Free Before a New Transmission Can Start 4.5 ps
thp:sTA Start Hold Time 2 ps
tsu.sTA Start Setup Time 2 ps
tHp paT Data In Hold Time 0 us
tsy par Data In Setup Time 0.2 us
1R Inputs Rise Time 0.3 ps
e Inputs Fall Time 0.3 ps
tsusto Stop Setup Time 2 ps
toH Data Out Hold Time 0.1 ps
twr Write Cycle Time 20 ms
Notes: 1. Specific to programming mode (i.e., when SER_EN is driven Low)

]
2. Commercial temperature range 0°C - 70°C
3. Industrial temperature range -40°C - 85°C
4. This parameter is characterized and is not 100% tested.

ATMEL s
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4.13 Secure FPSLIC Configurator Pin Configurations

144-pin 256-pin
LQFP CABGA Name I/0 | Description
105 D16 cSDA e Three-statfa F)AT/\_ outpu.t for conflguratpn. Open-
collector bi-directional pin for programming.
CLOCK output. Used to increment the internal
107 c16 ¢SCK 0 address and bit counter for reading and

programming.

RESET/OE input (when SER_EN is High). A Low
level on both the CE and RESET/OE inputs
enables the data output driver. A High level on

53 K9 RESET/OE I RESET/OE resets both the address and bit
counters. The logic polarity of this input is
programmable as either RESET/OE or RESET/OE.
This document describes the pin as RESET/OE.

Chip Enable input. Used for device selection only
when SER_EN is High. A Low level on both CE and
OE enables the data output driver. A High level on
72 N16 CE | CE disables both the address and bit counters and
forces the device into a low-power mode. Note this
pin will not enable/disable the device in the 2-wire
Serial mode (i.e., when SER_EN is driven Low).

Serial enable is normally High during FPGA
81 M5 SER_EN | loading operations. Bringing SER_EN Low enables
the programming mode.

4.14 Security Bit

4.14.1

4.14.1.1

4.14.1.2

4.14.1.3

16

Once the security bit is programmed, data will no longer output from the normal data pad. Once
the fuse is set, any attempt to erase the fuse will cause the configurator to erase all of it
contents.

AT17LV512/010 Security Bit Programming

Disabling the Security Bit
Write 4 bytes “00 00 00 00” to addresses 800000-800003 two consecutive times, using the pre-
viously defined 2-wire write algorithm. Thereafter, either cycle the power or toggle (HI-LO-HI) the
SER_EN pin in order to disable the security.

Enabling the Security Bit
Write 4 bytes “FF FF FF FF” to addresses 800000-800003 using the previously defined 2-wire
write algorithm.

Verifying the Security Bit
Read 4 bytes of data from addresses 800000-800003 using the previously defined 2-wire Ran-
dom Read algorithm. If the data is “FF FF FF FF”, the security bit has been enabled. If the data
is “00 00 00 007, the security bit has been disabled.

AT94S Secure Family m————
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Table 5-3. AT94S Pin List (Continued)
Package
AT94S05 AT94S10 AT94S40 Chip Array 256
96 FPGA I/0 144 FPGA I/O 288 FPGA I/0 CABGA LQ144"
NC 1/031 /067 L2
NC 1/032 /068 L5
1/021 (A26) /033 (A26) 1/069 (A26) L4 23
11022 (A27) 1/034 (A27) 1/070 (A27) M1 24
/023 1/035 /071 M2 25
/024, FCK2 /036, FCK2 I/072, FCK2 N1 26
/073
/074
1/037 11075
/038 /076
11077
11078
11079
1/080
1/025 1/039 /081 M3
1/026 1/040 /082 N2
/041 /083
/042 /084
/085
/086
/087
/088
1/027 (A28) 1/043 (A28) 1/089 (A28) P1 28
/028 /044 1/090 P2 29
11091
/092
1/029 1/045 1/093 R1 30
1/030 /046 /094 N3 31
I/031 (OTS) 1/047 (OTS) 1/095 (OTS) T1 32
/032, GCK2 (A29) 1/048, GCK2 (A29) /096, GCK2 (A29) P3 33
AVRRESET AVRRESET AVRRESET R2 34
MO MO MO R3 36
FPSLIC Array
M2 M2 ‘ M2 T3 38
20 AT94S Secure Family m———
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Table 5-3. AT94S Pin List (Continued)
Package
AT94S05 AT94S10 AT94S40 Chip Array 256
96 FPGA I/O 144 FPGA 1/O 288 FPGA I/O CABGA LQ144"
I/033, GCK3 1/1049, GCK3 1/097, GCK3 R4 39
I/034 (HDC/TDI) 1/050 (HDC/TDI) 1/098 (HDC/TDI) T4 40
1/035 1/051 1/099 N5 41
1/036 I/052 1/0100 P5 42
I/053 1/0101 43
SER_EN SER_EN SER_EN M5 81
1/038 (LDC/TDO) /054 (LDC/TDO) 1/0102 (LDC/TDO) R5 44
/10103
/10104
1/0105
/10106
NC NC /0107 T5
NC NC /0108 M6
/039 I/055 /10109 P6
1/1040 1/056 /0110 R6
NC I/057 /0111 L6
NC 1/058 /0112 T6
/0113
/10114
/10115
/10116
I/059 /0117
1/060 /0118
/0119
1/0120
/1041 /061 /10121 M7 46
/1042 1/062 /10122 N7 47
1/043 (TMS) /063 (TMS) /0123 (TMS) P7 48
/044 (TCK) 1/064 (TCK) /0124 (TCK) R7 49
NC 1/065 /0125 K7
NC 1/066 /0126 K8
/0127
/10128
110129

2314E-FPSLI-6/05
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Table 5-3. AT94S Pin List (Continued)

Package

AT94S05 AT94S10 AT94S40 Chip Array 256
96 FPGA I/0 144 FPGA I/O 288 FPGA I/O CABGA LQ144"

110130
/0131
110132
/0133
/0134
NC /067 /0135 M8
NC /068 110136 RS
/045 /069 110137 P8 50
11046 /070 110138 N8 51
110139
/0140
/0141
110142

/047 (TD7) /071 (TD7) /0143 (TD7) L8 52
/048 (InitErr) RESET/OE | 1/072 (InitErr) RESET/OE |  1/0144 (InitErr) RESET/OE K9 53

/049 (TD6) /073 (TD6) /0145 (TD6) P9 56

/050 (TD5) /074 (TD5) /0146 (TD5) N9 57
110147
110148
110149
/0150
/051 /075 /0151 M9 58
/052 /076 /0152 L9 59
NC 11077 /0153 Jo
NC 11078 /0154 T10
/0155
110156
110157
/0158
/0159
110160
/0161
110162
NC 11079 110163 P10

22 AT94S Secure Family m———
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Table 5-3. AT94S Pin List (Continued)
Package
AT94S05 AT94S10 AT94S40 Chip Array 256
96 FPGA I/O 144 FPGA 1/O 288 FPGA I/O CABGA LQ144"
NC 1/080 /0164 N10
I/053 (TD4) 1/081 (TD4) 1/0165 (TD4) L10 60
I/O54 (TD3) 1/082 (TD3) 1/0166 (TD3) T11 61
1/055 1/083 /0167 R11 62
/1056 1/084 /0168 M11 63
NC NC /0169 N11
NC NC /0170 T12
NC 1/085 /0171 R12
NC /1086 110172 T13
/0173
/0174
/0175
/0176
NC 1/087 110177 N12
NC 1/088 /10178 P12
/1057 1/089 /0179 R13
1/058 1/090 1/10180 T14
NC NC /0181 N13
NC NC /0182 P13
I/059 (TD2) 1/091 (TD2) 1/0183 (TD2) T16 65
1/060 (TD1) 1/092 (TD1) 1/0184 (TD1) P14 66
1/0185
/10186
/0187
1/10188
1/061 1/093 1/0189 R16 67
/1062 1/094 /10190 P15 68
1/063 (TDO) 1/095 (TDO) I/0191 (TDO) N14 69
I/064, GCK4 1/1096, GCK4 /0192, GCK4 P16 70
CON/CE CON/CE CON/CE N16 72
FPSLIC Array
RESET RESET RESET M14 74
PEO PEO PEO M12 75
PE1 PE1 PE1 M15 76

2314E-FPSLI-6/05
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Table 5-3. AT94S Pin List (Continued)
Package
AT94S05 AT94S10 AT94S40 Chip Array 256
96 FPGA I/O 144 FPGA 1/O 288 FPGA I/O CABGA LQ144"
1/0321
/10322
1/0323
1/0324
1/0107 (A4) /0161 (A4) 1/0325 (A4) A10 121
1/0108 (A5) /0162 (A5) 1/0326 (A5) G10 122
NC /0163 /0327 G9
NC /10164 1/0328 F9
1/0109 1/0165 1/0329 E9 123
/0110 1/0166 1/0330 C9 124
1/0331
1/0332
1/0333
1/0334
/0111 (A6) I/0167 (A6) 1/0335 (A6) B9 125
1/0112 (A7) 110168 (A7) 1/0336 (A7) A9 126
1/0113 (A8) /0169 (A8) 1/0337 (A8) A8 129
1/0114 (A9) 1/0170 (A9) 1/0338 (A9) B8 130
1/0339
1/0340
/0341
1/0342
/0115 1/0171 1/0343 (6F] 131
/0116 /0172 /0344 D8 132
NC /10173 1/0345 E8
NC /10174 1/0346 F8
/0117 (A10) 1/0175 (A10) 1/0347 (A10) H8 133
/0118 (A11) 110176 (A11) 1/0348 (A11) A7 134
NC NC 1/0349 c7
NC NC 1/0350 D7
1/0351
1/0352
1/0353
1/0354

26
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Table 5-3. AT94S Pin List (Continued)

Package
AT94S05 AT94S10 AT94S40 Chip Array 256
96 FPGA I/O 144 FPGA 1/O 288 FPGA I/O CABGA LQ144"
1/0355
1/0356
NC 110177 /0357 F7
NC /0178 1/0358 A6
1/0119 /0179 1/0359 F6 135
1/0120 1/0180 1/0360 B6 136
1/0361
1/0362
NC 1/0181 1/0363 D6
NC /10182 1/0364 E6
1/0365
1/0366
1/0367
1/0368
/0121 /0183 1/0369 A5
I/0122 /0184 1/0370 B5
/0123 (A12) 1/0185 (A12) 1/0371 (A12) E5 138
/0124 (A13) 1/0186 (A13) 1/0372 (A13) C5 139
/0373
1/0374
1/0375
1/0376
1/0377
1/0378
NC 110187 1/0379 A4
NC 1/0188 1/0380 B4
1/0125 /0189 1/0381 A3 140
/0126 1/0190 1/0382 C4 141
/0127 (A14) 1/0191 (A14) 1/0383 (A14) B3 142
1/0128, GCK8 (A15) 1/0192, GCK8 (A15) 1/0384, GCK8 (A15) A2 143

Note: 1. LQ144 is only offered in the AT94S10 and AT94540.

ATMEL 2
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Table 5-4. 256 CABGA and LQ144 Vpp, Ve and GND Pins(
Package Vpp (core) Ve (/O) GND
256 D14, E7, F12, G3, H9, K10, B2, G8, G13, H10, K13, L3, B11,B13,B16, B7, C3, C6, D5, D9, F11, F13, T15, F16,
CABGA L13 M13. P4. T9 M10. R14. T3. T7 F2, F5, G16, H11, H16, J15, J2, K16, K3, T2, L14, L16,
’ o ’ T L7, M4, N15, N4, N6, P11, R9, R10, R15, T8
LQ144 18, 54, 90, 128 37,73, 108, 144 1233,17,27,35,45,55,64,71,91,100,110,118,127,

Note: 1. For power rail support for product migration to lower-power devices, refer to the “Designing in Split Power Supply Support for
AT94KAL/AX and AT94SAL/AX Devices” application note (doc2308.pdf), available on the Atmel web site, at
http://www.atmel.com/dyn/products/app_notes.asp?family_id=627.

6. Thermal Coefficient Table

Theta J-A [°C/W] Theta J-A [°C/W] Theta J-A [°C/W]
Package Style Lead Count 0 LFPM 225 LFPM 500 LPFM
CABGA 256 27 23 20
LQFP 144 35 — _
28 AT94S Secure Family s
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8.2 144L1-LQFP
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Bottom View

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN | NOM | MAX | NOTE
A1 0.05 015 | 6
A2 135 | 140 | 145
D 22,00 BSC
D1 20.00 BSC 2,3
E 22.00 BSC
Side View E1 20.00 BSC 2,3
0.50 BSC
017 | 022 | 027 | 455
L1 1.00 REF

Notes: 1. This drawing is for general information only; refer to JEDEC Drawing MS-026 for additional information.

. The top package body size may be smaller than the bottom package size by as much as 0.15 mm.

. Dimensions D1 and E1 do not include mold protrusions. Allowable protrusion is 0.25 mm per side. D1 and E1 are maximum plastic

body size dimensions including mold mismatch.

4. Dimension b does not include Dambar protrusion. Allowable Dambar protrusion shall not cause the lead width to exceed the maximum
b dimension by more than 0.08 mm. Dambar cannot be located on the lower radius or the foot. Minimum space between protrusion and
an adjacent lead is 0.07 mm for 0.4 and 0.5 mm pitch packages.

5. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.

6. A1 is defined as the distance from the seating place to the lowest point on the package body.

w N

11/30/01
2395 Orchard Park TITLE DRAWING NO. [REV.
‘|_ 5 Orchard Parkway 144L1, 144-lead (20 x 20 x 1.4 mm Body), Low Profile
&EI’@ San Jose, CA 95131 Plastic Quad Flat Pack (LQFP) 144L1 A
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