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1. Overview

Altera FPGA
FPGA
data spec
2. Device /O
2.1 Voltage

2.1.1 Core Voltage

CPLD
I1/0 I/0
PCB layout

configuration

Core I/0 pad PLL logic element memory
Process Core Voltage
Stratix / GX 0.13um 1.5v
Cyclone 0.13um 1.5v
APEX20KE 0.18um 1.8v
2.1.2 /O Voltage
PLD 1/0 Core
I/O Voltage
Stratix / GX 1.5v/1.8v/2.5v/3.3v
Cyclone 1.5v/1.8v/2.5v/3.3v
APEX20KE 1.8v/2.5v/3.3v
2.1.3 PLL Voltage
PLL clock noise
VCC_int VCC._io (GND )
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, PLL PLL
, PLL PLL PLL 1/O
VCC_CKLK# VCC_CKOUT# GND_CKLK# GND_CKOUT#
Stratix / GX 1.5v 1.5v/25v/3.3v
Cyclone 1.5v 1.5v/25v/3.3v GND GND
APEX20KE 1.8v 1.8v/25v/3.3v
Clock pin P N Positive  Negative
LVDS differential pair  P/N

LVTTL P

2.2 Dual Purpose I/O

Quartus Assignments —> Device -> Device & Pin Options —> Dual-Purpose Pins

configuration user 1/0

) “ Configuration” configuration
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Device & Pin Options E|
General ] Configuration ] Programming Files ] Unuzed Pinz ]
Dual-Furpoze Fins l Walage ] Pin Placement ]

Specify how dual-purpose ping should be used after device configuration iz complete.
Mote: the default settings for each pin depend on the current configuration schenne
gelected in the Configuration tab, which is:

Fazt Pazzive Parallel

Dual-purpoze pin uzage after configuration

rw'S, nRS, nCS. C5

ROY'nBLSY Uze az reqular 10

Data[¥.. 1] Az input tri-stated

Crata[0] Az input tr-stated

nEED

As500, nC50

Drescrption:

Specifiez how the ma'S, nRS, nCS, and C5 pinz should be uzed when the device iz A
operating in user mode after configuration iz complete. These ping can be reserved
it one of three states: as inputs that are tri-ztated, az outputs that drive ground, or
as outputs that drive an unspecified signal. If thiz pin i reserved az a regular /0,

b

Rezet

] Cancel
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2.3 Unused I/O

Unused
JTAG
pins
(NOT
Dedicated clk and input using
pins JTAG) PLL-related pins General 10s
MAX GND
7000A,
7000S,
7000E,
7000 0
unknown
GND - dedicated . )
floating , low
10 high
switching
MAX GND - dedicated
7000AE, floating , GND
7000B Te)
ACEX &
FLEX VCC_CLKLK
GND_CLKLK  PLL
ground
PLL GND
GND - dedicated VCC_CLKLK
floating , VCCINT ,
GND_CLKLK 10
GNDINT unknown
AN 39
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APEX & CLKLK_FB1p

Cyclone

& Stratix CLKLK_FB2p
GND

CLKLK_OUT1p
CLKLK_OUT2p

CLKLK_ENA
VCCINT

GND

VCC_CLKLK
GND_CLKLK
PLL

GND

PLL

VCC_CLKLK
VCCINT ,
GND_CLKLK
GNDINT

VCC_CLKOUT
GND_CLKOUT
PLL

GND
PLL PLL

VCC_CLKOUT
GND - dedicated GND_CLKOUT
floating ,
VCCIO
GNDIO
AN 39
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user 1/0 Quartus Il Assignment -> Assign Pins

Reserve Pin

Assign Pins

Select a device pin and the type of azsignment you wizh o make. vou can alzo make pin aszighments in the Azsignment Editor and the
Floorplan Editor, ¥iou can reserve unuzed ping on a device-wide bagiz with the Unusged Ping tab in the Device & Pin Optionz dialog box,
You muzst perform a emart compilation on the design befare routing SignalProbe signals.

Available Pinz & Exizting Assignments:

Mumber: I M ame: I |/0 Bank: ] [/0 Standard: ] Type: I SignalProbe Source Name | Enabled ] *

W B LWTTL Row /0, DIFFI0_R:=38p [IFe

113 B LWTTL Row [0, DIFFI0_Tx37n Ife

110 A LWTTL Fow [/0. DIFFIO_T=37p aff i

W2 B LWTTL Row /0, DIFFI0_R#=37n [Iff

L B LWTTL Row /0, DIFFI0_R#37p Iff

TR [ | WTTI Rrw 171 DIFFIN Tx3Fn i ¥

< | L

[ Show 'no connect’ pins [T Show current and potential SighalProbe pins

Azzighment

Fin narme: | __J SignalProbe zounce: ] _]
[ SignalProbe enable

170 standard;  [LVTTL ~) :
Clock; | _J

=SEzerve pin [even if it doez not exizt in the design file]:

Az input fri-ztated Reqisters: |

ak | Cancel I
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3. Configuration

PLD configuration
. Configuration ISP(In System Program) ICR(In Circuit
Reconfiguration) ByteBlaster ISP EPC
ICR

Altera PS(Passive Serial) JTAG

configuration
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Table 1-1. Configuration Scheme Device Family Support

Device Family

Configuration Stratix APEX 20K, FLEX 10K,
Scheme Siratixé}{ Cyclone | APEX Il | APEX 20KE, | Mercury | ACEX 1K | FLEX 10KE, | FLEX 6000
APEX 20KC FLEX 10KA

Passive Serial v e v v v v v v
(PS)

Active Sernal v
(AS)

Fast Passive v v
Parallel (FPP)

Passive v v vy vy
Farallel
Synchronous
(PPS)

Passive v v v v vy v
Parallel
Asynchronous
(PPA)

Passive Serial v
Asynchronous
(PSA)

Joint Test W W vy v o v v (1)

Action Group
(JTAG)

3.1 Passive Serial

Passive Serial DCLK / DATAO / nSTATUS / nCONFIG /
CONF_DONE NnSTATUS / nCONFIG / CONF_DONE
Pull-up . PS
configuration , Stratix / GX EPC , Stratix /
GX ByteBlaster

Stratix device Configuration Handbook

http://www.altera.com/literature/hb/cfg/config _handbook.pdf
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3.1.1 Passive Serial with Configuration Device

Voo (1) Vee (1) Vee (1)

N
= L = Configuration
Stratix or Stratix GX Device :?’;1?5?9 ‘*: (2) = 1?5';9 Device
DCLK |- DCLK
DATAQ |- DATA
v NSTATUS |- . P OF
_te CONF_DONE | g + | NCS
NCONFIG |- o nINIT_CONF {3)

MSEL2

MSEL 1 nCEQ [—N.C. (4)

MSELD nCE —‘|7

GND GND
Note
(1) Pull-up configuration device
2) 10k ohm  Pull-up EPC16/8/4/2 OE nCS
pull-up , pull-up
pull-up
(3) nINIT_CONF EPC16/8/4/2 , nINIT_CONF
NCONFIG pull-up
(C)) FPGA chain FPGA nCEO
(5) CONF_DONE nSTATUS pull-up 10k ohm
, CONF_DONE nSTATUS 3.3v 2.5v  pull-up

pull-up

3.1.2 Passive Serial with Download Cable

Altera Korea
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Vee (1) Voo (1), , Ve (1) Ve (1)
T T cc Stratix or T 1
@ =1k 2 =1k Stratix GX Device =10kQ = 10kQ
Vee (1) MSELZ mﬁ;ﬂ%é Hi {
ce MSELH
1k = (2 &—P= MSELD
H CE NasterBlaster
: or ByteBlasteridV
GMND 10-Pin Male Haader
o P DCLK _
&P DATAD b Vg (3)
&—— | nCONFIG \'@ T
[
O O o
O EH-VIO M
O O
oo
Shield
GND
(1) Pull-up
(2) DATAO DCLK pull-up
, configuration pull-up
(3) MasterBlaster ByteBlasterMV 3.3v 5.0v  Vcc
4 6 MasterBlaster driver Vio
Vccio . ByteBlasterMV

) Configuration

Configuration Handbook

http://www.altera.com/literature/hb/cfg/config _handbook.pdf

B Configuration

NnSTATUS
nCONFIG
TDI

configuration

I/0
CONF_DONE MSEL DCLK
nCE nCEO DATAO
TDO TCK TMS TRST

B Dual-Purpose Configuration Pins

Altera Korea
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- configuration user I/O
INIT_DONE CLK_USR DATA[7..1] RDYnBUSY
nWS nRS nCS CS
[EE=InCONFIG I
E2hSTATUS (
[EBICONF_DONE |
E=bcLk (
EBIDATA » HighZy T O - -0 - HighZ
E2MODE b Configuration It Initialization H User
©® nCONFIG Low High , Configuration
- MSEL Configuration
® Pull-up NSTATUS  High
© Configuration DCLK  rising edge
- DATAO (Serial)
— DATA[7..0] (Parallel)
u configuration NSTATUS low
® Configuration CONF_DONE High
(5] clock
— Registers
- Userl/O
— Operation
(o] User Mode
u Reconfigure , NCONFIG  Low High
- I/O Tri-State
B [INIT_DONE
- off
— Configuration
B Configuration low
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[ |
3.2 JTAG
JTAG 4 (TDI, TDO, TCK, TMS) pull-up
pull-down
JTAG TDO
TDI
Voo Yoo Voo Vee  Veo Voo
MHSYEFB-FSIEF or ByteBlasteriV 10 k2 10 k2 10 k2 10 kex 10 ke 10 k2
£0-Fiiv lla foader v Stratix Device Siratix Device Siratix Device
. NSTATUS NSTATUS NSTATUS
Pin 1 A %) = @) —] pamao 4) — DaTAD 4) — DATAD
Ge veo | #)— DCLK 4) — DCLK #) — DCLK
g :::j— nCONFIG 4) — nCONFIG 4 —{ nCONFIG
(3 — MSELZ (4] — MSEL2 {4) — MSEL2
= 4)— wegL; CONF_DONE @) —|mopLy CONF_DONE & | weery CONF_DOME
B {4)— MSELD (4] — MSELD ) — MSELD
_% 3| | |Er—{ncE (6).—{ nCE & "<E
) EES} ¢ TOI TDO |- v+ | TOI OO |- ++ « —»{TOI TOO [ ++
0 Bk TMS  TCK TMS  TCK TMS  TCK
— 11 | 11
%m
(3) Pull-up / Pull-down 10k ohm
(C)) JTAG configuration NCONFIG Vcc, MSELO/1/2
GND , DATAO DCLK "high" "low" pull-up down
(5) Vio MasterBlaster Vccio
(6) JTAG configuration nCE GND  "low"

Altera Korea
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4. Debugging Configuration Problem

4.1 Configuration Reliability

FPGA
, configuration
configuration . SRAM
Configuration CRC (Cyclic Redundancy Code)
CRC
CRC , configuration , FPGA
nSTATUS low . CRC
configuration
, brown-out
SRAM
threshold POR (Power On Reset)
, Vcc , target
, NSTATUS low
Configuration NnCONFIG Vcc , Vcc
Reconfiguration . NSTATUS low OE low
configuration
Host configuration ,
NCONFIG  high reconfiguration
Altera PLD
4.2 Board Layout Tips
DCLK ( configuration )
, DLCK  Altera FPGA edge-trigger
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, , , configuration

DCLK JTAG TCK
DATA set-up hold DCLK , DATA DCLK

,Altera  DCLK, DATAO,
(DATA[7..0]), NCONFIG, nSTATUS, CONF_DONE

configuration

, NnSTATUS low

configuration

nSTATUS CONF_DONE Vcc
pull-up
nSTATUS CONF_DONE
, configuration
configuration , configuration signal integrity
, DCLK DATA
JTAG TCK, TDI, T™MS
Configuration , configuration
nCS (FPGA CONF_DOEN ) high
Enhanced configuration bit CONF_DONE
high 64 DCLK
EPC2 16DLCK
configuration nCS high
,OE (FPGA nSTATUS ) low
, nCS CONF_DONE
, configuration , capacitance

CONF_DONE
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4.3 Debugging Sugesstions

Altera FPGA ,

configuration

4.3.1 All Configuration Scheme

1. configuration target

2. Configuration JTAG /O Bank FPGA Vccint

3. Configuration

4, JTAG , FPGA JTAG floating
, configuration
JTAG configuration configuration
,  JTAG configuration floating toggling
5.
, , configuration
6. DCLK
DCLK configuration , CRC
. FPGA DCLK
7. FPGA  configuration , INIT_DONE
. INIT_DONE Quartus Il “Enable INIT_DONE output option”
. INIT_DONE open-drain Vce pull-up

, NCONFIG  low configuration
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high . INIT_DONE option FPGA
(configuration ), INIT_DONE low
INIT_DONE high , FPGA  configuration
8. configuration configuration
CONF_DONE high , CONF_DONE Vcc pull-up
GND low

4.3.2 Multi-Device Configuration Chains

1. SOF configuration Quartus Il
“Convert Programming File”

2. Configuration , configuration

4.3.3 Using an External Host (e.g., Microprocessor or CPLD)

1. Altera FPGA RBF (Raw Binary File)
byte  LSB(Least Significant Bit)

, configuration
2.
DATA/DCLK nWS scope
3. PPA (Passive Parallel Asyncronous) , RS floating
high ,
configuration
4.3.4 Using a Configuration Device
1. Quartus Il Programmer “ Verify” configuration
configuration
FPGA
2. configuration DLCK DATA ,
configuration idle
Configuration FPGA  Vccint configuration
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POR (Power On Reset)
3. Configuration , configuration CRC FPGA
NnSTATUS low configuration OE low
configuration CONF_DONE high
4, enhanced configuration (EPC4/ 8/ 16)
PGM floating configuration
. WP# boot
Vcc
BYTE# (100 ) Vce .
, configuration
100
F-A0 C-A0,F-Al1 C-Al,F-Al5 C-Al15,F-Al16 C-Al16
5. enhanced configuration
In-system programming FPGA configuration floating
tri-state
4.3.5 Using JTAG Configuration
1. JTAG Altera '
TRST ( ) Vcc TCK  pull-down
2. configuration
, NCE GND JTAG low
. NCONFIG Vcc high
, CONF_DONE low
3. TDO TDI Vi1
TDO 3.3v Vccio 1/0 , TDO
3.3v
4, , TCK
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5. TCK
TCK
. DCLK configuration ,
CRC
4.4 Error Detection Circuity
EPC1/2/1441 FPGA
configuration configuration
Configuration device nCS
nCS configuration FPGA high
configuration OE( nSTATUS of FPGA) pin
low
configuration configuration CONF_DONE (nCS of
EPC) high (configuration ) EPC 16
OE low NSTATUS pin(FPGA) low
configuration . auto restart configuration on error option
enable configuration
FPGA error detection scheme configuration
. FPGA CRC(Cyclic Redundancy Code)
CRC CRC NSTATUS pin low
CRC checking FPGA

4.5 Combination of Configuration Device and JTAG
Configuration

Configuration device

Passive Serial JTAG Programming

Altera Korea Page 21 of 23 January 1, 2004



Altera Device Guide Line Version 1.0

Lo L
Configuration
=10 K} = =10 kL2
Stratix or Stratix GX Device = (5 = (2 =5 Device
DCLK |- DCLK
DATAD |- DATA
v NSTATUS |- * | OF
cc CONF_DONE | Fy | NCS
NCONFIG |- e AINIT_CONF (3)
MSEL2 y
MSEL 1 NnCEQ [—N C_(4)
MSELD nCE —:|7
GND GND
6-1 PS with Configuration device
VCC (1)
mvee L k“g
VCC (1)
(1vee TRE Mercury, APEX 20K (2 5-V),
ACEX 1K or FLEX 10K Device < TkQ
nCE @) TCHK |-
eMp M.C—{nCED T >
TMS [~
nSTATUS TD! [ . ﬁwf{:g%ﬂgg ,
LN AUONE vee (TAG Mode)
(2 nCONFIG - iny
2 MSELD TRST—T pin 1 (TopView)
[£4] MSEL1 \ VCC
s<— O O
O [oH GND
< O OH-viow
O o
< oo
1 k2 47
GMD GMHD
6-2 JTAG programming
6-1 6-2 JTAG Programming CONF_DONE,
NSTATUS  pull-up 1k ohm VCC ,
configuration device Passive Serial Programming

configuration scheme

Jumper setting

5. Power Sequence
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Altera EPC4/8/16 Enhanced Configuration ( EEPC) Power On
Reset ( POR) FPGA  Vccint
CONF_DONE low configuration device OE high power
up
FPGA  power EEPC POR pull-up
high  high CONF_DONE high
EEPC POR OE , pull-up EEPC
OE rising edge nCS
DATA DCLK toggle configuration
power-down power-up EEPC
) EEPC configuration
EEPC POR FPGA  power up
Power-up EEPC POR time
EEPC POR PORSEL "high" 2ms
"low" 100ms . Timing margin , 100ms  POR timing
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