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Chapter 1: Hardware

1.1 Functional Overview

The GR4™ is a multi-channel high speed 16-bit apamnal acquisition board, designed as an expanfsio
TERN programmable controllers. Four stacked GR#swan continuously acquire and store 8 analogadsginto
CompactFlash cards for hours at 8MB of data pevrsc

The GR4™ implements multi-channel data acquisitiohardware. It can start conversions across neltipannels
of ADC simultaneously, pushing 16-bit data into GIFfmemory and then stop when the FIFO buffer is. full
Sampling on a second pair of ADC can be triggemgohicompletion of sampling on the first chip. Thwile the
hardware is sampling on one ADC chip to its FIF@ host CPU can start moving data from the othe€ADFO
buffer into CompactFlash card.

... CPU Data bus
aC CompactFlash
FIFO FIFO1 FIFO1
U6 U5 u7
B1A B2A B1B B2B
AlA A2A AlB A2B
B1A B2A B1B B2B
AlA A2A AlB A2B Recording ADC to
FIFO

Storing FIFO to
Compact Flash

ADC ....... ' ' ....... ADC ..'
Ul U2
tma | [ ] Laat ‘A | [ a2
. B1A | | B2A | . BiB | | B2B |
MUK=0" RORET TRUKIZE T TTMOKAZT

Figure 1.1 GR4 acquiring and storing 16-bit ADC readings
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1.2High Speed 16-bit ADC (AD7655)

The unique 16-bit parallel ADC (AD7655, 0-5V) supigoultra high-speed (1 MHz conversion rate) analiggal

acquisition. The AD7655 contains two low noise,thisandwidth track-and-hold amplifiers that allownsitaneous
sampling on two channels. Each track-and hold dieplas a multiplexer in front to provide a totdl4 channels
analog inputs. The parallel ADC achieves very higloughput by requiring only two I/O operations éostart, one
read) to complete a 16-bit ADC reading. With a miea external 2.5V reference, the AD7655 acced¥ @nalog

inputs at 16-bit resolution, yielding 65536 cous@0OmV = 13 LSB/ mV.

1.3 Control and Status Lines

GRA4 operations are controlled by five control limegl one status line: AD, RT, AST, TR, MUX and SAe table
below describes the control and status lines ferGR4. Units with two ADCs use the additional cohtind status
lines AD1, RT1, AST1, TR, MUX1 and SB that perfotine same function on the second ADC/FIFO set.

Signal | Description Signal High Signal Low

AD Chip enable for ADC | ADC disabled, CPU can read FIFO ADC enabled, can write to FIFO
RT Chip reset for ADC Resets ADC AD7655 ADC AD7655 normal operation
AST Chip reset for counter| Resets counter to address 0 Counter active

MUX Addr select for ADC | Select ADC channel A2 and B2 Select ADC channel Al and B1
TR External trigger Starts ADC-FIFO recording Stops ADC-FIFO recording

SA FIFO status FIFO is full, recording complete ADC to FIFO recording in progress

Table 1.1 GR4 Control and Status Lines

1.4FIFO Memory Size

Header H3 selects the memory size of FIFO and FIF1ties the upper FIFO address bit to SA and &ising
the recording to stop when the end of the FIF@#&ched. The figure below shows how to set H3.

H3

TA20 SA20
1MB s SA 1MB
512KB TA19 SA19 512KB

Figure 1.2 FIFO Size Settings
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1.5Recording ADC to FIFO

By default, the GR4 comes with one AD7655 ADC, ®&PKB FIFOs and a CompactFlash receptacle. With th
configuration, analog data from two of the four mhels can be sampled and stored into one of theRWOs.
ADC reading are read and stored in the FIFO auticalBt No action from the CPU is needed once rdicy has
started. When the FIFO is full, recording will halBamples from the ADC will alternate between infuand B.
First input B will record then input A. When recorg has completed, SA will go high (SA=1) and tleadcan be
copied from the FIFO to the onboard CompactFlash.

Perform the following actions to record ADC sampleshe FIFO:

Set the MUX. MUX=0 for A1/B1, MUX=1 for A2/B2

Enable the AD7655 ADC. AD=0

Reset the counter. AST=1

Enable counter to begin recording. AST=0

Poll the FIFO status. While SA=0, the FIFO is reltog. When SA=1, recording is complete.

CPU Data bus

CompactFlash

FIFO FIFO
U4 U6
B1A B2A
A1A A2A
B1A B2A
AlA A2A Recording ADC to
FIFO
"""" Control/Status:
MUX =0
: AD=0
AST=0
ADC ....... H SA - O
ul
CALA | [ [LA2a
. B1A | [ B2A |
MUX=0""" RURET

Figure 1.3 Recording ADC Channel 1 to FIFO.
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1.6 Storing FIFO to Compact Flash

When the FIFO is full, the CPU can transfer theadatthe onboard CompactFlash. The CPU can manuatisfer
the data in software or use DMA to transfer dathdrdware (see sample program gr4_cf.c). To dtheoAD7655
ADC must be disabled and the counter reset. WiteeARADC disabled), each read from the FIFO willrerment
the counter for the next stored value to be rehé.raw 16-bit data is stored on the CF card staftiom sector O to
sector 0x1000000 for an 8GB CF card. Each sectot2shytes. With a FIFO size of 512KB (1024 seqgtmsctors
0-1023 store data from the 1st ADC, and sectorgl-dl17 store data from 2nd ADC. Data stored inEHeO

alternates between channel A and B of the ADC. Wilisalso be true when transferred to the Compiastf.

Perform the following actions to read the FIFO:

Set the MUX. MUX=0 for A1/B1, MUX=1 for A2/B2

Disable the AD7655 ADC. AD=1

Reset the counter. AST=1

Enable counter. AST=0

Continue reading until all data has been read. W8¥%mnl1, reading FIFO complete.

| CPU Data bus

CompactFlash
FIFO FIFO B

U4 U6
AlA A2A
B1A B2A
AlA A2A
B1A B2A Storing FIFO to
Compact Flash

Control/Status:

MUX =0
i AD=1
AST=0
........ ADC peeeandd SA - 1
Ul
Tata | [ ] La2a
. B1A | | B2A
MUXS6™" NURET

Figure 1.4 Storing FIFO data to CompactFlash.
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1.7 GR4 with second AD7655 ADC and FIFO

The operation for using the optional second ADC &hEO is the same for using one. With the adddlon
ADC/FIFO, analog readings can be recorded in orfeOFWhile data from the other FIFO is transferred to
CompactFlash. This allows for continuous analogprding without interruption until the CompactFlaishfull.
Hardware triggers TR and TR1 are provided to allogtantaneous switching from recording on FIFO BGL.
ADC recording starts as soon as TR goes high, &mgksvhen TR goes low. The same rules apply for.TR1
Connection TR=SB and TR1=SA will cause automatigtdving between the FIFOs. When FIFO completes
recording, SA will go high, forcing TR1 high whidlauses FIFO1 to start recording.

... CPUDatabus
ﬁ F CompactFlash
FIFO FIFO1 FIFO1

U6 U5 u7
B1A B2A B1B B2B
AlA A2A Al1B A2B .
B1A B2A B1B B2B Eﬁ’fgrdmg ADC to
AlA A2A AlB A2B

Storing FIFO to
g....':‘ ,:'..4.§ g Compact Flash

Control/Status:
e oADC b ; =0
ADC ADC Xlgé 0
Ul u2 AST=0
SA=0

. H H P H AD1=1
BiA [ L B2A :  BiB | i B2B AST1=0
o i ’ F d SA1=1

Tma | || [a2a ‘aB | [ Laz: MUX1 =1

MUXS0™ TMURET TRUKIZGTTT T MUKAET

Figure 1.5 Storing FIFO data to CompactFlash.
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1.8 Stacking Multiple GR4’s

Four GR4 units can be stacked to increase anamgdrand data storage. Four stacked GR4 unitsaatimuously
acquire and store 8 analog signals into CompadiFtasds for hours at 8MB of data per second. FAlrsPare
available for stacking four GR4s with one chip stlé&5R4100, GR4140, GR4180, and GR41C0. See sample
samples\grd\gr4_cf.c for reading from four GR4s.

LR
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=
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5’ SanDisk
 Extreme:
; CompactFlash®

il | 6omMB/s

o

e AR

SR L
o TR R
FErAPRIFTERRRITIRINIIY ==

Figure 1.6 Four Stacked GR4s

1.9 ADC Conversion Clock

The sample rate is based on a conversion clockhadaa be from an on-board oscillator or an extect@ik. The
maximum conversion clock is 500 KHz. Each conwsrsilock can record up to four channels of 16-HitCAdata
from two AD7655 chips on each GR4 board. A stacfoaf GR4s can share the same external converkichk.c

Header H1 selects the conversion clock CV. Wherl H1H1.2, the GR4 uses an external clock from J2.P4 as
the conversion clock. P1 is the user programmabidraller timer output from the host controller. WhH1.2 =
H1.3, the GR4 uses an onboard clock signal froropional oscillator at K1.

With a 500 KHz clock, the GR4 can simultaneouslyord four analog signals on FIFO 500,000 timesseeond
with 16-bit resolution. Alternately, the GR4 with500 KHz clock can record two analog signals siamdously
while storing the other two onto a CompactFlash,B800 times per second. At 2MB of data per secortaiRd with
an 8GB CompactFlash card can record: 8,000MB / 2M®00 seconds = 1.11 hours of uninterrupted andéog.
Stack four GR4s to record 4.44 hours of data. dse &R4s with 32GB CompactFlash cards and recardver 17
hours!
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1.10Headers and Connectors

1.10.1 Headers J1 and J2

Headers J1 and J2 connect to the host contrdielE, AE86 or 5E.

J2 Header

GND 40 39 VCC
38 37
36 35
34 33
32 31 RTS1
30 29 P1
28 27
26 25
24 23

/ICTS1 22 21
20 19
18 17
16 15
14 13
12 11
10 9
8 7
6 5
4 3
2 1

J1 Header

VCC 1 2 GND

3 4 CLK

5 6

7 8 DO

9 10 D1

11 12 D2
D15 13 14 D3
IRST 15 16 D4

17 18 D5
P16 19 20 D6
D14 21 22 D7
D13 23 24 GND

25 26 A7
D12 27 28 A6
/WR 29 30 A5
/RD 31 32 A4
D11 33 34 A3
D10 35 36 A2
D9 37 38 Al
D8 39 40 A0
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1.10.2 Header J3
Header J3 provides access to the 8 analog inputs.
J3 Header

SA 1 2 TR1
GND 3 4 A2B
GND 5 6 B2B
GND 7 8 Al1B
GND 9 10 B1B
GND 11 12 A2A
GND 13 14 B2A
GND 15 16 AlA
GND 17 18 B1A
SB 19 20 TR

CeeeEy

S
-
.[ L)

B1A A2B

A1lA B2B

B2A AlB
| A2A B1B

Figure 1.7 Analog Inputs Jumpered to Ground at J3
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Header H3
Header H3 selects the FIFO size. See figure 1.2dofiguration.
H3 Header
TA20 1 2 SA20
SB 3 4 SA
TA19 5 6 SA19

1.10.3
1.10.4 Header H1

Header H1 selects the conversion clock CV.

H1 Header

1 P1
2 Cv
3 CK

1.105

1.10.6 Header H2

Header H2 sets the chip select (/PCS) for the GRMhen H2.1=H2.2, /PCS=P16=J1.19. When H2.2=H2.3,
/PCS=/RTS1=J2.31. See the GR4 sample programbdarmtrrect chip select settings.

H2 Header
1 P16
2 /PCS
3 /RTS1
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