DOCUMENTATION TECHNIQUE

Option B : électrotechnique

Contenu de la documentation technique :

- Circuit programmable CY7C3741

- Circuit PROM CY7C235A

- Convertisseur N/A AD7801

- Amplificateur opérationnel OP-470
- Circuits ‘mélangeur’
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UltraLogic™ 128-Macrocell Flash CPLD

Features

128 macrocells in eight logic blocks
64 1/0 pins
« 5 dedicated inputs including 4 clock pins

In-System Reprogrammable™ (ISR™) Flash
technology

—JTAG interface

Bus Hold capabilities on all I/Os and dedicated inputs
* No hidden delays

High speed

—fymax = 125 MHz

—1tpp =10ns

—tg=5.5ns

—tcp=6.5ns

e Fully PCI compliant

e 3.3V or 5.0V I/O operation

« Available in 84-pin PLCC, 84-pin CLCC, and 100-pin
TQFP packages

* Pin compatible with the CY7C373i

Functional Description

The CY7C374i is an In-System Reprogrammable Complex
Programmable Logic Device (CPLD) and is part of the
FLASH370i™ family of high-density, high-speed CPLDs. Like
all members of the FLASH370i family, the CY7C374i is de-
signed to bring the ease of use as well as PCI Local Bus Spec-
ification support and high performance of the 22V10 to
high-density CPLDs.

Like all of the UltraLogic™ FLASH370i devices, the CY7C374i
is electrically erasable and In-System Reprogrammable (ISR),
which simplifies both design and manufacturing flows, thereby
reducing costs. The Cypress ISR function is implemented
through a JTAG serial interface. Data is shifted in and out
through the SDI and SDO pin. The ISR interface is enabled
using the programming voltage pin (ISRgy). Additionally, be-
cause of the superior routability of the FLASH370i devices, ISR
often allows users to change existing logic designs while si-
multaneously fixing pinout assignments.

The 128 macrocells in the CY7C374i are divided between
eight logic blocks. Each logic block includes 16 macrocells, a
72 x 86 product term array, and an intelligent product term
allocator.

Logic Block Diagram CLOCK
INPUTS INPUTS
1 4
INPUT INPUT/CLOCK
MACROCELL MACROCELLS
4 ¥ [} L 4
4
8 1/0s LOGIC LOGIC 8 1/0s
1/0g—1/07 C>—«>—<|— BL(B\CK 36 36 BLOCK —|>—< 1/056—1/0g3
7 6 | PM | 16 'r
81/0s LOGIC |« »| LOGIC 8 1/0s
1/0a—1/0O BLOCK 36 36 BLOCK 1/0 40—11O
g1/015 <% q B . - G D r<— 48~1/Os5
* 16 16 *
8 1/0s LOGIC |« »| LOGIC 8 1/0s
1/016-1/055 <:>§'—<]— BL(CD:CK 36 . - 36 BL%CK —[>—7C> 1/049-1/0 47
L 16 16 L
8 1/0s LOGIC |« »( LOGIC 81/0s
1/04—1/O —<|— BLOCK 36 36 BLOCK —| >— 1/03,-1/0
24-1103; < D . E < 32—1/O3g
16 16 7C374i-1
32 - 32
Selection Guide
7C374i-125 | 7C374i—-100 | 7C374i—83 | 7C7374iL-83 | 7C374i-66 | 7C374iL—66
Maximum Propagation Delay[ll, tpp (NS) 10 12 15 15 20 20
Minimum Set-Up, tg (ns) 5.5 6 8 8 10 10
Maximum Clock to Output!], tg (ns) 6.5 7 8 8 10 10
Typical Supply Current, Icc (MA) 125 125 125 75 125 75
Note:
1. The 3.3V I/O mode timing adder, t3 3,0, must be added to this specification when V¢ o = 3.3V.
Cypress Semiconductor Corporation « 3901 North First Street + SanJose <« CA 95134 « 408-943-2600
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Pin Configurations

PLCC
Top View
9 E Z M N+ O O N~ ©
~NOWLST®Mm NHOO QO WO © o [T}
0909099090005 952290992¢9¢92
mininininiziaicisizi=isizisis
5432 |_1] 84838281807978 777675
1/0g 74H GND
733 11055
Og 72[A 1/054/SDI
1/010/SCLK 711 1Oes
/011 70 105,
/012 69 1105,
/013 68 1105,
/014 673 11049
015 66 1/048
CLK&/IO 650 CLK3/la
CClI
GND 641 GND
CLKy/ly 63 Vccio
o 62[d CLK,/I3
|/ois 61[d /047
o 60[d /046
18 591 11045
/019 58 11044
11020 57 /043
021 56 [ 11042
/02, 55( 104,
/023 54 1040
GND []32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

Wroo2od o0 E YD TVAN0 90
00660 g5 26396
_____ DOO0======2=
70 B
o .
= 7C374i-2
PGA
Bottom View
L| /O3 | /025 | 11026 | 11028 | /031 | /033 | Vcc | /O34 | 1/O36 | 11037 | 1/O39
SMPDE
K| /021 | GND | /024 | 11027 | /O30 I /032 | 11035 | 1/0O38 | GND | 1/Og41
SDO
J| /Oy | 11022 /029 | Vcc | GND /040 | /042
H| I/01g | /019 1/043 | /Oaa
C/LKl /016 | GND cLk2 | 11046 | 1047
i I3
F| /017 | CLKO | Vcc Vee | /045 | GND
o
E| I/O15 | /014 | 1/O13 /049 | /048 | CLK3
Ny
D| /012 | 11011 /051 | 1/Os59
clwop ]| g | A 101 | Vec |1SRen 11054 | 1/0s5
SCLK SDI
B| /Og | GND | 1/Og | /O3 | 1/Og |1/Og1 | /O | 1/Os59 | /056 | GND | 1/Os3
Al Y07 | W05 | 104 | W02 | v | GND | V063 | O60 | 1/Osg | 1/0s7 | 1/Oss
1 2 3 4 5 6 7 8 9 10 11
7C374i-3
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Pin Configurations (continued)

TQFP
Top View
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sck 1
GND [ 2
1og C—] 3
110y [ 4
1/019  — 5
oy 6
1o, E=— 7
o3 ] 8
/014  — 9
11015 C—] 10
ClKollo ] 11
Vead— 12
Nne ] 13
oND ] 14
CLky/ly ] 15
11016 C—] 16
11017 ] 17
11018 ] 18
11079 C—] 19
11050 C—] 20
110 ] 21
1105, C—] 22
110,53 E—] 23
Vead— 24

Ne [ 25

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

UL

B IREERRSF 0L HBIBEL B3
856999008 3255898959 JS
d £ PgEEEEEEES

1/0g
1/0g
1/010/SCLK
1/011
/012
/013
/014
/015
CLKy/lg
Vee
GND
CLK4/ly
/016
1/017
/015
/019
11020
/091
/02
/053
GND
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75 [ spi
74 3 veeo
73 |—1 1/0ss
72 |—1 1054
71 B3 10ss
70 = 105,
69 [—1 10s
68 [— 105
67 1 1/049
66 |— 1048
65 — CLKg/ls
64 |—1 GND
63 |—1 NC
62 |—1 Vccio
61 |—1 CLKy/l3
60 — 1,047
59 [ 11046
58 [—1 1/0y5
57 =1 11044
56 |—1 /043
55 [ /04
54 |1 1041
53 [— /049
52 [—1 GND
51 /1 NC
7C374i-4

741 GND
733 11055
72 1/054/SDI
713 1053
70[3 /05,
691 11051
681 11059
67 1/049
66 [ 11045
65 CLK3/l4
64[d GND
63 Vce
62[d CLK,/I3
611 /047
601 /046
597 11045
581 11044
57[1 /043
561 1/04
551 11041
547 /049

/0gg/S

7C374i-2
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Functional Description (continued)

The logic blocks in the FLASH370i architecture are connected
with an extremely fast and predictable routing resource—the
Programmable Interconnect Matrix (PIM). The PIM brings flex-
ibility, routability, speed, and a uniform delay to the intercon-
nect.

Like all members of the FLASH370i family, the CY7C374iis rich
in /0 resources. Every two macrocells in the device feature an
associated I/O pin, resulting in 64 1/0 pins on the CY7C374i.
In addition, there is one dedicated input and four input/clock
pins.

Finally, the CY7C374i features a very simple timing model.
Unlike other high-density CPLD architectures, there are no
hidden speed delays such as fanout effects, interconnect de-
lays, or expander delays. Regardless of the number of resourc-
es used or the type of application, the timing parameters on
the CY7C374i remain the same.

Logic Block

The number of logic blocks distinguishes the members of the
FLASH370i family. The CY7C374i includes eight logic blocks.
Each logic block is constructed of a product term array, a prod-
uct term allocator, and 16 macrocells.

Product Term Array

The product term array in the FLASH370i logic block includes
36 inputs from the PIM and outputs 86 product terms to the
product term allocator. The 36 inputs from the PIM are avail-
able in both positive and negative polarity, making the overall
array size 72 x 86. This large array in each logic block allows
for very complex functions to be implemented in single passes
through the device.

Product Term Allocator

The product term allocator is a dynamic, configurable resource
that shifts product terms to macrocells that require them. Any
number of product terms between 0 and 16 inclusive can be
assigned to any of the logic block macrocells (this is called
product term steering). Furthermore, product terms can be
shared among multiple macrocells. This means that product
terms that are common to more than one output can be imple-
mented in a single product term. Product term steering and
product term sharing help to increase the effective density of
the FLASH370i CPLDs. Note that product term allocation is
handled by software and is invisible to the user.

1/0O Macrocell

Half of the macrocells on the CY7C374i have 1/O pins associ-
ated with them. The input to the macrocell is the sum of be-
tween 0 and 16 product terms from the product term allocator.
The 1/0 macrocell includes a register that can be optionally
bypassed, polarity control over the input sum-term, and two
global clocks to trigger the register. The macrocell also fea-
tures a separate feedback path to the PIM so that the register
can be buried if the I/O pin is used as an input.

Buried Macrocell

The buried macrocell is very similar to the 1/0O macrocell.
Again, it includes a register that can be configured as combi-
natorial, as a D flip-flop, a T flip-flop, or a latch. The clock for
this register has the same options as described for the 1/O
macrocell. One difference on the buried macrocell is the addi-
tion of input register capability. The user can program the bur-
ied macrocell to act as an input register (D-type or latch)

Document #: 38-03031 Rev. **

whose input comes from the I/O pin associated with the neigh-
boring macrocell. The output of all buried macrocells is sent
directly to the PIM regardless of its configuration.

Programmable Interconnect Matrix

The Programmable Interconnect Matrix (PIM) connects the
eight logic blocks on the CY7C374i to the inputs and to each
other. All inputs (including feedbacks) travel through the PIM.
There is no speed penalty incurred by signals traversing the
PIM.

Programming

For an overview of ISR programming, refer to the FLASH370i
Family data sheet and for ISR cable and software specifica-
tions, refer to ISR data sheets. For a detailed description of ISR
capabilities, refer to the Cypress application note, “An Intro-
duction to In System Reprogramming with FLASH370i.”

PCI Compliance

The FLASH370i family of CMOS CPLDs are fully compliant with
the PCI Local Bus Specification published by the PCI Special
Interest Group. The simple and predictable timing model of
FLASH370i ensures compliance with the PCI AC specifications
independent of the design. On the other hand, in CPLD and
FPGA architectures without simple and predictable timing, PCI
compliance is dependent upon routing and product term dis-
tribution.

3.3V or 5.0V I/O Operation

The FLASH370i family can be configured to operate in both
3.3V and 5.0V systems. All devices have two sets of V¢ pins:
one set, Ve nTs for internal operation and input buffers, and
another set, Vg0, for /O output drivers. Veeont pPins must
always be connected to a 5.0V power supply. However, the
Vccio Pins may be connected to either a 3.3V or 5.0V power
supply, depending on the output requirements. When Vecio
pins are connected to a 5.0V source, the 1/0 voltage levels are
compatible with 5.0V systems. When Vg pins are connect-
ed to a 3.3V source, the input voltage levels are compatible
with both 5.0V and 3.3V systems, while the output voltage lev-
els are compatible with 3.3V systems. There will be an addi-
tional timing delay on all output buffers when operating in 3.3V
1/0 mode. The added flexibility of 3.3V I/O capability is avail-
able in commercial and industrial temperature ranges.

Bus Hold Capabilities on all 1/0s and Dedicated Inputs

In addition to ISR capability, a new feature called bus-hold has
been added to all FLASH370i I/Os and dedicated input pins.
Bus-hold, which is an improved version of the popular internal
pull-up resistor, is a weak latch connected to the pin that does
not degrade the device’s performance. As a latch, bus-hold
recalls the last state of a pin when it is three-stated, thus re-
ducing system noise in bus-interface applications. Bus-hold
additionally allows unused device pins to remain unconnected
on the board, which is particularly useful during prototyping as
designers can route new signals to the device without cutting
trace connections to Vc or GND.

Design Tools

Development software for the CY7C371i is available from Cy-
press’'s Warp™, Warp Professional™, and Warp Enterprise ™
software packages. Please refer to the data sheets on these
products for more details. Cypress also actively supports al-
most all third-party design tools. Please refer to third-party tool
support for further information.

Page 4 of 15
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Maximum Ratings Static Discharge Voltage ........ccccoevvveeveeiiiiienee e, >2001V
(per MIL-STD-883, Method 3015)

(Above which the useful life may be impaired. For user guide- | 5ych Up CUIENL...........eoeeveeeeeeeeeeeeeeeeee >200 mA

lines, not tested.)

Storage Temperature ...........ccocoeeevereeeenn.. —-65°C to +150°C Operating Range

Ambient Temperature with Ambient Vee

Power Applied..........ccccoiiiiiiiiiiie, —55°C to +125°C Range Temperature VeenT Veeio

Supply Voltage to Ground Potential............... -0.5V to +7.0V Commercial 0°C to +70°C 5V + 5V + 0.25V

DC Voltage Applied to Outputs 0.25vV OR

N HIGN Z SEAE ..o —0.5V to +7.0V 33v+03v

DC Input VOltage...........ovveververeerrnnne. —0.5V to +7.0V Industrial -40°Cto +85°C | 5V £ 0.5V | 5V 0.5V
OR

DC Program VOltage .........ccovovveiiieeeiiiieniece e 12.5Vv 3.3V + 0.3V

Output Current into OULPULS.......cceereeiiiiiiiiiiiiiiiiiiees 16 mA Military[2] _55°C to +125°C | 5V « 0.5V

Electrical Characteristics Over the Operating Rangel® 4!

Parameter Description Test Conditions Min. | Typ. | Max. | Unit
Vou Output HIGH Voltage Vee = Min. | gy = =3.2 mA (Com'l/ind)l) 2.4 v
lon = —2.0 mA (Mil) \%
Vonz Output HIGH Voltage[gl Vce = Max. | Ioy = 0 HA (Com'lind) © 4.0 v
with Output Disabled lop = —50 A (Com'l/ind)B & 36 v
VoL Output LOW Voltage Vee = Min. | Ig, = 16 mA (Com'l/ind)P! 0.5 v
Vg Input HIGH Voltage Guaranteed Input Logical HIGH voltage for allinputsl”l | 2.0 7.0 v
VL Input LOW Voltage Guaranteed Input Logical LOW voltage for all inputsl”l | —0.5 0.8 \Y
lix Input Load Current V| = Internal GND, V| = V¢ -10 +10 HA
loz Output Leakage Current | Vcc = Max., Vg = GND or Vg = V¢, Output Disabled | -50 +50 HA
Ve = Max., Vg = 3.3V, Output Disabled!®] 0 | 70 | -125 | pA
los Output Short Vee = Max., Vout = 0.5V =30 -160 mA
Circuit Current(8: 9l
lcc Power Supply Current Ve = Max., loyt = 0 mA, Com’l/Ind. 125 | 200 mA
f=1 MHz, V;y = GND, V10 Com’l “L” —66 75 | 125 | mA
Military 125 | 250 mA
IBHL Input Bus Hold LOW Vee = Min., VL= 0.8v +75 HA
Sustaining Current
IBHH Input Bus Hold HIGH Vee = Min., Vig = 2.0V —75 HA
Sustaining Current
IBHLO Input Bus Hold LOW Vee = Max. +500 HA
Overdrive Current
IBHHO Input Bus Hold HIGH Vee = Max. -500 HA
Overdrive Current
Notes:
2. Tpis the “instant on” case temperature.
3. See the last page of this specification for Group A subgroup testing information.
4. If Veeio is not specified, the device can be operating in either 3.3V or 5V I/O mode; Vec=VeonT
5. loy =—-2mA, Ig. =2 mA for SDO.
6. Whenthe I/O is three-stated, the bus-hold circuit can weakly pull the I/O to a maximum of 4.0V if no leakage current is allowed. This voltage is lowered significantly

by a small leakage current. Note that all I/Os are three-stated during ISR programming. Refer to the application note “Understanding Bus Hold” for additional
information.

7. These are absolute values with respect to device ground. All overshoots due to system or tester noise are included.

8. Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Vgt = 0.5V has been chosen to avoid test
problems caused by tester ground degradation.

9. Tested initially and after any design or process changes that may affect these parameters.

10. Measured with 16-bit counter programmed into each logic block.

Document #: 38-03031 Rev. ** Page 5 of 15
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Capacitancel®

Parameter Description Test Conditions Min. Max. Unit
Cyott 12 Input Capacitance V| = 5.0V at f = 1 MHz 8 pF
Cclk Clock Signal Capacitance Viy=5.0Vatf=1MHz 5 12 pF

Inductancel
84-Lead 84-Lead
Parameter Description Test Conditions 100-PinTQFP PLCC CLCC Unit
L Maximum Pin Inductance | V;y=5.0Vatf=1MHz 8 8 5 nH
Endurance Characteristics®
Parameter Description Test Conditions Max. Unit
N Maximum Reprogramming Cycles Normal Programming Conditions 100 Cycles

AC Test Loads and Waveforms

238Q (COM'L) 238Q (COM'L) ALL INPUT PULSES
319Q (MIL) 319Q (MIL) 3.0V —
5V 5V
OUTPUT OUTPUT 170Q (COM'L)
, 236Q (MIL) GN
35 pF 170Q (COM'L) 5 pF -
T 2360 (MIL) T <2ns <2ns
INCLUDING = — — —
= = INCLUDING™= =
JIG AND J1G AND
SCOPE
SCOPE (c) 7C374i-6
(a) (b) 7C374i-5
Equivalent to: THEVENIN EQUIVALENT
990 (COM'L)

136Q (MIL)  2.08V (COM'L)
OUTPUT O——wWA——0  2.13V (MIL)

Parameter(13] Vy Output Waveform Measurement Level
ter() 1.5V !
Vou l—
-0.5V ~
? Vx
ter(+ 2.6V
® | _— Vx
-0.5V
Vo T
teae) 1.5V
b
—-0.5Vv
Vy * «
tea Vine +
Vx | —
-0.5Vv —~——
f VoH
Notes:
11. Cy o for the CLCC package are 12 pF Max
12. Co for dedicated Inputs, and for I/O pins with JTAG functionality is 12 pF Max., and for ISRgy is 15 pF Max.
13. tgg measured with 5-pF AC Test Load and tgx measured with 35-pF AC Test Load.
Page 6 of 15
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————__ =" CYPRESS CY7C374i
Switching Characteristics Over the Operating Range['*!
7C374i-83 | 7C374i-66
7C374i-125 | 7C374i-100 | 7C374iL-83 | 7C374iL-66
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
Combinatorial Mode Parameters
tpp Input to Combinatorial Output!!] 10 12 15 20 | ns
tppL Input to Output Through Transparent Input or 13 15 18 22 ns
Output Latch1]
tPDLL Input to Output Through Transparent Input 15 16 19 24 ns
and Output Latches!!!
tea Input to Output Enable!™! 14 16 19 24 | ns
ter Input to Output Disable 14 16 19 24 ns
Input Registered/Latched Mode Parameters
twL Clock or Latch Enable Input LOW Timel! 3 3 4 5 ns
tyi Clock or Latch Enable Input HIGH Timel®] 3 3 4 5 ns
tis Input Register or Latch Set-Up Time 2 2 3 4 ns
tiH Input Register or Latch Hold Time 2 2 3 4 ns
tico Input Register Clock or Latch Enable to Com- 14 16 19 24 ns
binatorial Output[ ]
ticoL Input Register Clock or Latch Enable to Out- 16 18 21 26 ns
put Through Transparent Output Latch(!
Output Registered/Latched Mode Parameters
tco Clock or Latch Enable to Output!!] 6.5 7 8 10 | ns
ts Set-Up Time from Input to Clock or Latch En- | 5.5 6 8 10 ns
able
ty Register or Latch Data Hold Time 0 0 0 0 ns
tco2 Output Clock or Latch Enable to Output Delay 14 16 19 24 ns
(Through Memory Array) (1
tscs Output Clock or Latch Enable to Output Clock 8 10 12 15 ns
or Latch Enable (Through Memory Array)
tgL Set-Up Time from Input Through Transparent 10 12 15 20 ns
Latch to Output Register Clock or Latch En-
able
tHe Hold Time for Input Through Transparent 0 0 0 0 ns
Latch from Output Register Clock or Latch
Enable
fuaxt Maximum Frequency with Internal Feedback 125 100 83 66 MHz
(Least of 1/tgcs, 1(ts + ty), or L/tco)!
fuaxz Maximum Frequency Data Path in Output 158.3 143 125 100 MHz
Registered/Latched Mode (Lesser of 1/(tyy, +
twh), U(ts +ty), or ltco)
fvAx3 Maximum Frequency with External Feedback | 83.3 76.9 67.5 50 MHz
(Lesser of 1/(tco + tg) and L/(tyy + tywh))
ton—tiH Output Data Stable from Output Clock Minus 0 0 0 0 ns
37x Input Register Hold Time for 7C37x[% 12
Pipelined Mode Parameters
tics Input Register Clock to Output Register Clock 8 10 12 15 ns
fmaxa Maximum Frequency in Pipelined Mode 125 100 83.3 66.6 MHz
(Least Of 1/(tco + t|s), l/t|CS' l/(tWL + tWH)’
(s + tyy), or 1itscs)
Notes:

14. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load.
15. This specification is intended to guarantee interface compatibility of the other members of the CY7C370i family with the CY7C374i. This specification is met
for the devices operating at the same ambient temperature and at the same power supply voltage.

pocument #:
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== Cypress cYresra
Switching Characteristics Over the Operating Range[™* (continued)
7C374i-83 | 7C374i—-66
7C374i-125 | 7C374i-100 | 7C374iL-83 | 7C374iL-66
Parameter Description Min. ‘ Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
Reset/Preset Parameters
trw Asynchronous Reset Width[®] 10 12 15 20 ns
trRr Asynchronous Reset Recovery Timel] 12 14 17 22 ns
tro Asynchronous Reset to Outputl!! 16 18 21 26 | ns
tow Asynchronous Preset Width!®] 10 12 15 20 ns
tpr Asynchronous Preset Recovery Timel®! 12 14 17 22 ns
tro Asynchronous Preset to Output!] 16 18 21 26 | ns
Tap Controller Parameter
frap ‘Tap Controller Frequency 500 \ | 500 | \ 500 \ | 500 | | kHz
3.3V I/O Mode Parameters
T [ [ il

t3310 | 3.3V 1/0 mode timing adder

Switching Waveforms

Combinatorial Output

INPUT

X

tpp

COMBINATORIAL
OUTPUT

XX

><><><><>Ik

7C374i-7

Registered Output

INPUT

CLOCK

ts

REGISTERED
OUTPUT

by

CLOCK

X

t;&
twi

¥

7C374i-8

Latched Output

INPUT

LATCH ENABLE

[-— tPDL —>|

“ tco

LATCHED
OUTPUT

XX

XX

7C374i-9
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Switching Waveforms (continued)

Registered Input

REGISTERED
INPUT
tig —— tH

INPUT REGISTER
CLOCK

tico

COMBINATORIAL
OUTPUT

twH twi
CLOCK ,
7C374i-10

Latched Input

LATCHED INPUT ><

1<—— {5 tiH

LATCH ENABLE

< tppL tico
COMBINATORIAL
OUTPUT
e twH >l twi >
LATCH ENABLE
7C374i-11

Latched Input and Output

LATCHED INPUT X >< ><

<— tppLL
LATCHED
OUTPUT
ticoL [€————— tgp —>

— ~—  ty
INPUT LATCH
ENABLE

tics
OUTPUT LATCH /_

ENABLE

/
twH twi
LATCH ENABLE
7C374i-12
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Switching Waveforms (continued)

Asynchronous Reset

INPUT >< ><

1< tRO

REGISTERED
OUTPUT

T tRR

CLOCK
: 7C374i-13

Asynchronous Preset

| o —— tPW —_—

INPUT >< ><

l«—— tpo

REGISTERED
OUTPUT

l«e—— tpR
CLOCK
7C374i-14
Output Enable/Disable
INPUT
tErR 1 tEA

Z
OUTPUTS

AN

7C374i-16
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Ordering Information

il
|||
0

Speed Package Operating
(MHz) Ordering Code Name Package Type Range
125 CY7C374i—-125AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374i-125JC Ja3 84-Lead Plastic Leaded Chip Carrier
100 CY7C374i—-100AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374i-100JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY7C374i—-100Al A100 100-Pin Thin Quad Flat Pack Industrial
CY7C374i-1004JI Ja3 84-Lead Plastic Leaded Chip Carrier
83 CY7C374i—-83AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374i-83JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY7C374i-83Al A100 100-Pin Thin Quad Flat Pack Industrial
CY7C374i-83JI Ja3 84-Lead Plastic Leaded Chip Carrier
CY7C374i-83GMB G84 84-Pin Ceramic Pin Grid Array Military
CY7C374i-83YMB Y84 84-Pin Ceramic Leaded Chip Carrier
CY7C374iL-83AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374iL-83JC Ja3 84-Lead Plastic Leaded Chip Carrier
66 CY7C374i—-66AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374i-66JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY7C374i—-66Al A100 100-Pin Thin Quad Flat Pack Industrial
CY7C374i-66JI Ja3 84-Lead Plastic Leaded Chip Carrier
CY7C374i-66GMB G84 84-Pin Ceramic Pin Grid Array Military
CY7C374i-66YMB Y84 84-Pin Ceramic Leaded Chip Carrier
CY7C374iL-66AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374iL-66JC Ja3 84-Lead Plastic Leaded Chip Carrier
MILITARY SPECIFICATIONS Switching Characteristics
Group A Subgroup Testing
Parameter Subgroups
DC Characteristics tpp 9,10, 11
Parameter Subgroups tppL 9,10, 11
Vou 1,2,3 tppLL 9,10, 11
VoL 1,2,3 tco 9,10, 11
Viy 1,2,3 tico 9,10, 11
VL 1,2,3 ficoL 9,10, 11
lix 1,2,3 ts 9,10, 11
loz 1,2,3 ts 9,10, 11
lcca 1,2,3 tyy 9,10, 11
tHL 9,10,11
tis 9,10,11
tH 9,10,11
tics 9,10,11
tea 9,10,11
ter 9,10,11

Document #: 38-03031 Rev. ** Page 11 of 15
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Package Diagrams

100-Pin Thin Plastic Quad Flat Pack (TQFP) A100

16.00£0.25 SQ

100 N DIMENSIONS ARE IN MILLIMETERS.
‘ HRRRARRRAARARRRRAAARARRRE

= 75 [ 0.22:0.05
— R 0.08 MIN.
== f 0* MIN. 0.20 MAX
—— )
D
== STAND-OFF
= 0.105 MIN. ( \
0.15 MAX.

= *?\ N GAUGE PLANE
1 ]_
D
—— )

R 008 MIN/
_:;':—L 0.20 MAX. 0*-7°
= f 050 0.20 MIN. -
= TYP. =— 0.60£0.15
g 1.00 REF.—= e
==1

51-85048-A
DETAILA

1.40£0.05

‘\
SEATING PLANE 12°11°
160 MAX. -~ 8%
[ / i

] '\

0.20 MAX. [—/
SEE DETAIL A
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Package Diagrams (continued)

84-Pin Grid Array (Cavity Up) G84

TOP VIEW
1148 BOTTOM VIEW
INDEX MARK 1172 ta—— 1.000 BSC.
PIN 1 1D.
[ - JoJoJoJoJoJoJoJolo] )
100 (0]010J0J0J010J00J0I0)]
BSC. 88 0]0J0) 088
Lids L o0 OO | i
1172 990 O34 BSC.
0J0J0) (0JOJ0)
0]0} @O
o]0} (0JOJ0) @O
0]0J0J0J0J010J0X0JOIO)
O@@@@@(P(P@@O
1L 100
BSC.
SEATING PLANE 040 092
120 J L.oso DIA. Lﬂ
DIMENSIONS IN INCHES a0 4 X 0165 11 185
MIN. o215 U
MAX. 84 X 51-80015-A
84-Lead Plastic Leaded Chip Carrier J83
DIMENSIONS IN INCHES %IA%{(_
PIN #1 ID SEATING PLANE 3
1 \ 75
- aomnanaadgaanannnann -
laE 74 4
I T
: i 85
i T
: 0045
. 0.055 .
uem HE HE
:
1
0
: i
; T T
32 54 02
o 53 0.020 MIN.
1150
1158 1 | 0050
Le . e
0.200 51-85006-A
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Package Diagrams (continued)

84-Pin Ceramic Leaded Chip Carrier Y84

DIMENSIONS IN INCHES
CEE VIEW A MIN.,

/ PIN | \ MAX,

aOOonoOooooofoOonononoann—————
g ]
d =
0 | ul
g )
d ]
g )
d ]
1185
E ] 1195
g B Li4e
o + ~ TR LS8
O ]
0 )
O ]
g )
O ]
d =
[mi g
g )
d ]
L
1142
) 1,158 = e
uss SEATING PLANE
L195
005
010
035 X 457 —= H 035
45

Wl VLN [

008
032
jp—
VIEW A
040 X 45° BSC 51-80095-A

ISR, UltraLogic, FLASH370, FLASH370i, Warp, Warp Professional, and Warp Enterprise are trademarks of Cypress Semiconductor
Corporation.
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Features

CMOS for optimum
High speed

speed/power

— 18 ns address set-up
— 12 ns clock to output

Low power

— 495 mW (commercial)

— 660 mW (military)
Synchronous and asynchronous output enables
On-chip edge-triggered registers
Programmable asynchronous registers (INIT)
EPROM technology, 100% programmable

Slim, 300-mil, 24-pin plastic or hermetic DIP or 28-pin

LCC and PLCC

5V £10% V¢, commercial and military

TTL-compatible I1/O

Direct replacement for bipolar PROMs

CY7C235A

1K x 8 Registered PROM

» Capable of withstanding greater than 2001V static dis-
charge

Functional Description

The CY7C235A is a high-performance 1024 word by 8 hit elec-
trically programmable read only memory packaged in a slim
300-mil plastic or hermetic DIP, 28-pin leadless chip carrier, or
28-pin plastic leaded chip carrier. The memory cells utilize
proven EPROM floating gate technology and byte-wide intelli-
gent programming algorithms.

The CY7C235A replaces bipolar devices pin for pin and offers
the advantages of lower power, superior performance, and
high programming yield. The EPROM cell requires only 12.5V
for the supervoltage, and low current requirements allow for
gang programming. The EPROM cells allow for each memory
location to be tested 100%, as each location is written into,
erased, and repeatedly exercised prior to encapsulation. Each
PROM is also tested for AC performance to guarantee that the
product will meet AC specification limits after customer pro-
gramming.

Logic Block Diagram Pin Configuration
DIP.
INIT ° lI> Top View
o AL 241 Vee
o, Al 2 23] pg
—> A3 227 g
L —> O A4 210 E
s E
e —  Row PROCGRAMMABLE MUTIPLEXER| > | 2E 6 ig % IEZIT
ADDRESS ARRAY | >
Ay —] wa Os A7 181 cp
As — —> é% ESE_EE AOES 170 or
> - ®Oo 16[1 &
A5 —ADDRESS | %E Tgé%?sﬁ'f% o oo 15% (oY
A ___|pecoper £ on 140 0y
r | %E O3 GND [ 12 13[1 0
Ao — 7]
COLUMN LCC/PLCC
A1 ——ADDRESS o Top View
AO —
cP 0o
| E_
cP —& INIT
> cb
Eg ———————— &C
E 121I.3141516:I.71819 %
6‘6‘% 2&5
Selection Guide
7C235A-18 7C235A-25 7C235A-30 7C235A-40
Minimum Address Set-Up Time (ns) 18 25 30 40
Maximum Clock to Output (ns) 12 12 15 20
Maximum Operating Commercial 90 90 20 90
Current (MmA) Military 120 120 120

Maximum Ratings

Cypress Semiconductor Corporation
Document #: 38-04002 Rev. **

3901 North First Street

(Above which the useful life may be impaired. For user guide-
lines, not tested.)

CA 95134 + 408-943-2600
Revised March 4, 2002

San Jose ¢
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Storage Temperature ........ccccocceeeeenicieneeennd 65°C to +150°C Static Discharge Voltage .........c.cccceviveenncnienieeeninennn >2001V
Ambient Temperature with (per MIL-STD-883, Method 3015)
Power Applied.......coooiiiii e 55°C to +125°C Latch-Up CUITeNt.........ccvivieieiieeeeeeeee e >200 mA
Supply Voltage to Ground Potential Operating Range
(Pin 24 to Pin 12 for DIP) .....cooiiiiiiiiiiiee e 05V to +7.0V
C Vol lied to O Ambient
DC Voltage Applied to Outputs Range Temperature Vee
iNn High Z State .......c.oeoveiiiieeeee e 0.5V to +7.0V
H o o 0,
DC INnput Voltage ......oeeevvvvieiieiiiiiiiee e 3.6V to +7.0V Commerc[ll?l 0°Cto+70°C SV £10%
H —- o o 0,
DC Program Voltage (Pins 7, 18, 20 for DIP) ............... 13.0V Industrial 40°C o +85°C oV +10%
Military!2! -55°C to +125°C 5V +10%
Electrical Characteristics Over Operating Rangel®!
Parameter Description Test Conditions Min. Max. Unit
VoH Output HIGH Voltage Vee = Ming, lgy = -4.0 mA 2.4 \Y
ViN = Vg or V.
VoL Output LOW Voltage Vee = Min,, Ig. = 16 mA 0.4 \Y
Vin = Vg orV,
Vi Input HIGH Level Guaranteed Input Logical HIGH Voltage for All 2.0 \%
Inputst
VL Input LOW Level Guaranteed Input Logical LOW Voltage for All 0.8 \%
Inputst
lix Input Leakage Current GND <V|y< Ve -10 +10 MA
Vep Input Clamp Diode Voltage Note 5
loz Output Leakage Current GND < Vour < Vee Output Disabled! -10 +10 HA
los Output Short Circuit Current Vce = Max., Vour = 0.0V -20 -90 mA
lcc Power Supply Current lout = 0 MA, Commercial 90 mA
Vee = Max. Military 120
Vpp Programming Supply Voltage 12 13 \%
Ipp Programming Supply Current 50 mA
Vinp Input HIGH Programming Voltage 3.0 \%
ViLp Input LOW Programming Voltage 0.4 \%
Capacitancel
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Tp =25°C, f=1MHz, Ve =5.0V 10 pF
Court Output Capacitance 10 pF
Notes:

Ty is the “instant on” case temperature.

ouhwNE

Document #: 38-04002 Rev. **

Contact a Cypress representative for industrial temperature range specifications.

See the last page of this specification for Group A subgroup testing information.

For devices using the synchronous enable, the device must be clocked after applying these voltages to perform this measurement.
See Introduction to CMOS PROM s in this Data Book for general information on testing.

For test purposes, not more than one output at a time should be shorted. Short circuit test duration should not exceed 30 seconds.

Page 2 of 10
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AC Test Loads and Waveforms/®!

R1 250Q R1 250Q
5V AMA Vo MA—

OUTPUT, ! OUTPUT, !
50 pF I R2 I | R2

3 1670 5pF I b

INCLUDING—= j_— INCLUDING—= j_—

JIG AND ~ = JIG AND ~ =
SCOPE SCOPE

(@) NormalLoad (b) High-ZLoad

Equivalent to: THEVENIN EQUIVALENT

100Q

OUTPUTe AW 0 2.0V

Operating Modes

The CY7C235A incorporates a D-type, master-slave register
on chip, reducing the cost and size of pipelined micropro-
grammed systems and applications where accessed PROM
data is stored temporarily in_a register. Additional flexibility is
provided with synchronous (Eg) and asynchronous (E) output
enables and asynchronous initialization (INIT).

Upon power-up, the synchronous enable (ES) flip-flop will be
in the set condition causing the outputs (Og — O7) to be in the
OFF or high-impedance state. Data is read by applying the
memory location to_the address input (Ag — Ag) and a logic
LOW to the enable (Eg) input. The stored data is accessed and
loaded into the master flip-flops of the data register during the
address set-up time. At the next LOW-to-HIGH transition of the
clock (CP), data is transferred to the slave flip-flops, which
drive the output buffers, and the accessed data will appear at
the outputs (Og — O5), provided the asynchronous enable (E)
is also LOW.

The outputs may be disabled at any time by switching the
asynchronous enable (E) to a logic HIGH, and may be re-
turned to the active state by switching the enable to a logic
LOW.

Regardless of the condition of E, the outputs will go to the OFF
or high-impedance state upon the next positive clock edge af-
ter the synchronous enable (Eg) input is switched to a HIGH
level. If the synchronous enable pin is switched to a logic LOW,
the subsequent positive clock edge will return the output to the
active state if E is LOW. Following a positive clock edge, the
address and synchronous enable inputs are free to change
since no change in the output will occur until the next
LOW-to-HIGH transition of the clock. This unique feature al-
lows the CY7C235A decoders and sense amplifiers to access
the next location while previously addressed data remains sta-
ble on the outputs.

Document #: 38-04002 Rev. **

167Q

ALL INPUT PULSES

K 90%
10%

3.0v

90%
10%

<5ns I“

GND

<5ns

System timing is simplified in that the on-chip edge-triggered
register allows the PROM clock to be derived directly from the
system clock without introducing race conditions. The on-chip
register timing requirements are similar to those of discrete
registers available in the market.

The CY7C235A has an asynchronous initialize input (INIT).
The initialize function is useful during power-up and time-out
sequences and can facilitate implementation of other sophis-
ticated functions such as a built-in “jump start” address. When
activated the initialize control input causes the contents of a
user programmed 1025th 8-bit word to be loaded into the
on-chip register. Each bit is programmable and the initialize
function can be used to load any desired combination of 1s
and Os into the register. In the unprogrammed state, activating
INIT will generate a register CLEAR (all outputs LOW). If all
the bits of the initialize word are programmed, activating INIT
performs a register PRESET (all outputs HIGH).

Applying a LOW to the INIT input causes an immediate load of
the programmed initialize word into the master and slave
flip-flops of the register, independent of all other inputs, includ-
ing the clock (CP). The initialize data will appear at the device
outputs after the outputs are enabled by bringing the asyn-
chronous enable (E) LOW.

When power is applied the (internal) synchronous enable
flip-flop will be in a state such that the outputs will be in the
high-impedance state. In order to enable the outputs, a clock
must occur and the ES input pin must be LOW at least a set-up
time prior to the clock LOW-to-HIGH transition. The E input
may then be used to enable the outputs.

When the asynchronous initialize input, INIT, is LOW, the data
in the initialize byte will be asynchronously loaded into the out-
put register. It will not, however, appear on the output pins until
they are enabled, as described in the preceding paragraph.

Page 3 of 10
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Switching Characteristics Over Operating Rangel® °!

7C235A-18 | 7C235A-25 | 7C235A-30 | 7C235A-40

Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tsa Address Set-Up to Clock HIGH 18 25 30 40 ns
tHA Address Hold from Clock HIGH 0 0 0 0 ns
tco Clock HIGH to Valid Output 12 12 15 20 ns
tpwe Clock Pulse Width 12 12 15 20 ns
tses Eg Set-Up to Clock HIGH 10 10 10 15 ns
thes Es Hold from Clock HIGH 5 5 5 5 ns
to) Delay from INIT to Valid Output 20 25 25 35 | ns
= INIT Recovery to Clock HIGH 15 20 20 20 ns
tewi INIT Pulse Width 15 20 20 25 ns
tcos Inactive to Valid Output from Clock HIGHL"] 15 20 20 25 | ns
thzc Inactive Output from Clock HIGHL’] 15 20 20 25 | ns
tboE Valid Output from E LOW 15 20 20 25 ns
thze Inactive Output from E HIGH 15 20 20 25 ns
Note

7. Applies only when the synchronous (Es) function is used.

Switching Waveforms®

Ao — Ago

tsa tHa

A

Es / /7‘ tses tHES )‘\)

tses tHES 7/XX§( tses tHES

1

|

P _7 :Eitpi;‘tpwc @S‘tpﬁ;‘tpwc _@ﬂ;l‘tpwc !\\\\\\\\
00- 0, ) ) &« M 17 <«
tHze tcos tco thze | tpoE

— tri

Programming Information

Programming support is available from Cypress as well as
from a number of third-party software vendors. For detailed

Document #: 38-04002 Rev. **

C235A-7

programming information, including a listing of software pack-
ages, please see the PROM Programming Information located
at the end of this section. Programming algorithms can be ob-
tained from any Cypress representative.

Page 4 of 10
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Table 1. Mode Selection

YPRESS

CY7C235A

Pin Function!8!

Read or Output Disable Ag, Az —Ag Ay A, CP Es E INIT 07 - Oo
Mode Other Ao, A3 - Ag Al AZ PGM VFY E Vpp D7 - DO
Read Ao, A3 - Ag Al A2 X V”_ V“_ V|H 07 - OO
Output Disable Ag, Az — Ag Aq A, X V4 X V4 High Z
Output Disable Ag, Az —Ag Aq Ay X X ViH ViH High Z
Initialize Ag, Az —Ag Aq Ay X X VL ViL Init Byte
Program AosAz=Ag | AL | Ay | Vip Viee | Viwp Vep D7 -Do
Program Verify AoAz=Ag | A1 | Az | Viwp Viep Vinp Vep 07 -0p
Program Inhibit Ag, Az —Ag Aq Ay Viup Viup Viup Vpp High Z
Intelligent Program Ao, A3 - Ag Al AZ V||_p V|HP V|HP Vpp D7 - DO
Program |nitia|ize Byte Ao, A3 - Ag VPP V”_p V“_P V|HP V|HP VPP D7 - DO
Blank Check Ao, A3 - Ag Al A2 V|HP V||_p VlHP Vpp Zeros
Note:
8. X ="don’t care” but not to exceed V¢ +5%.
DIP LCC/PLCC
Top View Top View
—_—
A1 241 Vee
As [ 2 2300 Ag
As [ 3 227 Ag 5
A4 210 E 6
As[s 20[] Vpp 7
A2 e 190 VEY 8
AL 07 18[1 PGM 1
Ao s 1700 b, L
Do o 161 Ds
D1 [ 10 151 Ds
D, 11 14 D4
GND [ 12 13[1 D3

Document #: 38-04002 Rev. **

Figure 1. Programming Pinouts.
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Typical DC and AC Characteristics

NORMALIZED SUPPLY CURRENT
vs. SUPPLY VOLTAGE

1.6
g14
[a)
N 1.2
= ' I
<
z
x 10
pzd
0.8 . ;I'é =fZS C .
/ = fmax
0.6 |
40 45 50 55 6.0
SUPPLY VOLTAGE (V)
CLOCK TO OUTPUT TIME
w vs. TEMPERATURE
Z 16
= 1
'—
z
E 14
)
0
g 1.2
X
(@]
9 1.0/
O
2 os
N
-
< 06
Z 55 25 125
o AMBIENT TEMPERATURE (°C)

NORMALIZED SUPPLY CURRENT
vs. CLOCK PERIOD

1.02 | |

1.00 VCC =55V ]
o Ta=25°C
go.ses
D 096
N \
< 0.94 N—]
s
g 0.92 S~
2

0.90

0.88

0 25 50 75 100

CLOCK PERIOD (ns)
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NORMALIZED SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

1.2
LR
o
L
N
2 10
=
nd
)
z 0.9
0.8
-55 25 125
AMBIENT TEMPERATURE (°C)
NORMALIZED SET-UP TIME
vs. SUPPLY VOLTAGE
1.2
g [T
F 1.0
o
2
m N\
n 0.8
[a) \
L
N
< 06
<o
g Tp=25°C
Z 04 |
4.0 45 5.0 5.5 6.0
SUPPLY VOLTAGE (V)
TYPICAL ACCESS TIME CHANGE
vs. OUTPUT LOADING
30.0
25.0 S
m /
£ 200 v
3 /
ri: 15.0 /
5 /
4 100 /
50/ Tp=25°C
' Vce =4.5V
0.0 I I
0 200 400 600 800 1000

CAPACITANCE (pF)

NORMALIZED CLOCK-TO-OUTPUT TIME

NORMALIZED SET-UP

OUTPUT SINK CURRENT (mA)

CLOCK TO OUTPUT TIME

vS. \cc
1.6
1.4
1.2
\
1.0
0.8
Ta=25°C
0.6 |
4.0 4.5 5.0 5.5 6.0
SUPPLY VOLTAGE (V)
NORMALIZED SET-UP TIME
vs. TEMPERATURE
1.6
1.4
1.2
1.0
0.8
0.6
-55 25 125
AMBIENT TEMPERATURE (°C)
OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
175
150 —
125 /
100
75
Vce =5.0V
50 / Ta=25°C ]
25 /
0
0.0 1.0 2.0 3.0 4.0

OUTPUT VOLTAGE (V)

C235A-10
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Ei CYPRESS
Ordering Information®
Speed
(ns) Package Operating

tsa | tco Ordering Code Name Package Type Range

18 | 12 |CY7C235A-18DC D14  |24-Lead (300-Mil) CerDIP Commercial
CY7C235A-18JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C235A-18PC P13 24-Lead (300-Mil) Molded DIP

25 | 12 |CY7C235A-25DC D14  |24-Lead (300-Mil) CerDIP Commercial
CY7C235A-25JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C235A-25PC P13 24-Lead (300-Mil) Molded DIP
CY7C235A-25DMB D14  |24-Lead (300-Mil) CerDIP Military
CY7C235A-25LMB L64 28-Square Leadless Chip Carrier

30 | 15 |CY7C235A-30DC D14 24-Lead (300-Mil) CerDIP Commercial
CY7C235A-30JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C235A-30PC P13 24-Lead (300-Mil) Molded DIP
CY7C235A-30DMB D14  |24-Lead (300-Mil) CerDIP Military
CY7C235A-30LMB L64 28-Square Leadless Chip Carrier

40 | 20 |CY7C235A-40DC D14  |24-Lead (300-Mil) CerDIP Commercial
CY7C235A-40JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C235A-40PC P13 24-Lead (300-Mil) Molded DIP
CY7C235A-40DMB D14  |24-Lead (300-Mil) CerDIP Military
CY7C235A-40LMB L64 28-Square Leadless Chip Carrier

Note:

9. Most of the above products are available in industrial temperature range. Contact a Cypress representative for specifications

and product availability.

MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
VoH 1,2,3
VoL 1,23
\m 1,2,3
Vi 1,2,3

lix 1,23
loz 1,23
lcc 1,2,3

Document #: 38-04002 Rev. **

Switching Characteristics

Parameter Subgroups
tsa 7,8,9,10, 11
tha 7,8,9, 10,11
tco 7,8,9, 10,11

Page 7 of 10
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Package Diagrams

24-Lead (300-Mil) CerDIP D14
MIL-STD-1835 D-9 Config.A

PIN 1
I—Il_ll_ll_ll_ll_ll_ll_ll_ll_llil\}_\

A DIMENSIONS IN INCHES
£43 MIN.
3' MAX.
IO OO I OO d
o .065
~— 055 005 MIN.
BASE PLANE
155 1.230 890
200 1.280 015 20
.060
125 ([ ][ 15
200 MIN 9
045 %
.065
SEATING PLANE 3
<015 3—
.020 51-80031
28-Lead Plastic Leaded Chip Carrier J64
DIMENSIONS IN INCHES MIN.
MAX.
b o1 10 SEATING PLANE\%
d
4 _X\l 26
N U—— | o I I o | ﬁ
Y | ya
5[ 25 —
- F
O —t a3
0 0.021
o 3 N
M3 04 O ] %
0 4
0 I
1 19 n_u;&
0032 | 3
I g Il
12 ) 18 == 0.020 MIN.
gj%g ' 1 oiz0 -
L s
51-85001-A
Page 8 of 10
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Package Diagrams (continued)

28-Square Leadless Chip Carrier L64
MIL-STD-1835 C-4

- m PIN #
[oss o PN DIMENSIONS IN INCHES
UL et PR
g =j_f oes :
Pl = =
045 T = —
.055 |
— 045
) 055
- r
009 R. 064
28 PLACES o8 ]
J o4
1 066
. \ —
F—
—
—
A40
460 "]
] F—
F—
—
\\ J/ 1
51-80051
440
460
24-Lead (300-Mil) Molded DIP P13/P13A
DIMENSIONS IN INCHES MIN.
MAX.
ﬁ#‘H.—"HJH.—"'—.HMJHH‘HJHH"—.H‘HJH . P13 |P 13A
0250 NoTE A | 50 | 1S3
i
AT % NOTE B | 5030 | D.060
NOTE B |
NOTE A SEATING PLANE 0.280
i r0‘325“
o150
% % J 3° MIN
0
51-85013-A
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ANALOG
DEVICES

+2.7Vto +5.5V, Parallel Input,
Voltage Output 8-Bit DAC

AD7801

FEATURES

Single 8-Bit DAC

20-Pin SOIC/TSSOP Package

+2.7 V to +5.5 V Operation

Internal and External Reference Capability
DAC Power-Down Function

Parallel Interface

On-Chip Output Buffer Rail-to-Rail Operation
Low Power Operation 1.75 mA max @ 3.3 V
Power-Down to 1 pA max @ 25°C

APPLICATIONS

Portable Battery Powered Instruments
Digital Gain and Offset Adjustment
Programmable Voltage and Current Sources
Programmable Attenuators

GENERAL DESCRIPTION

The AD7801 is a single, 8-bit, voltage out DAC that operates
from a single +2.7 V to +5.5 V supply. Its on-chip precision output
buffer allows the DAC output to swing rail to rail. The AD7801
has a parallel microprocessor and DSP compatible interface with
high speed registers and double buffered interface logic. Data is
loaded to the input register on the rising edge of CS or WR.

Reference selection for the AD7801 can be either an internal
reference derived from the Vpp or an external reference applied
at the REFIN pin. The output of the DAC can be cleared by
using the asynchronous CLR input.

The low power consumption of this part makes it ideally suited
to portable battery operated equipment. The power consump-
tion is less than 5 mW at 3.3 V, reducing to less than 3 pW in
power-down mode.

The AD7801 is available in a 20-lead SOIC and a 20-lead
TSSOP package.

REV. 0

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
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FUNCTIONAL BLOCK DIAGRAM

D7 neut PN pAc
Do REGISTER [ | REGISTER |/

A T
POWER-ON
MUX RESET

I DAC Vour

WR CONTROL
[ LOGIC
2
AD7801 - AGND
O O O O
O O O O O O
PD CLR LDAC REFIN  Vpp DGND

PRODUCT HIGHLIGHTS

1. Low Power, Single Supply operation. This part operates
from a single +2.7 V to +5.5 V supply and consumes typically
5 mW at 3V, making it ideal for battery powered applications.

2. The on-chip output buffer amplifier allows the output of the
DAC to swing rail to rail with a settling time of typically 1.2 ps.

3. Internal or external reference capability.
4. High speed parallel interface.

5. Power-down capability. When powered down the DAC
consumes less than 1 pA at 25°C.

6. Packaged in 20-lead SOIC and TSSOP packages.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 World Wide Web Site: http://www.analog.com
Fax: 617/326-8703 © Analog Devices, Inc., 1997



AD7801-SPECIFICATIONS

(Vpp= +2.7 Vto +5.5 V, Internal Reference; C, = 100 pF, R, = 10 k€2 to Vpp and GND.
All specifications Ty to Tyax unless otherwise noted.)

Parameter B Versions! Units Conditions/Comments
STATIC PERFORMANCE
Resolution 8 Bits
Relative Accuracy? +1 LSB max
Differential Nonlinearity 1 LSB max Guaranteed Monotonic
Zero-Code Error @ +25°C 3 LSB typ All Zeros Loaded to DAC Register
Full-Scale Error -0.75 LSB typ All Ones Loaded to DAC Register
Zero-Code Error Drift 100 Uv/°C typ
Gain Error® +1 % FSR typ
DAC REFERENCE INPUT
REFIN Input Range 1to Vppl2 V min/V max
REFIN Input Impedance 10 MQ typ
OUTPUT CHARACTERISTICS
Output Voltage Range 0to Vpp V min/V max
Output Voltage Settling Time 2 Us max Typically 1.2 ps
Slew Rate 7.5 V/ps typ
Digital-to-Analog Glitch Impulse 1 nV-s typ 1 LSB Change Around Major Carry
Digital Feedthrough 0.2 nV-s typ
DC Output Impedance 40 Q typ
Short Circuit Current 14 mA typ
Power Supply Rejection Ratio* 0.0003 %/% max AVpp = £10%
LOGIC INPUTS
Input Current +10 HA max
VinL, Input Low Voltage 0.8 V max Vpp =45V
VinL, Input Low Voltage 0.6 V max Vpp =+3V
Vinn, Input High Voltage 2.4 V min Vpp=+5V
Vinn» Input High Voltage 2.1 V min Vpp =+3V
Pin Capacitance 7 pF max
POWER REQUIREMENTS
Vob 2.7/5.5 V min/V max
Ipp (Normal Mode) DAC Active and Excluding Load Current
Vpp =3.3V Viu = Vb and V,L = GND
@ 25°C 1.55 mA max See Figure 6
TMIN to TMAX 1.75 mA max
VDD =55V
@ 25°C 2.35 mA max
Twmin 10 Tyax 2.5 mA max
Ipp (Power-Down)
@ 25°C 1 |JA max VIH = VDD and V||_ = GND
Twmin 10 Tyax 2 A max See Figure 18

NOTES

1Temperature ranges are as follows: B Version: -40°C to +105°C

%Relative Accuracy is calculated using a reduced code range of 15 to 245.

3Gain Error is specified between Codes 15 and 245. The actual error at Code 15 is typically 3 LSB.

“Guaranteed by characterization at product release, not production tested.
Specifications subject to change without notice.

D7-DO

Figure 1. Timing Diagram for Parallel Data Write
_2—
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AD7801

(Vpp = +2.7 Vto +5.5V; GND = 0 V; Internal Vpp/2 Reference. All specifications Ty to Tyax

TIM'NG CHARACTER'ST'CSL 2 unless otherwise noted.)

lelt at TMIN! TMAX
Parameter (B Version) Units Conditions/Comments
ty 0 ns min Chip Select to Write Setup Time
to 0 ns min Chip Select to Write Hold Time
t3 20 ns min Write Pulse Width
ts 15 ns min Data Setup Time
ts 45 ns min Data Hold Time
ts 20 ns min Write to LDAC Setup Time
t; 20 ns min LDAC Pulse Width
tg 20 ns min CLR Pulse Width
NOTES

1sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of V pp) and timed from a voltage level of
(ViL + Viu)/2. tr and tf should not exceed 1 ps on any digital input.
2See Figure 1.

ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE
(Ta = +25°C unless otherwise noted) T : back
Voo 0 GND ..t 03VIO+HTV o Rggfm”m &%ﬁf
Reference Input Voltage to AGND ....-0.3VtoVpp+ 0.3V
Digital Input Voltage to DGND ...... -0.3VtoVpp+03V AD7801BR -40°C to +105°C R-20
AGNDtoDGND ..................... -0.3Vto+0.3V AD7801BRU -40°C to +105°C RU-20
VourtoAGND .................. -0.3VtoVpp+03V . . . .
Operating Temperature Range *R = Small Outline; RU = Thin Shrink Small Outline.
Commercial (B Version) ............. -40°C to +105°C
Storage Temperature Range ............ -65°C to +150°C
Junction Temperature ................ccciuin.n. +150°C
SSOP Package, Power Dissipation ............... 700 mwW
0;1 Thermal Impedance .................... 143°C/W
Lead Temperature, Soldering
Vapor Phase (60SeC) . ...... ... +215°C
Infrared (155€C) . ... +220°C
SOIC Package, Power Dissipation ............... 870 mw
0;1 Thermal Impedance ..................... 74°C/W
Lead Temperature, Soldering
Vapor Phase (60SEC) . .......vvviiniinnnn.. +215°C
Infrared (155€C) ... ..o +220°C

*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those listed in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily

accumulate on the human body and test equipment and can discharge without detection. WARNING! @
Although the AD7801 features proprietary ESD protection circuitry, permanent damage may W“

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD

ESD SENSITIVE DEVICE

precautions are recommended to avoid performance degradation or loss of functionality.

REV. 0 _3-



AD7801

PIN CONFIGURATION

o

(MsB)DB7 [L] @ [20] beND
DB6 [2] 119] Vour
DB5 [3] 18] nC
DB4 [4] 17] AGND

oB3[5]| AD7801 [16] REFIN

TOP VIEW
pB2 E (Not to Scale) E Voo

DB1 [7] 4] TR
(LsB) DBO [ 8] 3] tpAC

cs [9] 2] PD

WR [10] [11] DGND

NC = NO CONNECT

PIN FUNCTION DESCRIPTIONS

Pin

No. | Mnemonic | Function

1-8 | D7-DO0 Parallel Data Inputs. 8-bit data is loaded to the input register of the AD7801 under the control of CS and WR.

9 CsS Chip Select. Active low logic input.

10 WR Write Input. WR is an active low logic input used in conjunction with CS to write data to the input register.

11 DGND Digital Ground

12 PD Active low input used to put the part into low power mode reducing current consumption to less than 1 pA.

13 LDAC Load DAC Logic Input. When this logic input is taken low the DAC output is updated with the contents of
its DAC register. If LDAC is permanently tied low the DAC is updated on the rising edge of WR.

14 CLR Asynchronous Clear Input (Active Low). When this input is taken low the DAC register is loaded with all
zeroes and the DAC output is cleared to zero volts.

15 Vb Power Supply Input. This part can be operated from +2.7 V to +5.5 V and should be decoupled to GND.

16 REFIN External Reference Input. This can be used as the reference for the DAC. The range on this reference input is
1V to Vpp/2. If REFIN is tied directly to Vpp the internal Vpp/2 reference is selected.

17 AGND Analog Ground reference point and return point for all analog current on the part.

18 NC No Connect Pin.

19 Vout Analog Output Voltage from the DAC. The output amplifier can swing rail to rail on its output.

20 DGND Digital Ground reference point and return point for all digital current on the part.

_4- REV. 0



Typical Performance Characteristics—AD7801
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AD7801-Typical Performance Characteristics
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Figure 11. Power-On—Reset

Figure 12. Zero Code Error vs.

Figure 13. Small-Scale Settling Time
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Figure 14. Integral Linearity Plot
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Figure 16. Typical DNL vs. Temperature
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AD7801

TERMINOLOGY

Integral Nonlinearity

For the DAC, Relative Accuracy or End-Point nonlinearity is a
measure of the maximum deviation, in LSBs, from a straight
line passing through the endpoints of the DAC transfer
function. A graphical representation of the transfer curve is
shown in Figure 14.

Differential Nonlinearity

Differential Nonlinearity is the difference between the mea-
sured change and the ideal 1 LSB change between any two
adjacent codes. A specified differential nonlinearity of £1 LSB
maximum ensures monotonicity.

Zero-Code Error

Zero-Code Error is the measured output voltage from Vgy+ of
the DAC when zero code (all zeros) is loaded to the DAC
latch. It is due to a combination of the offset errors in the DAC
and output amplifier. Zero-code error is expressed in LSBs.

Gain Error

This is a measure of the span error of the DAC. It is the
deviation in slope of the DAC transfer characteristic from ideal
expressed as a percent of the full-scale value. It includes full-
scale errors but not offset errors.

Digital-to-Analog Glitch Impulse

Digital-to-Analog Glitch Impulse is the impulse injected into
the analog output when the digital inputs change state with

the DAC selected and the LDAC used to update the DAC. It
is normally specified as the area of the glitch in nV-secs and
measured when the digital input code is changed by 1 LSB at
the major carry transition.

Digital Feedthrough

Digital Feedthrough is a measure of the impulse injected into
the analog output of a DAC from the digital inputs of the same
DAC, but is measured when the DAC is not updated. It is
specified in nV-secs and measured with a full-scale code change
on the data bus, i.e., from all Os to all 1s and vice versa.

Power Supply Rejection Ratio (PSRR)

This specification indicates how the output of the DAC is affected
by changes in the power supply voltage. Power supply rejection
ratio is quoted in terms of % change in output per % change in
Vpp for full-scale output of the DAC. Vpp is varied +10%.

GENERAL DESCRIPTION

D/A Section

The AD7801 is an 8-bit voltage output digital-to-analog con-
verter. The architecture consists of a reference amplifier and a
current source DAC followed by a current-to-voltage converter
capable of generating rail-to-rail voltages on the output of the
DAC. Figure 19 shows a block diagram of the basic DAC
architecture.

REV. 0

REFERENCE AD7801
AMPLIFIER 11.7kQ

CURRENT
REFIN C - DAC YVour
>
11.7kQ
30kQ

Figure 19. DAC Architecture

The DAC output is internally buffered and has rail-to-rail
output characteristics. The output amplifier is capable of driving
a load of 100 pF and 10 kQ to both Vpp and ground. The
reference selection for the DAC can be either internally gener-
ated from Vpp or externally applied through the REFIN pin. A
comparator on the REFIN pin detects whether the required
reference is the internally generated reference or the externally
applied voltage to the REFIN pin. If REFIN is connected to
Vpp, the reference selected is the internally generated Vpp/2
reference. When an externally applied voltage is more than one
volt below Vpp, the comparator selection switches to the externally
applied voltage on the REFIN pin. The range on the external
reference input is from 1.0 V to Vpp/2 V. The output voltage
from the DAC is given by:

30kQ +

oN O

Vo =2VRer ¥ %E

where Vger is the voltage applied to the external REFIN pin or
Vpp/2 when the internal reference is selected. N is the decimal
equivalent of the code loaded to the DAC register and ranges
from O to 255.

vool,
\/
VTH
PMOS

INT REF +
REFy |

\
EXT REFT

COMPARATOR

/

INT MUX

REF

SELECTED REFERENCE
OUTPUT

Figure 20. Reference Selection Circuitry
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Reference

The AD7801 has the ability to use either an external reference
applied through the REFIN pin or an internal reference generated
from Vpp. Figure 20 shows the reference input arrangement
where either the internal Vpp/2 or the externally applied reference
can be selected.

The internal reference is selected by tying the REFIN pin to
Vpp. If an external reference is to be used, this can be directly
applied to the REFIN pin and if this is 1 V below Vpp, the
internal circuitry will select this externally applied reference as
the reference source for the DAC.

Digital Interface

The AD7801 contains a fast parallel interface allowing this
DAC to interface to industry standard microprocessors,
microcontrollers and DSP machines. There are two modes in
which this parallel interface can be configured to update the
DAC output. The synchronous update mode allows synchro-
nous updating of the DAC output; the automatic update mode
allows the DAC to be updated individually following a write
cycle. Figure 21 shows the internal logic associated with the
digital interface. The PON STRB signal is internally generated
from the power-on reset circuitry and is low during the power-
on reset phase of the power up procedure.

|

(2]
~
|

CLR
PON STRB
CLEAR MLE
__ SET SLE —>
LDAC IDAC  DAC CONTROL
[ LOGIC SLE
>
ENABLE

HO—

Figure 21. Logic Interface

The AD7801 has a double buffered interface, which allows for
synchronous updating of the DAC output. Figure 22 shows a
block diagram of the register arrangement within the AD7801.

39
X O

o o
4| LW |15 Wilis| 2 |30
DO e D et L i
x 00 [$XO) =
~w w o
DB7-DBO| W | 8 <0 Y- fa} UPPER
EO NIBBLE
20
% w
=
VAN 4 x
4] LU |15 b5 ] 2 |30
DO e D et L i
°e [7] g8 :
<0 o la) LOWER
A NIBBLE
MLE SLE
CS —p!
WR —» CONTROL LOGIC
LDAC —p»|
LR —P»|

Figure 22. Register Arrangement

Automatic Update Mode

In this mode of operation the LDAC signal is permanently tied
low. The state of the LDAC is sampled on the rising edge of
WR. LDAC being low allows the DAC register to be automati-
cally updated on the rising edge of WR. The output update
occurs on the rising edge of WR. Figure 23 shows the timing
associated with the automatic update mode of operation and
also the status of the various registers during this frame.

D7-DO

LDAC=0

I/P REG (MLE) HOLD TRACK
DAC REG (SLE) TRACK HOLD

Vout

HOLD

TRACK

/

Figure 23. Timing and Register Arrangement for Auto-
matic Update Mode

Synchronous Update Mode

In this mode of operation the LDAC signal is used to update the
DAC output to synchronize with other updates in the system.
The state of the LDAC is sampled on the rising edge of WR. If
LDAC is high, the automatic update mode is disabled and the
DAC latch is updated at any time after the write by taking
LDAC low. The output update occurs on the falling edge of
LDAC. LDAC must be taken back high again before the next
data transfer takes place. Figure 24 shows the timing associated
with the synchronous update mode of operation and also the
status of the various registers during this frame.

D7-DO

LDAC
I/P REG (MLE) HOLD TRACK HOLD
DAC REG (SLE) HOLD TRACK HOLD
Vour /

Figure 24. Timing and Register Arrangement for Synchro-
nous Update Mode
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POWER-ON RESET

The AD7801 has a power-on reset circuit designed to allow
output stability during power up. This circuit holds the DAC in
a reset state until a write takes place to the DAC. In the reset
state all zeros are latched into the input register of the DAC and
the DAC register is in transparent mode thus the output of the
DAC is held at ground potential until a write takes place to the
DAC. The power-on reset circuitry generates a PON STRB
signal which is a gating signal used within the logic to identify

a power-on condition.

POWER-DOWN FEATURES

The AD7801 has a power-down feature implemented by
exercising the external PD pin. An active low signal puts the
complete DAC into power-down mode. When in power-down,
the current consumption of the device is reduced to less than
1 pA max at +25°C or 2 pA max over temperature, making the
device suitable for use in portable battery powered equipment.
The internal reference resistors, the reference bias servo loop,
the output amplifier and associated linear circuitry are all shut
down when the power-down is activated. The output terminal
sees a load of = 23 kQ to GND when in power-down mode as
shown in Figure 25. The contents of the data register are
unaffected when in power-down mode. The device typically
comes out of power-down in 13 ps (see Figure 10).

11.7kQ

Vop

Ibac

<
1n7%ke3

VRer O——

\Y%

Figure 25. Output Stage During Power-Down

Analog Outputs

The AD7801 contains a voltage output DAC with 8-bit resolution
and rail-to-rail operation. The output buffer provides a gain of
two at the output. Figures 2, 3 and 4 show the source and sink
capabilities of the output amplifier. The slew rate of the output
amplifier is typically 7.5 V/us and has a full-scale settling to
eight bits with a 100 pF capacitive load in typically 1.2 ps.

The input coding to the DAC is straight binary. Table | shows
the binary transfer function for the AD7801. Figure 26 shows
the DAC transfer function for binary coding. Any DAC output
voltage can be expressed as:

REV. 0

ON O

Vour =2%Vger %H

where:

N

is the decimal equivalent of the binary input
code. N ranges from 0 to 255.

Vree IS the voltage applied to the external REFIN pin
when the external reference is selected and is Vpp/2
if the internal reference is used.

Table I. Output Voltage for Selected Input Codes

Digital Analog Output
MSB...LSB
1111 1111 2 X%XVREFV
1111 1110 2 x%xvmv
1000 0001 2 X%XVREFV
1000 0000 Veer V
0111 1111 2 x%vaEFv
VREF
2x——V
0000 0001 256
0000 0000 ov
2Vger T -
)
//
§ a X /// ~
5 /7
9 v
E Veer T % - %
3 7/
[¢] 7
g > // x I
//
v
0®

b))
(g

[pAc inpuT copE] 00 01 /)

7F 80 81 [/ FE FF|

Figure 26. DAC Transfer Function
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Figure 27 shows a typical setup for the AD7801 when using its
internal reference. The internal reference is selected by tying the
REFIN pin to Vpp. Internally in the reference section there is a
reference detect circuit that will select the internal Vpp/2 based
on the voltage connected to the REFIN pin. If REFIN is within
a threshold voltage of a PMOS device (approximately 1 V) of
Vpp the internal reference is selected. When the REFIN voltage
is more than 1 V below Vpp, the externally applied voltage at
this pin is used as the reference for the DAC. The internal
reference on the AD7801 is Vpp/2, the output current to
voltage converter within the AD7801 provides a gain of two.
Thus the output range of the DAC is from 0 V to Vpp, based on
Table 1.

Vpp = 3V TO 5V
o

T2t
Vpp AGND DGND
REF IN

AD7801

Vout
Vout

CONTROL
INPUTS

DATA BUS

Figure 27. Typical Configuration Selecting the Internal
Reference

Figure 28 shows a typical setup for the AD7801 when using an
external reference. The reference range for the AD7801 is from
1V to Vpp/2 V. Higher values of reference can be incorporated
but will saturate the output at both the top and bottom end of
the transfer function. There is a gain of two from input to output
on the AD7801. Suitable references for 5 V operation are the
AD780 and REF192. For 3 V operation a suitable external
reference would be the AD589 a 1.23 V bandgap reference.

Vpp = 3V TO 5V
o

0.1MF% 10pF {19

B

Vin

MICROPROCESSOR INTERFACING
AD7801-ADSP-2101/ADSP-2103 Interface

Figure 29 shows an interface between the AD7801 and the ADSP-
2101/ADSP-2103. The fast interface timing associated with the
AD7801 allows easy interface to the ADSP-2101/ADSP-2103.

LDAC is permanently tied low in this circuit so the DAC
output is updated on the rising edge of the WR signal.

Data is loaded to the AD7801 input register using the following
ADSP-21xx instruction.

DM(DAC) = MRO

MRO = ADSP-21xx MRO Register.
DAC = Decoded DAC Address.

DMALL ADDRESS BUS 2
DMAO % |7
AD7801*
DMS [ 1EN o0 fo———|©s
ADSP-2101*/
ADSP-2103* L LDAC
WR » WR
—N b7
’—V DBO
DMD15 L
DATA BUS Z
DMDO

*ADDITIONAL CIRCUITRY OMITTED FOR CLARITY.

Figure 29. AD7801-ADSP-2101/ADSP-2103 Interface

AD7801-TMS320C20 Interface

Figure 30 shows an interface between the AD7801 and the
TMS320C20. Data is loaded to the AD7801 using the following
instruction:

OUT DAC, D

DAC = Decoded DAC Address.
D = Data Memory Address.

ADDRESS BUS

A0 % |7

Al15 Z

AD7801*

EXT REF vgur

REF IN

Voo

AGND DGND

Vout

l(J.lp,F
Q} or AD780L v t—o

PD
D7-DO CS WR LDAC
A

DATABUS CONTROL
INPUTS

GND

v

AD780/REF192 WITH Vpp = 5V

OR
AD589 WITH Vpp = 3V

Figure 28. Typical Configuration Using An External
Reference

s
TMS320C20

STRB

RAW

D15

DO

| 5 |EN ADDR

DECODE

o———

e
—~

DATA BUS

*ADDITIONAL CIRCUITRY OMITTED FOR CLARITY.

Figure 30. AD7801-TMS320C20 Interface
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In the circuit shown the LDAC is hardwired low thus the DAC
output is updated on the rising edge of WR. Some applications
may require synchronous updating of the DAC in the AD7801.
In this case the LDAC signal can be driven from an external
timer or can be controlled by the microprocessor. One option
for synchronous updating is to decode the LDAC from the ad-
dress bus so a write operation at this address will synchronously
update the DAC output. A simple OR gate with one input
driven from the decoded address and the second input from the
WR signal will implement this function.

AD7801-8051/8088 Interface
Figure 31 shows a serial interface between the AD7801 and the
8051/8088 processors.

*ADDITIONAL CIRCUITRY OMITTED FOR CLARITY.

Figure 31. AD7801-8051/8088 Interface

APPLICATIONS

Bipolar Operation Using the AD7801

The AD7801 has been designed for unipolar operation but
bipolar operation is possible using the circuit in Figure 32. The
circuit shown is configured for an output voltage range of -5 V
to +5 V. Rail-to-rail operation at the amplifier output is achievable
by using an AD820 or OP295 as the output amplifier.

The output voltage for any input code can be calculated as
follows:

2V grer DO (R4

v —FRD+ED (R1+R2)x -V
o—gzg RBH/ 17256 E REF%%

Where D is the decimal equivalent of the code loaded to the
DAC and Vg is the reference voltage input.

With Vger = 2.5 V, R1 = R3 = 10 kQ and R2 = R4 = 20 kQ and

VDD =5V.
_[oD0
Vo = TSGH—S
REV. 0

A15
ADDRESS BUS Z
A8 % |7
AD7801*
PSEN OR DEN —»EN ADDR ==
DECODE [0—CS
WR WR
8051/8088* _—|LPAC
OCTAL N
ALE [ | ATCH DB7
——{Dpso
AD7
DATA BUS Z
ADO

Vpp = 3V TO 5V
o

AR ALAmE
ViN
Vpp AGND DGND
EXT REF vour REF IN v
—=0.1uF out
GND {l; __ AD7801
% CLR
Fﬁ
AD780/REF192 s W TORE
WITH Vo = 5V pD7-D0 CS WR LDAC

OR Vop J__
AD589 WITH Vpp = 3V -

DATA CONTROL
BUS INPUTS

Figure 32. Bipolar Operation Using the AD7801

Decoding Multiple AD7801s in a System

The CS pin on the AD7801 can be used in applications to
decode a number of DACs. In this application, all DACs in the
system receive the same input data, but only the CS to one of
the DACs will be active at any one time allowing access to one
channel in the system. The 74HC139 is used as a two-to-four
line decoder to address any of the DACs in the system. To
prevent timing errors from occurring, the Enable input on the
74HC139 should be brought to its inactive state while the
Coded Address inputs are changing state. Figure 33 shows a
diagram of a typical setup for decoding multiple AD7801
devices in a system. The built-in power-on reset circuit on the
AD7801 ensures that the outputs of all DACs in the system
power up with zero volts on their outputs.

DATA BUS AD7801
L
WR — ¢S Vourt
[e; WR —O
g b7
Vop D7 L[jlic
— Vcc
1G
ENLE 1v0 jo— AD7801
ig‘ vi1jo——— H—{CS Vout
O— WR o
CODED 1Y2[0— TR
ADDRESS | 74HC139 :$ Bg -
LDA:!
1Y30—
DGND L
=
AD7801
— %5 Vourt
—{WR —O
=
] D7 LDAC
L
AD7801
1SS Vout
— WR —O
_4‘) o
D7 LDAC
L

Figure 33. Decoding Multiple AD7801s
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AD7801 as a Digitally Programmable Indicator

A digitally programmable upper limit detector using the DAC is
shown in Figure 34. The upper limit for the test is loaded to the
DAC, which in turn sets the limit for the CMPO04. If a signal at
the V) input is not below the programmed value, an LED will
indicate the Fail condition.

+5V

0.1pF Q‘T; j’;louF
Vpp  REFIN
AD7801
o——m5
Vour
D7
DO
O——|Ts
O——WR 1/4 1/6
DVpp O——{ TR CMP-04  74HCO5
O——{LDPAC
DGND AGND

=

Figure 34. Digitally Programmable Indicator

Programmable Current Source

Figure 35 shows the AD7801 used as the control element of a
programmable current source. In this circuit the full-scale
current is set to 1 mA. The output voltage from the DAC is
applied across the current setting resistor of 4.7 kQ in series with
the full-scale setting resistor of 470 Q. Suitable transistors to
place in the feedback loop of the amplifier include the BC107
and the 2Ni3904, which enable the current source to operate
from a minimum Vsoyrce 0f 6 V. The operating range is
determined by the operating characteristics of the transistor.
Suitable amplifiers include the AD820 and the OP295, both of
which have rail-to-rail operation on their outputs. The current
for any digital input code can be calculated as follows:

(ZVREF D)

'= (256 (5 k)

Vpp = 5V

Vsource
@

O.luF% 1ouF{—T§

Vin
Vbp
EXT REF vour * REF IN
0ALF Vout
GND M
{7 {5 AD7801
AD780/ REF192 AGND DGND

WITH Vpp = 5V

Figure 35. Programmable Current Source

Coarse and Fine Adjustment using two AD7801s

The two DACs can be paired together to form a coarse and fine
adjustment function for a setpoint as shown in Figure 36. In this
circuit, the first DAC is used to provide the coarse adjustment
and the second DAC is used to provide the fine adjustment.
Varying the ratio of R1 and R2 will vary the relative effect of the
coarse and fine tune elements in the circuit. For the resistor
values shown, the second DAC has a resolution of 148 pv
giving a fine tune range of 38 mV (approximately 2 LSB) for
operation with a Vpp of 5 V and a reference of 2.5 V. The
amplifier shown allows a rail-to-rail output voltage to be
achieved on the output. A typical application for the circuit
would be in a setpoint controller.

Vpp =5V
o R3 R4
51.2kQ 390Q

o&w% 10pF{‘T§

Vin Vo
Vbp
EXT REF voyr REF IN

hd Vout
6<N70 il;“”F AD7801

AD780/ REF192
WITH Vpp = 5V

AGND DGND

il

OR
AD589 WITH Vpp = 3V

Vbp
REF IN
1 Vout FWAV
0-1uF AD7801 R2
% 51.2kQ
AGND DGND

il

Figure 36. Coarse and Fine Adjustment
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Power Supply Bypassing and Grounding

In any circuit where accuracy is important, careful consideration
of the power supply and ground return layout helps to ensure
the rated performance. The printed circuit board on which the
AD7801 is mounted should be designed so that the analog and
digital sections are separated and confined to certain areas of the
board. If the AD7801 is in a system where multiple devices
require an AGND to DGND connection, the connection should
be made at one point only, a star ground point which should be
established as closely as possible to the AD7801. The AD7801
should have ample supply bypassing of 10 uF in parallel with
0.1 pF located as close to the package as possible, ideally right
up against the device. The 10 pF capacitors are the tantalum
bead type. The 0.1 pF capacitors should have low Effective
Series Resistance (ESR) and Effective Series Inductance (ESI),
such as the common ceramic types, which provide a low
impedance path to ground at high frequencies to handle
transient currents due to internal logic switching.

REV. 0

The power supply lines of the AD7801 should use as large a
trace as possible to provide low impedance paths and reduce the
effects of glitches on the supply line. Fast switching signals like
clocks should be shielded with digital ground to avoid radiating
noise to other parts of the board and should never be run near
reference inputs. Avoid crossover of digital and analog signals.
Traces on opposite sides of the board should run at right angles
to each other. This reduces the effect of feedthrough through
the board. A microstrip technique is by far the best, but not
always possible with a double-sided board. In this technique, the
component side of the board is dedicated to the ground plane
while signal traces are placed on the solder side.

-13-
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

20-Lead Wide Body SOIC
(R-20)

0.5118 (13.00)
0.4961 (12.60)

AAAAAAAARARA

20 11

§

0.2992 (7.60)
0.2914 (7.40)
0.4193 (10.65)
0.3937 (10.00)

é 10 _{
H\HHHHHHHHH_L
PIN 1 0.1043 (2.65) 0.0291 (0.74)
e Iy 45°
' o.ogfel(z.ss) "I |"o.0098 (0.25)
S AW ¥
S > e il 'f_ g° 0.0500(1.27)_.”‘
0.0118 (0.30) ~ 0.0500 0.0192 (0.49) 0° 0.0157 (0.40)

=) Ny S SEATING 0.0125 (0.32)
0.0040 (0.10) (BSC) 00138035 PLANE 50051 (023)

20-Lead TSSOP
(RU-20)

0.260 (6.60)
0.252 (6.40)

—»I
]

0.177 (4.50)
0.169 (4.30)
0.256 (6.50)
0.246 (6.25)

Iq—
—

0.006 (0.15)  piN 1

0.002 (0.05) 0.0433
+ SRR 6o 4
T == >ile  MAX T g 0028(070) FI

0.0256 (0.65) 0.0118 (0.30) 0°  0.020 (0.50)
SEATING BSC 00075 (019) 0:0079(0.20)

PLANE 0.0035 (0.090)
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’ ANALOG
DEVICES

Very Low Noise Quad
Operational Amplifier

0P-470

FEATURES insuring excellent gain accuracy and linearity, even in high-
® VeryLowNoise............... 5nV/\/ Hz @ 1kHz Max gain applications. Input bias current is under 25nA which
® Excellent Input Offset Voltage .............. 0.4mV Max reduces errors due to signal source resistance. The OP-470’s
* Low Offset Voltage Drift .............. ... 2uV/°C Max CMR of over 110dB and PSRR of less than 1.8uV/V signifi-
® VeryHighGain......................... 1000V/mV Min cantly reduce errors due to ground noise and power supply
®* OutstandingCMR .............c......co.l. 110dB Min fluctuations. Power consumption of the quad OP-470 is half
® SlewRate..................o 2V/us Typ that of four OP-27s, a significant advantage for power con-
® Gain-Bandwidth Product.................... 6MHz Typ
* Industry Standard Quad Pinouts PIN CONNECTIONS
¢ Available in Die Form « < 984
z 545z
ORDERING INFORMATION | TR
T, =+25°C PACKAGE OPERATING
VosMAX  CERDIP TEMPERATURE
uv) 14-PIN PLASTIC Lcer RANGE
400 - - OP470ARC/883 MIL
400 OP4&70AY* - OP470ATC/883 MIL
400 OP470EY - - IND
?%o OP470FY OP47_OG o - ;?r\?[) 14-PIN HERMETIC DIP
1000 - OP470GS! - XIND (Y-Suftix)
*  Fordevices processedin total compliance 1o MIL-STD-883, add /883 after part 14-PIN PLASTIC MINI-DIP
number. Consult factory for 883 data sheet. {P-Suffix)
T Burn-in is available on commercial and industrial temperature range parts in
CerDIP, piastic DIP, and TO-can packages.
#+ For availability and burn-in information on SO and PLCC packages, contact outa[1]® ~ 6] oUT D
your local sales office. -IN A E% g 15] -IND
GENERAL DESCRIPTION *'”Vj% :] e
The OP-470 is a high-performance monolithic quad opera- +ive (5] [iz] 1IN
tional amplifier with exceptionally iow voltage noise, nE [F] 1 oine
5nV/y/ Hz at 1kHz Max, offering comparable performance to OUTB E% % ol ouT C
PMY’s industry standard OP-27. wc. [1] 5] nec.
The OP-470 features an input offset voltage below 0.4mV,
excellent foraquad op amp, and an offset drift under 2uV/°C, 16-PIN S_OL 28-LEAD LCC
guaranteed over the full military temperature range. Open- (S-Suffix) (TC-Suffix)
loop gain of the OP-470 is over 1,000,000 into a 10k{} load
SIMPLIFIED SCHEMATIC
oV

i O

$—OouT

N
VAN

- 2
opt L
[ 1
Vv ~
N, 1
® ®

—




0P-470

scious applications. The OP-470 is unity-gain stable with a
gain-bandwidth product of 6MHz and a slew rate of 2V/us.

The OP-470 offers excellent amplifier matching which is
important for applications such as multiple gain blocks, low-
noise instrumentation amplifiers, quad buffers, and low-noise
active filters.

The OP-470 conforms to the industry standard 14-pin DIP
pinout. It is pin compatible with the OP-11, LM148/149,
HA4741, HA5104, and RM4156 quad op amps and can be used
to upgrade systems using these devices.

For higher speed applications the OP-471, with a slew rate of
8V/us, is recommended.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage .......ccecvveeeeines .. 18V
Differential Input Voltage (Note 2) ......ccccceiiiiiiiininenns +1.0V
Differential Input Current (Note 2) ......cccccoviniiniiiiinn +25mA
Input Voltage ........ooceereeemniii e Supply Voltage
Output Short-Circuit Duration .........cceevveeeniiiinnen, Continuous
Storage Temperature Range

P, TC, Y-Package ......ccoccemevevcrienienirsnann —65°C to +150°C

Lead Temperature Range (Soldering, 60 sec) 300°C
Junction Temperature (T) ~65°C to +150°C
Operating Temperature I'llange

OP-470A . =55°C to +125°C
OP-470E, OP-470F ..o -25°C to +85°C
OP-470G ...ooireiirecreeerrcsceessr e —40°C to +85°C
PACKAGE TYPE ©a (Note 3) 8¢ UNITS
14-Pin Hermetic DIP (Y} 94 10 °CIW
14-Pin Plastic DIP (P) 76 33 °C/W
20-Contact LCC (RC) 78 30 °C/W
28-Contact LCC (TC) 70 28 °C/W
16-Pin SQOL (S) 88 23 °C/W
NOTES:
1. Absolute maximum ratings apply to both DICE and packaged parts, uniess
otherwise noted.

2. The OP-470's inputs are protected by back-to-back diodes. Current limiting
resistors are not used in order to achieve low noise performance. If differential
voltage exceeds +1.0V, the input current should be limited to +£25mA.

3. ej is specified for worst case mounting conditions, i.e., ®., is specified for
device in socket for TO, CerDIP, P-DIP, and LCC packages; GjA is specified
for device soldered to printed circuit board for SO and PLCC packages.

ELECTRICAL CHARACTERISTICS at V5= £15V, Ta = 25°C, unless otherwise noted.

OP-470A/E OP-470F OP-470G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voitage Vos — 01 0.4 — 0.2 08 — 0.4 1.0 mV
Input Offset Current los Vom = 0V — 3 10 — 6 20 — 12 30 nA
Input Bias Current g Vom = OV — 6 25 — 15 50 — 25 60 nA
. 0.1Hz to 10Hz
Input Noise Voltage €np-p (Note 1) — 80 200 — 80 200 — 80 200 nvVp_p
fo=10Hz — 3.8 6.5 — 3.8 6.5 — 3.8 6.5
i = — ¥ . — . 5.5 — X .
Input Noise . en fo = 100Hz 3.3 5.5 3.3 3.3 5.8 VA HZ
Voltage Density fo = 1kHz — 3.2 5.0 — 3.2 5.0 — 3.2 5.0
(Note 2)

Input Noi fo=10Hz — 17 — — 1.7 — - 1.7 -
- Tls; ] in to— 100Hz S - - 07— -~ 07— pAnHZ

urrent Density to = 1kHz — 04 - - 04 - - 04 -
L Signal Vo =10V
\";rie— lg(:a‘ Avo R = 10kQ) 1000 2300 — 800 1700 — 800 1700 — v/mv

oltage Gain RL=2kQ 500 1200 @ — 400 900 @ — 400 900 -
Input Voltage Range IVR (Note 3) +11 +£12 — =11 *12 — =N *12 — \
Output Voltage Swing Vo R = 2k 112 +13 — +12 +13 — 12 +13 — \
Common-Mode Rejection CMR Vem =11V 110 125 — 100 120 — 100 120 — dB
Power Supply PSRR Vg= 4.5V to +18V — o056 18 — 10 58 — 10 56 WAV
Rejection Ratio
Slew Rate SR 1.4 2 — 14 2 - 14 2 — V/us
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ELECTRICAL CHARACTERISTICS at V5= +15V, Ta = 25°C, unless otherwise noted. (Continued)

OP-470A/E OP-470F OP-470G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Supply Current
| Load — 9 11 — 9 11 — 9 1 A
(All Amplifiers) sY No Loa m
Gain Bandwidth Product GBW Ay=+10 — 6 — — 6 —_ — 6 — MHz
) Vo= 20V,_
h PP 125 155 - 125 155 - 125 155 — dB
Channel Separation CSs fo = 10Hz (Note 1)
Input Capacitance Cin — 2 — — 2 — — 2 — pF
Ingut Re:‘n.stanoe Rin _ 04 _ _ 0.4 o _ 04 o MO
Differential-Mode
Input Resistance
— 11 — — 11 — — 11 — GO
Common-Mode Rincm
Ay =+1
Settiing Time tg to 0.1% — 5.5 — — 8.5 — — 55 — S
to 0.01% — 6.0 — - 6.0 — — 6.0 —
NOTES:
1. Guaranteed but not 100% tested.
2. Sample tested.
3. Guaranteed by CMR test.
ELECTRICAL CHARACTERISTICS at Vg = +15V, -55°C < Tp < 125°C for OP-470A, unless otherwise noted.
OP-470A
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Vos — 0.14 0.6 my
Average Input
TCV, — 0.4 °
Offset Voltage Drift CVos 2 HVI°C
Input Offset Current los Vem =0V - 5 20 nA
Input Bias Current Ig Vom =0V — 15 50 nA
X Vo =210V
L - |
\Ziz Se'ggzm Avo R, = 10kQ2 750 1800 — V/mv
g R, =2k0 400 800 @ —
Input Voltage Range IVR (Note 1) +11 +12 —_
Output Voltage Swing Vo R = 2kQ +12 +13 —
Common-Mode
n.n ?n CMR Vom =11V 100 120 — dB
Rejection
Power Supply
Vg =4, + — . .
Rejection Ratio PSRR s 4.5V to £18V 1.0 5.6 yavay
Supply Current
(All Amplifiers) Isy No Load 9.2 1 mA
NOTE:

1. Guaranteed by CMR test.
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ELECTRICAL CHARACTERISTICS at Vg =+15V,-25°C < T, < +85°C for OP-470E/F, ~40°C < T, £+85°C for OP-470G, unless
otherwise noted.

OP-470E OP-470F OP-470G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX CMIN  TYP  MAX MIN TYP MAX  UNITS
Input Offset Voltage Vos —_ 0.12 0.5 — 0.24 1.0 — 0.5 1.5 mv
Average Input )
TCV, — 04 2 — 08 4 - 2 - VoG
Offset Voltage Drift CVos v
Input Offset Current los Vem =0V — 4 20 — 7 40 — 20 50 nA
Input Bias Current Ig Ven =0V — " 50 — 20 70 — 40 75 nA
Vg =10V
Large-Signal
\Zlgt: eIgC::in Avo R, = 10k go0 1800 @ — 600 1400  — 600 1500  — V/mv
g R, = 2kQ 400 900 — 300 700 — 300 800 —
Input Voltage Range IVR (Note 1) £ 212 - £ +12 — +11 412 - v
Output Voltage Swing Vg R = 2k0 +12 £13 — 12 +13 — 12 +13 - v
Col -Mod
mmon-viode CMR Ve =£11V 100 120 — 0 115 — 90 10 — dB
Rejection
Power Suppl
OWSI SUPPYY PSRR  Vg— +4.5V to L18V — o7 56 — 18 10 - 18 1w WYV
Rejection Ralio )
Supply Current
ez 1 — 92 11 — 93 1
{All Amplifiers) sy No Load mA
NOTE:

1. Guaranteed by CMR test.
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DICE CHARACTERISTICS

1. OUTA
2. —-INA
3. +tINA
4. V+
5. +INB
6. -INB
7. OUTB
8. OUTC
9. -INC
10. +INC
1. V-
12. +IND
13. -IND
14, OUTD
DIE SIZE 0.163 X 0.106 inch, 17,278 sq. mils
(4.14 X 2.69 mm, 11.14 sq. mm)
WAFER TEST LIMITS at Vg = =15V, Ta = 25°C, unless otherwise noted.
OP-470GBC
PARAMETER SYMBOL CONDITIONS LIMIT UNITS
Input Offset Voltage Vos 08 mV MAX
input Offset Current los Vo =0V 20 nA MAX
Input Bias Current Iz Veu =0V 50 nA MAX
) Vo =+10V
- |
L\E/'rie S'gi;;n Avo R~ 10k 800 V/my MIN
olage R, = 2k0 400
Input Voltage Range IVR (Note 1) +11 V MIN
Output Voitage Swing Vo R, = 2k} +12 V MIN
Common Mode Rejection CMR Vou = 11V 100 dB MIN
Power Supply , 4
=14, + 5.6 A
Rejection Ratio PSRR Vg = 4.5V to £18V uV/V MAX
Slew Rate SR 14 V/us MIN
Supply Current
11 A
(All Amplifiers) sy No Load mA MAX
NOTE:

1. Guaranteed by CMR test.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaran-
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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CHANNEL SEPARATION TEST CIRCUIT
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APPLICATIONS INFORMATION

VOLTAGE AND CURRENT NOISE

The OP-470 is a very low-noise quad op amp, exhibiting a
typical voltage ncise of only 3.2nV/\/r—I-Tz— @ 1kHz. The
exceptionally low noise characteristics of the OP-470 is in
part achieved by operating the input transistors at high col-
lector currents since the voltage noise is inversely propor-
tional to the square root of the collector current. Current
noise, however, is directly proportional to the square root of
the collector current. As a result, the outstanding voltage
noise performance of the OP-470 is gained at the expense of
current noise performance, which is typical for low noise
amplifiers.

To obtain the best noise performance in a circuit it is vital to
understand the relationship between voltage noise (e), cur-
rent noise (ip), and resistor noise (ey).

TOTAL NOISE AND SOURCE RESISTANCE
The total noise of an op amp can be calulated by:

En= V(e)2+ (in Rg)? + (e1)?
where:

E, = total input referred noise

e, = op amp voltage noise

in=o0p amp current noise

€= source resistance thermal noise

Rg = source resistance

The total noise is referred to the input and at the output would
be amplified by the circuit gain.

Figure 1 shows the relationship between total noise at 1kHz
and source resistance. For Rg < 1k{} the total noise is domi-
nated by the voltage noise of the OP-470. As Rgrises above

FIGURE 1: Total Noise vs Source Resistance (Including
Resistor Noise) at 1kHz
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FIGURE 2: Total Noise vs Sou'rce Resistance (Including
Resistor Noise) at 10Hz
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1k}, total noise increases and is dominated by resistor noise
rather than by voltage or current noise of the OP-470. When
Rg exceeds 20kQ}, current noise of the OP-470 becomes the
major contributor to total noise.

Figure 2 also shows the relationship between total noise and
source resistance, but at 10Hz. Total noise increases more
quickly than shown in Figure 1 because current noise is
inversely proportional to the square root of frequency. In
Figure 2, current noise of the OP-470 dominates the total
noise when Rg> 5k(}.

From Figures 1and 2itcan be seen that to reduce total noise,

the voltage noise of the OP-470 is the major contributor to
peak-to-peak noise with current noise the major contributor
as Rg increases. The crossover point between the OP-470
and the OP-400 for peak-to-peak noise is at Rg = 17k{}.

The OP-471 is a higher speed version of the OP-470, with a
slew rate of 8V/us. Noise of the OP-471 is only slightly higher
than the OP-470. Like the OP-470, the OP-471 is unity-gain
stable.

For reference, typical source resistances of some signal
sources are listed in Table I.

source resistance must be kepttoa minimum. in applications TABLE |
with a high source resistance, the OP-400, with lower current SOURCE
noise than the OP-470, will provide lower total noise. DEVICE IMPEDANCE  COMMENTS
Figure 3 shows peak-to-peak noise versus source resistance Strain gauge <5000 :&;ZII?:;IZ;SSed in low-frequency
overthe 0.1Hzto 10Hz range. Once again, atlow values of Rg, -
‘ Magnetic <1500() Low lg very important to reduce
. tapehead self-magnetization problems when
FIGURE 3: Peak-To-Peak Noise (0.1Hz To 10Hz) vs Source direct coupling is used. OP-470 I
Resistance (Includes Resistor Noise) can be neglected.
Magnetic <15000 Similar need for low lg in direct
1000 Fopat T 7 phonograph coupled applications. OP-470 will not
Cora00 cartridges introduce any self-magnetization
problem.
b B =
E ap’d Linear variable <1500(} Used in rugged servo-feedback
o OP-471 T A differential applications. Bandwidth of interest is
2 A transformer 400Hz to 5kHz.
5 ‘ ‘ ,,u/ /’
100 | OP-470
3 - For further information regarding noise calculations, see
; "r “Minimization of Noise in Op-Amp Applications,” Applica-
w 7¢§ES,S‘T°R tion Note AN-15,
NOISE ONLY
NOISE MEASUREMENTS —
w0 PEAK-TO-PEAK VOLTAGE NOISE
100 1k 10k 100k The circuit of Figure 4 is a test setup for measuring peak-to-
Rs — SOURCE RESISTANCE (()) peak voltage noise. To measure the 200nV peak-to-peak

FIGURE 4: Peak-To-Peak Voltage Noise Test Circuit (0.1Hz To 10Hz)

D1, D2
1N4148

R14 ®out

65.4k0)

4.99k0) s

I

10k02

GAIN = 50,000

0.032uF Vg =15V

-10-
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noise specification of the OP-470in the 0.1Hz to 10Hz range,
the following precautions must be observed:

1. The device has to be warmed-up for at least five minutes.
As shown in the warm-up drift curve, the offset voltage
typically changes 51V due to increasing chip temperature
after power-up. In the 10-second measurement interval,
these temperature-induced effects can exceed tens-
of-nanovolts.

2. For similar reasons, the device has to be well-shielded
from air currents. Shielding also minimizes thermocouple
effects.

3. Sudden motion in the vicinity of the device can also “feed-
through” to increase the observed noise.

FIGURE 5: 0.1Hz To 10Hz Peak-To-Peak Voltage Noise
Test Circuit Frequency Response

100

/1
24 \
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\
40 ~

20
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100

FIGURE 6: Noise Voltage Density Test Circuit

4. The test time to measure 0.1Hz-to-10Hz noise should not
exceed 10 seconds. As shown in the noise-tester fre-
quency-response curve of Figure 5, the 0.1Hz corner is
defined by only one pole. The test time of 10 seconds acts
as an additional pole to eliminate noise contribution from
the frequency band below 0.1Hz.

5. A noise-voltage-density test is recommended when mea-
suring noise on a large number of units. A 10Hz noise-
voltage-density measurement will correlate well with a
0.1Hz-to-10Hz peak-to-peak noise reading, since both
results are determined by the white noise and the location
of the 1/f corner frequency.

6. Power should be supplied to the test circuit by well
bypassed low-noise supplies, e.g. batteries. These will
minimize output noise introduced via the amplifier supply
pins.

NOISE MEASUREMENT — NOISE VOLTAGE DENSITY
The circuit of Figure 6 shows a quick and reliable method of
measuring the noise voltage density of quad op amps. Each
individual amplifier is series-connected and is in unity-gain,
save the final amplifier which is in a noninverting gain of 101.
Since the ac noise voltages of each amplifier are uncorre-
lated, they add in rms fashion to vield:

eoyt = 101 <\/enA2 + en82 + en02 + enD2 >

The OP-470 is a monolithic device with fouridentical amplifi-
ers. The noise voltage density of each individual amplifier will
match, giving:

eouT = 101 (\/4en2 ) =101 (2e)

1/4

- oP-470
1/4

OP-470 +

+

—O egy7
TO SPECTRUM ANALYZER

eqyr (MV/\/ Hz ) =101(2ey,)
Vg =15V

-11-
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FIGURE 7: Current Noise Density Test Circuit

8.06k{)
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2000
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GAIN = 10,000
Vg =115V

NOISE MEASUREMENT — CURRENT NOISE DENSITY
The test circuit shown in Figure 7 can be used tc measure
current noise density. The formula relating the voltage output
to current noise density is:

ST e

n— RS

where:

G = gain of 10000
Rg = 100k{) source resistance

CAPACITIVE LOAD DRIVING AND POWER

SUPPLY CONSIDERATIONS

The OP-470 is unity-gain stable and is capable of driving
large capacitive loads without oscillating. Nonetheless, good
supply bypassing is highly recommended. Proper supply
bypassing reduces problems caused by supply line noise and
improves the capacitive load driving capability of the OP-470.

In the standard feedback amplifier, the op amp’s output res-
istance combines with the load capacitance to form a low-
pass filter that adds phase shift in the feedback network and
reduces stability. A simple circuit to eliminate this effect is
shown in Figure 8. The added components, C1 and RS3,
decouple the amplifier from the load capacitance and provide
additional stability. The values of C1 and R3 shown in Figure
8 are for a load capacitance of up to 1000pF when used with
the OP-470.

In applications where the OP-470’s inverting or noninverting
inputs are driven by a low source impedance (under 1000}) or
connected to ground, if V+ is applied before V-, or when V-
is disconnected, excessive parasitic currents will flow. Most

-12-
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*SEE TEXT
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applications use dual tracking suppiies and with the device
supply pins properly bypassed, power-up wili not present a
problem. A source resistance of at least 100Q in series with all
inputs (Figure 8) will limit the parasitic currents to a safe level
if V- is disconnected. It should be noted that any source
resistance, even 100(), adds noise to the circuit. Where noise
isrequiredto be keptata minimum, agermanium or Schottky
diode can be used to clamp the V- pin and eliminate the
parasitic current flow instead of using series limiting resistors.
For most applications, only one diode clamp is required per
board or system.

UNITY-GAIN BUFFER APPLICATIONS

When R; £ 100Q and the input is driven with a fast, large-
signal pulse (>1V), the output waveform will look as shown in
Figure 9.

During the fast feedthrough-like portion of the output, the
input protection dicdes effectively short the output to the
input, and a current, limited only by the output short-circuit
protection, will be drawn by the signal generator. With R; =
5000, the output is capable of handling the current require-
ments (I < 20mA at 10V); the amplifier will stay in its active
mode and a smooth transition will occur.

When R;> 3k(, a pole created by Rfand the amplifier's input
capacitance (2pF) creates additional phase shiftand reduces
phase margin. A small capacitor (20 to 50pF) in parallel with
Ri helps eliminate this problem.

APPLICATIONS

LOW NOISE AMPLIFIER

A simple method of reducing amplifier noise by paralleling
amplifiers is shown in Figure 10. Amplifier noise, depicted in
Figure 11, is around 2nV/y/ Hz @ 1kHz (R.T.l.). Gainforeach
paralleled amplifier and the entire circuit is 1000. The 2004
resistors limit circulating currents and provide an effective
output resistance of 500. The amplifier is stable with a 10nF
capacitive load and can supply up to 30mA of output drive.

DIGITAL PANNING CONTROL

Figure 12 uses a DAC-8408, a quad 8-bit DAC, to pan a signal
between two channels. The complementary DAC current
outputs of two of the DAC-8408's four DACs drive current-to-
voltage converters built from a single quad OP-470. The
amplifiers have complementary outputs with the amplitudes
dependent upon the digital code applied to the DAC. Figure
13 shows the complementary outputs for a TkHz input signal
and digital ramp applied to the DAC data inputs. Distortion of
the digital panning control is less than 0.01%.

Gain error due to the mismatching between the internal DAC
ladder resistors and the current-to-voltage feedback resis-

13-

tors is eliminated by using feedback resistors internal to the
DAC. Of the four DACs available in the DAC-8408, only two,
DACs A and C, actually pass asighal. DACs Band D are used
to provide the additional feedback resistors needed in the
circuit. If the VgegeB and VRreeD inputs remain unconnected
the currrent-to-voltage converters using RpgB and RggD are
unaffected by digital data reaching DACs B and D.

FIGURE 10: Low Noise Amplifier
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RV R3
OP-470E
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FIGURE 11: Noise Density of Low Noise Amplifier, G = 1000
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FIGURE 12: Digital Panning Control Circuit
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FIGURE 13: Digital Panning Control Output FIGURE 14: Squelch Amplifier

D2
RS

NI
100k g ; 1

1N4148

= ! 2N5434

- R1
A QUT Vin v
0 —0O Vout — ~5ViIN
SQUELCH AMPLIFIER e
The circuit of Figure 14 is a simple squelch amplifier that uses 20
a FET switch to cut off the output when the input signal falls
below a preset limit.

The input signal is sampled by a peak detector with a time
constant set by C1 and R6. When the output of the peak
detector, V,, falls below the threshold voltage, V1, set by R8,
the comparator formed by op amp C switches from V—to V.
This drives the gate of the N-channel FET high, turning it ON,
reducing the gain of the inverting amplifier formed by cp amp
A to zero.

7=1SECOND

-14-
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FIVE-BAND LOW NOISE STEREO GRAPHIC EQUALIZER

The graphic equalizer circuit shown in Figure 15 provides
15dB of boost or cut over a 5-band range. Signal-to-noise

FIGURE 15: 5-Band Low Noise Graphic Equalizer

ratio overa 20kHz bandwidth is better than 100dB referred to
a 3V rms input. Larger inductors can be replaced by active
inductors but this reduces the signal-to-noise ratio.
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SKY-60MH 2500-6000 DC-1500 | 62 20  — 95 28(Typ.) 17(Min.) 14(Typ.) 8(Min.) 19 [06| B3 |je 17.95
SYM-11MH 50-2000 50-1000 | 66 10 80 99 |5 35 44 25 30 20|40 25 36 20 29 20 | — TIT167 | x 15.95
SYM25DMHW | 40-2500 DC-1000f | 66 .10 80 90 |47 32 37 27 35 22 (38 28 35 25 38 20 [ 26 |13| Tm67 |«x 8.95%+
SYM-1020MH | 1000-2000 DC800 |65 55 — — 98 32(Typ.) 20(Min.) 20(Typ.) 10(Min.) 18 |05 TIT67 |Ig 995
SYM-8022MH | 800-2200  DC800 |76 03  — 98 26(Typ.) 18(Min.) 20(Typ.) 9(Min.) 18 |05 TIT67 |Ip 11.95
TUF-1IMHSM 2-600 DC600 |63 12 70 80 |68 50 50 30 43 25|65 45 48 30 37 22 [ 15 |02| NNNISO |z 825
© TUF-2MHSM 50-1000 DC-1000 | 60 25 75 90 |58 40 47 30 37 25 |5 35 47 20 32 18 | — NNN15O | z 9.20
TUF-3MHSM 0.15-400 DC400 |50 33 70 80 |60 50 46 30 35 25|60 40 42 25 3B 20 [ — NNN15O | z 10.20
TUF-5MHSM 20-1500 DC1000 |70 25 85 90 |50 40 4 30 35 25|38 25 28 18 20 8 | — NNN15O | z 1345
TUF-11AMHSM | 1400-1900  40-500 74 20 86 86 33(Typ.) 20(Min.) 24(Typ.) 15(Min.) - NNN15O | z 2195
TUF-2500MHSM | 400-2500  30-800 73 15 85 100 32(Typ.) 24(Min.) 27(Typ.) 17(Min.) - NNN15O | z 2195
E= [IP3(dBm)-LO Power(dBm)]/10
L=lowrange [f to 10f] M = m|_d range [10f to f /2] U = upper range [f /2 to f ]
m = mid band [2f to f /2]
L R
3 : g
L
pin and coaxial connections see case style outline drawings
PORT wW X z hp ht je iy Ilc Id Ip Ig
Lo 1 2 4 5 6 1 1 10 10 3 3
RF 4 1 1 1 3 5 6 5 5 1 2
IF 5 3 2 7 2 7 10 3 3 2 1
GNDEXT. 2,36 | 456 3 [2,346,8 1,45 |[234,68 | alothers|1,4,789| 1,246,789 |456| 456
ISOLATE — — — — — — 2,6 — — —
DEMO BOARD | TB-03 | TB-12 — TB-11 | TB-03 TB-11 — TB-117 TB-99 (MBA) — =
TB-144 (MCAL)
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MonoLiTHIC AMPLIFIERS

5

0Q

BROADBAND DC to 8 GHz :l

low power, up to +13.5 dBm output

ERA-SM ¢

all specifications at 25°C

o GAIN, dBTypical MAXIMUM |DYNAMIC VSWR ABSO- DC THERMAL| CASE | § [PRICE
FRE POWER (dBm)| RANGE (1) LUTE OPERATING RESIS- | STYLE [N |
Q. at2 GHz*  |at 2 GHz* ; MAX. POWER’ N
GHz Typ. 3 . TANCE E
Output n out [RATING at Pin 3 : ¢
MODEL® __Flatessl  7ydgInput [ NF IP3 . 6jc |
over frequency, GHz Min@ DC- | Comp) (no | (dB) (dBm)[DC-3 3£, DC-33-f*| 1 ~ P [Curent Volt. Typ. 0| Q.
NO. f=f, 01 1 2 3 4 6 8 2GHz 2GHz |Typ. Elm. dmg) | Typ. Typ. |GHz GHz GHz GHz|(mA) (mW)[ (mA) Typ Min Max| °C/W | NoteB | N | (30)
ERA-1 DC-8 [12.3 121 11.8 109 97 7.9 82 9 03 (120 100 15| 43 26 |15 1.8 15 1.9 [ 75 330| 40 3.4 3.0 41| 178 |VV105|cb| 1.37
ERA-2 DC-6 |16.2 158 152 144 131 11.2 — 13 05 [13.0 11.0 15| 40 26 |13 1.4 12 16 |75 330| 40 3.4 3.0 41| 155 |VV105|cb| 1.52
ERA-3 DC-3 [22.1 210 187 168 — — — 16 1.7 (125 9 13| 35 25 |15 — 14 — [75 330| 35 3.2 3.0 41| 154 |VV105|cb| 1.67
ERA-1SM DC-8 (123 121 11.8 109 97 7.9 82 9 03 (120 100 15| 43 26 |15 1.8 15 1.9 (75 330| 40 3.4 3.0 41| 183 |WW107|cb| 1.42
NEWERA-21SM | DC-8 [14.2 13.9 13.2 122 108 8.7 89 11.2 05 (126 106 15| 47 26 |11 1.4 13 19 |75 330| 40 35 3.0 41| 194 |WW107|cb| 1.57
ERA-2SM DC-6 |[16.2 158 152 144 13.1 112 — 13 05 [13.0 11.0 15| 40 26 |13 1.4 12 16 |75 330| 40 3.4 3.0 41| 160 |WW107|cb| 1.57
NEWERA-33SM | DC-3 [19.3 18.7 174 159 — — — 15 09 (135 115 13| 3.9 285(16 — 125— |75 330| 40 4.3 3.8 48| 140 |WW107|cb| 1.72
ERA-3SM DC-3 |22.1 21.0 18.7 168 — — — 16 17 [125 9 13| 35 25 |15 — 14 — |75 330| 35 3.2 3.0 41| 159 |WW107|cb| 1.72
features , model identification
e low thermal resistance .
L. . lfi Model marklng (see note below)
° mlnlgture rnlcrowgve amplitier . ERAL ERALSM 1
e available in drop-in & surface mount (sm) versions Eéﬁ'iiéfﬁzw 221
e frequency range, DC to 8 GHz, usable to 10 GHz Eéﬁ'igéfﬂ‘*'“”‘ 333
e up to 18.5 dBm typ. (16.5 dBm min) output power ERA-4, ERA-4SM 4
ERA-5, ERA-55M 5
. . ERA-50SM 50
absolute maximum ratings ERASISM. - 51
operating temperature: -45°C to 85°C o ) )
Note: Prefix letter (optional) designates assembly
storage temperature: -65° to 150°C location. Suffix letters (optional) are for wafer
identification.
prefix IetterJ
number
suffix letter
NOTES: MTTF vs. Junction Temp.
¢ Aqueous washable (For all ERA Models except ERA-5, ERA-5SM)
* atl GHz for ERA-4,5,6, 4SM, 55M, 50SM, 51SM, 6SM 1,000,000 N
** f, is the upper frequency limit for each model as shown in the table.
***  Gain, gain flatness, and VSWR are specified at 1.5 GHz. 100,000
© Low frequency cutoff determined by external coupling capacitors.
A. Environmental specifications and re-flow soldering information available in ‘» 10,000
General Information Section. @
B.  Units are non-hermetic unless otherwise noted. For details on case L 1,000
dimensions & finishes see “Case Styles & Outline Drawings”. :L’
C. Prices and Specifications subject to change without notice. [ 100
D. For Quality Control Procedures see Table of Contents, Section 0, =
"Mini-Circuits Guarantees Quality" article. For Environmental = 10
Specifications see Ampilifier Selection Guide.
1. Model number designated by alphanumeric code marking. 1
2. ERA-SM models available on tape and reel.
3. Permanent damage may occur if any of these limits are exceeded. These 80 100 1lZO 14(3 160 180 200
ratings are not intended for continuous normal operation. Junction Temp. ( “C)
4. Reliability predictions and normal operating conditions are applicable at
current specified. REV. G
M77341
ERA-SERIES
RD/YB/FL
010621
INTERNET http://www.minicircuits.com Page 1 of 2
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[ Mini-Circuits’

Drop-In & Surface Mount

.-— * .\. .
K |
ERA "\__ =1

ERA-SM '+
medium power, up to +18.4 dBm output all specifications at 25°C
[x) GAIN, dBTypical MAXIMUM [DYNAMIC VSWR ABSO- DC THERMAL| CASE | § [PRICE
== POWER (dBm) | RANGE 1) LUTE OPERATING | Resis- | sTytE | N| $
Q. at 2 GHz* | at 2 GHz* T MAX. POWER* TANCE N
GHz yp. 3 ;
RATING atPin 3 c
Output In Out : T
MODEL® _Hatness| (g Input | NF IP3 - jc |
over frequency, GHz Min@ DC- | comp) (no | (dB) (dBm)[DC-3 3-f, DC-33-f** | P [Cument VoIt Typ. o| Qy.
NO. fi-f, 01 1 2 3 4 6 8 2GHz 2GHz |Typ. Rih. dmg) | Typ. Typ. |GHz GHz GHz GHz (mA) (mW)| (MA) Typ Min Max| °C/W | NoteB | N| (30)
ERA-6 DC-4 |12.6 125 122 117 113 — — 105 *02 (179 16 20| 45 36 |13 1.2 16 1.8 (120 650| 70 5.0 4.6 56| 170 |VV105 [cb| 3.85
ERA-4 DC-4 |14.3 140 134 127 118 — — 11 #04 [173 15 20| 42 34 |12 12 13 1.8 (120 650| 65 4.5 4.2 55| 163 |VV105 |cb| 3.85
ERA-5 DC-4 |20.2 195 185 17.3 162 — — 16 1.0 (184 165 13| 43 325(13 1.3 12 1.3 (120 650| 65 4.9 4.2 55| 278 |VV105 |cb| 3.85
ERA-65M DC-4 |12.6 125 122 117 113 — — 105 %02 (179 16 20| 45 36 |13 1.2 16 1.8 (120 650| 70 50 4.6 56| 175 [WW107|cb| 3.90
ERA-4SM DC-4 |14.3 140 134 127 118 — — 11 #04 (173 15 20| 42 34 |12 12 13 1.8 120 650| 65 4.5 4.2 55| 168 |WW107|cb| 3.90
NEWERA-51SM | DC-4 [18.0 17.4 16.1 148 125 — — 14 10 (181 165 13| 41 33 |11 12 1.2 1.9 [120 650| 65 4.5 4.2 55| 154 |WW107[cb| 3.90
ERA-55M DC-4 |20.2 195 185 17.3 162 — — 16 1.0 (184 165 13| 43 325(13 1.3 12 1.3 (120 650| 65 4.9 4.2 55| 283 |WW107|cb| 3.90
NEWERA-50SM***| DC-1.5|20.7 19.4 183 — — — — 16 #12 [17.2 16.0 13| 35 325/13 — 12 — [120 650| 60 4.4 4.0 49| 177 |WWw107|cb| 2.95

typical biasing configuration

R BIAS
“1%" Resistor Values (ohms) for Optimum Biasing of ERA Models
Ve |ERA-L, |ERA-2,| ERA- |ERA-3,| ERA- |ERA-4, | ERA-5, [ERA-50SM,| ERA6,
RBIAS (Required) 1SM | 2SM | 21SM | 3SM 33SM 4SM | 5SM 51SM 6SM
Vee 7 | 909 | 887 | 887 107 698 | 383 | 402 402 30.1
ORIENTATION DOT Cbypass 8 | 113 | 13 113 133 931 | 523 | 536 53.6 43.2
| 37: 9 [ 137 [ 137 137 162 115 665 | 68.1 68.1 56.2
bias . 10 | 162 | 162 162 191 140 806 | 825 82.5 69.8
Cblock 4 L RFC (Optional) 11 | 187 | 187 187 221 165 953 | 976 97.6 84.5
12 | 215 | 215 210 249 191 110 | 113 113 97.6
IN °—| out 13 | 237 | 237 237 280 215 127 [ 127 127 113
Cblock 14 | 261 | 261 261 309 243 143 | 143 143 127
15 | 287 | 287 287 340 267 158 | 158 158 140
16 | 309 | 316 316 365 287 174 | 174 174 154
= 17 | 332 | 340 340 392 316 187 | 191 191 169
18 | 357 | 365 365 422 340 205 | 205 205 182
19 | 383 | 392 392 453 365 221 | 221 221 196
20 | 412 | 412 412 475 392 237 | 237 237 210
MTTF vs. Junction Temp. (ERA-5, ERA-5SM) designers kits available
1,000 — KIT Model No. of Price $
~— NO. Type Units in Kit Description per kit
4 K1-ERA ERA 30 10 of each 1,2,3 49.95
< 100
g o~ K2-ERA ERA 20 10 of each 4,5 69.95
o -2 K1-ERASM| ERA-SM 30 10 of each 1SM, 25M,3SM | 49.95
l: 10 = K2-ERASM | ERA-SM 20 10 of each 4SM, 55M 69.95
= ~ K3-ERASM | ERA-SM 30 10 of each 45M, 55M, 65M | 99.95
1 T~
140 160 180 200 220 IPO'Q connect::(zns ﬂScT N%U'DE -
Junction Temp. (C) RFIN 1 ERA-LSM 5962-01-459-9075
RF OUT 3 ERA-2SM 5962-01-459-7410
DC 3 ERA-3SM 5962-01-459-9314
CASE GND 2,4
NOT USED —
REV. G
M77341
ERA-SERIES
RD/YB/FL
010621
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S VOLTAGE CONTROLLED
s OSCILLATORS

Click package to view outline drawing 1
. 8
SURFACE-MOUNT PACKAGE 1655
FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING
RANGE TUNING REQUIREMENTS POWER TUNING | PHASE NOISE HARMONIC .
VOLTAGE SENSITIVITY dBc/Hz suppression | MHZVOID (@ 1.75:1 VSWR) MODEL
VOLTAGE CURRENT Tolerance Offset at MHz
(MHz) (Volts) (Volts) (mA) dBm (dB) MHz/Volt |10 KHz/100 KHz (dBc) (Typ) (Typ)
180 - 260 0-10 +12 <30 +75 +2 8-15 -95/-120 10 1 15 VFC180SA
200 - 400 0-17 +12 <35 +14 +25 10-20 -90/-115 10 5 15 VFC-S-200
210 - 270 1-12 +5.0 <35 0 +2 5-6 -90/-115 10 5 15 VFC210SA
219 - 256 1-45 +5 <20 0 +2 12-20 -100/-120 10 5 5 VFC219SA
250 - 500 0-22 +12 <35 +12  +25 10-20 -95/-115 10 5 15 VFC-S-250
400 - 800 0-15 +12 S8 +12 425 20 - 30 -95/-115 10 5 15 VFC-S-400
425 - 500 1-12 +12 S8b +10 +3 5-10 -95/-120 10 5 15 VFC-S-A05
490 - 560 0-45 +8 <20 0 +2 17 - 25 -100/-125 10 1 2 VFC490SA
500-1000 0.5-25 +12 S8b +14 425 25 -50 -95/-120 10 1 15 VFC-S-500
600-1200 05-25 +12 <35 B 25-45 -95/-115 10 1 15 VFC-S-600
700 - 1400 05-25 +12 <35 +15 +3 35-60 -95/-120 10 5 15 VFC-S-700
800 - 1600 0-25 +12 <35 +14 435 40 - 60 -95/-120 10 5 15 VFC-S-800
900 - 1200 2.5-10.5 +12 <35 +6 +1.5 40 - 60 -95/-120 10 5 15 VFC900SB
900 - 1735 0-18 +15 <45 +13  +15 40 - 60 -95/-120 10 5 16 VFC900SA
900 - 1800 0.5-20 +12 <35 +11  +3 40 - 60 -95/-120 10 5 15 VFC-S-900
920-1455 0-12 +12 <35 +13  +3 45 - 60 -95/-120 10 5 15 VFC920SA
936-1636 0-20 +12 <35 +10 +3 20 - 50 -90/-115 10 5 15 VFC 936SA
1000 - 2000 0.5-22  +12 <35 Y 40 - 60 -95/-120 10 5 15 VFC-S-1000
1200 - 1600 2.5-11  +12 <35 +6 L5 50 - 70 -95/-120 10 5 15 VFC1200SA
1225-2375 0-25 +11 <35 +12  +4 50 - 70 -95/-120 10 2 30 VFC1225SA
1300-2300 0-24 +15 <40 +12 +3 40 - 60 -90/-110 10 1 15 VFC1300SA
1305-1512 2-10 +12 <30 +10 +1 20 - 40 -95/-120 20 5 15 VFC-S-A07
1355-1595 2-10 +12 <30 +10 +1 25-45 -95/-115 10 1 15 VFC-S-A06
1500-2100 1-12 +12 <35 +6 +2.5 40 - 60 -92/-112 10 5 15 VFC-S-A02
1850-1950 0.5-6.5 +8 <40 +8 +2 20-30 -95/-122 12 35 15 VFC1850SA
2300-2450 0.5-7 +8 S35 +8 +2 25-35 -95/-120 12 85 20 VFC2300SA
2355-2528 05-45 +12 <35 ) S 50 - 60 -90/-115 10 5 10 VFC2355SA
2530-2730 1-9 +12 <35 +10 +2 30 - 45 -90/-120 20 5 15 VFC2530SA
COMMON SPECIFICATIONS
Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range
Specifications are at +25°C
For pin location and package outline drawings, see back pages.
ALIRLP T MG
.S B} 1§ |
A A BRAY 1110}
WCROWAE CORPORETION

201 McLean Boulevard ¢ Paterson, New Jersey 07504 « Tel: (973) 881-8800 ¢ Fax: (973) 881-8361
E-Mail: sales@synergymwave.com « World Wide Web: http://www.synergymwave.com
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Alberto U Coronel
Click package to view outline drawing


. S

S VOLTAGE CONTROLLED
s OSCILLATORS

T
PLUG-IN PACKAGE 165
FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING
RANGE TUNING REQUIREMENTS POWER TUNING PHASE NOISE HARMONIC )
VOLTAGE SENSITIVITY dBc/Hz suppREssion | (MHZVOID (@ 175:1 VSWR) MODEL
VOLTAGE CURRENT Tolerance Offset at MHz
(MHz) (Volts) (Volts) (mA) dBm (dB) MHz/Volt |10 KHz/100 KHz (dBc) (Typ) (Typ)
200 - 400 0-17 +12 <35 +14 +2.5 10 - 20 -90/-115 10 5 15 VFC-P-200
250 - 500 0-22 +12 <35 +12 +2.5 10 - 20 -95/-115 10 5 15 VFC-P-250
400 - 800 05-15 +12 <35 FilE 2B 20 - 30 -95/-115 10 1 15 VFC-P-400
500-1000 05-25 +12 <35 +14 +2.5 25 - 50 -95/-120 10 1 15 VFC-P-500
600-1200 05-25 +12 <35 SIS 25 - 45 -95/-115 10 1 15 VFC-P-600
700 - 1400 05-25 +12 <35 +15 +3 35-60 -95/-120 10 5 15 VFC-P-700
800-1600 0-25 +5 <35 +10 +3 40 - 60 -95/-120 10 1 15 VFC-P-800
900-1800 05-20 +12 <35 +11 +3 40 - 60 -95/-120 10 5 15 VFC-P-900
1000 -2000 05-22 +12 <35 +11  +3 40 - 60 -95/-120 10 5 15 VFC-P-1000
1630-1930 2-22 +10 <50 +10 +2 15-30 -95/-115 10 5 15 VFC-P-A02

COMMON SPECIFICATIONS

Operating Temperature: -30°C to +70°C
Contact the factory for more stringent operating temperature range

50 ohms
1.5:1 (Typ)

Output Impedance:
VSWR:
Specifications are at +25°C

For pin location and package outline drawings, see back pages.

MUIILAITPTRANEE
S B L L8|
A A BVl 1t}

WCROWNAVE CORPORETION

201 McLean Boulevard ¢ Paterson, New Jersey 07504 « Tel: (973) 881-8800 « Fax: (973) 881-8361
E-Mail: sales@synergymwave.com « World Wide Web: http://www.synergymwave.com

[30]



FreoUENCY DOUBLERS soa Surtace Mount®

HicH Harmonic ReJecTion 50 kHz to 9600 MHz

SURFACE MOUNT
KBA SYK SK
FREQUENCY RF INPUT PWR CONVERSION LOSS #HARMONIC OUTPUT CASE | S | PRICE
N
MHz dBm dB dBc STYLE N $
MODEL ¢
F1 E3] F4 CIJ Qty.
NO. Input Output Min. Max. Input freq. Typ.  Max. Typ. Min. Typ. Min. Typ. Min. Note B | N (1-9)
+ KBA-20* 1600-2200 3200-4400 11 15 1600-2200 12 15.8 12 7 20 13 23 10 SM2 In 9.95%**
+ KBA-40* 2700-4800 5400-9600 10 16 2700-4800 aze 3 17.6 18 10 26 15 24 14 SM2 ne| 14.95
5 10 2700-4800 13 19 15 8 26 16 26 12
SYK-2R 10-1000 20-2000 12 16 10-500 10.5 14.0 35 25 42 25 20 10 TTT167 | gc| 29.95
500-1000 115 16.0 32 20 37 20 20 10
SK-2 1-500 2-1000 1 10 1-100 13.0 15.0 40 30 50 40 16 12 B02 df| 26.45
100-300 135 155 25 20 40 30 16 12
300-500 14.0 175 20 15 30 25 16 12
AK-2 1-500 2-1000 1 10 1-100 13.0 15.0 40 30 50 40 16 12 A03 dg| 20.95
100-300 135 15.5 25 20 40 30 16 12
300-500 14.0 17.5 20 15 30 25 16 12
AK-3000 70-1500  140-3000 12 15 70-1000 10.5 14.0 31 20 40 25 14 10 A03 ga| 59.95
1000-1500 115 16.0 22 15 30 20 30 14
RK-2 5-500 10-1000 1 15 5-100 13.0 16.0 40 30 50 40 16 12 A01 dg| 17.95
100-300 135 15.5 25 20 40 30 16 12
300-500 14.0 16.5 20 15 30 25 16 12
RK-3 0.05-150 0.1-300 0 13 0.05-50 11.0 17.0 40 28 45 30 16 8 AO0L dh| 15.95
50-150 115 15.0 35 20 40 20 16 12
RK-5 10-800 20-1600 10 20 10-100 13.0 15.0 20 12 25 20 15 12 A01 dg| 49.95
100-400 12.5 16.0 20 12 30 20 15 12
400-800 13.0 16.0 20 12 25 18 15 10
RK-3000 70-1500  140-3000 12 15 70-1000 11.0 14.0 31 20 40 25 15 10 A01 ga| 54.95
1000-1500 12.0 17.5 22 15 30 20 30 14
FD-2 5-500 10-1000 1 15 5-100 13.0 16.0 40 30 50 40 16 12 FF55 - 40.95
100-300 135 155 25 20 40 30 16 12
300-500 14.0 16.5 20 15 30 25 16 12
FK-5 10-1000 20-2000 10** 20 10-600 13.0 15.0 20 10 16 20 15 10 H16 - 69.95
600-1000 14.0 17.0 20 10 25 20 25 15
A FK-3000 70-1500  140-3000 12 15 70-1000 11.0 14.0 31 20 40 25 15 10 H16 - 79.95
1000-1500 12.0 17.5 22 15 30 20 30 14
NOTES:
Aqueous washable

3] BLUE CELL"

Harmonic output below power level of F2

BLUE CELL™ mixers protected by U.S. Patents 5,534,830

5,640,132 5,640,134 5,640,699

**  Minimum input power +13 dBm above 700 MHz

***  Price for quantities 10-49
Available only with SMA connectors

A. General Quality Control Procedures, Environmental
Specifications, Hi-Rel and MIL description are given in
General Information (section 0).

B. Connector types and case mounted options, case finishes are

given in section 0, see "Case Styles & Outline Drawings".

Prices and Specifications subject to change without notice.

Absolute maximum power, voltage and current rating:

la. RF Input power, 200mwW

1b. FD-2 inputis at Male BNC.

*RUDe

=0

INTERNET http://www.minicircuits.com

- - - - ®
m M I nl -c I rcu Its P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

Distribution Centers NORTH AMERICA 800-654-7949 « 417 335-5935 < Fax 417-335-5945 « EUROPE 44-1252-832600 » Fax 44-1252-837010

170 1ISO 9001 CERTIFIED

020614



[JMini-Circuits’
Drop-In, Plug-in & Coaxial

LK
FREQUENCY RF INPUT PWR CONVERSION LOSS #HARMONIC OUTPUT CASE | & | PRICE
N
MHz dBm dB dBc STYLE N $
MODEL ¢
F1 3] F4 CIJ Qty.
NO. Input Output Min. Max. Input freq. Typ. Max. Typ. Min. Typ. Min. Typ. Min. Note B | N (1-9)
LK-3000 70-1500 140-3000 12 15 70-1000 10.5 14.0 31 20 40 25 15 10 BB48 dk| 64.95
1000-1500 115 16.0 22 15 35 20 20 14
MK-2 5-500 10-1000 1 15 5-100 13.0 16.0 40 30 50 40 16 12 L19 - 52.95
100-300 135 155 25 20 40 30 16 12
300-500 14.0 16.5 20 15 30 25 16 12
MK-3 0.05-150  0.1-300 0 13 0.05-50 11.0 17.0 40 28 45 30 16 8 L19 - 47.95
50-150 115 15.0 35 20 40 20 16 12
MK-5 10-1000  20-2000 10** 20 10-600 13.0 15.0 20 10 26 20 15 10 L19 - 76.95
600-1000 14.0 17.0 20 10 25 20 25 15
GK-5 10-1000  20-2000 10** 20 10-600 13.0 15.0 20 10 26 20 15 10 L20 - 67.95
600-1000 14.0 17.0 20 15 25 20 25 15
. . NSN GUIDE
pin connections MCLNO. NSN
see case style outline drawings for pin locations AK-2 5895-01-131-4569
PORT df dg dh dk ga gc In ne FD-2 5895-00-087-7925
INPUT 127 1,347 134" 4 1 2 10 10 FK-5 5985-01-204-9746
OUTPUT 4 8 8 8 8 1 5 6 MK-3BR 5895-01-332-8582
GND EXT. 3 256,7 256,7 | 123567234567 | 456 | 1246789] 2345789 si’g gggg-gi*iig-;ggé
Eg?i(sBEl\llDD 3 256,7 2 1,2,356,7| 2,3,4,5,6,7 ; — — RK-3TX  5895-01-160-8656
o - - - - - - - RK-6 5895-01-450-3793
SAMPLE - = = = = = 3 1 SK-2 6625-01-247-8425
“pins must be connected together externally
@ sample port output power, -10 dBc typ. Terminate in 50 ohms if not used.
,ﬁmThG Design Engineers Search Engine In Stock... Immediate Delivery
@/’i Provides Actual Data Instantly For Custom Versions Of Standard Models
—=d At http://www.minicircuits.com Consult Our Applications Dept.
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	0.8
	V
	-10
	+10
	mA
	-10
	+10
	mA
	-20
	-90
	mA
	90
	mA
	120
	12
	13
	V
	50
	mA
	3.0
	V
	0.4
	V
	Capacitance[5]

	10
	pF
	10
	pF
	Notes:
	1. Contact a Cypress representative for industrial temperature range specifications.
	2. TA is the “instant on” case temperature.
	3. See the last page of this specification for Group A subgroup testing information.
	4. For devices using the synchronous enable, the device must be clocked after applying these volt...
	5. See Introduction to CMOS PROMs in this Data Book for general information on testing.
	6. For test purposes, not more than one output at a time should be shorted. Short circuit test du...
	AC Test Loads and Waveforms[5]
	Operating Modes
	Switching Characteristics Over Operating Range[3, 5]
	18
	25
	30
	40
	ns
	0
	0
	0
	0
	ns
	12
	12
	15
	20
	ns
	12
	12
	15
	20
	ns
	10
	10
	10
	15
	ns
	5
	5
	5
	5
	ns
	20
	25
	25
	35
	ns
	15
	20
	20
	20
	ns
	15
	20
	20
	25
	ns
	15
	20
	20
	25
	ns
	15
	20
	20
	25
	ns
	15
	20
	20
	25
	ns
	15
	20
	20
	25
	ns

	Note:
	7. Applies only when the synchronous (ES) function is used.
	Switching Waveforms[5]
	Programming Information
	Table 1.�� Mode Selection

	A0, A3 - A9
	A1
	A2
	X
	VIL
	VIL
	VIH
	O7 - O0
	A0, A3 - A9
	A1
	A2
	X
	VIH
	X
	VIH
	High Z
	A0, A3 - A9
	A1
	A2
	X
	X
	VIH
	VIH
	High Z
	A0, A3 - A9
	A1
	A2
	X
	X
	VIL
	VIL
	Init Byte
	A0, A3 - A9
	A1
	A2
	VILP
	VIHP
	VIHP
	VPP
	D7 - D0
	A0, A3 - A9
	A1
	A2
	VIHP
	VILP
	VIHP
	VPP
	O7 - O0
	A0, A3 - A9
	A1
	A2
	VIHP
	VIHP
	VIHP
	VPP
	High Z
	A0, A3 - A9
	A1
	A2
	VILP
	VIHP
	VIHP
	VPP
	D7 - D0
	A0, A3 - A9
	VPP
	VILP
	VILP
	VIHP
	VIHP
	VPP
	D7 - D0
	A0, A3 - A9
	A1
	A2
	VIHP
	VILP
	VIHP
	VPP
	Zeros

	Note:
	8. X = “don’t care” but not to exceed VCC ±5%.
	Figure 1.� Programming Pinouts
	Typical DC and AC Characteristics
	Ordering Information[9]
	18
	12
	D14
	J64
	P13
	25
	12
	D14
	J64
	P13
	D14
	L64
	30
	15
	D14
	J64
	P13
	D14
	L64
	40
	20
	D14
	J64
	P13
	D14
	L64

	Note:
	9. Most of the above products are available in industrial temperature range. Contact a Cypress re...
	MILITARY SPECIFICATIONS Group A Subgroup Testing
	DC Characteristics
	VOH
	1, 2, 3
	VOL
	1, 2, 3
	VIH
	1, 2, 3
	VIL
	1, 2, 3
	IIX
	1, 2, 3
	IOZ
	1, 2, 3
	ICC
	1, 2, 3
	Switching Characteristics

	tSA
	7, 8, 9, 10, 11
	tHA
	7, 8, 9, 10, 11
	tCO
	7, 8, 9, 10, 11
	Package Diagrams�
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