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1 12 Channel HVA Board

11 Overview
The 12 Channel HVA board is used drive piezo material on a telescope. Each channel
can swing the voltage from -400V to +400V. Each channel on the board is individually

addressable through one of two DAC on board. Dip switches set the upper three address
bits for the board allowing the address range on the board to go from 0-95. This makes it
possible for 8 boards to be placed in one chassis, while still allowing each channel to be

addressed individually.

1.2 Technical Specification
e 12 individual High Voltage Amplifier channels
e +/-400 Volt Output Range

Power Requirements

o 5V = 2.5A
e -5V = 80mA
« +15V
e 15V
o +400V
« 400V
1.3 Mechanical Specification

e Eurocard 6U (160mm x 233.35mm) Form Factor
e P2 96 pin DIN Connector
* P132pin TYPE-F-EURO
e 4 Layer PCB construction

1.4 Block Diagram
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1.5 PCB Layout Front
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1.6 PCB Layout Back

PIFI2F2 D

1
"
&
n
n
-
-
E.
n
a
n

r-‘ﬂ..'.' ]

R ]




1.7

Rework Instruction
This rework instruction is for board with the marking pointed out by red arrow in picture
below.

The following picture displays all of the rework required on the front of the PCB.
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The following picture displays all of the rework required on the back side of the PCB.



The following picture shows the pins that need to be cut off of connector P1.
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Manual

Address Range Select

»  Switches 5-7 set upper address bits

Switch
5 6 7 Address Range

ON ON ON 0-11

OFF ON ON 12-23
ON OFF ON 24-31
OFF OFF ON 32-47
ON ON OFF 48-59
OFF ON OFF 60-71
ON OFF OFF 72-83
OFF OFF OFF 84-95

Test Procedure

High Voltage Amplifier Low Voltage Bench Test

High Voltage Amplifier Channel Low Voltage Bench Test
Requirements

Function Generator

Oscilloscope, 2 channel

DC Power Supply with 5V, 15V and -15V outputs

Cables to connect power supply and Function generator to board

Procedure

211,

Set up Function Generator to create a square wave with a 4ms period and
amplitude +/-200mV.

Connect power supply GND to J13 pins 1 and 2, +5V to pin 3, +15V to pin 4 and
-15V to pin 5.

Also connect +15V to J1 pin 7 and -15V to pin 1.

Turn on power supply.

Connect output of Function Generator to J2 pin 3 and GND from the Function
Generator to pin 1.

Also connect the output and GND from the Function Generator to channel 1 of
the Oscilloscope.

Connect the GND from the second channel of the Oscilloscope to J1 pin 4 and
probe R9 pin 2(side closest to P1).



2.2

Check to see that
a. Waveform on channel 2 of the Oscilloscope swings from -15V to +15V.
b. Waveform on channel 2 of the Oscilloscope is 180° phase shifted version of
channel 1.

c. Transitions are fast and not rounded at the top.

2.1.8. If any of the above criteria are not met, channel fails test. Keep track of board
Serial Number and channel for debugging later.

2.1.9. Repeat steps 5-9 using corresponding connector in step 5 and corresponding
resistor in step 7 for each of the channels.

2.1.10. If all channels pass testing, board has passed High Voltage Amplifier Channel
Low Voltage Bench Test.

+5vV 15V
GND| +15V

CPLD Programming

Requirements

Cypress ISR programming software
Cypress UltralSR programming cable
5V power supply

Programming file — hva.jed

Procedure

1. Plug Cypress UltralSR programming cable into Parallel port of pc and start Cypress
ISR programming software.

2. Select ‘New’ from the ‘File’ menu



Type ‘1" in the ‘Number of devices in JTAG Chain’ text box.

Type a filename in the ‘JTAG Chain Filename’ text box.

Browse and select or type in the directory that you would like to save the
programming session in.

Press ‘Ok’
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10.
11.

In the ‘Devices’ box select ‘CY37256P160°.

In the ‘Operation’ box select ‘Program & Verify'.
Use the ‘Browse’ button to locate and set the path and filename in the ‘filename’ text
box to \\path\...\hva.jed".

Press the button to compose the programming file.
Plug 5V power and GND into header J13 pin 5 and pin 1 respectively.

Note: Pin 1 is the pin closest to connector P2.

12.

Connect Cypress UltralSR programming cable to header J16. Connector should be
polarized, but if not ensure that pin 1 of cable connects to pin 1 of header.

Note: Pin 1 of header is the pin closest to LED1 and the nearest board edge.
13. Turn on power supply.
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14. Press the |£| button to program the CPLD. Programming may take several second
to complete

15. Check log that is displayed to see that CPLD programmed and verified successfully.

If programming or verify was not successful-

a. Verify that the path and filename are correct in the ‘filename’ textbox. If not, repeat
from step 9.

b. Check to see that power and ground are connected correctly and that supply voltage
is set to 5V DC. If not, repeat form step 11.

c. Check to see that part is correct and it is soldered correctly to board. If not, correct
problem and repeat from step 11.

16. Turn off power supply and disconnect cables.

DAC Test

Requirements

2 Multifunction Boards

1 Chassis

2 PCs with Linux OS

2 FC-FC Multimode Fiber Optic Cables
Oscilloscope

Procedure

1. On AOUIM open 3 Xterm windows

2. Infirst Xterm window type ‘rlogin —I ao aoicm’ and hit return

3. Type the password, ‘wailmea’ and hit return.

4. Change to the ‘dio32’ directory.

5. Type ‘su aroot’ and hit return.

6. Type the password, ‘wailmea’ and hit return.

7. Type ‘start_dio’ and hit return. This should start dio32.

8. In second Xterm window type ‘rlogin —I ao aoicm’ and hit return.

9. Type the password, ‘wailmea’, and hit return.

10. Change to ‘dio32’ directory.

11. Type ‘cat /dev/rtf0’ and hit return.

12. In the third Xterm window, type ‘rlogin -l ao aoicm’ and hit return.

13. Type the password, ‘wai!mea’ and hit return.

14. Change to the ‘dio32’ directory.

15. Type ‘cat > /dev/rtf1’ and hit return.

16. You should now be able to see the commands that you type in Xterm 3 show up in
Xterm window 2. To test this type ‘test’ in Xterm 3. If you do not see ‘test’ in Xterm 2

Hit ‘ctrl-¢’ in Xterm 3.

In Xterm 3, type ‘exit’ and hit return.

Hit ‘ctrl-c’ in Xterm 2.

In Xterm 2, type ‘exit’ and hit return.

In Xterm 1, type ‘stop_dio’ and hit return.

Repeat from step 7.

17. Make sure that all dip switches on SW1 are in the ‘ON’ position

18. Plug board that you would like to test into chassis.

19. Connect oscilloscope GND to J2 pin 1 and channel 1 to J2 pin 2.

20. Turn on power by flipping switch on front of chassis

21. In window #2 type ‘a i’ and hit return.

22. Type ‘fa 0’ and hit return to direct commands to channel 0.

23. Type f m 1’ and hit return to set the test pattern to sawtooth.

24. Type ‘f p 10000’ and hit return to set the period of the pulse to 10000 ms.

25. Type ‘f b’ and hit return to start pattern generation.

26. Check the oscilloscope to see a saw tooth pattern is being generated.
If output stays constant on oscilloscope

~Po0TD



Turn off chassis power by flipping switch on front of chassis.

Wait 5-10 seconds and turn power back on.

Check if pattern is being generated.

If not repeat a-c 4 times.

If still no output, move oscilloscope probe to corresponding connector on channel

2 and type ‘f a 1’ and hit return, then repeat steps 21-24.

If still no output there may be a problem with the DAC. Turn off chassis and

remove board.
g. Check for assembly errors around U48 and U49.

27. Type ‘f e and hit return

28. Type ‘f a ‘ and the next channel number, then hit return.

29. Move oscilloscope probe and ground pin to corresponding connector on channel and
repeat steps 23-27 until all channels 0-11 have all been tested, noting pass/fail of all
channels.

P20 T®
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If all channels pass the previous test, continue onto the next test starting from step 28.
The next test is to check the addressing of the DAC, to make sure that there isn’t any
aliasing. If any of the channels failed the previous test go to step 71, debug board and
retest.

30. Connect oscilloscope GND to J2 pin 1 and channel 1 to J2 pin 2.

31. Type ‘f a 0’ and hit return to direct commands to channel 0.

32. Type ‘f b’ and hit return to start pattern generation.

33. Check the oscilloscope to see a saw tooth pattern is being generated.

34. Move oscilloscope GND and probe to the corresponding pins on the connector for
Channel 1.

35. Check that channel is NOT outputting the sawtooth pattern. If output remains flat, the
channel has passed test.

36. Move oscilloscope to next channel and repeat step 33 until all channels have been
tested, noting pass/fail of all channels.

37. Move oscilloscope to channel 6.

38. Type ‘f e’ and hit return.

39. Type ‘fa 6’ and hit return.
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40.
41.
42.
43.

44.

45.

Type f b’ and hit return.

Check the oscilloscope to see that sawtooth pattern is being generated.

Move oscilloscope to next channel.

Check that channel is NOT outputting the sawtooth pattern. If output remains flat,
channel has passed the test.

Move oscilloscope to next channel and repeat step 41 until all channels have been
tested, noting pass/fail of all channels.

Type ‘f €’ and hit return.

If all channels pass the previous test, continue onto the next test starting from step 44.
The next test is to check that the dip switch controlling the upper address bits is working
properly. If any of the channels failed the previous test go to step 71, debug board and
retest.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

Move switch #5 on SW1 to the on position.

Move oscilloscope GND and probe to channel 0.

Type ‘f a 12’ and hit return.

Type ‘f b’ and hit return.

Check oscilloscope to make sure that the sawtooth pattern is being generated.
Type ‘f €’ and hit return.

Type ‘fa 0’ and hit return.

Type f b’ and hit return.

Check to make sure that the sawtooth pattern is NOT being generated.
Type ‘f €’ and hit return.

Type ‘f a 24’ and hit return.

Type f b’ and hit return.

Check to make sure that the sawtooth pattern is NOT being generated.
Type ‘f €’ and hit return.

Move switch #5 on SW1 to the off position and switch #6 on SW1 to the on position.
Type ‘f a 24’ and hit return.

Type ‘f b’ and hit return.

Check oscilloscope to make sure that the sawtooth pattern is being generated.
Type ‘f €’ and hit return.

Type ‘fa 0’ and hit return.

Type f b’ and hit return.

Check to make sure that the sawtooth pattern is NOT being generated.
Type ‘f €’ and hit return.

Type fa 12’ and hit return.

Type ‘f b’ and hit return.

Check to make sure that the sawtooth pattern is NOT being generated.
Type ‘f €’ and hit return.

Turn off power and remove board.

If there are more boards to test repeat from step 17. Else go on to step 75.
Press ‘ctrl-c’ in Xterm 3.

Type ‘exit’ in Xterm 3 and hit return.

Press ‘ctrl-¢’ in Xterm 2.

Type ‘exit’ in Xterm 2 and hit return.

In Xterm 1 type ‘stop_dio’ and hit return.

Type ‘exit’ and hit return.

High Voltage Ampilifier Test
Requirements

2 Multifunction Boards

1 Chassis

2 PCs with Linux OS

2 FC-FC Multimode Fiber Optic Cables



High Voltage Oscilloscope
High Voltage Cable
Piezo Material with two leads connected to it

NOTE: You will be working with +/-400 volts with this test. Make sure to follow ALL steps
in the order that they are written. Failure to do so could result in serious electrical shock.

Procedure

1. On AOUIM open 3 Xterm windows

2. Infirst Xterm window type ‘rlogin —l ao aoicm’ and hit return

3. Type the password, ‘wailmea’ and hit return.

4. Change to the ‘dio32’ directory.

5. Type ‘su aroot’ and hit return.

6. Type the password, ‘wailmea’ and hit return.

7. Type ‘start_dio’ and hit return. This should start dio32.

8. In second Xterm window type ‘rlogin —I ao aoicm’ and hit return.
9. Type the password, ‘wailmea’, and hit return.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.

20.
30.
31.
32.

33.

. Change to ‘dio32’ directory.

. Type ‘cat /dev/rtf0’ and hit return.

. In the third Xterm window, type ‘rlogin —I ao aoicm’ and hit return.

. Type the password, ‘wailmea’ and hit return.

. Change to the ‘dio32’ directory.

. Type ‘cat > /dev/rtf1’ and hit return.

. You should now be able to see the commands that you type in Xterm 3 show up in

Xterm window 2. To test this type ‘test’ in Xterm 3. If you do not see ‘test’ in Xterm 2
Hit ‘ctrl-¢’ in Xterm 3.

In Xterm 3, type ‘exit’ and hit return.

Hit ‘ctrl-c’ in Xterm 2.

In Xterm 2, type ‘exit’ and hit return.

In Xterm 1, type ‘stop_dio’ and hit return.

f. Repeat from step 7.

Make sure that all dip switches on SW1 are in the ‘OFF’ position

Plug board that you would like to test into slot one of the chassis.

Connect oscilloscope channel 1 to J2 pin 2.

Turn on power by flipping switch on front of chassis

In window #2 type ‘a i’ and hit return.

Type ‘fa 0’ and hit return to direct commands to channel 0.

Type f m 1’ and hit return to set the test pattern to sawtooth.

Type ‘f p 10000’ and hit return to set the period of the pulse to 10000 ms.

Type ‘f b’ and hit return to start pattern generation.

Check the oscilloscope to see a saw tooth pattern is being generated.

If output stays constant on oscilloscope

a. Turn off chassis power by flipping switch on front of chassis.

b. Wait 5-10 seconds and turn power back on.

c. Check if pattern is being generated.

d. If notrepeat a-c 4 times.

Type ‘f €’ and hit return

Connect GND connector from oscilloscope to one of the leads on the Piezo material
and stick it into socket 15 on the high voltage cable.

Connect probe of channel 2 on the oscilloscope to the other lead on of the Piezo
material and stick it into socket 1 of the high voltage cable.

Turn on high voltage power supply, switch on back of chassis.

Type ‘f b’ and then hit return.

Check to see that the voltage from channel 2 roughly follows the sawtooth pattern on
channel 1 of the oscilloscope. See example below.

Type ‘f €’ and then hit return.

P20 TO



34. Turn off high voltage power supply, switch on back of chassis.
NOTE: This is a very important step. +/-400V is being carried on the high voltage
cable and if you do not turn off the high voltage supply before doing step #34 there is
a high risk for electrical shock.

35. Type ‘f a “ and the next channel number, then hit return.

36. Move oscilloscope channel 1 probe to the corresponding connector on channel(see
picture below) the next channel and the oscilloscope channel 2 probe to the
corresponding socket on the high voltage cable(see picture below).

Connectors for Channel 1 of Oscilloscope

37. Repeat steps 23-34 until all channels 0-11 have all been tested, noting pass/fail of all
channels.

38. Turn off power and remove board.

39. If there are more boards to test repeat from step 17. Else go on to step 40

40. Press ‘ctrl-¢’ in Xterm 3.

41. Type ‘exit’ in Xterm 3 and hit return.

42. Press ‘ctrl-¢’ in Xterm 2.

43. Type ‘exit’ in Xterm 2 and hit return.

44. In Xterm 1 type ‘stop_dio’ and hit return.

45. Type ‘exit’ and hit return.



3 Schematic

Note: that schematic only shows one channel of High Voltage Amplifier. Each channel is
identical in design.
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International
Rectifier

PD-9.604A

IRFBG20

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated
® Fast Switching

® Ease of Paralleling

¢ Simple Drive Requirements

i Vpgs = 1000V
RDS(on) = 1 1Q
. Ip = 1.4A

Description

Third Generation HEXFETS from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

on-resistance and cost-effectiveness.

The TO-220 package is universally preferred for all commercial-industrial
applications at power dissipation levels to approximately 50 watts. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

Absolute Maximum Ratings

TO-220AB

Parameter Max. Units
lp @ Tc=25°C Continuous Drain Current, Vgs @ 10V 1.4
Ip @ Tc=100°C | Continuous Drain Current, Vas @ 10V 0.86 A
lom Pulsed Drain Current @ 5.6
Pp @ Tc =25°C | Power Dissipation 54 W
Linear Derating Factor 0.43 WG
Vas Gate-to-Source Voltage +20 \
Eas Single Pulse Avalanche Energy @ 200 md
lar Avalanche Current ® 14 A
Ear Repetitive Avalanche Energy ® 5.4 mJ
dv/dt Peak Diode Recovery dv/dt @ 1.0 Vins
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Resc Junction-to-Case — —_ 2.3
Recs Case-to-Sink, Flat, Greased Surface — 0.50 — °C/W
Reua Junction-to-Ambient — — 62
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vieripss Drain-to-Source Breakdown Voltage 1000 | — — V | Vas=0V, Ip= 250uA
AV(erpss/ATy| Breakdown Voltage Temp. Coefficient — 1.2 — | V/°C | Reference to 25°C, Ip= 1mA
Rosion) Static Drain-to-Source On-Resistance — — 11 Q | Vgs=10V, Ip=0.84A @
Vasith) Gate Threshold Voltage 2.0 — | 4.0 V| Vps=Vags, b= 250pA
Os Forward Transconductance 1.0 — — S | Vps=50V, [p=0.84A @
) — — | 100 Vpg=1000V, Vgs=0V
Ipss Drain-to-Source Leakage Current — — T 500 pA Vos=800V, Vau=0V, T=125°C
loss Gate-to-Source Forward Leakage — — | 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qg Total Gate Charge — — 38 Ib=1.4A
Qgs Gate-to-Source Charge — | — | 49 | nC |[vpg=400V
Qg Gate-to-Drain ("Miller") Charge — — 22 Vgs=10V See Fig. 6 and 13 ®
t(on) Turn-On Delay Time — | 94 — Vop=500V
tr Rise Time — 17 — ns lp=1.4A
ta(ofr) Turn-Off Delay Time — 58 — Re=18Q
¥ Fall Time — 31 — Rp=370Q See Figure 10 ®
Lo Internal Drain Inductance — | 45 | — g ?:,v,:.,e?& Zlg'a: ’) %
nH | from package G{:
Ls Internal Source Inductance — | 78 | — and center of @
die contact s
Ciss Input Capacitance — 500 — Vas=0V
Coss Output Capacitance — 52 — pF | Vpg=25V
Crss Reverse Transfer Capacitance — 17 — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ . 14 MOSFET symbol o
(Body Diode) A showing the
Ism Pulsed S_ource Current _ _ 56 integral reverse €
(Body Diode) ® p-n junction diode. s
Vsbp Diode Forward Voltage — — 1.5 V | Ty=25°C, ls=1.4A, Vgs=0V @
tr Reverse Recovery Time — 130 | 190 ns | Ty=25°C, Ir=1.4A
Qrr Reverse Recovery Charge | — | 046|069 | uC |di/di=100A/us @
ton Forward Tum-On Time Intrinsic tum-on time is neglegible (turn-on is dominated by Ls+Lp)
Notes:
® Repetitive rating; pulse width limited by ® Isps1.4A, di/di<B60A/us, Vpp<600,
max, junction temperature (See Figure 11) TJ<150°C
@ Vpp=50V, starting Ty=25°C, L.=193mH @ Pulse width < 300 us; duty cycle <2%.

Ra=250Q, las=1.4A (See Figure 12)

474



IRFBG20

Ip, Drain Current (Amps)

1p, Drain Current (Amps)

Y¥GE VBS
TOP 18y TOP 1BV
10V io0v
ERY e 9.0
/
OTToN 4.5V Ve — sotron _a.5vl
OL'_TLI J g Jperces. y
10 £
<
-
3 wo y 4
=
Z 5 ,é
v (6]
-1 £
10 ©
4 sy Q. 4.5V
1.5V EFE Aa
H /
7 20us PULSE WIDTH /r 20us PULSE WIDTH
Te = 25°%¢C . Te = 1509C
- 10"
1071 100 10t 102 100 101 102

Fig 1. Typical Output Characteristics,

Vps, Drain-to-Source Voltage (volts)

Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,

Tc=25°C Tc=150°C
3 89 Ip = 1.44
A <
/A ® 3.0
) /4 g
c
/ = 2.5 P’
100 Oz //
F 250¢ o] Z]
o
A =N 290 7
1500 /1 3 ® A
& 4% ..
wZ //
/ £~ I~
; g 1.0 P
/ > ‘/
1 Z
10 I S 05
Vpg = 100V a3
4 20us PULSE WIDTH o 0o vgs = 10V
4 5 6 7 8 9 10 T-60 -40 -20 0 20 40 60 B0 100 120 140 160

Fig 3. Typical Transfer Characteristics

Vgs, Gate-to-Source Voltage (volts)

Ty, Junction Temperature (°C)

Fig 4. Normalized On-Resistance

Vs. Temperature
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Capacitance (pF)

Isp, Reverse Drain Current (Amps)

1 Veg = OV, f = 1MHz 20 In = 1.8 | I
Cigs = Cgs + Cgdr Cgg SHORTED z oo Vpg = 400V
Crss = Cgd 3 Vpg = 200V —\]
1200 Coss = Cds + Cgg Z 16 Vpg = 100V
N F )
901 \ § 12 /
b 7
\\ ™~ § Y/ /
C' -
\\\\ iss \\ ")c.’ . 5/
[}
N N > //
N <L <
\\ Coss (‘g /
. i 4
Crgsd .
i 3
, ’ I " > FOR TEST CIRCUIT
SEE FIGURE 13
100 ] 101 % 10 20 30 40
Vps, Drain-to-Source Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
717 102
7
Rps (ON)
/1/ e | HTTTI
/ g
100 f
H—+ < 2aii i ﬁ
I E 2 2] ~ N
II I g 1 /] N, 100us
o HE N i
150”‘3[ / g ° panniii cuniifs
/ s 0
o o 7
’ = LR =
/ ] 5 T
I I Te=25°C
I ] 2 T=1500¢
| | Vgg = OV -, SINGLE PULSE
0.0 0.3 0.6 0.8 1.2 1.5 10 1 2 5 49 2 5 g22 5 4032 5 404
Vsp, Source-to-Drain Voltage (volts) Vps, Drain-to-Source Voltage (voits)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage
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Ip, Drain Current (Amps)

n

=
0

o
o

=
w

0.0
25 50

75 100 125

Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

Thermal Response (Zgyc)

Fig 11.

o

-

10

-

1580

T1ov

Putse Width < 1ns
Duty Factor £ 0.1%

Fig 10a. Switching Time Test Circuit

\
| |
[ |
( l
1 0% i
VGs
'd(on) t td(t;ﬂ) 1

Fig 10b. Switching Time Waveforms

D 4
pD=0.
po.. a
-
Fo.1 b1
0 Dﬁdr‘—’
) 1
= T
9.02; SINGLE PULSE Poy
[, o7 (THERMAL RESPONSE) ﬂ_’—
mta.[
NOTES:
1. DUTY FACTOR, D=t1/t2
2 2. PEAK Ty=Ppy X Zthjc + Tc
1078 1074 1073 1072 0.1 1 10 ;
t1, Rectangular Pulse Duration (seconds)
Maximum Effective Transient Thermal Impedance, Junction-to-Case
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L
Vary tp to obtain Vos) s
required Jas |— D.UT, 500
9 . o .o
T.Vop J—
400
lag
T 0.01Q 200

Fig 12a. Unclamped inductive Test Circuit

200 1N

Eag. Single Pulse Energy (mdJ)

V(BRriDSS
i
" k 100 <
/ s~
V, // o Vpp = 50V
DS .
/ \ 25 50 75 100 125 _ 150
/ \\ Starting T, Junction Temperature(°C)
lag — — —— — -

Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Current R
r " Same Type as D.UT ™ |7}
: =
50KQ A
|
l1gv"‘_: 2pF :
t I 3pF |
Q » |
i —— e -———3—— = o i=Eme=—==——T] J iy
DuT T DS
1 F-QGS -— Q6D P
. Vaes :j._
Ve amal [T

Charge — la Ip
Current Sampling Resistors

Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1509

Appendix C: Part Marking Information — See page 1516 Intemational
Appendix E: Optional Leadforms — See page 1525 ReCtiﬁ er
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ISR Rectitier

INSULATED GATE BIPOLARTRANSISTOR

PD - 91574B

IRG4PH50U

UltraFast Speed IGBT

Features

« UltraFast: Optimized for high operating
frequencies up to 40 kHz in hard switching,
>200 kHz in resonant mode

* New IGBT design provides tighter
parameter distribution and higher efficiency than
previous generations

« Optimized for power conversion; SMPS, UPS
and welding

« Industry standard TO-247AC package

E
n-channel

VCES = 1200V
VCE(On) typ. = 278V

@VgE = 15V, Ic = 24A

Benefits

« Higher switching frequency capability than
competitive IGBTs

« Highest efficiency available

¢ Much lower conduction losses than MOSFETs

« More efficient than short circuit rated IGBTs

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
Vces Collector-to-Emitter Breakdown Voltage 1200 \Y
lc @ Tc =25°C Continuous Collector Current 45
Ilc @ Tc =100°C Continuous Collector Current 24 A
lem Pulsed Collector Current ® 180
ILm Clamped Inductive Load Current @ 180
Ve Gate-to-Emitter Voltage + 20 \Y
EaRv Reverse Voltage Avalanche Energy ® 170 mJ
Pp @ Tc =25°C Maximum Power Dissipation 200 W
Pp @ Tc =100°C| Maximum Power Dissipation 78
T, Operating Junction and -55 to + 150
Tste Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. Max. Units
Reic Junction-to-Case —_— 0.64
Recs Case-to-Sink, Flat, Greased Surface 0.24 —_— °CIW
Raia Junction-to-Ambient, typical socket mount —_— 40
Wt Weight 6 (0.21) —_— g (0z)
www.irf.com 1
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IRG4PH50U TOR Rectifier

Electrical Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. | Typ. [Max. | Units Conditions
V(BRICES Collector-to-Emitter Breakdown Voltage 1200 | — — \Y Ve =0V, Ic = 250pA
V(BRIECS Emitter-to-Collector Breakdown Voltage @ | 18 — — \Y Vee =0V, Ic = 1.0A
AV@grices/AT; | Temperature Coeff. of Breakdown Voltage | — [1.20 | — | VI°C | Ve =0V, Ic = 1.0mA
— [256 | 35 Ic =20A
Vce©N) Collector-to-Emitter Saturation Voltage — |27837 V lc = 24A Vee = ?LSV
— 320 | — Ic = 45A See Fig.2, 5
— 254 | — Ic =24A,T;=150°C
VGE(th) Gate Threshold Voltage 30 | — | 60 Vce = VGE, Ic = 250pA
AVGe@en/AT; | Temperature Coeff. of Threshold Voltage — | -13 | — |mV/°Cl Vce = VGE, Ic = 250pA
Ofe Forward Transconductance ® 23 35 — S Vce = 100V, Ic = 24A
— — | 250 Vee = 0V, Vce = 1200V
Ices Zero Gate Voltage Collector Current — — | 20 HA | Vee =0V, Vcg =24V, Ty =25°C
— — | 5000 Vee = 0V, Vce = 1200V, T; = 150°C
Ices Gate-to-Emitter Leakage Current — — |+100 | nA | Vgg =#20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ.| Max.| Units Conditions
Qg Total Gate Charge (turn-on) — | 160| 250 Ic = 24A
Qqe Gate - Emitter Charge (turn-on) — | 27 | 40 nC | Vcc =400V See Fig. 8
Qge Gate - Collector Charge (turn-on) — 53 83 Vg = 15V
td(on) Turn-On Delay Time — 35 —
tr Rise Time — 15 — ns T;=25°C
td(off) Turn-Off Delay Time — | 200 | 350 lc = 24A, Ve = 960V
tf Fall Time — | 290| 500 Vge = 15V, Rg =5.0Q
Eon Turn-On Switching Loss — [ 053] — Energy losses include "tail"
Eoff Turn-Off Switching Loss — [ 1.41] — mJ | See Fig. 9, 10, 14
(= Total Switching Loss — [1.94| 2.6
td(on) Turn-On Delay Time — 31 — Ty =150°C
tr Rise Time — | 18| — ns Ic = 24A, Ve = 960V
td(off) Turn-Off Delay Time — | 320 — Vge = 15V, Rg =5.0Q
tf Fall Time — | 280| — Energy losses include "tail"
Ets Total Switching Loss — | 5.40| — mJ See Fig. 11, 14
Eon Turn-On Switching Loss — [ 0.35)| — T3=25°C, Vge =15V, Rg=5.0Q
Eoff Turn-Off Switching Loss — [ 1.43| — mJ Ic = 20A, Ve =960V
Ei Total Switching Loss — | 1.78]| 2.9 Energ'y losses include "tail"
— | 456| — See Fig. 9, 10, 11, 14, Ty=150°C
Le Internal Emitter Inductance — | 13| — nH | Measured 5mm from package
Cies Input Capacitance — [ 3600 — Vge = 0V
Coes Output Capacitance — | 160| — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — 31 — f = 1.0MHz
Notes:
® Repetitive rating; Vge = 20V, pulse width limited by ® Repetitive rating; pulse width limited by maximum
max. junction temperature. ( See fig. 13b ) junction temperature.
@ Vee=80%(Vees), Vae = 20V, L = 10pH, Rg = 5.0Q, @ Pulse width < 80us; duty factor < 0.1%.
(See fig. 13a) ® Pulse width 5.0us, single shot.
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60 I T T T T 1
For both: Triangular wave:
Duty cycle: 50%
T, = 125°C §o_ L
T~ TS e0ec L
- sink . -
e Gawe drive as specified
— \\ Power Dissipation = 40W J\\ Clamp voltage:
S/ 40 \ \1 80% of rated ——
b= 1
o Square Wave: meimesmes
= 60% of rated \
© voltage \
ko] - ¥ 0 oER E N N N
S 20 | J\ e, ™
- - iEE N N
i T~
e N ~oa
J‘\ Ideal diodes e &
RRES o
0 I I |—
0.1 1 10 100
f, Frequency (kHz)
Fig. 1 - Typical Load Current vs. Frequency
(Load Current = Igys of fundamental)
1000 1000
< <
5 L =
= o T
S s £
O 100 7 3 100 =
5 ~ 5 Ty =150°C| ¢~
E /,/ E=] " /
£
g /) w //
j=] TJ = 15000/ o / /
g 10 77 g 10 // 7
2 V4 J R I I R 9 l’
5 ﬁ#T\]:ZSDC S /1 1y=25°Cc
: // s
O O
- / VGE = 15V - Vcc =50V
1 20us PULSE WIDTH 1 5us PULSE WIDTH
1 10 5 6 7 8 9 10 11 12

Vce . Collector-to-Emitter Voltage (V)

Fig. 2 - Typical Output Characteristics

www.irf.com

V. Gate-to-Emitter Voltage (V)

Fig. 3 - Typical Transfer Characteristics
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IRG4PH50U TOR Rectifier

50 4.0
VGE =15V Ilc= 48A
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Tc. Case Temperature ( °C) T, Junction Temperature (°C)
Fig. 4 - Maximum Collector Current vs. Case Fig. 5 - Typical Collector-to-Emitter Voltage
Temperature vs. Junction Temperature
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1. Duty factorD= tq1/t2
2.Peak Ty3=Ppm X Zthic +Tc
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t1, Rectangular Pulse Duration (sec)

Fig. 6 - Maximum Effective Transient Thermal Impedance, Junction-to-Case
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7000

VGe =0V, f=1MHz
Ces = Cge * Cgc, Coe SHORTED
6000 res — “gc
\\ oes = Cce + Cqc
T 5000 -
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Q iesd
2 4000
9 \ ——
S
S 3000 AN
©
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O 2000 \\ *Coes
S
1000 \"(“res
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VcE . Collector-to-Emitter Voltage (V)

Fig. 7 - Typical Capacitance vs.
Collector-to-Emitter Voltage
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Fig. 9 - Typical Switching Losses vs. Gate
Resistance
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VgE. Gate-to-Emitter Voltage (V)
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Fig. 8 - Typical Gate Charge vs.
Gate-to-Emitter Voltage
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Fig. 10 - Typical Switching Losses vs.

Junction Temperature
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20 1000

- VGE =20V

Rg=>q Ty =125°C

TJ=150°C 2
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Fig. 11 - Typical Switching Losses vs. Fig. 12 - Turn-Off SOA

Collector-to-Emitter Current
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50V

*Driver same type as D.U.T.; Vc = 80% of Vce(max)

*Note: Due to the 50V power supply, pulse width and inductor

will increase to obtain rated Id.

Fig. 13a - Clamped Inductive
Load Test Circuit

)

IRG4PH50U

0 - 960V

R = 960V
L~ 4x1c@25°C

50V

H

1000V

/% 90%
® ——10% \
Ve £ O e

90%
\ — 1d(off)
I 505 10% -/ : !
— ty — ——i {f (-
td(on) = kﬁ—>«t=5u5
Eon Eoff—

www.irf.com

Eis= (Eon *Eoff)

Fig. 13b - Pulsed Collector
Current Test Circuit

Fig. 14a - Switching Loss
Test Circuit

* Driver same type
as D.U.T., VC = 960V

Fig. 14b - Switching Loss
Waveforms
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Case Outline and Dimensions — TO-247AC

NOTES:

3.65(.143 -D-

15.90 (626) of (:143) 530 (.209) 1 DIMENSIONS & TOLERANCING

15 90 (602 / 3.55 (.140) 470 ( 185) PER ANSI Y14.5M,1982.

30 (602) [$1T0.25 (010) @[ D[B W) PR 2 CONTROLLING DIMENSION : INCH.
AT = 4?2253@3 3 DIMENSIONS ARE SHOWN
G PU L MILLIMETERS (INCHES).
5.50(.217 s 4 4 CONFORMS TO JEDEC OUTLINE
\ I e T0-247AC.
20.30 (.800) T 650 (217) =7
19.70 (.775 S0 (. |
(778) g 450 (.177) ! LEAD ASSIGNMENTS
1| 1-GATE
12 3 { 2-COLLECTOR
L 3-EMITTER
4-COLLECTOR
4.30 (.170)
3.70 (145) * LONGER LEADED (20mm)
A0 VERSION AVAILABLE (TO-247AD)
TO ORDER ADD "E" SUFFIX
080 (031) TO PART NUMBER
1.40 (.056) ?J<7 80 (.031
= =% 1 00 (.039) 3% 0.40 (.016)
| [ ]o25(010) @) [c[AG)] | | 260(102)
S = 1T 5u0(3) 2.20 (.087)
= =" :
2 3.00 (.118)

CONFORMS TO JEDEC OUTLINE TO-247AC (TO-3P)
Dimensions in Millimeters and (Inches)

International
TSGR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

IR GREAT BRITAIN: Hurst Green, Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

IR CANADA: 15 Lincoln Court, Brampton, Ontario L6T3Z2, Tel: (905) 453 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 96590

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel: 81 3 3983 0086

IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World City West Tower, 13-11, Singapore 237994 Tel: ++ 65 838 4630
IR TAIWAN:16 Fl. Suite D. 207, Sec. 2, Tun Haw South Road, Taipei, 10673, Taiwan Tel: 886-2-2377-9936
http://www.irf.com/ Data and specifications subject to change without notice. 01/02
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74AC14 « 74ACT14
Hex Inverter with Schmitt Trigger Input

General Description

The 74AC14 and 74ACT14 contain six inverter gates each
with a Schmitt trigger input. They are capable of transform-

Features
m |c reduced by 50%
m Qutputs source/sink 24 mA

ing slowly changing input signals into sharply defined, jitter-

free output signals. In addition, they have a greater noise

margin than conventional inverters.
The 74AC14 and 74ACT14 have hysteresis between the
positive-going and negative-going input thresholds (typi-
cally 1.0V) which is determined internally by transistor
ratios and is essentially insensitive to temperature and sup-
ply voltage variations.

m 74ACT14 has TTL-compatible inputs

Ordering Code:

Order Number

Package Number

Package Description

74AC14SC M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150” Narrow Body
74AC14SJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide

74AC14MTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MS-153, 4.4mm Wide
74AC14PC N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
74ACT14SC M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150” Narrow Body
74ACT14MTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MS-153, 4.4mm Wide
74ACT14PC N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Device also available in Tape and Reel. Specify by appending suffix letter “X” to the ordering code.

Logic Symbol Connection Diagram
IEEE/IEC 1 \ 1
: _ '0_2:37 ;Vcc
h— T -0, 0p = — 5
_ e, Ve
h— =0 ! 4:37 "
o, Tl
L— o >0, |2—5 ﬂ64
o 4 s,
50 03 oNp =4 :5:8—63
b— o -0,
e =05 Function Table
Pin Descriptions
Input Output
Pin Names Description A o
In Inputs L H
6n Outputs H L

FACTUO is a trademark of Fairchild Semiconductor Corporation.

© 1999 Fairchild Semiconductor Corporation

DS009917 www.fairchildsemi.com
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74AC14 « 7T4AACT14

Absolute Maximum Ratingsote 1)

Supply Voltage (Vcc)

DC Input Diode Current (l,x)
V,=-0.5V
V| =V¢c + 0.5V

DC Input Voltage (V))

DC Output Diode Current (Igk)
Vo =-0.5V
Vo =Vcc + 0.5V

DC Output Voltage (Vo)

DC Output Source
or Sink Current (Ip)

DC V¢ or Ground Current
per Output Pin (Icc or Ignp)

Storage Temperature (Tgtg)

Junction Temperature (T ;)
PDIP

-0.5V to +7.0V

-20 mA

+20 mA

-0.5V to V¢ + 0.5V
-20 mA

+20 mA

-0.5V to Ve + 0.5V

+50 mA

+50 mA
-65°C to +150°C

140°C

DC Electrical Characteristics for AC

Recommended Operating

Conditions

Supply Voltage (Vcc)
AC
ACT
Input Voltage (V))
Output Voltage (Vo)
Operating Temperature (Tp)

2.0V to 6.0V
4.5V to 5.5V
0V to Ve

0V to Ve
-40°C to +85°C

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, with-
out exception, to ensure that the system design is reliable over its power
supply, temperature, and output/input loading variables. Fairchild does not
recommend operation of FACTL circuits outside databook specifications.

Vee Ta=+25°C  |T5=-40"Cto +85°C _ )
Symbol Parameter Units Conditions
) Typ Guaranteed Limits
Vou Minimum HIGH Level 3.0 2.99 2.9 29
Output Voltage 4.5 4.49 4.4 4.4 \ lout = 50 HA
55 5.49 5.4 5.4
3.0 2.56 2.46 lop =12
4.5 3.86 3.76 \ loy =24 mA
55 4.86 4.76 lon =24 mA (Note 2)
VoL Maximum LOW Level 3.0 0.002 0.1 0.1
Output Voltage 4.5 0.001 0.1 0.1 \ lout =50 HA
55 0.001 0.1 0.1
3.0 0.36 0.44 loL =12
4.5 0.36 0.44 \ loL 24 mA
55 0.36 0.44 loL =24 mA (Note 2)
Iy (Note 4) [ Maximum Input Leakage Current 55 +0.1 +1.0 HA V| =Vce, GND
Vir Maximum Positive 3.0 2.2 22
Threshold 4.5 3.2 3.2 \ Ta = Worst Case
55 3.9 3.9
Vi Minimum Negative 3.0 0.5 0.5
Threshold 4.5 0.9 0.9 \ Ta = Worst Case
5.5 11 11
VHMAX) Maximum Hysteresis 3.0 12 12
4.5 1.4 14 \ Ta = Worst Case
5.5 1.6 1.6
VHMIN) Minimum Hysteresis 3.0 0.3 0.3
4.5 0.4 0.4 \ Ta = Worst Case
5.5 0.5 0.5
loLp Minimum Dynamic 5.5 75 mA VoLp = 1.65V Max
Tlono | Output Current (Note 3) 55 75 mA | Vonp = 3.85V Min
| Maximum Quiescent VN =V,
((l:\lcote 4) Supply Current 55 20 200 WA orINGNDCC

Note 2: All outputs loaded; thresholds on input associated with output under test.

Note 3: Maximum test duration 2.0 ms, one output loaded at a time.
Note 4: Iy and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vc.

www.fairchildsemi.com




AC Electrical Characteristics for AC

Vee Tp =+25°C Ta =-40°C to +85°C
Symbol Parameter V) C_ =50 pF C_ =50 pF Units
(Note 5) Min Typ Max Min Max
tpLn Propagation Delay 3.3 15 9.5 135 15 15.0
ns
5.0 15 7.0 10.0 15 11.0
tPHL Propagation Delay 33 15 75 1.5 15 13.0
ns
5.0 15 6.0 8.5 15 9.5
Note 5: Voltage Range 3.3 is 3.3V + 0.3V
Voltage Range 5.0 is 5.0V + 0.5V
DC Electrical Characteristics for ACT
Vee Ta = +25°C I Ta =—40°C to +85°C ] N
Symbol Parameter Units Conditions
V) Typ Guaranteed Limits
Vi Minimum HIGH Level 45 15 2.0 2.0 v Vour =0.1V
Input Voltage 55 15 20 2.0 or Vee - 0.1V
Vi Maximum LOW Level 45 15 0.8 0.8 v Vout =0.1V
Output Voltage 55 15 0.8 0.8 or Vec - 0.1V
Vou Minimum HIGH Level 45 4.49 434 4.4
vV |loyr = -50pA
Output Voltage 55 5.49 5.4 5.4
ViN=VjLor Viy
45 3.86 3.76 \ lon =24 mA
55 4.86 4.76 lon = —24 mA (Note 6)
VoL Maximum LOW Level 45 0.001 0.1 0.1
\ lout =50 A
Output Voltage 55 0.001 0.1 0.1
Vin=ViL o Viy
45 0.36 0.44 \ loL =24 mA
55 0.36 0.44 loL =24 mA (Note 6)
Iin Maximum Input Leakage Current 5.5 0.1 +1.0 HA V| =V¢e, GND
V, Maximum Hysteresis 4.5 1.4 1.4
HIMAYX) 4 \% Tp = Worst Case
55 1.6 1.6
V, Minimum Hysteresis 4.5 0.4 0.4
HMIN) v \Y Tp = Worst Case
55 0.5 0.5
Vit Maximum Positive 4.5 2.0 2.0
\% Ta = Worst Case
Threshold 55 2.0 2.0
Vi Minimum Negative 4.5 0.8 0.8
\% Tp = Worst Case
Threshold 55 0.8 0.8
leet Maximum |cc/Input 55 0.6 15 mA  |V|=Vcc - 21V
loLp Minimum Dynamic 5.5 75 mA | Vg p =1.65V Max
loHp Output Current (Note 7) 5.5 =75 mA | Vopp = 3.85V Min
! Maximum Quiescent Vin =V,
cc Q 55 2.0 20.0 pA IN=Tce
Supply Current or GND

Note 6: All outputs loaded; thresholds on input associated with output under test.

Note 7: Maximum test duration 2.0 ms, one output loaded at a time.

www.fairchildsemi.com
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74AC14 « 7T4AACT14

AC Electrical Characteristics for ACT

Vee Ta = +25°C Ta =-40°C to +85°C
Symbol Parameter V) C_=50pF C_ =50 pF Units
(Note 8) Min Typ Max Min Max
¢ Propagation Dela
PLH Pag Y 5.0 3.0 8.0 10.0 3.0 11.0 ns
Data to Output
It Propagation Dela)
PHL pag Y 5.0 3.0 8.0 10.0 3.0 1.0 ns
Data to Output
Note 8: Voltage Range 5.0 is 5.0V + 0.5V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 45 pF Ve = OPEN
Cpp Power Dissipation Capacitance for AC 25.0
pF Vee = 5.0V
for ACT 80

www.fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted

0.150—0.157
{3.810—3.688)

0.010—0.020

{8.25a-0.508) < r7
0

0.008—0.010
{0.203-0.254)
TYP ALL LEADS

(0.102)
ALL LEAD TIPS

0.226—0.244
{5.791-6.198)

LEAD NO. 1 /i"/
IDENT

0.053 -0.069
(1.346-1.753)
8° MAX TYP
ALL LEADS

0.335-0.344
(8.509 —8.738)

0.010 yax
0.254)

0004 -0.010

o VI
—ﬁ PLANE T *
0.014
AN pos
0.016 —0.050 036 o
{0.406—1.270) TP
TYP ALL LEADS

1 (0102—0.254)
\

‘ ‘ ‘ 0.014-0.020 yyp
* ’ {0.356-0.508)
0.008
! (0.203) e

M12A (REV H)

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow Body

Package Number M14A

www.fairchildsemi.com
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74AC14 « 7T4AACT14

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

10.2£0.1 et

L UUUUT

( | ) 14 13 9 8

5.01 TYP

! 5.3z0.1 927 TYP

ol NS

4 ALL LEAD TIF’S AJ
1.27TYP 0.6 TYP

LAND PATTERN RECOMMENDATION

ALL LEAD TIPS \/— SEE DETAIL A
2.1 MAX.— — 1.8+0. ———
Sloile] 18:0. L
[ {( \ LN \
| | l’ pan T
| J -/  J L—i
T AY

N /
0.1520.06 \\__/// 015025 ]
[1277vP] 0 35.0.51

PIN #1 IDENT.

[012@ [c] ]
DIMENSIONS ARE IN MILLIMETERS
GAGE PLANE

NOTES:
A. CONFORMS TO EIAJ EDR-7320 REGISTRATION, 0-87TYP

ESTABLISHED IN DECEMBER, 1998.
B. DIMENSIONS ARE IN MILLIMETERS.
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD

FLASH, AND TIE BAR EXTRUSIONS. 0.60£0.15

SEATING PLANE
1.25 —m=y

M14DRevB1
DETAIL A

14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
Package Number M14D

www.fairchildsemi.com 6




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

o 5.0+0.1

—

043TYP -] J[
100000
|
EZI . . __ L 444041
-B-
O
_ TUTTT s
' 7 ALLLEAD TIPS
PIN #1 IDENT.
_ ALL LEAD TIPS 015
1.2 MAX 1 l-o,goJfO:10
I

NOTES:

L= Jant '™ ana ™ ans ™ aany = L=y
: f

L AH» L 0.10:005
0.19-0.30

A. CONFORMS TO JEDEC REGISTRATION MO-153, VARIATION AB,
REF NOTE 6, DATE 7/93.

o ®

TIE BAR EXTRI

=]

USIONS.

MTC14RevC3

DIMENSIONS ARE IN MILLIMETERS.
DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD FLASH, AND

DIMENSIONS AND TOLERANCES PER ANSI Y14.5M, 1982.

———— e —— -

0.65 —=t =

-,

LAND PATTERN RECOMMENDATION

SEE DETAIL A
//\/

S

0.09-0.20
l-_.:{

12.00° TOP & BOTTOM

R0.09 MI
GAGE PLANE
0.25
. N 025 ]

0.6 +0.1 L

\ SEATING PLANE

1.00 '\ R0.09 MIN

DETAIL A

14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
Package Number MTC14

www.fairchildsemi.com
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74AC14 « 7AACT14 Hex Inverter with Schmitt Trigger Input

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

-

(18.80—19.56)

[1a] [33] [1e] [w] [o] [3] [k]

0.740-0.770

—»]

< D00
(2.286)

O

PINNO. 1

0.25010.010

D
~/

(6.3500.254)

IDENT

0.092
DIA
(2.337)

0.135+0.005

(3.420%0.127)
0.145 —0.200
(3.683 —5.080)

LT 2] 3] [4] 5

0.030 MAX
{0.762) DEPTH

OPTION 1

0.060 1vo
(1.528)

ol

A

A
Y j—‘_

0.020 v

(0.508) T -
MmN 0.125-0.150

{3.175—3.810)
0.014—0.023
{0.356 —0.584)

TYP —| -

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and

| ]
—
—
0.050£0.010
(1.270 -0.254)

€ 4° TYP
OPTIONAL

90° +4° TYP
0.075£0.015
{1.905£0.381)

0.100 £0.010
{2.540+0.254)

INDEX
AREA

PIN NO. 1
IDENT

OPTION 02

0.300-0.320
(7.620 —8.128)

‘ \_

95° +5°
- >

0.280
{7 112)—>|
MIN

+0.040
—0.015

+1.016
(3'255-0,381)

0.325

Fairchild reserves the right at any time without notice to change said circuitry and specifications.

0.008-0.016

—o 2= Typ
{0203 —0.406)

N14A (REV F)

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with

instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the

user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com




4.4 7T4AC245



e ——
FAIRCHILD
I

SEMICONDUCTORT™

November 1988
Revised November 1999

7T4AC245 « 74ACT245

Octal Bidirectional Transceiver with 3-STATE
Inputs/Outputs

General Description
The AC/ACT245 contains eight non-inverting bidirectional m |cc and lgz reduced by 50%

buffers with 3-STATE outputs and is intended for bus-ori-

Features

Noninverting buffers

n
ented applications. Current sinking capability is 24 mA at e
both the A and B ports. The Transmit/Receive (T/R) input = Bidirectional data path
|
n

determines the direction of data flow through the bidirec-
tional transceiver. Transmit (active-HIGH) enables data

A and B outputs source/sink 24 mA
ACT245 has TTL-compatible inputs

from A ports to B ports; Receive (active-LOW) enables
data from B ports to A ports. The Output Enable input,
when HIGH, disables both A and B ports by placing them in
a HIGH Z condition.

Ordering Code:

Order Number

Package Number

Package Description

74AC245SC M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300” Wide Body
74AC245SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide

74AC245MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
T4AC245PC N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
T4ACT245SC M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300” Wide Body
74ACT245S) M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide

74ACT245MSA MSA20 20-Lead Shrink Small Outline Package (SSOP), EIAJ TYPE Il, 5.3mm Wide
74ACT245MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74ACT245PC N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Device also available in Tape and Reel. Specify by appending suffix letter “X” to the ordering code.

FACTUO is a trademark of Fairchild Semiconductor Corporation.

© 1999 Fairchild Semiconductor Corporation DS009944 www.fairchildsemi.com

J1V1S-€ YlIIM ISAIsIsURI] [euolldalipig 100 SYZLOVY.L « SOV L



T4AC245 « T4AACT245

Connection Diagram

Pin Descriptions

_ \) -
T/R—1 EVcc Pin o
o =2 19 o Description
e, Sanes
4 _L@ 17 OE Output Enable Input
A2_5£_|_ EB1 _
Az — B Py TR Transmit/Receive Input
6 1 15
Ay @_BS Ag—-A; Side A 3-STATE Inputs or 3-STATE Outputs
Aslf_\_@ih
) s | iy By-B; |Side B 3-STATE Inputs or 3-STATE Outputs
a2y ——=B{2s Sl
6 fj_ 5
U 15— LY
710&@11 6 Tl’uth Table
GND— —8,
Inputs
: — — Outputs
Logic Symbols OF TR P
NN L L Bus B Data to Bus A
ol T e H Bus A Data to Bus B
_ H X HIGH-Z State
-~ By By B, By B, By By B
0 1 2 5 4 5 6 7 H = HIGH Voltage Level

IEEE/IEC

0E

G3

/R 3EN
t 3 EN2 (4B)

1 (BA)

AO—E v 3—50
> 2v
Ay —] 5,
Ay — >3,
Ay —a] 5
Ay —] )
Ay —t—p] 4>
Ay —a—>] >—3;
Ay —] >3,

L = LOW Voltage Level
X = Immaterial

www.fairchildsemi.com




Absolute Maximum Ratingsote 1)

Supply Voltage (Vcc)

DC Input Diode Current (I,x)
V,=-0.5V
V| =V¢c + 0.5V

DC Input Voltage (V))

DC Output Diode Current (Igk)
Vo =-0.5V
Vo =Vcc + 0.5V

DC Output Voltage (Vo)

DC Output Source
or Sink Current (Ip)

DC V¢ or Ground Current
per Output Pin (Icc or Ignp)

Storage Temperature (Tstg)

Junction Temperature (T )
PDIP

DC Electrical Characteristics for AC

-0.5V to +7.0V

-20 mA

+20 mA

-0.5V to V¢ + 0.5V
-20 mA

+20 mA

-0.5V to Ve + 0.5V

+50 mA

+50 mA
-65°C to +150°C

140°C

Recommended Operating

Conditions

Supply Voltage (Vcc)
AC
ACT
Input Voltage (V))
Output Voltage (Vo)
Operating Temperature (Tp)
Minimum Input Edge Rate (AV/At)
AC Devices
V) from 30% to 70% of Ve
Vee @ 3.3V, 4.5V, 5.5V
Minimum Input Edge Rate (AV/At)
ACT Devices
V,\ from 0.8V to 2.0V
Vee @ 4.5V, 5.5V

2.0V to 6.0V
4.5V to 5.5V
0V to Ve

0V to Ve
-40°C to +85°C

125 mV/ns

125 mV/ns

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, with-
out exception, to ensure that the system design is reliable over its power
supply, temperature, and output/input loading variables. Fairchild does not
recommend operation of FACTO circuits outside databook specifications.

vV Ty =+25°C Ta = —40°C to +85°C
Symbol Parameter cc Units Conditions
V) Typ Guaranteed Limits
Vin Minimum HIGH Level 3.0 15 21 2.1 Vour = 0.1V
Input Voltage 4.5 2.25 3.15 3.15 \% orVee - 0.1V
55 2.75 3.85 3.85
VL Maximum LOW Level 3.0 15 0.9 0.9 Vour =0.1V
Input Voltage 4.5 2.25 1.35 1.35 \% orVec - 0.1V
55 2.75 1.65 1.65
Von Minimum HIGH Level 3.0 2.99 2.9 29
Output Voltage 4.5 4.49 4.4 4.4 \% lout =50 HA
55 5.49 5.4 5.4
ViN =V or Viy
3.0 2.56 2.46 lop =-12mA
4.5 3.86 3.76 \Y loy =-24 mA
55 4.86 4.76 lon =24 mA (Note 2)
VoL Maximum LOW Level 3.0 0.002 0.1 0.1
Output Voltage 4.5 0.001 0.1 0.1 \% lout =50 HA
55 0.001 0.1 0.1
ViN=VjLor Viy
3.0 0.36 0.44 loL =12 mA
4.5 0.36 0.44 \Y loL =24 mA
55 0.36 0.44 loL =24 mA (Note 2)
IIN (Note 4y | Maximum Input Leakage Current 55 +0.1 +1.0 WA |V|=Vcc, GND
loLp Dynamic Output 55 75 mA |V p =165V Max
oo | Current Minimum (Note 3) 55 -75 mA  |Vonp = 3.85V Min
Icc (Note 4) | Maximum Quiescent Supply Current 55 4.0 40.0 HA Vin = Ve or GND
lozt Maximum 1/O V| (OE) =V, Vij
Leakage Current 55 +0.3 +3.0 HA V,=Vcc, GND
Vo = Ve, GND

Note 2: All outputs loaded; thresholds on input associated with output under test.
Note 3: Maximum test duration 2.0 ms, one output loaded at a time.
Note 4: I;y and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V V¢c.

www.fairchildsemi.com
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T4AC245 « T4AACT245

DC Characteristics for ACT

Vee Ta =+25°C Ta =-40°C to +85°C
Symbol Parameter Units Conditions
) Typ Guaranteed Limits
Vin Minimum HIGH Level 4.5 15 2.0 2.0 v Vour = 0.1V
Input Voltage 55 15 2.0 20 or Vec - 0.1V
Vi Maximum LOW Level 45 15 0.8 0.8 v Vour =0.1V
Input Voltage 55 15 0.8 0.8 orVee - 0.1V
Vou Minimum HIGH Level 4.5 4.49 4.4 4.4
Output Voltage 55 5.49 5.4 54 Vo |lour=-50pA
ViN=ViLorViy
45 3.86 3.76 lon =24 mA
55 4.86 4.76 \Y lon = —24 mA (Note 5)
VoL Maximum LOW Level 4.5 0.001 0.1 0.1
\ lout =50 A
Output Voltage 55 0.001 0.1 0.1
ViN=ViLorViy
4.5 0.36 0.44 v loL =24 mA
5.5 0.36 0.44 loL =24 mA (Note 5)
In Maximum Input
55 £0.1 £1.0 PA |V, =V, GND
Leakage Current
lect Maximum 55 0.6 15 mA [V, =Vee - 2.1V
lcc/Input
loLp Dynamic Output 55 75 mA Vorp = 1.65V Max
Tlono | Current Minimum (Note 6) 55 -75 mA |Vonp = 3.85V Min
lec Maximum Quiescent 55 40 40,0 A Vin=Vee
Supply Current or GND
lozt Maximum 1/O V, (OE) =V, Vi
Leakage Current 55 +0.3 +3.0 HA V| =Vce, GND
Vo = Ve, GND
Note 5: All outputs loaded; thresholds on input associated with output under test.
Note 6: Maximum test duration 2.0 ms, one output loaded at a time.
AC Electrical Characteristics for AC
Vee Tp =+25°C Tp =-40°C to +85°C
Symbol Parameter ) C_ =50pF C_ =50 pF Units
(Note 7) Min Typ Max Min Max
tpLH Propagation Delay 33 15 5.0 8.5 1.0 9.0
AntoBporB,to A, 5.0 15 35 6.5 1.0 7.0 ne
tpHL Propagation Delay 33 15 5.0 8.5 1.0 9.0
Anto B, Or By to A, 5.0 15 3.5 6.0 1.0 7.0 ns
tpzH Output Enable Time 33 25 7.0 11.5 2.0 125
5.0 15 5.0 8.5 1.0 9.0 ns
tpzL Output Enable Time 33 25 7.5 12.0 2.0 135
5.0 15 5.5 9.0 1.0 9.5 ne
tpuz Output Disable Time 33 2.0 6.5 12.0 1.0 125
5.0 15 55 9.0 1.0 10.0 ns
tpLz Output Disable Time 33 2.0 7.0 115 15 13.0
5.0 15 55 9.0 1.0 10.0 ns

Note 7: Voltage Range 3.3 is 3.3V + 0.3V
Voltage Range 5.0 is 5.0V + 0.5V

www.fairchildsemi.com




AC Electrical Characteristics for ACT

Vee Tp = +25°C Ta = —40°C to +85°C
Symbol Parameter ) CL =50 pF C_=50pF Units
(Note 8) Min Typ Max Min Max
! Propagation Dela
PLH pag y 5.0 15 4.0 75 15 8.0 ns
A,to B,orB,to A,
t Propagation Dela
PHL pag y 5.0 15 4.0 8.0 1.0 9.0 ns
A toB,orB,to Ay
tozH Output Enable Time 5.0 15 5.0 10.0 15 11.0 ns
tpzL Output Enable Time 5.0 15 55 10.0 15 12.0 ns
tpHz Output Disable Time 5.0 15 55 10.0 1.0 11.0 ns
tpz Output Disable Time 5.0 2.0 5.0 10.0 15 11.0 ns
Note 8: Voltage Range 5.0 is 5.0V + 0.5V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 45 pF Ve = OPEN
Cio Input/Output Capacitance 15.0 pF Vce =5.0V
Cpp Power Dissipation Capacitance 45.0 pF Vee =5.0V

5 www.fairchildsemi.com
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T4AC245 « T4AACT245

Physical Dimensions
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.40 TYP —amy r
20

o

12.6+0.10 ——————=t

5.3+0.10

1

7
|_| (D[ o2[c]8lA]

10 ALL LEAD TIPS

PIN #1 IDENT.
ALLLEADTIPS
srvax— [ [2]o1]c]
— 1.820.1
A AL
— 0.15+0.06

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A

B.
C.

CONFORMS TO EIAJ EDR-7320 REGISTRATICN,

ESTABLISHED IN DECEMBER, 1998.
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Package Number M20D
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T4AC245 « T4AACT245

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)
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Package Number MSA20
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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A. CONFORMS TO JEDEC REGISTRATION MO-153, VARIATION AC,
REF NOTE 6, DATE 7/93.

B. DIMENSIONS ARE IN MILLIMETERS.

DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD FLASH, AND
TIE BAR EXTRUSIONS.

D. DIMENSIONS AND TOLERANCES PER ANSI Y14.5M, 1982,
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7T4AC245 « 7TAACT?245 Octal Bidirectional Transceiver with 3-STATE

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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Package Number N20A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user.
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Design of Isolated
Converters Using Simple
Switchers

INTRODUCTION

Isolated converters are required to provide electrical isola-
tion between two interrelated systems. Isolation between the
power source and the load is required in certain applications
in order to meet safety specifications such as UL1459, which
necessitates 500V of isolation for telecom applications.

Isolation must be provided between all the input and output
stages of the power converter. Thus, isolation must be pro-
vided in the power stage and the control loop. Power stage
isolation is generally provided using transformer. Isolation in
the feedback/control loop is often provided through an opto-
coupler (also known as opto-isolator).

Transformers are well suited for power stage isolation, since
they are known for providing good dielectric barrier between
two systems, with the ability to have multiple outputs. Trans-
formers also allow stepping up or stepping down of the input
voltage.

In isolated switching power supplies, opto-couplers are very
widely used to provide isolation in the feedback loop. Opto-
couplers do an excellent job of isolation, minimizing circuit
complexity and reducing cost. One of the disadvantages of
using an opto-coupler is its low bandwidth. The bandwidth of
the converter is reduced by the introduction of an extra pole
in the control loop gain of the converter. This is not a problem
in conventional low frequency converters. However, in mod-
ern high-frequency converters, the opto-coupler imposes se-
vere restrictions on control loop bandwidth/speed.

Another disadvantage of using opto-isolator is the large unit-
to-unit variation in the current transfer ratio (CTR). CTR or
the coupling efficiency is defined as the ratio of opto-isolator
transistor collector current to the diode current. The loop
gain is directly proportional to CTR gain. Hence, high varia-
tion in CTR imposes constraints on control loop design.

PART |. DESIGN OF OPTO-ISOLATED POWER SUPPLY

Design Approach

With the advent of SIMPLE SWITCHER™, and the associ-
ated “Switchers Made Simple” software (SMS4.2.1,
SMS3.3), the non-isolated converter design has become
very simple. However, the non-isolated converters can be
modified to isolated converters very easily. The procedure
for design of opto-isolated converter is as follows:

Step 1: Design the power stage components for a flyback
converter using SMS4.2.1/3.3. The “Switchers Made Simple”
software can be used to design the transformer, input/output
capacitors, output rectifier, clamping network, etc.

Step 2: Modify the feedback/control loop by introducing a
secondary side controller (such as LM3411) and an opto-
isolator for feedback isolation. Also, disable the internal ref-
erence in the Simple Switcher.

Design of Power Stage Components

The first step in the design process is to enter the converter
specifications (shown in Table 1) in the input menu of the
“Switchers Made Simple” software. Using these specifica-

SIMPLE SWITCHERE® is a registered trademark of National Semiconductor Corporation

National Semiconductor
Application Note 1095
Ravindra Ambatipudi
August 1998

tions, the software will design the power stage components.
The following example will be based on Switchers Made
Simple 4.2.1 (SMS4.2.1) and the associated LM258X fly-
back converters.

If the input specifications are entered as shown in Figure 1,
SMS4.2 will design a buck converter instead of flyback. In or-
der to design a flyback converter when the output voltage is
lower than input voltage levels, it is necessary to enter ini-
tially a fictitious output voltage value which is greater than
V,n(min). The software will then design a flyback. Now, go to
the main menu and change input requirements. Change the
fictitious output voltage value to the required value. If the out-
put voltage is greater than the minimum input voltage, these
extra steps are not necessary.

TABLE 1. Isolated Power Converter Specifications

(Example)
Input Voltage 10V to 30V
Output Voltage 5V
Load (maximum) 2A
Operating Temp. Range 0°C to 70°C
Num Outputs = 1
Vi Min = 10.00V
ViN Max = 30.00V
Vour ! = 5.00V
lout 1 Max = 2.00A
VaippLe ! = 0.10V
Tp Min = 0.00°C
T, Max 70.00°C
G}

AN100151-1

FIGURE 1. Enter the Converter Specifications in the
Input Menu of SMS4.2.1

Modify the component values, input specs, etc. to suit the re-
quirements. The software will design all the power stage
components and give a list of vendors. In the example
shown in Figure 2, the component values were entered
manually to produce a surface mount design.

The isolation voltage of the transformer is not listed in the
software. The isolation voltage is generally mentioned in the
transformer manufacturer’'s catalog. Select a transformer
taking into consideration the isolation voltage. Any of the
transformers listed in the LM258X Simple Switcher data
sheets meet UL1459 spec, and are suitable for telecom
applications.

© 1998 National Semiconductor Corporation AN100151
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Input Parameters Operating Values Component Values
Vi Min = 10.00V Mode = Cont Pri L = 22.00 uH
ViN Max = 30.00V Frequency = 100.00 kHz Leakage L = 470.00 nH
Vour! = 5.00V Duty Cycle = 38.68% N1 sec/pri = 1.00
lour! Max = 2.00A IC oy Max = 5.00A vy = 20.00V
VeippLe ! = 0.10V IC Ipk = 4.04A Cin = 560.00 pF
T, Min = 0.00°C Ll = 1.56A CyESR = 40.00mQ
Ty Max 70.00°C Efficiency = 72.88% Ce = 1.00 pF
IC Pd = 1.71W Re = 1.00kQ
IC Ty = 106.21°C IC Heatsnk = 19.23°C/W
Diode1 Pd = 1.00W Pri DCR = 35.84mQ
Xformer Pd = 32w Cour! = 660.00 uF
Zener Pd = 0.49W Cour! ESR = 24.00mQ
I Avg = 1.37A
Cross Freq = 2.40 kHz
Phase Marg = 89.78 Deg
Voutp-p = 96.61mV

AN100151-2

FIGURE 2. Main Screen of SMS4.2.1 Summarizes the Design

ViN
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>10 O—=

<30 |+
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O 5V
< DA

Cout

. I 680 puf
L]

100 nF I 5 4
— Comp LM2587-5
1 ut
Ce J: Feedback
1 uF 2
3
Re
680 | Ground
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FIGURE 3. Circuit Designed using SMS4.2.1

The software will also produce a schematic of the non-
isolated converter as shown in Figure 3. This concludes the
first step of the design process.

Modification of Control Loop for Isolated Design

The second step in designing an opto-isolated converter is to
modify the feedback loop by using a secondary controller
such as LM3411 and to use an opto-isolator for feedback

isolation. To do this, connect an opto-coupler between the
secondary controller and the compensation pin for feedback
isolation. Power stage isolation is provided by the
transformer.
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- Use LM3411 = 5.

Feedback

FIGURE 4. Modification of Non-Isolated Flyback to Isolated Flyback

The reference and the error amplifier internal to LM2587
have to be disabled in order to avoid interaction with the ref-
erence in secondary controller and to avoid excessive gain
in the feedback loop. Figure 5 shows the internal block dia-
gram of LM2587. By connecting the feedback pin to ground

AN100151-4

and by connecting the opto-coupler output to the compensa-
tion pin, the error-amp is by-passed. For this reason, any
voltage option of the LM2587 can be used. This completes
the design of the isolated converter.
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FIGURE 5. LM2587 Block Diagram; Grounding Feedback Pin Disables Error Amplifier, Opto-Coupler Delivers
Feedback to Compensation Pin Instead

Figure 6 shows the circuit diagram of an LM2587 based start comparator is activated and the output gradually increases to the
opto-isolated flyback power supply. With the LM2587 error nominal value. After this, the soft-start comparator gets disabled and

e . . . the short-circuit protection is enabled. Now if the output is shorted, the
amplifier disabled, the feedback control now consists of

d id I d th isol frequency will change to 25% of normal operating frequency.
LM3411-5.0 secondary side controller and the opto-isolator. The short-circuit protection is activated only after the soft-start is dis-

Resistors R, and Ry are required for biasing the opto- abled. In the isolated converter, the feedback pin is grounded. The

isolator. Capacitor Cq is required for soft-start. converter never comes out of soft-start mode. So the short-circuit pro-

Note: Short Circuit Protection.  In LM258X switchers, the soft-start com- tection (which changes the frequency to 25 kHz under short circuit
parator and the short-circuit protection are both controlled by the feed- conditions) never gets activated. Hence, an external circuit is required
back pin voltage. At start-up, when the output voltage is zero, the soft- for short-circuit protection.
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FIGURE 6. 10 Watt Opto-Isolated Flyback Converter

Selection of Compensation Components

The compensation circuit design involves selection of the
opto-coupler output resistance, R,, the opto-coupler input re-
sistance, R, and the feedback capacitance, C. The com-
pensator transfer function is the small-signal transfer func-
tion from the output voltage, Vg to the control voltage, V..
The transfer function, A(s) is given by:

CTRxRO( P 1)

As) =
Ry SC4Ry

Thus, the compensator is a two pole, one zero compensator.
In the above equation, CTR is the opto-coupler current trans-
fer ratio or coupling-efficiency. The power stage transfer
function is a one pole, one zero (esr) compensator (in the
frequency range of interest). Choose R, and R, such that
voltage V, is always more than 0.3V. Also, the maximum
voltage on the compensation pin should be no more than 2V.

Choose C;to place a zero to cancel the power stage pole, as
shown in Figure 7. If the compensator is designed as shown
above, the loop gain should have very good phase margin
and gain margin. In Figure 7,

£ ot =
Z7 2aC94K P! 2aC R

1
esr ~ 2aC R

0’ esr

f

where f,, is the frequency of the power stage pole in current
mode converter, f, is the compensator zero, and f,g, is the
esr zero. f,is the loop cross over frequency. f,, is the pole(s)
created due to current mode control (located at high frequen-
cies close to half the switching frequency).
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FIGURE 7. The Estimated Loop Response

The loop gain measured on the experimental converter shown in Figure 6, is shown in Figure 8. The bandwidth and phase margin
are very much lower than expected.

90

45

-45

-90 \

Phase in Degrees

-135 \

-180
104 10° 102 103 104 10°

Frequency Frequency

AN100151-10 AN100151-11

FIGURE 8. Measured Loop Gain of the Experimental Converter (Bandwidt h = 3 kHz and Phase Margin = 20°)
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Since the bandwidth and phase margin are very low, a transient step of 0 to 1A produces a very poor transient response, as
shown in Figure 9. This also indicates poor stability in the control loop.

\

AN100151-12

FIGURE 9. Transient Response for a Step Change in Load from 0 to 1A

PART Il. IMPROVING TRANSIENT RESPONSE OF
OPTO-ISOLATED CONVERTERS

What Causes the Divergence Between Estimated and
Measured Results?

The converter shown in Figure 6 uses an opto-isolator
CNY17-3 for feedback isolation and LM3411 for secondary
side control. Since this converter is operated at 100 kHz
switching frequency, then it is desired to have its loop cross-

40

over at around 10 kHz—-20 kHz for superior transient perfor-
mance. However, the opto-coupler CNY17-3 used in this
configuration has a -3 dB frequency of 5 kHz—10 kHz de-
pending on the resistance R, shown in Figure 6. The opto-
coupler pole will introduce a phase-shift of more than 45° at
around 10 kHz as shown in Figure 10. Because this fact was
not taken into consideration while designing the compensa-
tor or loop gain, the measured phase margin and the band-
width are lower than what was estimated.

30

20

Gain in dB

180

135

90

Phase in Degrees

45

103

104 10°
AN100151-13

FIGURE 10. Opto-Coupler CNY17-3 Adds More Than 45° of Phase Shift at the Desired Loop Bandwidth of 10 kHz
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What Limits the Bandwidth of the Opto-Coupler?

The severe bandwidth limitations of the opto-coupler is due
entirely to the characteristics of the opto-coupler photo-
transistor. When forward current is passed through the opto-
coupler diode, it emits infra-red radiation. This radiant energy
is transmitted through an optical coupling medium and falls
on the surface of the photo-transistor. In order to make the
photo-transistor base region sensitive to light, and to mini-

Vee

mize the losses in radiant energy transfer, the photo-
transistors are designed to have a very large base-collector
junction area and a very thick base region. This results in a
very large base capacitance, Cob. This capacitance is typi-
cally in the order of several pico farads. However, this gets
effectively multiplied due to the Miller effect, resulting in a
very large Miller capacitance Com. The Miller capacitance is
in the order of several nana farads.

Ry
Ve p M
(Control
Voltage)

AN100151-14

FIGURE 11. Opto-Coupler Transmission Delay Adds Phase Change at High Frequencies (as the frequency of the
input sinusoid increases, the phase shift between the input and output increases linearly)

The Miller capacitance Com, coupled with the resistance R,
will produce a pole in its transfer function. This pole should
be taken into consideration while designing the compensa-
tion circuit.

It can also be observed from the opto-isolator characteristics
that the phase changes very dramatically at very high fre-
quencies. This is due to the inherent delay in transmission of
radiant energy through the optical medium. If the input signal
to the opto-coupler, as shown in Figure 11, is a sinusoid, the
output signal is also a sinusoid, but phase shifted due to the
delay. As the frequency of this sinusoid increases, the phase
shift increases, almost linearly. The phase shift will increase
linearly only if this shift is due to time delay.

How To Solve The Opto-Coupler Bandwidth Problems?
The control loop bandwidth can be improved in three ways:

1. The phase margin can be improved by reducing the sys-
tem cross-over frequency. However, the transient perfor-
mance of the converter is sacrificed.

2. Opto-isolators with better frequency characteristics
(such as MOC8101) can be used. However, these opto-
couplers are more expensive.

3. The opto-isolator pole can be compensated by introduc-
ing an additional zero in the control loop. This requires
proper prediction of opto-coupler pole.

Estimation of The Opto-Coupler Pole

The opto-coupler pole can be estimated in a number of
ways. One method is to characterize the pole by actual
bench measurements. Figure 12 shows the bench measure-
ment setup for characterization of an opto-coupler using a
network analyzer. A signal is injected at the opto-coupler in-
put and frequency of this signal is swept over the frequency
range of interest. The input signal is measured with probe A
and the output signal with probe B. By taking the ratio of the
input signal to the output signal, the frequency characteris-
tics are obtained.
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FIGURE 12. Bench Measurement Setup for Frequency Characterization of Opto-Coupler Pole Using a Network
Analyzer

Figure 13 shows the typical performance curve obtained by
actual measurements for the opto-coupler CNY17-3. In this
figure, the opto-coupler bandwidth (pole) has been plotted
versus the resistance R,. The opto-coupler pole can be very
easily predicted from this curve. As an example, let us pre-

dict the pole for CNY17-3 when the resistance, R, = 5 kQ.
Draw a line parallel to Y-axis at R, = 5 kQ. From the point of
intersection on the curve, read the corresponding value on
Y-axis. The opto-coupler pole would be at 4 kHz.
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2x10*

1.5x10% k

fopto (Hz)

1x10* \

5000 \

______ S~
\\
5000 1x10* 1.5x10% 2x10*
R, (0)
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FIGURE 13. Opto-Coupler CNY17-3 Bandwidth versus Resistance R

From the results of Part I, it is very obvious that the opto-
isolator pole imposes severe restrictions on the control loop
bandwidth. This pole can be compensated in two ways:

« If the base connection is available, then by connecting a
large resistor between the base and emitter of the opto-
coupler photo-transistor, the bandwidth can be improved.
However, the opto-coupler gain will reduce by doing so.

e The bandwidth can also be improved by introducing an
additional zero in the compensation circuit.

Implementation of the Opto-Coupler Pole

Compensation

For the circuit shown in Figure 6, the opto-coupler pole can
be estimated as discussed in previous sections. However,
the soft-start capacitor appears in parallel with opto-coupler

device capacitances and influences the position of the opto-
coupler pole. The additional zero required to compensate the
opto-coupler pole can be obtained by connecting a capacitor
in parallel with Ry, as shown in Figure 14. In the process,
this creates an additional pole due to Ry, and C4. To obtain
sufficient gain margin and attenuation of high frequency
switching noise, this pole can be placed at a high frequency
above the cross-over frequency.

www.national.com
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FIGURE 14. Compensating the Opto-Coupler Pole to Improve the Bandwidth Limitations

The modified compensator transfer function is:

CTRxR, (SCCRf +1)(s(2de1 +1)
Ai) = Rd1 : Rdz SCch SCdeZ 1 (assuming Rdz>>Rd|)
where:
CTR = Opto-coupler current transfer ratio or coupling effi-
ciency
Rs= feedback resistor internal to LM3411 (92k for
LM3411-5.0)
C.=  Compensation capacitor

An additional zero can also be obtained by connecting a re-
sistor in series with capacitor Cg, the additional zero required
to compensate the opto-coupler pole can be placed at a fre-
quency equal to f,.

(Assuming Cg is very much larger than the opto-coupler
Miller capacitance).

Notice that the compensator transfer function is directly de-
pendent on the opto-coupler CTR, which varies from unit-to-
unit, so it is important to take this factor into consideration.
This means that an opto-coupler with low CTR variation and
guaranteed limits should be used.

Figure 15 shows the loop gain with modified compensator.
Significant improvement in bandwidth and phase margin are
observed. The loop gain is as expected and shows excellent
stability. As expected, the transient response is also im-
proved, as shown in Figure 16.

www.national.com
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FIGURE 15. Significant Improvement in Bandwidth and Phase Margin is Observed with Opto-Coupler Pole
Compensation (Bandwidth = 10 kHz and Phase Margin = 60°)
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FIGURE 16. Transient Response with Opto-Coupler Pole Compensation (0 to 1A Step-Change in Load)
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EAIRCHILD PHOTOTRANSISTOR OPTOCOUPLERS

]
SEMICONDUCTOR®

'I[')hEilc\l:\l(:zlesZrliSsl\lconsists of a Gallium Arsenide IRED CNY17-1 CNY17-3
coupled with an NPN phototransistor. CNY17-2 CNY17-4
FEATURES
* CNY17-1/2/3 are also available in white package by specifying -M suffix (eg. CNY17-2-M) SCHEMATIC
« UL recognized (File # E90700)
» VDE recognized

-102497 for white package -Add option V for white package (e.g., CNY17-2V-M) Anooe [1] l6] ease

-File #102497 -Add option ‘300’ for black package (e.g., CNY17-2.300)

-File #94766 . S Heo
« Current transfer ratio in select groups
* High BVcgol 70V minimum Z

E EEMITTER

APPLICATIONS
« Power supply regulators « Digital logic inputs
« Microprocessor inputs * Appliance sensor systems

¢ Industrial controls

WHITE PACKAGE (-M SUFFIX) BLACK PACKAGE (NO -M SUFFIX)

Parameters Symbol Device Value Units
TOTAL DEVICE - Al 55 10 4150 c
- o+ °
Storage Temperature STG
Operating Temperature Topr All -55 to +100 °C
Lead Solder Temperature TsoL All 260 for 10 sec °C
Total Device Power Dissipation @ 25°C (LED plus detector) -M 250 W
m
) non -M 260
Derate Linearly From 25°C Pp
-M 2.94 WieC
m o
non -M 3.50
EMITTER | -M 60 A
m
Continuous Forward Current F non -M 90
Reverse Voltage Vg All 6 \Y
-M 15
Forward Current - Peak (1 ps pulse, 300 pps) I=(pk) A
non -M 3.0
LED Power Dissipation 25°C Ambient -M 120 W
m
. non -M 135
Derate Linearly From 25°C Pp
-M 141 WieC
m o
non -M 1.8
DETECTOR -M 150 W
m
Detector Power Dissipation @ 25°C b non -M 200
D
; ° -M 1.76
Derate Linearly from 25°C mw/°C
non -M 2.67

O 2001 Fairchild Semiconductor Corporation
DS300208 6/06/01 10F 11 www.fairchildsemi.com



FAIRCHILD

PHOTOTRANSISTOR OPTOCOUPLERS

.
SEMICONDUCTOR®
CNY17-1 CNY17-3
CNY17-2 CNY17-4
ELECTRICAL CHARACTERISTICS (T, = 25°C Unless otherwise specified.)
INDIVIDUAL COMPONENT CHARACTERISTICS
Parameters Test Conditions Symbol Device Min Typ Max Units
EMITTER I = 60 mA v -M 1.35 1.65 v
Input Forward Voltage I =10 mA F non -M 1.15 1.50
Capacitance Ve=0V,f=1.0MHz C, non -M >0 pF
-M 18
Reverse Leakage Current VR=6V Ir All 0.001 10 A
DETECTOR
Breakdown Voltage
Collector to Emitter lc=10mA, I =0 BVceo Al 70 100 v
Collector to Base Ic=10pA [g=0 BVcero All 70 120 \Y
Emitter to Collector le =100 pA, I =0 BVeco All 7 10 \Y
Leakage Current
Collector to Emitter Vee =10V g =0 lceo Al ! 50 nA
Collector to Base Veg =10V, Ig=0 lceo All 20 nA
Capacitance
Collector to Emitter Vee =0, 1= 1 MHz Cee Al 8 PF
Collector to Base Veg =0, f=1MHz Ccr All 20 pF
Emitter to Base Vgg =0, f=1 MHz Cep All 10 pF
ISOLATION CHARACTERISTICS
Characteristic Test Conditions Symbol Device Min Typ** Max Units
Input-Output Isolation Voltage f=60 Hz, t =1 min. Viso Black Package >300 Vac(rms)*
“M' White Package| 7500 Vac(pk)
Isolation Resistance V|0 = 500 VDC Riso All 101 Q
Isolation Capacitance Vio=9,f=1MHz Ciso Black Package 05 pF
M’ White Package 0.2

Note

* 5300 Vac(rms) for 1 minute equates to approximately 9000 Vac (pk) for 1 second

** Typical values at Ty = 25°C

www.fairchildsemi.com
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FAIRCHILD

PHOTOTRANSISTOR OPTOCOUPLERS

I
SEMICONDUCTOR®
CNY17-1 CNY17-3
CNY17-2 CNY17-4
TRANSFER CHARACTERISTICS (T, = 25°C Unless otherwise specified.)
DC Characteristics Test Conditions Symbol Device Min Typ Max Units
CNY17-1/-1-M 40 80
Current Transfer Ratio, CNY17-2/-2-M 63 125
) IE=10mA Ve =5V CTR %
Collector to Emitter CNY17-3/-3-M 100 200
CNY17-4 160 320
Saturation Voltage [e=10mA, Ic=25mA Vce(san All 40 \Y,
AC Characteristics Test Conditions Symbol Device Min Typ Max Units
Non-Saturated Switching Times
Tum-On Time (Fig.19 and Fig.20) RL=1009Q lc=2mA Vee =10V fon non -M 10 HS
Turn-Off Time (Fig.19 and Fig.20)[ R, =100 Q, Ic=2mA, Vcc =10V toff non -M 10 gs
Delay Time (Fig.19 and Fig.20) F=10mA Vec=5V,R =75Q tg -M 5.6 ps
Rise Time (Fig.19 and Fig.20) lE=10mA Vec=5V,R =75Q t -M 4.0 ps
Storage Time (Fig.19 and Fig.20) [ I-=10mA,Vec=5V,R =75Q ts -M 4.1 ps
Fall Time (Fig.19 and Fig.20) [F=10mA Vec=5V,R =75Q tf -M 35 ps
Saturated Switching Times lF=20mA, Ve =04V CNY17-1 5.5
Tum-On Time (Fig.19 and Fig.20) I =10MA, Ve =04V ton CNYl(;\iY(;,\.IZl?-S‘ 8.0 us
le=20mA, Ve =04V CNY17-1 4.0
CNY17-2, CNY17-3,
[F=10mA Ve =04V 6.0
Rise-Time (Fig.19 and Fig.20) ¢ CNY17-4 us
le=20mA, Vec =5V, R =1KQ ' CNY17-1-M 4.0
lF=10mA, Ve =5V,R =1KQ CNY17-2-M,CNY17-3M 6.0
Delay Time (Fig.19 and Fig.20) Ip=20MA Ve =5V, Ry =L KQ ty CNY17-1-M 55 us
le=10mA, Ve =5V, R =1KQ CNY17-2, CNY17-3 8.0
lr=20mA, Vce =04V CNY17-1 34.0
Turn-Off Time (Fig.19 and Fig.20) toff CNY17-2, CNY17-3, ps
[F=10mA V=04V CNY17-4 39.0
lr=20mA, Vee =04V CNY17-1 20.0
CNY17-2, CNY17-3,
) ) ! [F=10mA V=04V 24.0
Fall-Time (Fig.19 and Fig.20) t CNY17-4 us
[F=20mA, Vec=5V,R =1KQ CNY17-1-M 20.0
lF=10mA, Ve =5V, R =1KQ CNY17-2-M,CNY17-3-M 24.0
, , ! lE=20mA, Ve =5V, R =1KQ CNY17-1-M 34.0
Storage Time (Fig.19 and Fig.20) tg us
l[F=10mA, Vec=5V,R =1KQ CNY17-2-M,CNY17-3-M 39.0
DS300208 6/06/01 30F 11 www.fairchildsemi.com
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EAIRCHILD PHOTOTRANSISTOR OPTOCOUPLERS

]
SEMICONDUCTOR®

CNY17-1 CNY17-3
CNY17-2 CNY17-4

Fig.1 Normalized CTR vs. Forward Current Fig.2 Normalized CTR vs. Forward Current
(Black Package) (White Package)
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FAIRCHILD

]
SEMICONDUCTOR®

PHOTOTRANSISTOR OPTOCOUPLERS

DS300208

Fig.7 CTR vs. RBE (Saturated)
(Black Package)
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SEMICONDUCTOR®

PHOTOTRANSISTOR OPTOCOUPLERS

Fig. 13 Normalized toff vs. RBE

(Black Package)
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CNY17-1 CNY17-3
CNY17-2 CNY17-4
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Figure 19. Switching Time Test Circuit fon = re— el

Figure 20. Switching Time Waveforms
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. ]
SEMICONDUCTOR®

PHOTOTRANSISTOR OPTOCOUPLERS

Black Package (No -M Suffix)

Package Dimensions (Through Hole)

Pain B e B i B
0.270 (6.86)
0.240 (6.10)

= e

0.350 (8.89)
0.330 (8.38)

0.070 (1.78)
0.045 (1 14)ﬂ "'

SEATING PLANE

0.200 (5.08)
0.135 (3.43)
0.154 (3.90) 0 020 (0 51)
0.100 (2.54)
0.016 (0.40 .
0.008 (0.20) ) /\
0.022 (0.56) 0 to 15° 0.300 (7.62)
0.016 (0.41) TYP
0.100 (2.54)
TYP

CNY17-1
CNY17-2

CNY17-3
CNY17-4

Package Dimensions (Surface Mount)

0.350 (8.89;
0.330 (8.38)

AAA
7 1

0.270 (6.86)
0.240 (6.10)

J

0.300 (7.62)
T TYP T

VAV

0.070 (1.78;
" " 0.045 (1.14)

0.200 (5.08) ‘ ‘ 0,016 (0.41)
0.165 (4 18) o 008 (0.20)

[ ===
oozo o ©51) ¥
0.022 (0.56 ‘JL 0.016 (0.40) M\N
0.016 (0.41) 0.100 (2.54) 0315 (800)
TYP .
0405 10 30)

Lead Coplanarity : 0.004 (0.10) MAX

Package Dimensions (0.4”°Lead Spacing)

gafh

|

0.270 (6.86)
0.240 (6.10)

0350 (8.89)
0330 (8.38)

0.070 (1.78) 78
0.045 (1. 14

0200 (5 08)

0.135 (3 43)

0.154 (3.90) f
0.100 (2.54) o 004 0 (010)

o 022 (0.56)
0.016 (0.41)
0.100 (2.54) TYP

SEATING PLANE

0.016 (0.40)
0.008 (0.20)

0°to 15°
0.400 (10.16)
TYP

g

Recommended Pad Layout for

Surface Mount Leadform
(Black Package Only)

.‘ ’. 0.070 (1.78)
'

| 0.060 (1.52)

f

“ [‘ 0.030 (0.76)

0.415 (10.54) 0.100 (2.54)

0.295 (7.49)

NOTE
All dimensions are in inches (millimeters)

www.fairchildsemi.com
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EAIRCHILD PHOTOTRANSISTOR OPTOCOUPLERS

. ]
SEMICONDUCTOR®

CNY17-1 CNY1/-3
White Package (-M Suffix) CNY17-2  CNY17-4

Package Dimensions (Through Hole) Package Dimensions (Surface Mount)

0.350 (8.89)
0.320 (8.13) | 0.350(8.89)
0.320 (8.13)
0.390 (9.90)
0.260 (6.60) 0.332 (8.43)
w0 610 sz oo
0.070 (1.77) %%a e
i . l~—0.320(8.13
0040 (1.02) 0.014 (0.36) 0.320 (8.13) 0.014 (0.36) ©13)
0.010 (0.25) [T 0.010(0.25)
o.zoofs.oa l \ T / \
0.115 E2.93; 0.200 (5.08) 0.012 (0.30)
\_ 0.115 (2.93) 0.008 (0.20)
0.100 (2.54) 0.025 (0.63)
0.015 (0.38) T' u 0.020 (0.51) 0.100 [2.54]
0.020 (0.50) 15° 0.020 (0.50) 0.035 (0.88)
0.016 (0.41) 0.100 (2.54) 0012 030 l&( 0.016 (0.41) 0.006 (0.16)

Package Dimensions (0.4”Lead Spacing) Recommended Pad Layout for

Surface Mount Leadform
(White Package Only)

0.350 (8.89)
(8.13)

0.320 (8.13

F A

T

0.260 (6.60

0.240 (6.10) .‘ ’. 0.070 (1.78)
‘ | | 1
IEL lﬁl Jﬁ' | | | | | | 0.060 (1.52)

0.070 (1.77) %
040(102) ] [
0.040(1.02) . 0014(036)

0.010 (0.25,
©29) 0.425 (10.79)

0.100 (2.54)

OZOOTSOS / ‘ \ 0.305 (7.75)
0.115 (2.93) \_ T r0.030(0.76)

0.100 (2.54)

0.015 (0.38) | | | | | |

0.012 (0.30)
e | Freweer | ERER
) ‘ 0.425 (10.80)
0.400 (10.16) =

NOTE
All dimensions are in inches (millimeters)
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FAIRCHILD

]
SEMICONDUCTOR®

PHOTOTRANSISTOR OPTOCOUPLERS

CNY17-1 CNY17-3
CNY17-2 CNY17-4
ORDERING INFORMATION
Option Black Package White Package Description
(No Suffix) (-m Suffix)
Order Entry Idenifier

S .S S Surface Mount Lead Bend

SD .SD SR2 Surface Mount; Tape and reel

w W T 0.4” Lead Spacing

300 .300 Y, VDE 0884

300W .300W TV VDE 0884, 0.4” Lead Spacing

3S .3S SV VDE 0884, Surface Mount

3SD .3SD SR2V VDE 0884, Surface Mount, Tape & Reel

Carrier Tape Specifications (Black Package, No Suffix)

12.0+0.1
4.85+0.20
4.0£0.1— @1.55 +0.05
0.30 +0.05 4o+01‘| I‘ / ;_1.754_'0.10
o 0O 0O 0 0o o o O (I) [e} [e} —*—r
o nlldo nllde & 75201
13.220.2 | illNi imih il & TN { 16.0+£0.3
1 00 0|0 I =5 £ 0.
j L \\
0.1 MAX 10.30 +0.20 \— @1.6+0.1

User Direction of Feed

Carrier Tape Specifications (White Package, -M Suffix)

12.0+0.1
— 4.5+0.20
2.0+0.05 — @15 MIN
0.30 MAX 40+01.| l. / r1.75:0.10
o 0O O 0O O O O O <I> (o] O, o —'—r
fo nl{do nlldo b oo
21.0+0.1] [ 0l 0110 il & 4 { 240£03
g olfgd pifg 9.1+0.20
b l \
AN
0.1 MAX 10.1 +0.20 1.5 +0.1/-0
User Direction of Feed
NOTE
All dimensions are in inches (millimeters)
www.fairchildsemi.com 10 OF 11 DS300208




EAIRCHILD PHOTOTRANSISTOR OPTOCOUPLERS

]
SEMICONDUCTOR®

DISCLAIMER

CNY17-1 CNY17-3
CNY17-2 CNY17-4

FAIRCHILD SEMICONDUCTOR RESERVES THE THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE
TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT
ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT
DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE

RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical
implant into the body,or (b) support or sustain life,
and (c) whose failure to perform when properly
used in accordance with instructions for use provided
in labeling, can be reasonably expected to result in a
significant injury of the user.

DS300208 6/06/01

2.

110F 11

A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

www.fairchildsemi.com
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Ultra37000™ CPLD Family

5V, 3.3V, ISR™ High-Performance CPLDs

Features

In-System Reprogrammable™ (ISR™) CMOS CPLDs

—JTAG interface for reconfigurability
—Design changes don’t cause pinout changes
— Design changes don’t cause timing changes
High density

—32to 512 macrocells

—32t0 264 1/0 pins

—5 dedicated inputs including 4 clock pins
Simple timing model

— No fanout delays

— No expander delays

—No dedicated vs. I/O pin delays

— No additional delay through PIM

—No penalty for using full 16 product terms

— No delay for steering or sharing product terms
3.3V and 5V versions

PCI Compatiblel

Programmable Bus-Hold capabilities on all I/Os
Intelligent product term allocator provides:
—O0to 16 product terms to any macrocell
—Product term steering on an individual basis
— Product term sharing among local macrocells
Flexible clocking

—4 synchronous clocks per device

— Product Term clocking

— Clock polarity control per logic block

Consistent package/pinout offering across all densities

— Simplifies design migration
— Same pinout for 3.3V and 5.0V devices
Packages

— 440 400 Leads in PLCC, CLCC, PQFP, TQFP, CQFP,

BGA, and Fine-Pitch BGA packages

Note:

1.

Cypress Semiconductor Corporation

General Description

The Ultra37000™ family of CMOS CPLDs provides a range of
high-density programmable logic solutions with unparalleled
system performance. The Ultra37000 family is designed to
bring the flexibility, ease of use, and performance of the 22V10
to high-density CPLDs. The architecture is based on a number
of logic blocks that are connected by a Programmable Inter-
connect Matrix (PIM). Each logic block features its own prod-
uct term array, product term allocator, and 16 macrocells. The
PIM distributes signals from the logic block outputs and all in-
put pins to the logic block inputs.

All of the Ultra37000 devices are electrically erasable and In-
System Reprogrammable (ISR), which simplifies both design
and manufacturing flows, thereby reducing costs. The ISR fea-
ture provides the ability to reconfigure the devices without hav-
ing design changes cause pinout or timing changes. The
Cypress ISR function is implemented through a JTAG-compli-
ant serial interface. Data is shifted in and out through the TDI
and TDO pins, respectively. Because of the superior routability
and simple timing model of the Ultra37000 devices, ISR allows
users to change existing logic designs while simultaneously
fixing pinout assignments and maintaining system perfor-
mance.

The entire family features JTAG for ISR and boundary scan,
and is compatible with the PCI Local Bus specification, meet-
ing the electrical and timing requirements. The Ultra37000
family features user programmable bus-hold capabilities on all
1/Os.

Ultra37000 5.0V Devices

The Ultra37000 devices operate with a 5V supply and can sup-
port 5V or 3.3V I/O levels. Vcco connections provide the ca-
pability of interfacing to either a 5V or 3.3V bus. By connecting
the Vcco pins to 5V the user insures 5V TTL levels on the
outputs. If Vecg is connected to 3.3V the output levels meet
3.3V JEDEC standard CMOS levels and are 5V tolerant.
These devices require 5V ISR programming.

Ultra37000V 3.3V Devices

Devices operating with a 3.3V supply require 3.3V on all Vo
pins, reducing the device’s power consumption. These devices
support 3.3V JEDEC standard CMOS output levels, and are
5V tolerant. These devices allow 3.3V ISR programming.

Due to the 5V-tolerant nature of 3.3V device I/Os, the I/Os are not clamped to V¢, PCI V|=2V.

Document #: 38-03007 Rev. **
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Selection Guide

5.0V Selection Guide

General Information

Dedicated
Device Macrocells Inputs 1/0 Pins Speed (tpp) Speed (fyax)
CY37032 32 5 32 6 200
CY37064 64 5 32/64 6 200
CY37128 128 5 64/128 6.5 167
CY37192 192 5 120 7.5 154
CY37256 256 5 128/160/192 7.5 154
CY37384 384 5 160/192 10 118
CY37512 512 5 160/192/264 10 118
Speed Bins
Device 200 167 154 143 125 100 83 66

CY37032 X X X

CY37064 X X X

CY37128 X X X

CY37192 X X X

CY37256 X X X

CY37384 X X

CY37512 X X X

Device-Package Offering & 1/0 Count
44- 44- 44- 84- 84- 100- 160- 160- 208- 208- 256- 352-

Device Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead

TQFP | PLCC | CLCC | PLCC | CLCC | TQFP | TQFP | CQFP | PQFP | CQFP | BGA | BGA

CY37032 37 37

CY37064 37 37 37 69 69

CY37128 69 69 69 133

CY37192 125

CY37256 133 133 165 197
CY37384 165 197
CY37512 165 165 197 269

Document #: 38-03007 Rev. ** Page 2 of 67
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Ultra37000™ CPLD Family

3.3V Selection Guide
General Information

Dedicated
Device Macrocells Inputs 1/0 Pins Speed (tpp) Speed (fyax)

CY37032v 32 32 8.5 143
CY37064V 64 32/64 8.5 143
Cy37128V 128 64/80/128 10 125
CY37192v 192 120 12 100
CY37256V 256 128/160/192 12 100
CY37384V 384 160/192 15 83
CY37512Vv 512 160/192/264 15 83

alo|o|o|oa| oo

Speed Bins
Device 200 167 154 143 125 100 83 66
CY37032v X X
CY37064V

x
x

CY37128Vv X X X

CY37192v X

CY37256V X X

CY37384V X

x| X| X| X

CY37512v X X

Shaded areas indicate preliminary speed bins.

Device-Package Offering & 1/0 Count

. 1
<
Device 3

Lead
TQFP

<
<

Lead
PLCC

<
<

Lead
CLCC

o)
<

Lead
FBGA
84-
Lead
PLCC
84-
Lead
CLCC
100-
Lead
TQFP
100-
Lead
FBGA
160-
Lead
TQFP
160-
Lead
CQFP
208-
Lead
PQFEP
208-
Lead
CQFP
256-
Lead
BGA
256-
Lead
FBGA
352-
Lead
BGA
400-
Lead
FBGA

CY37032v | 37 37 37

CY37064Vv | 37 37 37 37 69 69 69

CY37128V 69 69 69 85 | 133

CY37192v 125

CY37256V 133 | 133 | 165 197 | 197

CY37384V 165 197

CY37512v 165 | 165 | 197 269 | 269
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Architecture Overview of Ultra37000 Family

Programmable Interconnect Matrix

The Programmable Interconnect Matrix (PIM) consists of a
completely global routing matrix for signals from 1/O pins and
feedbacks from the logic blocks. The PIM provides extremely
robust interconnection to avoid fitting and density limitations.

The inputs to the PIM consist of all I/O and dedicated input pins
and all macrocell feedbacks from within the logic blocks. The
number of PIM inputs increases with pin count and the number
of logic blocks. The outputs from the PIM are signals routed to
the appropriate logic blocks. Each logic block receives 36 in-
puts from the PIM and their complements, allowing for 32-bit
operations to be implemented in a single pass through the
device. The wide number of inputs to the logic block also im-
proves the routing capacity of the Ultra37000 family.

An important feature of the PIM is its simple timing. The prop-
agation delay through the PIM is accounted for in the timing
specifications for each device. There is no additional delay for
traveling through the PIM. In fact, all inputs travel through the
PIM. As a result, there are no route-dependent timing param-
eters on the Ultra37000 devices. The worst-case PIM delays
are incorporated in all appropriate Ultra37000 specifications.

Routing signals through the PIM is completely invisible to the
user. All routing is accomplished by software—no hand routing
is necessary. Warp™ and third-party development packages
automatically route designs for the Ultra37000 family in a mat-
ter of minutes. Finally, the rich routing resources of the
Ultra37000 family accommodate last minute logic changes
while maintaining fixed pin assignments.

Logic Block

The logic block is the basic building block of the Ultra37000
architecture. It consists of a product term array, an intelligent
product-term allocator, 16 macrocells, and a number of I/O
cells. The number of I/O cells varies depending on the device
used. Refer to Figure 1 for the block diagram.

Product Term Array

Each logic block features a 72 x 87 programmable product
term array. This array accepts 36 inputs from the PIM, which
originate from macrocell feedbacks and device pins. Active
LOW and active HIGH versions of each of these inputs are
generated to create the full 72-input field. The 87 product
terms in the array can be created from any of the 72 inputs.

Of the 87 product terms, 80 are for general-purpose use for
the 16 macrocells in the logic block. Four of the remaining
seven product terms in the logic block are output enable (OE)
product terms. Each of the OE product terms controls up to
eight of the 16 macrocells and is selectable on an individual
macrocell basis. In other words, each I/O cell can select be-
tween one of two OE product terms to control the output buffer.
The first two of these four OE product terms are available to
the upper half of the I/O macrocells in a logic block. The other
two OE product terms are available to the lower half of the 1/0
macrocells in a logic block.

The next two product terms in each logic block are dedicated
asynchronous set and asynchronous reset product terms. The
final product term is the product term clock. The set, reset, OE
and product term clock have polarity control to realize OR
functions in a single pass through the array.

3 2 ¥2
0-16 MACRO- 110
PRODUCT CEOLL C%LL
TERMS |
7 [
0-16 |—> MACRO-
> CELL to cells
PRODUCT 1 2,4,68]10, 12
TERMS
[ ]
FROM
PIM 36 72 x 87 80 PRODUCT b
PRODUCT TERM TERM °
ARRAY ALLOCATOR
0-16 MACRO- 110
»| CELL > CELL
PRODUCT 14 14
TERMS T
[
0-16 L>-MACRO—
»| CELL [~
TO PRODUCT 15
PIM 16 TERMS
8

Figure 1. Logic Block with 50% Buried Macrocells
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Low-Power Option

Each logic block can operate in high-speed mode for critical
path performance, or in low-power mode for power conserva-
tion. The logic block mode is set by the user on a logic block
by logic block basis.

Product Term Allocator

Through the product term allocator, software automatically dis-
tributes product terms among the 16 macrocells in the logic
block as needed. A total of 80 product terms are available from
the local product term array. The product term allocator pro-
vides two important capabilities without affecting performance:
product term steering and product term sharing.

Product Term Steering

Product term steering is the process of assigning product
terms to macrocells as needed. For example, if one macrocell
requires ten product terms while another needs just three, the
product term allocator will “steer” ten product terms to one
macrocell and three to the other. On Ultra37000 devices, prod-
uct terms are steered on an individual basis. Any number be-
tween 0 and 16 product terms can be steered to any macrocell.
Note that O product terms is useful in cases where a particular
macrocell is unused or used as an input register.

Product Term Sharing

Product term sharing is the process of using the same product
term among multiple macrocells. For example, if more than
one output has one or more product terms in its equation that
are common to other outputs, those product terms are only
programmed once. The Ultra37000 product term allocator al-
lows sharing across groups of four output macrocells in a vari-
able fashion. The software automatically takes advantage of
this capability—the user does not have to intervene.

Note that neither product term sharing nor product term steer-
ing have any effect on the speed of the product. All worst-case
steering and sharing configurations have been incorporated in
the timing specifications for the Ultra37000 devices.

Ultra37000 Macrocell

Within each logic block there are 16 macrocells. Macrocells
can either be 1/0 Macrocells, which include an 1/0 Cell which
is associated with an I/O pin, or buried Macrocells, which do
not connect to an I/O. The combination of /O Macrocells and
buried Macrocells varies from device to device.

Buried Macrocell

Figure 2 displays the architecture of buried macrocells. The
buried macrocell features a register that can be configured as
combinatorial, a D flip-flop, a T flip-flop, or a level-triggered
latch.

Document #: 38-03007 Rev. **

The register can be asynchronously set or asynchronously re-
set at the logic block level with the separate set and reset prod-
uct terms. Each of these product terms features programma-
ble polarity. This allows the registers to be set or reset based
on an AND expression or an OR expression.

Clocking of the register is very flexible. Four global synchro-
nous clocks and a product term clock are available to clock the
register. Furthermore, each clock features programmable po-
larity so that registers can be triggered on falling as well as
rising edges (see the Clocking section). Clock polarity is cho-
sen at the logic block level.

The buried macrocell also supports input register capability.
The buried macrocell can be configured to act as an input reg-
ister (D-type or latch) whose input comes from the 1/0O pin as-
sociated with the neighboring macrocell. The output of all bur-
ied macrocells is sent directly to the PIM regardless of its
configuration.

1/0 Macrocell

Figure 2 illustrates the architecture of the 1/0 macrocell. The
1/0 macrocell supports the same functions as the buried mac-
rocell with the addition of 1/O capability. At the output of the
macrocell, a polarity control mux is available to select active
LOW or active HIGH signals. This has the added advantage of
allowing significant logic reduction to occur in many applica-
tions.

The Ultra37000 macrocell features a feedback path to the PIM
separate from the I/O pin input path. This means that if the
macrocell is buried (fed back internally only), the associated
1/0 pin can still be used as an input.

Bus Hold Capabilities on all 1/Os

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
maintains the last state of a pin when the pin is placed in a
high-impedance state, thus reducing system noise in bus-in-
terface applications. Bus-hold additionally allows unused de-
vice pins to remain unconnected on the board, which is partic-
ularly useful during prototyping as designers can route new
signals to the device without cutting trace connections to V¢
or GND. For more information, see the application note “Un-
derstanding Bus-Hold — A Feature of Cypress CPLDs.”

Programmable Slew Rate Control

Each output has a programmable configuration bit, which sets
the output slew rate to fast or slow. For designs concerned with
meeting FCC emissions standards the slow edge provides for
lower system noise. For designs requiring very high perfor-
mance the fast edge rate provides maximum system perfor-
mance.

Page 50f67
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1/0 MACROCELL
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| 1 ‘ | | o 0
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Figure 2. 1/0 and Buried Macrocells
INPUT PIN
[ H> 0
1 |
) O TOPIM
—o0 D 0 D Q 3
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B ci12 C13
[T
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D Q
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Figure 3. Input Macrocell
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INPUT/CLOCK PIN

0 o _|>_ TO CLOCK MUX ON
1 ALL INPUT MACROCELLS

r !
c12
[ H> {00 |
| ° |
1 TO CLOCK MUX
IN EACH
| I LOGICBLOCK |
0 L _ _cmomens orote
O —
5 5 I_ 2 TOPIM CLOCK POLARITY MUX
—J0 3 ONE PER LOGIC BLOCK
FROM CLOCK __| Q Q
POLARITY INPUT | ; o - - I FOR EACH CLOCK INPUT
CLOCKPINS —] 5 c1oc11
C8 C9
D Q
LE
Figure 4. Input/Clock Macrocell
Clocking The Ultra37000 features:

Each I/0 and buried macrocell has access to four synchronous
clocks (CLKO, CLK1, CLK2 and CLK3) as well as an asynchro-
nous product term clock PTCLK. Each input macrocell has
access to all four synchronous clocks.

Dedicated Inputs/Clocks

Five pins on each member of the Ultra37000 family are desig-
nated as input-only. There are two types of dedicated inputs
on Ultra37000 devices: input pins and input/clock pins.
Figure 3 illustrates the architecture for input pins. Four input
options are available for the user: combinatorial, registered,
double-registered, or latched. If a registered or latched option
is selected, any one of the input clocks can be selected for
control.

Figure 4 illustrates the architecture for the input/clock pins.
Like the input pins, input/clock pins can be combinatorial, reg-
istered, double-registered, or latched. In addition, these pins
feed the clocking structures throughout the device. The clock
path at the input has user-configurable polarity.

Product Term Clocking

In addition to the four synchronous clocks, the Ultra37000 fam-
ily also has a product term clock for asynchronous clocking.
Each logic block has an independent product term clock which
is available to all 16 macrocells. Each product term clock also
supports user configurable polarity selection.

Timing Model

One of the most important features of the Ultra37000 family is
the simplicity of its timing. All delays are worst case and sys-
tem performance is unaffected by the features used. Figure 5
illustrates the true timing model for the 167-MHz devices in
high speed mode. For combinatorial paths, any input to any
output incurs a 6.5-ns worst-case delay regardless of the
amount of logic used. For synchronous systems, the input set-
up time to the output macrocells for any input is 3.5 ns and the
clock to output time is also 4.0 ns. These measurements are
for any output and synchronous clock, regardless of the logic
used.

Document #: 38-03007 Rev. **

» No fanout delays

* No expander delays

* No dedicated vs. I/O pin delays

» No additional delay through PIM

* No penalty for using 0—16 product terms

* No added delay for steering product terms
* No added delay for sharing product terms
» No routing delays

» No output bypass delays

The simple timing model of the Ultra37000 family eliminates
unexpected performance penalties.

D COMBINATORIAL SIGNAL El

tPD =6.5ns

INPUT OUTPUT

REGISTERED SIGNAL

ts=3.5ns tco=4.5ns [l
{ S DTL O co
INPUT OUTPUT
—>
CLOCK

Figure 5. Timing Model for CY37128
JTAG and PCI Standards

PCI Compliance

5V operation of the Ultra37000 is fully compliant with the PCI
Local Bus Specification published by the PCI Special Interest
Group. The 3.3V products meet all PCI requirements except
for the output 3.3V clamp, which is in direct conflict with 5V
tolerance. The Ultra37000 family’s simple and predictable tim-
ing model ensures compliance with the PCI AC specifications
independent of the design.

Page 7 of 67
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IEEE 1149.1 Compliant JTAG

The Ultra37000 family has an IEEE 1149.1 JTAG interface for
both Boundary Scan and ISR.

Boundary Scan

The Ultra37000 family supports Bypass, Sample/Preload, Ex-
test, Idcode, and Usercode boundary scan instructions. The
JTAG interface is shown in Figure 6.

Instruction Register

! ([IT1TH

- TDO
Y
Bypass Reg.
JTAG _,»ﬁ
TAP

TMS—] B
CONTROLLER Boundary Scan
Tex— o+ TTeeel
idcode
At
Usercode

i

ISR Prog.
S NECCON

Data Registers

Figure 6. JTAG Interface

In-System Reprogramming (ISR)

In-System Reprogramming is the combination of the capability
to program or reprogram a device on-board, and the ability to
support design changes without changing the system timing
or device pinout. This combination means design changes
during debug or field upgrades do not cause board respins.
The Ultra37000 family implements ISR by providing a JTAG
compliant interface for on-board programming, robust routing
resources for pinout flexibility, and a simple timing model for
consistent system performance.

Development Software Support

Warp™

Warp is a state-of-the-art compiler and complete CPLD design
tool. For design entry, Warp provides an IEEE-STD-1076/1164
VHDL text editor, an IEEE-STD-1364 Verilog text editor, and a
graphical finite state machine editor. It provides optimized syn-
thesis and fitting by replacing basic circuits with ones pre-op-
timized for the target device, by implementing logic in unused
memory and by perfect communication between fitting and
synthesis. To facilitate design and debugging, Warp provides
graphical timing simulation and analysis.

Warp Professional™

Warp Professional contains several additional features. It pro-
vides an extra method of design entry with its graphical block
diagram editor. It allows up to 5 ms timing simulation instead
of only 2 ms. It allows comparison of waveforms before and
after design changes.

Warp Enterprise™

Warp Enterprise provides even more features. It provides un-
limited timing simulation and source-level behavioral simula-

Document #: 38-03007 Rev. **

tion as well as a debugger. It has the ability to generate graph-
ical HDL blocks from HDL text. It can even generate
testbenches.

Warp is available for PC and UNIX platforms. Some features
are not available in the UNIX version. For further information
see the Warp for PC, Warp for UNIX, Warp Professional and
Warp Enterprise data sheets on Cypress's web site
(www.cypress.com).

Third-Party Software

Although Warp is a complete CPLD development tool on its
own, it interfaces with nearly every third party EDA tool. All
major third-party software vendors provide support for the
Ultra37000 family of devices. Refer to the third-party software
data sheet or contact your local sales office for a list of current-
ly supported third-party vendors.

Programming

There are four programming options available for Ultra37000
devices. The first method is to use a PC with the 37000
UltralSR programming cable and software. With this method,
the ISR pins of the Ultra37000 devices are routed to a connec-
tor at the edge of the printed circuit board. The 37000 UltralSR
programming cable is then connected between the parallel
port of the PC and this connector. A simple configuration file
instructs the ISR software of the programming operations to
be performed on each of the Ultra37000 devices in the system.
The ISR software then automatically completes all of the nec-
essary data manipulations required to accomplish the pro-
gramming, reading, verifying, and other ISR functions. For
more information on the Cypress ISR Interface, see the ISR
Programming Kit data sheet (CY3700i).

The second method for programming Ultra37000 devices is on
automatic test equipment (ATE). This is accomplished through
a file created by the ISR software. Check the Cypress website
for the latest ISR software download information.

The third programming option for Ultra37000 devices is to uti-
lize the embedded controller or processor that already exists
in the system. The Ultra37000 ISR software assists in this
method by converting the device JEDEC maps into the ISR
serial stream that contains the ISR instruction information and
the addresses and data of locations to be programmed. The
embedded controller then simply directs this ISR stream to the
chain of Ultra37000 devices to complete the desired reconfig-
uring or diagnostic operations. Contact your local sales office
for information on availability of this option.

The fourth method for programming Ultra37000 devices is to
use the same programmer that is currently being used to pro-
gram FLASH370i devices.

For all pinout, electrical, and timing requirements, refer to de-
vice data sheets. For ISR cable and software specifications,
refer to the UltralSR kit data sheet (CY3700i).

Third-Party Programmers

As with development software, Cypress support is available on
a wide variety of third-party programmers. All major third-party
programmers (including BP Micro, Data I/0, and SMS) support
the Ultra37000 family.
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—— Ultra37000™ CPLD Family

Logic Block Diagrams

CY37032/CY37032V
Clock/
Input Input 01
TCK —=| Convroller [ T0O
1 4 ™S —>
[ ! JTAG
4 4 EN
LOGIC % . N LOGIC
16 1/0s G 16 1/0s
1/0g—1/05 ~— 1< l— BL%CK 16 | PIM | 16 BL%CK—' =>—9-<">1/0,4-1/03;
A [}
16 16
CY37064 / CY37064V (100-Lead TQFP)
Clock/
Input Input
1 4
4 4
36 i 36
16 1/0s LOGIC |« > LOGIC 16 1/0s
1/0g-1/015 C>—»—<}— BLOCK 16 16 BLOCK —|>—4b—C> 1/04g-1/Og3
A > - D
1] 36 PIM 36 ¥
16 1/0s LOGIC | > LOGIC 16 I/Os
1/O16-1/O31 C>—‘<]— BLOCK 16 16 BLOCK —|>—1—C> 1/035-1/0,47
B > - C
32 32
DI —>
JTAG Tap
TCK —» — TDO
Controller

T™MS —
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= Ultra37000™ CPLD Family

Logic Block Diagrams (continued)

CY37128/ CY37128V (160-Lead TQFP)

D! JTAG Taj
CLOCK TCK — P .
INPUTS INPUTS Controller Do
™S —>
1 4
INPUT INPUT/CLOCK JTAGEy
MACROCELLI> MACROCELLS
4 Y ¥ 4
16 I/0s LOGIC LOGIC 16 1/Os
I0g—/015 " <—>4—<J— BL(RCK 36 36 BLaCK > 1/011,-1/0157
I 16 PIM 16 ]
16 I/0s LOGIC LOGIC 16 1/0s
1/016-1103; <:>-;—<]— BL%CK 36 36 BLg(:K > 1/0gs—1/0111
* 16 16 ‘
16 1/0s LOGIC [« »| LOGIC 16 1/0s
1/03,—1/0 47 <:>-§'—<]— BL(CD:CK 36 36 BLI('%CK —D>p<— 1/0gy-1/0gs
# 16 16 ¢
16 1/0s LOGIC LOGIC 16 1/0s
/011063 <o < BLOCK | 36 36 | BlOCK D<= 11064107
16 16
64 64
CY37192 / CY37192V (160-Lead TQFP)
Clock/
Input Input
1 4
f s
[OGIC |« L recie
10 1/ < > 10 1/Os
1/0g-1/0g C>S—'—<|— BL%CK 16 16 BL?CK — <= 11011010119
10 1/O: : 36 3 ! 10 l/Os
s LOGIC = »[LOGIC
1041101 <—4—<— BLOCK| 1¢ 16 |BLOCK —{">#<— 1/0,05-1/O109
10 1/O: LO(VBIC % N Loz3|c 10 1/0s
S
0 y-110g <—4—<— BLOCK| 16 . 16 [|Btock ——{>—<— 1/04-1/0gg
101/0s LOZEIC £ PIM N LOVGIC 10 I/0s
1/03q—1/039 <——4—<_}— BLOCK| 1g 16 |BLock —><— 1/0gy—1/Ogg
L 36 36 Y
10 I/0s LOGIC LOGIC 10 1/0s
110491109 <—4—<_}— BLOCK| 1p 16 |BLOCK —>—p<= 1/0,4-1/07
L] 36 36 L]
10 1/0s LOGIC |« »[ LOGIC 10 1/0s
/0g-1/0sg <——4—<_—1{BLOCK| 16 18 |BLOCK —=>—p—<= 1/0gy~1/Ogq
F > - G
i
DI —> 60 60
TK —| Conwoller [ O
™S —>|
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= Ultra37000™ CPLD Family

Logic Block Diagrams (continued)

CY37256 / CY37256V (256-Lead BGA)

Clock/
Input Input
l 4
4 4
OGIC 3 N OGIC
12 1/0s LOGI LOGI 12 1/0s
IIOO_Iloll —<_ l— BL(XCK 19 %6 BL(FD)CK _| > <> |/0180_|/0191
12 1/0: e 36 N Y 12 1/0s
s LOGIC |« > LOGIC
11045-1/0,3 <} BL%CK 16 16 BL%CK ——{>8<— 1/0,54-1/017¢
12 1/0 oZ; C 3 N o'e c 12 1/0
s LOGI LOGI S
1044-11055 <—4—<— BLOCK| 1o 16 |BLOCK ——{~>—$<— 1/0,55-1/0457
A 36 36 1
121/0s LOGIC | > LOGIC 121/0s
104611047 <——4—<_— BLOCK| 1g 16 |BLOCK —{>—4<— 11014410355
Y 36 PIM 36 Y
12 1/0s LOGIC LOGIC 12 1/0s
VO4-1/0sg <—4—<— BLCéCK 16 16 BLOLCK —>—¢<— 110,3,-110145
v ¥
121/0s TOGTC a8 3 roeic 12 1/0s
10gy-1/07, <——$—_—1BLOCK 16 16 BLOCK [— =>4~ 1/0150-1/015,
F > < K
L] 36 36 1]
12 1/0s LOGIC LOGIC 12 1/0s
107,-1/0g <——4—_}—{BLOCK 16 16 BLOCK —>—4—<— 1/010g-1/0119
G > - J
v 36 36 L]
12 1/0s LOGIC »| LOGIC 12 1/0s
10g4-1/Ogs <<} BLaCK 16 16 BL(IDCK —{>4<— 1104110107
1
TDI —> 96 96
TOK —>| Conroller [ 0O
TMS —|
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Ultra37000™ CPLD Family

Logic Block Diagrams (continued)

CY37384 / CY37384V (256-Lead BGA)

Clock/
Input Input
1 4
4 4
LOGIC % N LO('BIC
12 I/Os < >
_ <4 BLOCK 16 6 BLOCK
1/0g-1/04, —— Y\ L BL
12 1/0 SETC 22 N 561
s LOGI LOGI
V0,110, <4< BLOCK| 15 16 BLBQKCK—|>—‘
12 /0 TO0TC j«32 N [O61C
< - .~
1/054—1/035 C>—<I— BLAOCCK 16 B 16 BLé)JCK —|>—
O6TC a2 € o6
BLAC:ID()K 16 . 16 BL%)ICK —
3 36
12 1/0s LOGIC |« LOGIC
/04e-110g7 <—$—<— BLOCK| 16 16 [BLOCK
O8IC |2 ¥ reeic
BLOCK| 1g 6 |BLOCK(—{ >
AvF - { B'G
36 6
12 1/0s LOGIC |- % » LOGIC
1104511059 <—¢—<_—BLOCK| 16 16 [BLOCK
AG > < BF
Y 3 36 v
12 1/0s LOGIC 9 LOGIC
/0gg-1107; <—4—<_F—BLOCK| 18 16 BLOCK —] >
AH BE
L] 36 36 Y
12 1/0s LOGIC |« »[LOGIC
11071105, <——4—<— BLOCK| 15 16 |BLOCK —
LOéIC 3 3 LOVGIC
BLOCK| 16 BLOCK —]
Al > L© BC
Y 36 Y
12 1/0s LOGIC |« ¥, rocic
0g4~1/0gs <—4—<J— BLOCK| 16 16 |BLOCK
[OGIC sl ¥ rro6ic
BLOCK| 16 18 |BLOCK —{>>—
AL < BA
TDI —> !
TCK JTAG Tap 00 96 96
Controller
TMS —>|

Document #: 38-03007 Rev. **

12 1/0s
< |/0168_|/0191

12 I/0s
P—<— 1/0156—1/0179

12 1/0s
—<—> /01447110167

12 1/0s
< |/0132_|/0155

12 I/0s
I—— 1/0120-1/0143

12 I/0s
< |/0108_|/013l

12 1/0s
b<—> 1/0gg—1/011g

12 1/0s
b<—> 1/0gg-1/01¢7
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= Ultra37000™ CPLD Family

Logic Block Diagrams (continued)

CY37512/ CY37512V (352-Lead BGA)
Input  Clock/ Input

1 4

-

12 I/Os LOGIC | » LOGIC
1/0g-1/01; <1 BLEACK 16 16 BLéJFE:K
A 36 36 11
12 1/0s LOGIC LOGIC 12 I/0s
1/015,-1/055 < }— BLEBCK 16 16 BLBQé:K <" 1/0,5,—1/043
v 36 Y
12 1/0s TOGIC Ja—2 »[LOGIC 12 1/0s
/05411045 <= [ BL/?CCK 16 16 BLéJ’\?K ——{>4<— 1/0,44-1/0s5;
v 36 i
LOGIC 36 LOGIC 12 ”05/ )
BLOCK 1 6 BLOCK — =>—4—<— 1/0,,5-1/0p30
AP S 4 B'M
3
12 1/0s LOGIC = 9 36 » LOGIC
0611047 <——4—<— BLEé:K 16 PR BLSEK
L] 36 36 L]
LOGIC LOGIC 121/0s
BLOCK 16 16 BLOCK —] =—$—<—= /04511027
AF BK
L] 36 36 L]
12 1/Os LOGIC = »| LOGIC
/0451105 <——4—<_— BLEGCK 16 16 BLé)JCK
! % N ! 12 1/0s
LOGIC »[LOGIC
BLAoHCK 16 16 BL(B?|CK —{>—<— 110,04-110s15
12 1/0 ! % PIM 36 !
S LOGIC » LOGIC
1061107, <——p—<_— BLOCK| i 1 |BLock
11 36 36 1]
LOGIC »[ LOGIC 121/0s
BLEJCK 16 16 BLé)GCK %< 1/0,0,-1/0503
11 36 36 1]
12 1/0s LOGIC » LOGIC
/07,-1/0gg <——4—<_— BLAOI?K 16 16 BLé)FCK
Y 36 ]
12 1/0s LOGIC L, LOGIC 121/0s
1/0g4—1/0gs5 < BLELCK 16 16 B'—é)ECK —T=>—$<= 110149~1/010;
! % N ! 12 1/0s
12 1/0s LOGIC | LOGIC
UOgg11050; —+—<F—{BLOCK| 1§ 6 |BLock —=>——<— 110,65-1/017¢
12 1/0 LO!SIC % N LOZBIC 12 1/0s
s <
1005-10g39 << BLOCK| 1g 1 |BLock —{>—4<— 1/0,56-1/017
12 1/0 Logyc 3 36 LOGIC 12 1/0s
s <
0 p0-10g3; <=+ BLOCK| 1 1 |BLock ——{>¢<— 1/0,,,-1/0;55
36
LOGIC | N LOGIC 121/0s
BLOCK 1 6 BLOCK —] =>—4—<= 1/0,4,-1/0
P 6 o 1 BA 132710143
A A
132 132
DI —>
JTAG Tap
TCK Controller DO
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Ultra37000™ CPLD Family

5.0V Device Characteristics

Maximum Ratings

(Above which the useful life may be impaired. For user guide-

lines, not tested.)

Storage Temperature ............c.ccceeveevevenenen.

Ambient Temperature with

—65°C to +150°C

DC Voltage Applied to Outputs

in High Z State
DC Input Voltage
DC Program Voltage
Current into Outputs
Static Discharge Voltage

(per MIL-STD-883, Method 3015)

—-0.5V to +7.0V
-0.5V to +7.0V

Power Applied............ooeiiiis —-55°Cto +125°C Latch-Up CUIMENT.....c.cvivevrceeeeee e e e s en e, >200 mA
Supply Voltage to Ground Potential............... -0.5V to +7.0V
Operating Rangel
Ambient Junction Output
Range Temperaturel? Temperature Condition Vee Veeo
Commercial 0°C to +70°C 0°C to +90°C 5V 5V £ 0.25V 5V £ 0.25V
3.3v 5V £ 0.25V 3.3v+£0.3V
Industrial —40°C to +85°C —40°C to +105°C 5V 5V £ 0.5V 5V + 0.5V
3.3v 5V + 0.5V 3.3v+0.3V
Military[3] —55°C to +125°C -55°C to +130°C 5V 5V £ 0.5V 5V + 0.5V
3.3v 5V + 0.5V 3.3v+£0.3V
Notes:

2. Normal Programming Conditions apply across Ambient Temperature Range for specified programming methods. For more information on programming the
Ultra37000 Family devices, please refer to the Application Note titled “An Introduction to In System Reprogramming with the Ultra37000.”
3. Tais the “Instant On” case temperature.

Document #: 38-03007

Rev. **
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= Ultra37000™ CPLD Famil
== CYPRESS ’

'W

K

5.0V Device Electrical Characteristics Over the Operating Range

Parameter Description Test Conditions Min. Typ. Max. Unit
Vou Output HIGH Voltage Vee = Min. | lgy=-3.2mA (Coml/ind)* | 2.4 v
loy = —2.0 mA (Mil)4! 2.4 v
Vonz Output HIGH Vo[lt?ge with Vee = Max. | oy = 0 A (Com'l)[®] 4.2 Y%
Output Disabled'® lop = 0 HA (Ind/Mily®l 45 v
loy = —100 pA (Com'l)[] 3.6 v
lon = =150 pA (Ind/Mmil)!®! 3.6 v
VoL Output LOW Voltage Ve = Min. | 1o, = 16 mA (Com'l/ind)!! 0.5 Y%
loL = 12 mA (Mil)4] 0.5 v
ViH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage 2.0 Vecmax \Y,
for all Inputs[ 1
VL Input LOW Voltage Guaranteed Input Logical LOW Voltage -0.5 0.8 \%
for all Inputs[ 1
lix Input Load Current V| = GND OR V¢, Bus-Hold Disabled -10 10 HA
loz Output Leakage Current Vo = GND or V¢, Output Disabled, -50 50 HA
Bus-Hold Disabled
los Output Short Circuit Vee = Max., Vout = 0.5V =30 -160 mA
Currentl®
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
IsHLO Input Bus-Hold LOW Overdrive | Ve = Max. +500 HA
Current
IBHHO Input Bus-Hold HIGH Overdrive | Ve = Max. =500 HA
Current
Inductancef®
44- 44- 44- 84- 84- 100- 160- 208-
Test Lead | Lead Lead | Lead Lead | Lead | Lead Lead
Parameter Description Conditions | TQFP | PLCC | CLCC | PLCC | CLCC | TQFP | TQFP | PQFP | Unit
L Maximum Pin | V|y = 5.0V 2 5 2 8 5 8 9 11 nH
Inductance atf=1MHz
Capacitancel®
Parameter Description Test Conditions Max. Unit
Cio Input/Output Capacitance Viy=5.0Vatf=1MHzat Ty =25°C 10 pF
CcLk Clock Signal Capacitance Viy=5.0Vatf=1MHz at Ty = 25°C 12 pF
Cop Dual Function Pins!’! Viy =5.0V atf=1MHz at T = 25°C 16 pF
Endurance Characteristics®
Parameter Description Test Conditions Min. Typ. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions(?! 1,000 | 10,000 | Cycles
Notes:
4. lop=—-2mA, lg. =2 mA for TDO.
5. Tested initially and after any design or process changes that may affect these parameters.
6.  Whenthe I/O'is output disabled, the bus-hold circuit can Weakly pull the I/O to above 3.6V if no leakage current is allowed. Note that all I/Os are output disabled
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. Vo1 = 0.5V has been chosen to avoid test
problems caused by tester ground degradation.
9. Dual pins are 1/0 with JTAG pins.

Document #: 38-03007 Rev. ** Page 15 0of 67
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Ultra37000™ CPLD Family

3.3V Device Characteristics

DC Voltage Applied to Outputs

inHighZ State........ccooove e, -0.5V to +7.0V
Maximum Ratings DC INpUt VOIAGE ... —0.5V to +7.0V
(Above which the useful life may be impaired. For user guide- ~ DC Program Voltage ..., 3.0to 3.6V
lines, not tested.) CUITENE INO OULPULS ... 8 mA
Storage Temperature ...........coveennnenees —65°C to +150°C Static Discharge VOltage ..........c..cc.ccvueuevevereeverenenennnn. >2001V
Ambient Temperature with (per MIL-STD-883, Method 3015)
Power Applied............ooeiiiis —-55°Cto +125°C Latch-Up CUIMENT.....c.cvivevrceeeeee e e e s en e, >200 mA
Supply Voltage to Ground Potential............... -0.5V to +4.6V
Operating Rangel
Range Ambient Temperaturel?] Junction Temperature Vee
Commercial 0°C to +70°C 0°C to +90°C 3.3V 0.3V
Industrial —40°C to +85°C —40°C to +105°C 3.3V +0.3V
Militaryt3! -55°C to +125°C -55°C to +130°C 3.3V +0.3V
3.3V Device Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max. Unit
Von Output HIGH Voltage Vee = Min. | Igy = —4 mA (Com’l)4] 2.4 Y%
lon = -3 MA (Mil)[4
VoL Output LOW Voltage Vee = Min. | 1. = 8 mA (Comy!4! 0.5 Y%
loL = 6 mA (Mily4!
ViH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for 2.0 5.5 \%
all Inputs[ ]
VL Input LOW Voltage Guaranteed Input Logical LOW Voltage for | -0.5 0.8 \%
all Inputsl”
lix Input Load Current V,; = GND OR V¢, Bus-Hold Disabled -10 10 HA
loz Output Leakage Current Vo = GND or V¢, Output Disabled, -50 50 pA
Bus-Hold Disabled
los Output Short Circuit Current®: 51 Vce = Max., Vout = 0.5V -30 -160 | mA
lgHL Input Bus-Hold LOW Sustaining Vee = Min,, V= 0.8V +75 MA
Current
IBHH Input Bus-Hold HIGH Sustaining Vee = Min,, Vi = 2.0V =75 MA
Current
IBHLO Input Bus-Hold LOW Overdrive Ve = Max. +500 pA
Current
IBHHO Input Bus-Hold HIGH Overdrive Ve = Max. -500 pA
Current
Inductancel®
44- 44- 44- 84- 84- 100- | 160- | 208-
Test Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead
Parameter | Description Conditions | TQFP | PLCC | CLCC | PLCC | CLCC | TQFP | TQFP | PQFP | Unit
L Maximum Pin | V|y = 3.3V 2 5 2 8 5 8 9 11 nH
Inductance atf=1MHz

Document #: 38-03007 Rev. **
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Capacitancel!

Parameter Description Test Conditions Max. Unit
Cio Input/Output Capacitance Viy=33Vatf=1MHz at Ty =25°C 8 pF
Cclk Clock Signal Capacitance Viy=33Vatf=1MHzat Ty =25°C 12 pF
Cop Dual Functional Pins!®] Viy = 3.3V atf=1MHzat T = 25°C 16 pF
Endurance Characteristics®
Parameter Description Test Conditions Min. Typ. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions(?! 1,000 10,000 | Cycles

AC Characteristics.

5.0V AC Test Loads and Waveforms
238Q (COM'L)

238Q (COM'L)
319Q (MIL) 319Q (MIL) ALL INPUT PULSES
5V O————vW\— 5V O————WW\— 3.0V
OUTPUT p OUTPUT ,
170Q (COM'L) 170Q (COM'L)
35 DFI jzaecz (MIL) 5 pF jzssg (MIL)  GND
INCLUDING = = = = <2n
JIG AND INCLUDING —
SCOPE JIG AND
SCOPE
(@ (b) (©)
Equivalentto:  THEVENIN EQUIVALENT
99Q (COM'L)

136Q (MIL)  2.08V (COM'L)

OUTPUT O—I—W\'—O 2.13V (MIL)

15 OR 35 pF

3.3V AC Test Loads and Waveforms

295Q (COM'L) 295Q (COM'L)

393Q (MIL)

ALL INPUT PULSES

393Q (MIL)

3.3VO—————"W— 3.3V O————wWA— 3.0V
OUTPUT p OUTPUT
340Q (COM'L) 340Q (COM'L)
35 pF I 54539 (MIL) 5 pF i4539 (MiL) ~ GND
INCLUDING = = = = <2 ns—> <2ns
JIG AND INCLUDING —
SCOPE JIG AND
SCOPE
(@) (b) (©)

Equivalentto: ~ THEVENIN EQUIVALENT

158Q (COM'L)
270Q (MIL)  1.77V (COM'L)

OUTPUT O—-T_—'VW—O 1.77V (MIL)

_T_SOR35pF

Document #: 38-03007 Rev. ** Page 17 of 67



Ultra37000™ CPLD Family

Parameterl10l Vy Output Waveform—Measurement Level
tER(—) 15V l
Vo ——————_ [

0.5V T Vi

tER(+) 2.6V l
0.5V — Vx

1.5V
l Von

teA(+)
V 0.5v ot
X T ~

Vihe l

teaE)
ey ——
0 . 5\/ T VO L

(d) Test Waveforms

Note:
10. tgg measured with 5-pF AC Test Load and tgx measured with 35-pF AC Test Load.
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Ultra37000™ CPLD Family

Switching Characteristics Over the Operating Range!*!!

Parameter ‘ Description ‘ Unit

Combinatorial Mode Parameters

tpplt2 13 141 Input to Combinatorial Output ns

tpp, (12 13141 Input to Output Through Transparent Input or Output Latch ns

L 112 18, 14] Input to Output Through Transparent Input and Output Latches ns

tg12 18, 14] Input to Output Enable ns

teglt0 12 Input to Output Disable ns

Input Register Parameters

tyL Clock or Latch Enable Input LOW Timel®! ns

twi Clock or Latch Enable Input HIGH Time!®! ns

tis Input Register or Latch Set-Up Time ns

tiH Input Register or Latch Hold Time ns

ticolt? 13 14 Input Register Clock or Latch Enable to Combinatorial Output ns

tico 12 13 14 Input Register Clock or Latch Enable to Output Through Transparent Output Latch ns

Synchronous Clocking Parameters

teolt® 14 Synchronous Clock (CLKg, CLK;, CLKj, or CLK3) or Latch Enable to Output ns

tglt2 Set-Up Time from Input to Sync. Clk (CLKg, CLK7, CLK,, or CLK3) or Latch Enable ns

th Register or Latch Data Hold Time ns

tcoplt? 13 14 Output Synchronous Clock (CLKq, CLK4, CLK,, or CLK3) or Latch Enable to Combinatorial Output | ns
Delay (Through Logic Array)

tgesit Output Synchronous Clock (CLKg, CLK;, CLK,, or CLK3) or Latch Enable to Output Synchronous | ns
Clock (CLKp, CLK;, CLK5, or CLK3) or Latch Enable (Through Logic Array)

SL[12] Set-Up Time from Input Through Transparent Latch to Output Register Synchronous Clock (CLKy | ns
CLK4, CLK,, or CLKj3) or Latch Enable

thL Hold Time for Input Through Transparent Latch from Output Register Synchronous Clock (CLK, | ns
CLKj, CLK,, or CLKj3) or Latch Enable

Product Term Clocking Parameters

tcoprit? 13 14 Product Term Clock or Latch Enable (PTCLK) to Output ns

tspr Set-Up Time from Input to Product Term Clock or Latch Enable (PTCLK) ns

thpT Register or Latch Data Hold Time ns

t|SpT[12] Set-Up Time for Buried Register used as an Input Register from Input to Product Term Clock or ns
Latch Enable (PTCLK)

tHPT Buried Register Used as an Input Register or Latch Data Hold Time ns

tcopprits 13 14 Product Term Clock or Latch Enable (PTCLK) to Output Delay (Through Logic Array) ns

Pipelined Mode Parameters

ticst2 Input Register Synchronous Clock (CLKg, CLK;, CLK,, or CLK3) to Output Register Synchronous | ns
Clock (CLKg, CLK7, CLKj, or CLKg)

Notes:

11. All AC parameters are measured with two outputs switching and 35-pF AC Test Load.
12. Logic Blocks operating in Low-Power Mode, add t, p to this spec.

13. Outputs using Slow Output Slew Rate, add tg gy to this spec.

14. When Vo= 3.3V, add t3 3, to this spec.

Document #: 38-03007 Rev. **
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Switching Characteristics Over the Operating Rangel* (continued)

Ultra37000™ CPLD Family

Parameter ‘ Description ‘ Unit
Operating Frequency Parameters
fmax1 Maximum Frequency with Internal Feedback (Lesser of 1/tgcs, 1/(ts + ty), or 1/tco)P! MHz
fuaxe Maximum Frequen [\é Data Path in Output Registered/Latched Mode (Lesser of 1/(tyy_ + tw), MHz
1(tg + ty), or 1teo)P!
fiaxa Maximum Frequency with External Feedback (Lesser of 1/(tco + tg) or 1/(tyy + tyy)™ MHz
fvaxa Maximum Frequency in Pipelined Mode (Lesser of 1/(tco + tis), 1/tics, M (twe + twh), H/(tis + tiy), | MHz
or 1/tgcg)l

Reset/Preset Parameters

tRw Asynchronous Reset Widthl®] ns
RRM Asynchronous Reset Recovery Timel®! ns
trolt? 1314 Asynchronous Reset to Output ns
thw Asynchronous Preset Width!®! ns
tpr!t? Asynchronous Preset Recovery Timel®! ns
tpolt2 13 14] Asynchronous Preset to Output ns
User Option Parameters

tp Low Power Adder ns
tsLEw Slow Output Slew Rate Adder ns
t3.310 3.3V I/0 Mode Timing Adder!® ns
JTAG Timing Parameters

ts JTAG Set-Up Time from TDI and TMS to TCK®! ns
th JTAG Hold Time on TDI and TMSP®! ns
tco JTAG Falling Edge of TCK to TDO! ns
firaG Maximum JTAG Tap Controller Frequencyl®! ns

Document #: 38-03007 Rev. **
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Ultra37000™ CPLD Family

Switching Characteristics Over the Operating Rangel'!!

200 MHz | 167 MHz | 154 MHz | 143 MHz | 125 MHz 100 MHz 83MHz | 66 MHz

Parameter é § é é é é % é % é % § é § é § Unit
Combinatorial Mode Parameters
tppt? 13 141 6 6.5 75 8.5 10 12 15 20 | ns
tpp 12 13 14 1 12.5 14.5 16 16.5 17 19 22 | ns
tppL 12 15 14 12 135 15.5 17 17.5 18 20 24 | ns
teal12 13 14] 8 8.5 1 13 14 16 19 24 | ns
teglt0 12 8 8.5 1 13 14 16 19 24 | ns
Input Register Parameters
tywL 25 2.5 2.5 2.5 3 4 5 ns
twh 25 25 2.5 2.5 3 4 5 ns
fis 2 25 3 4 ns
tin 2 2.5 3 4 ns
ticolt? 13 14] 11 1 1 125 125 16 19 24 | ns
ticoL 1% 13 14 12 12 12 14 16 18 21 26 | ns
Synchronous Clocking Parameters
teo 13 14] 4 4 45 6 6.5[1°! 6.516] glL7] 10 | ns
tg12 5 5 5.5015] gl16l g7l 10 ns
ty 0 0 0 0 0 0 0 ns
tcoplt? 13 14 9.5 10 1 12 14 16 19 24 | ns
tgcsitd 5 6 6.5 7 gltol 10 12 15 ns
tg 112 7.5 7.5 8.5 10 12 15 15 ns
thL 0 0 0 0 0 0 0 ns
Product Term Clocking Parameters
tcoprit? 13 14 7 10 10 13 13 13 15 20 | ns
tspr 25 2.5 2.5 3 5 5.5 6 ns
thpT 25 25 2.5 5 5.5 ns
tigpriid) 0 0 0 0 0 ns
tiipT 6 6.5 6.5 7.5 9 1 14 19 ns
tcopprit? 1314 12 14 15 19 19 21 24 30 | ns
Pipelined Mode Parameters
wd™ 5] [o] [s] [7] [89] [0 ] [ [5] [mw
Operating Frequency Parameters
faaxi 200 167 154 143 125119 100 83 66 MHz
fiaxe 200 200 200 167 154 153M16] 125171 100 MHz
fiaxa 125 125 105 91 83 8ol1el 62.5 50 MHz
fraxa 167 167 154 125 118 100 83 66 MHz
Notes:

15. The following values correspond to the CY37512 and CY37384 devices: tcg = 5 ns, tg = 6.5 ns, tgcg = 8.5 ns, tjcg = 8.5 ns, fy axy = 118 MHz.
16. The following values correspond to the CY37192V and CY37256V devices: tcg = 6 ns, tg = 7 ns, fiyaxe = 143 MHz, fyax3 = 77 MHz, and fy ax4 = 100 MHz; and

for the CY37512 devices: tg = 7 ns.
17. The following values correspond to the CY37512V and CY37384V devices: tcg = 6.5 ns, tg = 9.5 ns, and fyax, = 105 MHz.

Document #: 38-03007 Rev. **

Page 21 of 67




Ultra37000™ CPLD Family

Switching Characteristics Over the Operating Rangel**! (continued)

200 MHz | 167 MHz | 154 MHz | 143 MHz | 125 MHz 100 MHz 83MHz | 66 MHz

Parameter é § é é é é % é % é % § é § é § Unit
Reset/Preset Parameters
trw 8 8 8 8 10 12 15 20 ns
trr!t? 10 10 10 10 12 14 17 22 ns
trolt2 13 14 12 13 13 14 15 18 21 26 | ns
tpw 8 8 8 8 10 12 15 20 ns
tpr!t? 10 10 10 10 12 14 17 22 ns
tpolt2 13 14] 12 13 13 14 15 18 21 26 | ns
User Option Parameters
tLp 25 25 25 25 2.5 2.5 25 25 | ns
tsLEw 3 3 3 3 3 3 3 3 | ns
t3 31018 0.3 0.3 0.3 0.3 0.3 0.3 0.3 03 | ns
JTAG Timing Parameters
ts JTAG 0 0 0 0 0 0 0 0 ns
th 3TAG 20 20 20 20 20 20 20 20 ns
tco JTAG 20 20 20 20 20 20 20 20 | ns
f17aG 20 20 20 20 20 20 20 20 |MHz
Note:
18. Only applicable to the 5V devices.
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Ultra37000™ CPLD Family

=2 CYPRESS

Switching Waveforms

Combinatorial Output

INPUT

COMBINATORIAL
OUTPUT

XXXXXX

Registered Output with Synchronous Clocking

INPUT
ts ~ty
SYNCHRONOUS \ L/
CLOCK /|
|— tCO —|
REGISTERED
OUTPUT
. t .
CO2
REGISTERED
OUTPUT
| | |
~ twh gh twi >
SYNCHRONOUS
CLOCK
Registered Output with Product Term Clocking
Input Going Through the Array
INPUT
|
tspr thpT
PRODUCT TERM \\\
CLOCK
tcopt ]
REGISTERED
OUTPUT

Document #: 38-03007 Rev. **

Page 23 of 67



= Ultra37000™ CPLD Famil
=2 CYPRESS !

M

W

Switching Waveforms (continued)

Registered Output with Product Term Clocking
Input Coming From Adjacent Buried Register

INPUT

tispT trpT
PRODUCT TERM \
CLOCK
tcozpt™|

REGISTERED
OUTPUT

Latched Output

INPUT ><

tse tyi
LATCH ENABLE

“tppL ™" o™

LATCHED
OUTPUT

Registered Input

REGISTERED
INPUT
|
tis [ tH
INPUT REGISTER
CLOCK
tico ™™

COMBINATORIAL
OUTPUT

twH twi
CLOCK
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Ultra37000™ CPLD Family

Switching Waveforms (continued)

Clock to Clock
INPUT REGISTER
CLOCK

OUTPUT
REGISTER CLOCK

tics

tscs

Latched Input

LATCHED INPUT

LATCH ENABLE

COMBINATORIAL
OUTPUT

LATCH ENABLE

=

I~ tPoL

—>

~~ fico

XX

twH twi

.

Latched Input and Output

LATCHED INPUT

LATCHED
OUTPUT

INPUT LATCH
ENABLE

OUTPUT LATCH
ENABLE

LATCH ENABLE

X

ticor

the

tics

—

.
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Ultra37000™ CPLD Family

=2 CYPRESS

Switching Waveforms (continued)

Asynchronous Reset

INPUT ><

RO
REGISTERED
OUTPUT

CLOCK

“ tRR >

Asynchronous Preset

- tpw

INPUT ><

PO
REGISTERED
OUTPUT

I~ R
CLOCK
Output Enable/Disable
INPUT
ter tea
OUTPUTS <
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Ultra37000™ CPLD Family

Power Consumption

Typical 5.0V Power Consumption

CY37032
60
High Speed
50 -
40 -
Low Power
<
E 301
o
o
20 -
10 A
0 . . . .
0 50 100 150 200 250
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 5.0V, Ty = Room Temperature
CY37064

90

80 o

70 o

60

Icc (mA)

20 o

10 4

50

Low Power
40
30

High Speed

o

Document #: 38-03007 Rev. **

20 40 60 80 100 120 140 160 180
Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 5.0V, Ty = Room Temperature
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Ultra37000™ CPLD Family

\[

Typical 5.0V Power Consumption (continued)

CY37128
160
140 J High Speed
120 4
100 4
—_ Low Power
<
E 50
[53
kel
60 4
40 4
20 4
0 T T T T T T T T
[¢] 20 40 60 80 100 120 140 160 180
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 5.0V, T4 = Room Temperature
CY37192
300
250 4
High Speed
200 4
<
\E/ 150 4 Low Power
8
100 /
50 A
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 5.0V, T4 = Room Temperature

Document #: 38-03007 Rev. ** Page 28 of 67



I!Ml
W

!

Wy,
@
2
g
—d
=3
o
A

Ultra37000™ CPLD Family

\[

Typical 5.0V Power Consumption (continued)

CY37256
300
High Speed
250 4
200 4
Low Power
<
E 150 |
o
o
100 4
50 4
0 T T T
0 20 40 60 80 100 120 140 160 180
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 5.0V, Ty = Room Temperature
CY37384
500
450 4 High Spee
400 -
350
300 4
E Low Power
~= 250
(5]
°
200 4
150 4
100 H
50 4
0
0 20 40 60 80 100 120 140 160

Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 5.0V, T4 = Room Temperature
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Ultra37000™ CPLD Family

Typical 5.0V Power Consumption (continued)

CY37512

Typical 3.3V Power Consumption

CY37032v

Icc (mA)

600
High Spee

500 1

400 +
<
g/ 300 Low Power
(5]
°

200 4

100 4

0
0 20 40 60 80 100 120 140 160
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 5.0V, T, = Room Temperature
30
High Speed
25
Low Power
20 4
15
10 4
5 ]
0 T
0 20 40 60 80 100 120 140 160
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 3.3V, Ty = Room Temperature
Page 30 0f 67

Document #: 38-03007 Rev. **



I!Ml
W

!

Wy,
@
2
g
—d
=3
o
A

Ultra37000™ CPLD Family

\[

Typical 3.3V Power Consumption (continued)

CY37064V
45
High Speed
40 A
35 4
Low Power

30 1
z /
E
(5]
S 50

15

10

5 ]
0
0 20 40 60 80 100 120 140
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 3.3V, T4 = Room Temperature
CY37128Vv
80
High Speed:

70 1

60 1

50 1
40 1
30 1

20 1

Low Power

Icc (mA)

10

20 40 60 80 100 120 140
Frequency (MHz)

o

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 3.3V, Ty = Room Temperature
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Typical 3.3V Power Consumption (continued)

CY37192v
120
High Speed
100 1
80 4
Low Power
<
é 60 1
40
20 4
0
0 20 40 60 80 100 120
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 3.3V, T4 = Room Temperature
CY37256V

Icc (mA)

High Speed
100
Low Power
80 -
60 o

40 4

20 40 60 80 100 120

o

Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 3.3V, T4 = Room Temperature
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Ultra37000™ CPLD Family

\[

Typical 3.3V Power Consumption (continued)

CY37384V
200
180 4 High Speed
160 1
140 1
Low Power
120 1
<
E 1001
o
]
80 1
60
40 -
20 1
0
0 10 20 30 40 50 60 70 80 90
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 3.3V, Ty = Room Temperature
CY37512v
250
200 High Speed
150 4 Low Power
<
E
o
o
100 4
50 1
0 T T T T T T T T
0 10 20 30 40 50 60 70 80 90

Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 3.3V, Tp = Room Temperature
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Ultra37000™ CPLD Family

Pin Configurations(*

44-Pin TQFP (A44)

Top View
<+ m A 4 00 8 58 &
00000Z0Q00 00
=S=I===0>== ==
(O 44 43 42 41 40 39 38 37 36 35 34 )

I/05/TCK 1M 1 33 I 1/027/TDI
110 I 2 32 [ /0y
/07 oM 3 31 @@ /025

CLKy/lp OO 4 30 @ /024

JTAGEN oo 5 29 @43 CLK1/|4

GND [OI4 6 28 I GND

CLKy/l1 I 7 27mm BB
I/0g 1T 8 26 mm CLK3/l
1109 oM 9 25 11023
11019 I 10 24 1 11022
1101, oI 11 23 @m 110y

( 1213141516 171819202122
NN YO o ©o~ 00 O
QH EQHQH >05QHQHQHE QN
\2 %
o o}
44-Pin PLCC (J67) / CLCC (Y67)
Top View
0 388
086383052800 00
=SE=I===0>== ==
mimininininininininis|
/65 4 3 2 1 44434241 40
IOs/TCK [ 7 39 1 /Oo7/TDI
1os [ 8 38 [ 11026
6 37 [ /025
1107 9
36 [] /024
CLKyflg [] 10 s b /
JTAGey [ 11 CLKq/l4
341 GND
GND [] 12 33f
CLKo/l1 [ 13 3
32 [ CLK4/l,
I10g [ 14
311 11023
1109 [] 15 /0
301 /022
11040 ] 16
vous O 17 29 [ 1105,
1 18 19 20 21 22 23 24 25 26 27 28

el

Note:
19. For 3.3V versions (Ultra37000V), Vo = Vee-
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Ultra37000™ CPLD Family

=== CYPRESS

Pin Configurationsi® (continued)

Document #: 38-03007 Rev. **

48-Ball Fine-Pitch BGA (BA50)

Top View
1 2 3 4 5 6 7 8
II0s | Vec | W03 | WOy | WOz | WOz | Vee | MOy
TCK DI
Vee | W04 | 110, | 1Oy | 1Osg | 10,5 | 10m | CLKy/
I
CLK,/ | 107 | 1IOg | GND | GND | /0,5 | 110y | g
lo
JTAGgy| 1I0g | 110g | GND | GND | /05, | /0 | CLKg/
I2
CLKg/ | 03, | Oy | W01 | WOzg | 1050 | 1O0m | Vec
I
11013 | Ve | WOy | WOys | O3z | 1015 | Vee | WO1g
™S TDO
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Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

1104 [
o4 [
110y ITCK O
0,
o,
o, [
w0y, [
1oy O
CLKolly
Veeo [
eno [
CLKy/ly
1046 []
vos7 ]
V015 ]
W0, []
1050 []
1105, E
10,5 ]
10,5 ]

32

GND [

84-Lead PLCC (J83) / CLCC (Y84)

Top View

~ [] GND

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

g oogggrorooog

Note:

20. This pinis a N/C, but Cypress recommends that you connect it to V¢ to ensure future compatibility.

Document #: 38-03007 Rev. **

NN N N N Oy i

I 8 859

11054

11055

IIO26 ITMS

~ ©
NN

110

(o2}
[V

o
™

=

~

N

™

™
52l

=

I/O38 /TD

/039

[a)
zZ
G}

GND
10 55
/O 54 /TDI
110 53
/0 55
10 5
110 9
110 49
0 45
CLKy/l,
GND
Veeo
CLKyfl 5
0 47
O 45
/O 45
0 4,
IO 44
o 4,
O 4
0 4o
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CYPRESS

Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

100-Lead TQFP (A100)

Top View
Q ~ o v ¥ ™ N +H O 0
(Se) 8592 38¢

i

nannn

6
[§
5!
5
5
56

[a)]
z

0000

N
©
Q9

[1]]

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
Tck 1 75 [ TOI
GND [ 74 [ Veco
s 5 73 [ Voss
e 4 » — 11054
o [ 71 ] VOs3
oy [ 70 |1 0=
o, T - e [ Vo
0w [ s 68 |1 !Oso
o [, 67 |—1 110 49
015 | 19 o [ "Ou
Clkoly | 11 s [ ClKalls
Veeo | 12 o ——] &\
N/C : 13 63 :I Ne
GND [ 14 62 1 Veco
Clkyly | 15 o1 [ CKels
016 | 16 60 |1 !0
o |17 59 | 'O
L — T ss [ "Ous
01 [ 19 57 1 "Ou
1105 : 20 56 :I 110 43
0y [ 21 ss [ O«
W0 [ 22 sa [ "Ou
03 [ 23 53 [] "Oa
Veco [ 24 52 [ G\P
Ne [ 25 51 1 NC
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

NIRRT A

o~ 8

EZ

=) 2

[a)
z
]

Vcco

o
™
Q

IO Hg
0 o9
0 59

© ~
N N
Q9

V0 54
IO g

Vee
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Pin Configurationsi® (continued)

W
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100-Ball Fine-Pitch BGA (BB100)
for CY37064V

Top View

A NC | NC | 1O, | 1Og | VO, | Qg | 1/Ogy | VOsg | 1Os7 | 1Osg

B 0g | UOg | 1Og | 1O, | WO, | WOgs | Ve | WOse | 110ss | NC

C | W0y | TCK | Vge | #03 | NC | NC | 1O | Voe | TDI | 1Os,

D | WOy | NC | Oy, | W03 | Oy | NC | Og; | 1Os, | CLKy/ | 1Osg

E | /Oy | CLKy/ | 1O | NC | GND | GND | 1045 | 1/O4q | CLK,/ | 10sg

F | Wy | NC | NC | 105 | GND | GND | NC | NC I, | 1047

G | 0y | CLKy/ | 10y | WOy | 1Oy | VO4g | 1O | 104 | NC | 1043

H | 10y | TMS | Voo | #Op | NC | 1Og | /04 | Vee | TDO | 104

J NC | /Oy | Oz | NC | IOz | UOgg | 1/Oz5 | UOg7 | 1Oz | 1040

K | 110 | U0ss | 10y | 10mg | UOgg | 1034 | 1Oz | 105 | NC | NC

100-Ball Fine-Pitch BGA (BB100)
for CY37128V

Top View
1 2 3 4 5 6 7 8 9 10
A NC 09 | Og | 1Og | 1Oz | W/Ozg | 1O74 | UO7, | 1/O71 | 107

B | WOy | WOy | WO; | WOs | 1O, | 1077 | Vee | WO75 | 1Ogg | 1Ogg

C | W0y, | WOy | Voo | W04 | WOy | WOz | WO7s | Voo | WOgr | 1Ogs
TCK I

D | WOy | Vec | WOis | WO | 1Oy | 1079 | UOgs | 1Ogs | CLKy/ | 1Ogs

E | /Oy | CLKy/ | O1g | 1019 | GND | GND | 1IOgy | 1/Ogy | CLK,/ | 104,

F | 110y |3TAGEN| 11O, | 110 | GND | GND | 1I0gg | 1Osg | 1, | 1Os7

G | 10y | CLKy/ | 10pg | WO, | 1Ops | 1Osg | 1Oss | 10ss | Vee | 1Oss

H | VOsg | 1033 | Vee | WOgs | 1Ogq | 104 | 0sy | Vee | 1047 | 1Oy
™S TDO

J | WO | UOs, | WOss | Voo | VOgg | 1104y | U045 | 1VOus | 1045 | 10sg

K | 110z | 1Oz | WOgy | 1Oz | UOg7 | WO, | 104, | WO | 1104 | NC
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Pin Configu

GND
110, —3
110, —]
110, ——]
110, —]
1/0,9/TCK C—}
110, ]
110, —]
110, —
GND ]
110, ]
1105 —]
110, ]
110,,
110, ]
110, —]
11050 —
1105 ]
CLKq/ly —]
Veeco
GND —]
CLKy/, —]
1105, C—]
I m—
1105, —]
11045 ]
11056 —
1105, C—

Ultra37000™ CPLD Family

rations!® (continued)

160-Lead TQFP (A160) / CQFP (U162)
for CY37128(V) and CY37256(V)
Top View

/0127

1 GND
1 Ve
1 JTAGgy
—
—

— 1

/0118

/0117

/0116

/0115

/0114

/0113

/0112

—1 GND

N

160 [—1 Veco

159

158 —
157

156

155 ]

© 0N UON®WNPR
154

NNNMNNMNNNNNNRERRRERRRRRPR R
WNOOONWNREPRO®©ONO®UOUMWNERO

11035 —
11059
GND —
110,40 —]
110, ]
110, —]
110, —}
1104, —]
110, —
110, ]
110,, —]
Veco —

AW W WwwWwwwwwwwN
O © O ~NOUO R ®NRELROO

138 —
137 1
135
133
132 /]

140
139
136
134

131
130
129

128 ]
127 /1
126
125 —
124
123 —
122 /4

121

/

120
119
118
117
116
115

114
113
112
111
110
109
108
107
106
105
104
103
102
101
100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83
82
81

OO U UTmTaRUUwaROUmTIR0n

Veco
/0111
110110
110109
1/010g/TDI
/0107
/0106
/0105
110104
GND
110103
/0102
/0101
/0100
1/0gg
1/0gg
1/0g7
1/0gg
CLKa/lg
GND
Veco
CLKy/l3
1/0gs
1/0g4
1/0g3
1/0g
11091
1/0gg
1/0gg
1/Ogg
GND
1/0g7
1/0gg
1/Ogs
1/0g4
1/0g3
1/0g
1/0g1
1/0g
GND

[a]
z
O

04
1040
/050
/0s;

105,/ TMS
1104,
107
e
o

1/076/TDO
11047
07g
07g
Veco
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Pin Configurationsi® (continued)

Ultra37000™ CPLD Family

160-Lead TQFP (A160) for CY37192(V)
Top View

1 GND
1 Ve
1 NC
—
—
—

— 1

/0110

/0109

/0108

/0107

/0106

/0105

—1 GND

N

160 [—1 Veco

159

GND
Ne
110, —]
110, ——3
110, —]
B —
110, ]
1100 —]
110, —
GND ]
110, ]
110, —]
110, ]
110,
110, ]
110,, —]
110, ]
110, ]
CLKq/ly —]
Veeco
GND —]
CLKy/, —]
11050 —]
11045, ]
1105, C—]
11043 ]
1105, —
11045
11035 —
1105, —3
GND —
11055 —]
11059 ]
110, —]
110, —}
110, —]
110, —3
1104, —]
1105 —]
Veco —

© 0N A WNRE

DWW WWWWWWENNNNNNNNNRNRRRRRRB R B R R
SOV DEWNRLOO®O®IONEWNRLRO®O©O®OMN®O™WNLERO

158 —
157

156

155 ]

154

138 —
137 1

136

135 ——
134

133 ——
132 ——

140
139
131
130
129

128 ]
127 /1
126
125 —
124
123 —

122 P NC

121

/

120 |— Veeo
119 1 10404
118 F—1 /0,03
7 F3 110102
116 |—— TDI
115 1 /0101
114 |/ 110109
113 |——1 1/0gg
112 1 1/0gg
111 /1 &ND
110 [ yogy;
109 [ 1/0gg
108 |——1 1/0g5
107 [/ 1/0g4
106 1 1/0g3
105 1 yog,
104 [ 109y
103 [ 1/0gg
102 [/ CLKally
101 |/ GND
100 /3 V4
99 [/ CLKy/l3
98 [ 1/0g9
97 [ 1/Ogg
96 [ 1/0g7
95 1 1/ogg
94 1 1/0gs
93 [ 1/0ga
92 M1 1/0g3
91 [T 1/0g
90 [— GND
89 [ 1/0g;
88 [ 1/0go
87 T 11079
86 [ 1/07g
85 [ 107
84 [T 1076
83 1 o5
82 —1 NC
81 [— GND

[a]
z
O

NC
11046

11047

1/04g
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1/0gg

/0gg

11070

1107,

TDO

1107,

11073

1074
Vceo
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Pin Configurationsi® (continued)

208-Lead PQFP (N208) / CQFP (U208)

Top View

. T T
IINEY TN T80 o orowy oo D BEL88 28BLRBg IYISSIIESEE
$9C0C00200900599090909000 5520905092905 09950890959898590¢

208 1 V¢
207 1 Voo
206 [—1
205 [/
204
203 [/
202 —1
201 1
200 —
199 [
198 [
197 —1
196 [—1
195 1
194 —1
193 [/
192 —1
191 ]
190 [/
189 [
188 [
187 —1
186 [—1
185 [—1
184 —1
183 —1 GND
182 1 vc
177 (=1
176 —1
175 (—1
174 (—1
173 —1
172 =1
171 (—1
170 —1
169 [
168 —1
167 [—]
166 —]
165 [
164
163 [—1
162 |—
161 —1
160 —
159 [—]
158 [—1
157 1 GND

GND 1 56— Voo
110, —] 2 155 10 110439
110, = 3 15411 1/043g
110,, ] 4 153 |1 1/0,4;
10,3 ——] 5 152 T3 1/0,4¢
110,,—] 6 151 0 1/0435
TckE= 7 150 =1 TDI
10,5 ] 8 149 F—1 1/0y34
10,6 ] 9 148 [T 1/0y55
110,, ] 10 147 3 11045,
110, ] 11 146 [ 11043,
110, ] 12 145 1 1/0,54
GND ] 13 1441 GND
11050 —] 14 143 [0 110459
1105, ] 15 142 [ 1108
|/O3Z: 16 14101 1/0y9;
11053 ] 17 140 — 110426
1105, ] 18 139 [ 1/0, 5
NC ] 19 138 1 110454
|/O35: 20 137 — 1/0q53
11035 ] 21 136 [—1 1104,
1105, T 22 135 1 1104,
1103 ] 23 134 [T 1104
|/039: 24 133 —1 CLKy/l,
CLKgllo ] 25 132 [ Ve
Veeco ] 26 131 1 GND
GND ] 27 130 —1 Veco
NC ] 28 129 1 GND
CLKy/l, ] 29 128 =0 CLK,/l
11049 =] 30 127 — 110419
1104, ] 31 126 [—1 110414
1104, T 32 125 [ 110437
1104 —] 33 124 [T 110436
11044 ] 34 123 [ 110435
11045 ] 35 1220 NC
11046 T——] 36 121 71 110414
1104, ] 37 120 — /0413
11044 ] 38 119 = 11045,
11049 ] 39 118 1 1/04;;
GND ] 40 117 =3 110459
1/05o ] 41 116 [—1 GND
1105, ] 42 115 /1 /0109
1105, ] 43 114 1 1/040g
11053 ] 44 113 = VOy07
1105, ] 45 112 =3 110106
NC ] 46 111 — /0405
11055 ] 47 110 =1 11044
1105 ] 48 109 = 1/0103
1105, ] 49 108 == /010,
1105 ] 50 107 — /0101
1105 ] 51 106 f— /0199
VCCO : 52 O "N M #105 — CGND
B BR80T 888 BRRINRIRRRERREBEINI IR 35838858383333S
083333V BEEBBORENRIO LERPRNZ083ZIBIBEEB308 888309885382 3
529290907 Q2000059200090%200900Q ©95>9009000900009590909995229293°
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§5 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

W

—r
—
—

256-Ball PBGA (BG256)

Top View
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
A GND | /0y | NC | 1/Oq5 | O1, | WOg | 1O; | 1O, | 1UOg | VOqg | O1gg | VO1gs | /O1g5 | NC | 1/O47g | V0475 | NC NC | /Oy59 | V018 | A
B 11055 | IOy | /Oy | O3 | /Oy5 | 1103y | 1/Og | 1VOs | 1Oy | U/O1qp | /O1g7 | VO4gs | /O1g1 | NC NC | /Oy74 | /O371 | 10379 | NC | /O | B
[ NC NC | /Oy | NC | 1/Oq7 | Oy | UO1q | WOg | 1O, | NC | 1/Oygg | VO1g4 | /O1g0 | VO179 | WO176 | VO173 | WO172 | O167 | WO1es | VO162 | €
D 11054 | NC NC | GND | NC | Veeo | 013 | GND | 1103 | NC | Vee | /O1g3 | GND | 10177 | Veco | NC | GND | /0164 | TDI | /O160 | D
E 1107 | IO | Os5 | NC /0163 | /0161 | VO159 | WO156 | E
F 11039 | TCK | 1O | Veco Veeo | 015 | NC | Oss | F
G /035 | /O3, | /031 | 1Oy 110457 | 1O1g5 | /0153 | 10155 | G
H 11035 | NC | /034 | GND GND | GND | GND | GND | GND | GND GND | /015, | VO150 | VOq49 | H
J 11039 | /Ogg | U037 | 1Ogg GND | GND | GND | GND | GND | GND 110145 | O147 | WO146 | VO145 | 3
K 11045 | U049 | W04 | Vee GND | GND | GND | GND | GND | GND /0144 |CLK3/l,| NC NC K
L 11043 | WO4s | V045 | WO4e GND | GND | GND | GND | GND | GND Vee |CLKaflg| 110143 | NC L
M 11047 |CLKg/lg|CLKy/l1| 1/O4g GND | GND | GND | GND | GND | GND 110439 | O14g | VO141 | V014 | M
N 11049 | /Oso | 105y | GND GND | GND | GND | GND | GND | GND GND | I/Oy36 | /O137 | VO35 | N
P 1105, | /Os3 | Os5 | /Osg 110137 | VO133 | Oq34 | WO135 | P
R 11054 | IOsg | WOsg | Veco Veco | 10130 | NC | 1043, | R
T 11057 | /Ogo | VOgp | 1Ogs 110194 | 0127 | WO1pg | 0129 | T
u 1/0gy | /Ogz | 1/0gg | GND | /076 | Veco | 11Oga | GND | 1/Ogy | Ve | VOgg | /010 | GND [ 1/0135 | Veco | NC | GND | 1/Ogp3 | 10105 | O10g | U
\Y 1I0g4 | /Og7 | Ogg | O75 | 11075 | 1/Ogy | 1/Ogs | 1/Ogg | 1/Og, I 1/0g7 | 10191 | V0105 | O1g | VO115 | TDO | 1/Ogq4 | WO117 | VO1p1 | WO1es |V
W | /Ogg | O7q | IOz, | 1/O74 | 1/O79 | Ogz | /Ogg | 1/Ogg | VOgz | 1/Ogs | 1/Ogg | O10q | 1/O104 | VO1g7 | WO10 | NC NC | I/Oy35 | 1Oyg | V0159 | W
N 11071 | 1073 | WO77 | TMS | 1/Ogy | 1/Ogs | /Og7 | /Ogg | 1/Ogs | NC NC | 1/Ogg | /0103 | WO106 | VO1gg | /0111 | NC NC | /O3 | WO119 | Y
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§5 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

W

—r
—
—

256-Ball Fine-Pitch BGA (BB256)
Top View

A | GND | GND | /Oy | 1Os4 | Os | Vee | V01 | GND | GND | /O1gg | Vec | 10177 | 10175 | 110167 | GND | GND

B | GND | IO, | 10y | 10,5 | 1019 | 1015 | 101 | GND | GND | 1/O1gs | 1015 | 10176 | 110171 | V016 | /0165 | GND

C | W0y | 10s | NC | U0, | 1O | WOy, | 1WOg | VO, | 1O1g; | WO1gs | VO1gg | 0175 | NO170 | NC | 110165 | V0164

D | 1Oz | UOg; | WOge | NC | 1Oy | O3 | 1Og | W05 | UOygo | VO1gg | 110179 | UO174 | 1/O16e | VO1e0 | 10161 | VO16,

E | /05 | UOgs | 1Og3 | WO,y | VO | WO, | 1O | WO, | UOyge | Vee | WOg7g | V0173 | O16g | 10157 | 101sg | 10150

F | Voo | VOsg | U057 | 11036 | TCK | Voo | UOg | 1Oy | WOygg | UO1g | Ve | TDI | 1015y | VO1ss | V0156 | Vee

G | WO43 | VO4 | WO41 | W04 | Ve | WOsg | 1Os | 11Og | 1/O1g7 | 1/O1ag | O1ag | CLK3 | 110150 | 1O1s1 | 11015, | 110155
I

H | GND | GND | /047 | O | CLKq | 1/O45 | 1044 | GND | GND | /014y | 1O | CLK, | 110146 | 10147 | GND | GND
Ny Ny

J | GND | GND | lI0g; | /Ogo | NC | Q49 | 1/O4g | GND | GND | Oygq | 11014y | 1, | WO1gp | VO3 | GND | GND

K | 11057 | UOgg | 1Ogs | 10ss | CLKy | 1Osg | 1Og, | 109y | 1Ogg | 010y | 10135 | Ve | WO1sg | VO1a7 | 10138 | V013
ny

L | Vec | WOgo | Osg | 10sg | TMS | Ve | 1Ogg | 1Ogp | Qg7 | 1010 | Vee | TDO | UOy3; | 110135 | WO1as | Vec

M | UOgs | 110gy | VOgy | 107, | 11077 | UOg, | Ve | VOgg | UOgg | U003 | 0105 | V0115 | V017 | 1O10g | 10450 | 11015,

N | Ogs | Ogs | 1Ogs | 1075 | 1107 | 1/Ogs | 1/Og7 | 1/Ogs | 1/Ogg | VO1gs | VO10g | WO113 | NC | U106 | 1O107 | 110128

P | /Ogg | 10g; | NC | 11074 | 11079 | 1/Ogy | 1/Ogg | 1/Ogs | 110100 | VO1gs | V0110 | O114 | VOug | NC | 1O104 | 1O10g

R | GND | UOge | 1107 | 11075 | Ogy | 1/Ogs | 1/0gg | GND | GND | /0106 | /013y | 0115 | WOs1g | V011 | 10103 | GND

T | GND | GND | /07, | U076 | 1/Ogy | Vee | VOgg | GND | GND | 1097 | Ve | WO | WO1z0 | 110125 | GND | GND
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§5 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

W
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352-Lead BGA (BG352)
Top View

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

A | GND | GND | 1/04g | /045 | 11043 | 11034 | 110s; | 11006 | 1045 | 1040 | 110 | 110, | 105 |11063| 11060 | 11057 | 11054 | 10230 | 10257 [ 1033 [ 10296 [ V050 [ 1046 [1104s | GND | GND
B [GND | NC |10 | 017 | U014 | 1Oss | 1105 | 110 | 11046 | 11041 | 10 | 105 | 10, | Ve (11061 |110sss | 110255 | 110255 | 110234 | 110231 | 11096 | 110240 | 046 | 1045|1040 | GND
C | 110y | O35 | 11057 | 10416 | 11015 | 11035 | 110sg | 11057 | 1044 | 10g | 110 | 105 | 110 |1/0262| 1050 | 110ss 110255 | 110238 [ 110235 | 0233 | 110230 [ 1051 | 10247 110205 | 110224 | 11057
D | 1/0sq | 04 | V03| NC | NC |10y | 1102 | Veeo |Veco| NC | GND | GND |Veeo | Veco | GND | GND | NC | Veeo [Veco [10236 | 110243] NC | NC (11006110292 | 11055
E |04 | TCK | 1104 | NC NC | TDI |01 |110500
F |05 | 1044 | 1043 | 1104, /0042 1010|1015 | 11017
G |04 | 104 | 04 | 103 /0341 [ 10516 | 10215 11014
H | /O4q | V05 | 051 | Veco Veeo [/0211|10212| 110213
J | Og; | 1Os3 | 1054 | Veco Veeo |/0208 (10200110210
K | 10gs | 10sg | 1107 | NC NC [1/0,05 | 1/0206| 107
L | 10 |Og|1Oss | GND GND | GND | GND | GND | GND | GND GND [I/0g04| 14 |07
M |06 | 1106 | 11 | GND GND | GND | GND | GND | GND | GND GND | 13 |/0y0s/11050
N [ 106, | Vee | 106 | Veco GND | GND | GND | GND | GND | GND Veeo |110201 | 1000|1010
P | 10gs | 065 | 1067 | Veco GND | GND | GND | GND | GND | GND Veeo |10105] Vee |00
R |10gg | 110go | V070 | GND GND | GND | GND | GND | GND | GND GND |1/O403| 1014110105
T |10, | 1Og, | 1Ogs | GND GND | GND | GND | GND | GND | GND GND [1/0;76|1/0176| 019
U | 1i0gg | 10g; | 110gg | NC NC |1/0177|/O176| 10175
V | Og; | /0gg | /Ogg | Veco Veco |10174| 11017310172
W [ 1/Ogy | /0g3 | /Og, | Veco Veco [/0171|1/0170| /0169
Y | 110gs | 11075 | 11075 |110130 /0153 |1/0190| 10161 | 110165
AA | 110, | 11075 | 1076 1104113 /0152|1017 | 10155 | 110150
AB | 107, | 11075 | 1079 | NIC NC [1/O,g4|1/O1g5 110156
AC | 1/0g; | 10gg 110105 NIC | NC [110415 110113 | Veco | Veco | NC | GND | GND [Veeo| Vo | GND | GND | NC' [Veco | Veco [110150|101s1| NC | NC 11055 |110;g3| 110152
AD |1/O16| 0, | 1085 [110117| 11067 [110100| 1016 |VO105 | 0126 | 0123|0126 | 0120 | 12 |1/O135| 110155 | 1O130 [ 10142 | 110157 110156 | 10161 110163 | 10166 [ 110146 | 0156 [ 110151 | 10154
AE | GND | NC [1/Oy35|1/0116| 0116 | 11Ogs 110161 | 101030106 | 0121 [VO 124 0127 | Ve 10130 | 110134 | 10157 110140 10145 110160 | 1016 | 1O165 | 0144 | 10147 | 1014 | NC | GND
AF | GND | GND [1/0114|1/O135| 100g | 11066 | TMS {11004 110107 | 10125 | 110125 | 10125 | 10131 [0 155 | O+ 35 [ O35 | 10141 110156 | 110155 | TDO 110164 110167 | 10145 110146 GND | GND
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=7 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

400-Ball Fine-Pitch BGA (BB400)
Top View

A | GND | GND | NC | I0y7 | /O1g | 11014 | VO | Vee | #O11 | GND | GND | I0p57 | Ve | 1/Ogs9 | Osgg | V0235 | 10530 | NC | GND | GND

B | GND [ GND | GND | NC | IOy5 | IOy3 | Opg | Ve | 1Oy | GND | GND | 1046 | Ve | 1Opag | 10p3; | 109 | NC | GND | GND | GND

c NC | GND | GND | GND | /0y | UO1p | UOs7 | Vee | 1Og | GND | GND | 1/Ogs5 | Vee | V037 | 110208 | 110245 | GND | GND | GND | NC

D | W04 | NC | GND | VO, | UOyg | 045 | 1/Ogg | 1105 | 1105 | GND | GND | /0484 | VOsg5 | 036 | 10gs1 | Om4s | 110245 | GND | NC | 110597

E | Oug | 043 | WOs5 | 10, | NC | Og5 | 11034 | WO, | 1107 | 1O, | VO | VO3 | 10234 | 10ps0 | 0p4 | NC | 104 | 10445 | U045 | 10506

F | O4 | O | 04 | UO4y | U4 | NC | 1Og5 | 1/O5, | UOg | WOz | 1Omgp | UOzss | UOs4g | 10247 | 10200 | 01 | 040 | V0m0s | 005 | 110504

G | WOsg | IO, | 1I0g; | 1Osg | 11039 | 1/Ogg | UOg7 | 1Oz | VOs | 10, | 10me1 | Vee | VOmag | V0217 | U015 | VOp1g | #Om15 | 11015 | V0414 | U015

H | Voo | Vec | Vee | V04 | U045 | 11036 | TCK | Ve | V050 | WOy | WOsse [ V0260 | Vee | TDI | HOp16 | V010 | V0211 | Vee | Vee | Vee

J | WOsg | /Osg | 11057 | UOsg | UOgs | 110ss | Vee | Ogn | 10go | 1Oy | Ogsg | 0s02 | 10s05 | CLK | 110404 | #0205 | 0206 | 10207 | 008 | 110209
Ny

K | GND | GND | GND | GND | l/Ogg | /0gs | CLKg | 1/Ogg | 1/0g; | GND | GND | 1/04gg | 0199 | CLKj | 1/Op0q | /001 | GND | GND | GND | GND
Ny Ny

L | GND | GND | GND | GND | I/Ogg | 1/Ogg | NC | IOg; | /Ogg | GND | GND | /0193 | /0195 | 1, | 1/Oygg | 0197 | GND | GND | GND | GND

M | /Ogg | 11Ogg | 1/Og7 | WOgg | 1/Ogs | 1/0gs | CLKy | 1107, | VO7q | /0106 | VO132 | VO1gp | WO194 | Vo | 10174 | 0175 | V0176 | 10177 | 0475 | 110179
iy

N Vee Vee | Vec | WOgy | 1Ogg | O7; | TMS | Ve | /Ogpg | /0157 | 1Oq33 | /0162 | Ve | TDO | /Oggg | /0168 | 0169 | Vec | Ve Vee

P | VOgs | 1/Ogs | 1/Ogz | /Ogy | 11075 | U074 | UO75 | 0114 | Vee | VO1pg | 110134 | 1/O137 | /0163 | /O1gy | VO1gs | VO1g3 | O170 | 110171 | 1017 | 110175

R | Ogy | 1/O7g | 1O | 110108 | U077 | 1076 | V015 | 0117 | O100 | V0130 | V0135 | 11O1ag | V0164 | V0165 | NC | 1O1gs | 11O1gs | VO1g6 | VO1ge | 110101

T | Og, | 1Ogy | 10150 | 10108 | NC | UOy6 | 1O1g | V0105 | 10101 | V0151 | V0156 | 11O13g | V0156 | 0166 | 10167 | NC | 110454 | 1015 | UO1g7 | 110100

U | WOgz | NC | GND | /Ogyy | VO3 | 1Oq1g | /0104 | 0105 | VO125 | GND | GND | /014 | /0157 | /O1sg | 10150 | O151 | MO155 | GND | NC | 1/04gg

V | NC | GND | GND | GND |10y | I/Ogg | 10105 | Vee | 10125 | GND | GND [ 10141 | Vee | 1/O1se | 110144 | 11045, | GND | GND | GND | NC

W | GND | GND | GND | NC | I/Og; | 1/Ogq | /0105 | Vee | ¥O124 | GND | GND | 10145 | Vee | V160 | Owss | V0147 | NC | GND | GND | GND

Y | GND | GND | NC | I/Ogg | 1/O1qg | O101 | #0107 | Vec | VO125 | GND | GND | 110143 | Ve | V161 | V0146 | VO14g | 110149 | NC | GND | GND
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Ultra37000™ CPLD Family

=2 CYPRESS

Ordering Information

Y37512VP400- 83 BB
Cypress Semiconductor ID
Family Type o . i,
_ ’ perating Conditions
37 = Ultra37000 Family Commercial 0°C to +70°C
Industrial -40°C to +85°C
Macrocell Density Military -55°C to +125°C
32 =32 Macrocells 256 = 256 Macrocells
64 = 64 Macrocells 384 = 384 Macrocells Package Type
128 = 128 Macrocells 512 = 512 Macrocells A =Thin Quad Flat Pack (TQFP)
192 = 192 Macrocells U = Ceramic Quad Flat Pack (CQFP)
. N = Plastic Quad Flat Pack (PQFP)
Operating Reference Voltage NT = Thermally Enhanced Plastic Quad Flat Pack
V= 3._3V Supply_\_/oltage (EQFP)
(5.0V if not specified) J = Plastic Leaded Chip Carrier (PLCC)
Pin Count Y = Ceramic Leaded Chip Carrier (CLCC)
P44 = 44 Leads BG = Ball Grid Array (BGA)
P48 = 48 Leads BA = Fine-Pitch Ball Grid Array (FBGA)
P84 =84 Leads 0.8mm Lead Pitch
P100 = 100 Leads BB = Fine-Pitch Ball Grid Array (FBGA)
P160 = 160 Leads 1.0mm Lead Pitch
P208 = 208 Leads
P256 = 256 Leads Speed
P352 = 352 Leads 125 =125 MHz
P400 = 400 Leads 200 =200 MHz 100 = 100 MHz
167 =167 MHz 83 = 83 MHz
154 =154 MHz 66 = 66 MHz
143 = 143 MHz
5.0V Ordering Information
Macro- Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
32 200 CY37032P44-200AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032P44-200JC J67 44-Lead Plastic Leaded Chip Carrier
154 CY37032P44-154AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032P44-154JC J67 44-Lead Plastic Leaded Chip Carrier
CY37032P44-154Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37032P44-154JI J67 44-Lead Plastic Leaded Chip Carrier
125 CY37032P44-125AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032P44-125JC J67 44-Lead Plastic Leaded Chip Carrier
CY37032P44-125Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37032P44-125JI J67 44-Lead Plastic Leaded Chip Carrier
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5.0V Ordering Information (continued)
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O

Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
64 200 CY37064P44-200AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37064P44-200JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-200JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-200AC A100 | 100-Lead Thin Quad Flat Pack
154 CY37064P44-154AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37064P44-154JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-154JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-154AC A100 | 100-Lead Thin Quad Flat Pack
CY37064P44-154Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37064P44-154JI J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-154JI Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-154Al A100 100-Lead Thin Quad Flat Pack
5962-9951902QYA Y67 44-Lead Ceramic Leadless Chip Carrier Military
125 CY37064P44-125AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37064P44-125JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-125JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-125AC A100 | 100-Lead Thin Quad Flat Pack
CY37064P44-125Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37064P44-125J1 J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-125JI Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-125Al A100 100-Lead Thin Quad Flat Pack
5962-9951901QYA Y67 44-Lead Ceramic Leadless Chip Carrier Military
128 167 CY37128P84-167JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128P100-167AC A100 100-Lead Thin Quad Flat Pack
CY37128P160-167AC A160 | 160-Lead Thin Quad Flat Pack
125 CY37128P84-125JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128P100-125AC A100 100-Lead Thin Quad Flat Pack
CY37128P160-125AC A160 | 160-Lead Thin Quad Flat Pack
CY37128P84-125JI Ja3 84-Lead Plastic Leaded Chip Carrier Industrial
CY37128P100-125Al A100 100-Lead Thin Quad Flat Pack
CY37128P160-125Al A160 | 160-Lead Thin Quad Flat Pack
5962-9952102QYA Y84 84-Lead Ceramic Leaded Chip Carrier Military
100 CY37128P84-100JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128P100-100AC A100 100-Lead Thin Quad Flat Pack
CY37128P160-100AC A160 160-Lead Thin Quad Flat Pack
CY37128P84-100JI Ja3 84-Lead Plastic Leaded Chip Carrier Industrial
CY37128P100-100Al A100 | 100-Lead Thin Quad Flat Pack
CY37128P160-100Al A160 | 160-Lead Thin Quad Flat Pack
5962-9952101QYA Y84 84-Lead Ceramic Leaded Chip Carrier Military
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Ultra37000™ CPLD Family

=2 CYPRESS
5.0V Ordering Information (continued)
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
192 154 CY37192P160-154AC Al160 160-Lead Thin Quad Flat Pack Commercial
125 CY37192P160-125AC Al160 160-Lead Thin Quad Flat Pack Commercial
CY37192P160-125Al A160 160-Lead Thin Quad Flat Pack Industrial
83 CY37192P160-83AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37192P160-83Al A160 160-Lead Thin Quad Flat Pack Industrial
256 154 CY37256P160-154AC A160 160-Lead Thin Quad Flat Pack Commercial
CY37256P208-154NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-154BGC BG256 | 256-Lead Ball Grid Array
125 CY37256P160-125AC A160 160-Lead Thin Quad Flat Pack Commercial
CY37256P208-125NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-125BGC BG256 | 256-Lead Ball Grid Array
CY37256P160-125Al A160 160-Lead Thin Quad Flat Pack Industrial
CY37256P208-125NI N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-125BGlI BG256 | 256-Lead Ball Grid Array
5962-9952302QzC U162 160-Lead Ceramic Quad Flat Pack Military
83 CY37256P160-83AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37256P208-83NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-83BGC BG256 | 256-Lead Ball Grid Array
CY37256P160-83Al Al160 160-Lead Thin Quad Flat Pack Industrial
CY37256P208-83NI N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-83BGlI BG256 | 256-Lead Ball Grid Array
5962-9952301QZC U162 | 160-Lead Ceramic Quad Flat Pack Military
384 125 CY37384P208-125NC N208 208-Lead Plastic Quad Flat Pack Commercial
CY37384P256-125BGC BG256 | 256-Lead Ball Grid Array
83 CY37384P208-83NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37384P256-83BGC BG256 | 256-Lead Ball Grid Array
CY37384P208-83NI N208 | 208-Lead Plastic Quad Flat Pack Industrial
CY37384P256-83BGI BG256 | 256-Lead Ball Grid Array
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Ultra37000™ CPLD Family

=2 CYPRESS
5.0V Ordering Information (continued)
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
512 125 CY37512P208-125NC N208 208-Lead Plastic Quad Flat Pack Commercial
CY37512P256-125BGC BG256 | 256-Lead Ball Grid Array
CY37512P352-125BGC BG352 | 352-Lead Ball Grid Array
100 CY37512P208-100NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37512P256-100BGC BG256 | 256-Lead Ball Grid Array
CY37512P352-100BGC BG352 | 352-Lead Ball Grid Array
CY37512P208-100NI N208 208-Lead Plastic Quad Flat Pack Industrial
CY37512P256-100BGI BG256 | 256-Lead Ball Grid Array
CY37512P352-100BGlI BG352 | 352-Lead Ball Grid Array
5962-9952502QZC U208 | 208-Lead Ceramic Quad Flat Pack Military
83 CY37512P208-83NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37512P256-83BGC BG256 | 256-Lead Ball Grid Array
CY37512P352-83BGC BG352 | 352-Lead Ball Grid Array
CY37512P208-83NI N208 208-Lead Plastic Quad Flat Pack Industrial
CY37512P256-83BGI BG256 | 256-Lead Ball Grid Array
CY37512P352-83BGI BG352 | 352-Lead Ball Grid Array
5962-9952501QZC U208 | 208-Lead Ceramic Quad Flat Pack Military
3.3V Ordering Information
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
32 143 CY37032VP44-143AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032VP44-1433C J67 44-Lead Plastic Leaded Chip Carrier
CY37032VP48-143BAC BA50 | 48-Lead Fine Pitch Ball Grid Array
100 CY37032VP44-100AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032VP44-100JC J67 44-Lead Plastic Leaded Chip Carrier
CY37032VP48-100BAC BA50 | 48-Lead Fine Pitch Ball Grid Array
CY37032VP44-100Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37032VP44-100JI J67 44-Lead Plastic Leaded Chip Carrier
CY37032VP48-100BAl BA50 | 48-Lead Fine Pitch Ball Grid Array
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Ultra37000™ CPLD Family

=2 CYPRESS
3.3V Ordering Information (continued)
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
64 143 CY37064VP44-143AC Ad4 44-Lead Thin Quad Flatpack Commercial
CY37064VP44-143JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064VP48-143BAC BA50 | 48-Lead Fine-Pitch Ball Grid Array
CY37064VP84-143JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064VP100-143AC A100 | 100-Lead Thin Quad Flatpack
CY37064VP100-143BBC BB100 | 100-Lead Fine-Pitch Ball Grid Array
100 CY37064VP44-100AC Ad4 44-Lead Thin Quad Flatpack Commercial
CY37064VP44-100JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064VP48-100BAC BA50 | 48-Lead Fine-Pitch Ball Grid Array
CY37064VP84-100JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064VP100-100AC A100 | 100-Lead Thin Quad Flatpack
CY37064VP100-100BBC BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37064VP44-100Al Ad4 44-Lead Thin Quad Flatpack Industrial
CY37064VP44-100JI J67 44-Lead Plastic Leaded Chip Carrier
CY37064VP48-100BAl BA50 | 48-Lead Fine-Pitch Ball Grid Array
CY37064VP84-100JI Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064VP100-100BBI BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37064VP100-100Al A100 100-Lead Thin Quad Flatpack
5962-9952001QYA Y67 44-Lead Ceramic Leaded Chip Carrier Military
128 125 CY37128VP84-125JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128VP100-125AC A100 100-Lead Thin Quad Flat Pack
CY37128VP100-125BBC BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37128VP160-125AC A160 | 160-Lead Thin Quad Flat Pack
83 CY37128VP84-83JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128VP100-83AC A100 100-Lead Thin Quad Flat Pack
CY37128VP100-83BBC BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37128VP160-83AC A160 160-Lead Thin Quad Flat Pack
CY37128VP84-83JI Ja3 84-Lead Plastic Leaded Chip Carrier Industrial
CY37128VP100-83Al A100 | 100-Lead Thin Quad Flat Pack
CY37128VP100-83BBI BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37128VP160-83Al A160 | 160-Lead Thin Quad Flat Pack
5962-9952201QYA Y84 84-Lead Ceramic Leaded Chip Carrier Military
192 100 CY37192VP160-100AC A160 160-Lead Thin Quad Flat Pack Commercial
66 CY37192VP160-66AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37192VP160-66Al Al160 160-Lead Thin Quad Flat Pack Industrial
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Ultra37000™ CPLD Family

=2 CYPRESS
3.3V Ordering Information (continued)
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
256 100 CY37256VP160-100AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37256VP208-100NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256VP256-100BGC BG256 | 256-Lead Ball Grid Array
CY37256VP256-100BBC BB256 | 256-Lead Fine-Pitch Ball Grid Array
66 CY37256VP160-66AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37256VP208-66NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256VP256-66BGC BG256 | 256-Lead Ball Grid Array
CY37256VP256-66BBC BB256 | 256-Lead Fine-Pitch Ball Grid Array
CY37256VP160-66Al A160 160-Lead Thin Quad Flat Pack Industrial
CY37256VP256-66BGI BG256 | 256-Lead Ball Grid Array
CY37256VP256-66BBI BB256 | 256-Lead Fine-Pitch Ball Grid Array
5962-9952401QzC U162 160-Lead Ceramic Quad Flat Pack Military
384 83 CY37384VP208-83NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37384VP256-83BGC BG256 | 256-Lead Ball Grid Array
66 CY37384VP208-66NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37384VP256-66BGC BG256 | 256-Lead Ball Grid Array
CY37384VP208-66NI N208 | 208-Lead Plastic Quad Flat Pack Industrial
CY37384VP256-66BGI BG256 | 256-Lead Ball Grid Array
512 83 CY37512VP208-83NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37512VP256-83BGC BG256 | 256-Lead Ball Grid Array
CY37512VP352-83BGC BG352 | 352-Lead Ball Grid Array
CY37512VP400-83BBC BB400 | 400-Lead Fine-Pitch Ball Grid Array
66 CY37512VP208-66NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37512VP256-66BGC BG256 | 256-Lead Ball Grid Array
CY37512VP352-66BGC BG352 | 352-Lead Ball Grid Array
CY37512VP400-66BBC BB400 | 400-Lead Fine-Pitch Ball Grid Array
CY37512VP208-66NI N208 | 208-Lead Plastic Quad Flat Pack Industrial
CY37512VP256-66BGI BG256 | 256-Lead Ball Grid Array
CY37512VP352-66BGlI BG352 | 352-Lead Ball Grid Array
CY37512VP400-66BBI BB400 | 400-Lead Fine-Pitch Ball Grid Array
5962-9952601QZC U208 | 208-Lead Ceramic Quad Flat Pack Military

In-System Reprogrammable, ISR, Ultra37000, Warp, Warp Professional, and Warp Enterprise are trademarks of
Cypress Semiconductor Corporation.
ViewDraw and SpeedWave are trademarks of ViewLogic.

Windows is a registered trademark of Microsoft Corporation.
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Package Diagrams

44-Lead Thin Plastic Quad Flat Pack A44
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Package Diagrams (continued)

44-Pin Ceramic Leaded Chip Carrier Y67
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Ultra37000™ CPLD Family
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Package Diagrams (continued)

48-Ball (7.0 mm x 7.0 mm x 1.1 mm, 0.80 pitch) Thin BGA BA50
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Ultra37000™ CPLD Family

Package Diagrams (continued)

1

84-Lead Plastic Leaded Chip Carrier J83
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Ultra37000™ CPLD Family

Ilnu

Package Diagrams (continued)

84-Pin Ceramic Leaded Chip Carrier Y84
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Ultra37000™ CPLD Family

I.ﬂh

Package Diagrams (continued)

100-Pin Thin Plastic Quad Flat Pack (TQFP) A100
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Ultra37000™ CPLD Family
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Package Diagrams (continued)

100-Ball Thin Ball Grid Array (11 x 11 x 1.4 mm) BB100
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Package Diagrams (continued)

160-Pin Thin Plastic Quad Flat Pack (TQFP) A160
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Ultra37000™ CPLD Family
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Package Diagrams (continued)

160-Lead Ceramic Quad Flatpack (Cavity Up) U162
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Ultra37000™ CPLD Family

Package Diagrams (continued)

208-Lead Plastic Quad Flatpack N208
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Ultra37000™ CPLD Family
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Package Diagrams (continued)

208-Lead Ceramic Quad Flatpack (Cavity Up) U208
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4.8 MAX4131



19-1089; Rev 2; 8/97

Single-Supply, Rail-to-Rail I/O Op Amps

General Description

The MAX4130-MAX4134 family of operational amplifiers
combines 10MHz gain-bandwidth product and excellent
DC accuracy with rail-to-rail operation at the inputs and
outputs. These devices require only 900uA per amplifier,
and operate from either a single supply (+2.7V to +6.5V)
or dual supplies (£1.35V to £3.25V) with a common-
mode voltage range that extends 250mV beyond VEE
and Vcc. They are capable of driving 250Q loads and
are unity-gain stable. In addition, the MAX4131/
MAX4133 feature a shutdown mode in which the outputs
are placed in a high-impedance state and the supply
current is reduced to only 25pA per amplifier.

With their rail-to-rail input common-mode range and
output swing, the MAX4130-MAX4134 are ideal for low-
voltage, single-supply operation. Although the minimum
operating voltage is specified at 2.7V, the devices
typically operate down to 1.8V. In addition, low offset
voltage and high speed make them the ideal signal-
conditioning stages for precision, low-voltage data-
acquisition systems. The MAX4130 comes in the
space-saving SOT23-5 package.

AKXV

Single/Dual/Quad, Wide-Bandwidth, Low-Power,

Features

Drive 250Q

® S & O 6 O O O > o o o

Loads

5-Pin SOT23-5 Package (MAX4130)

+2.7V to +6.5V Single-Supply Operation
Rail-to-Rail Input Common-Mode Voltage Range
Rail-to-Rail Output Voltage Swing

10MHz Gain-Bandwidth Product

900pA Quiescent Current per Amplifier

25pA Shutdown Function (MAX4131/MAX4133)
200uV Offset Voltage
No Phase Reversal for Overdriven Inputs

Stable with 160pF Capacitive Loads
Unity-Gain Stable

Ordering Information

PIN- SOT
PART TEMP. RANGE
Selection Table PACKAGE TOP MARK
MAX4130EUK -40°Cto +85°C  5S0T23-5 AABB
PART AMPS PER | SHUTDOWN PIN- MAX4131C/D 0°Cto +70°C  Dice* —
PACKAGE MODE PACKAGE MAX4131ESA  -40°C to +85°C 8 SO —
MAX4130 1 — 5S0T23-5 MAX4131EUA  -40°Cto +85°C 8 uMAX —
MAX4131 1 Yes 8 SO/UMAX Ordering Information continued at end of data sheet.
*Dice are specified at Ta = +25°C, DC parameters only.
MAX4132 2 — 8 SO/UMAX
MAX4133 2 Yes 14 SO
MAX4134 4 — 14 SO Typical Operating Circuit
Applications +3V

Battery-Powered Instruments
Portable Equipment
Data-Acquisition Systems
Signal Conditioning

Low-Power, Low-Voltage Applications

Pin Configurations appear at end of data sheet.

MAXIMN

MAXIV

MAXIW
MAX147
3|
—QO SHDN Vpp
_ DOUT AIN
SERIAL
INTERFACE ) _8 | SCLK VREF |4
Y

CS GND 1

A —9

:

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 408-737-7600 ext. 3468.
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MAX4130-MAX4134

Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply Rail-to-Rail I/O0 Op Amps

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VCC-VEE) ... teieeeiieieiiieeiiee et 7.5V
IN+, IN-, SHDN Voltage ... (Vee + 0.3V) to (VEE - 0.3V)
Output Short-Circuit Duration (Note 1)..........c.cceeennee.. Continuous

(short to either supply)
Continuous Power Dissipation (Ta = +70°C)
5-pin SOT23-5 (derate 7.1mW/°C above +70°C) ......... 571mw

8-pin SO (derate 5.88mW/°C above +70°C)................. 471mwW
8-pin UMAX (derate 4.10mW/°C above +70°C)............. 330mw
14-pin SO (derate 8.00mW/°C above +70°C)............... 640mw

Operating Temperature Range

MAX413_E__
Maximum Junction Temperature ...
Storage Temperature Range.................

Lead Temperature (soldering, 10S€C) .......c.cccccvvveeeanunnen. +300°C

Note 1: Provided that the maximum package power-dissipation rating is met.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vcc = +2.7V to +6.5V, VEe = 0V, Vcm = 0V, Vout = Vcc / 2, R tied to Vcc / 2, SHDN = 2V (or open), Ta = +25°C, unless

otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
MAX4130EUK +0.35 +1.50
MAX4131ESA +0.20 +0.60
MAX4131EUA +0.35 +1.20
Input Offset Voltage Vcwm = VEE to Vee mV
MAX4132ESA/MAX4133ESD +0.25 +0.75
MAX4132EUA +0.40 +1.50
MAX4134ESD +0.35 +1.50
Input Bias Current Vcwm = VEE to Vec +50 +150 nA
Input Offset Current Vcwm = VEE to Vee +1 +12 nA
Differential Input Resistance -1.5V < VpIFF < 1.5V 500 kQ
Common-Mode Input VEE - Vce + v
Voltage Range 0.25 0.25
MAX4130EUK 67 90
MAX4131ESA 78 98
- MAX4131EUA 68 88
Common-Mode Rejection Ratio (Vee - 0.25V) < Vewm < dB
(Vcc +0.25V) MAX4132ESA/MAX4133ESD 74 94
MAX4132EUA 66 86
MAX4134ESD 64 84
Power-Supply Rejection Ratio Vcc =2.7V to 6.5V 78 100 dB
Output Resistance Ay=1 0.1 Q
Off-Leakage Current SHDN < 0.8V, VouT =0V to Vcc +0.1 +1 HA
VouT = 0.25V to 2.45V, R = 100kQ 92 108
Vcec =2.7V
. . Vout = 0.4V to 2.3V, RL = 250Q 72 82
Large-Signal Voltage Gain dB
Ve = 5V Vourt = 0.25V to 4.75V, RL = 100kQ 94 108
cc= Vout = 0.4V to 4.6V, RL = 250Q 75 86
2 AKX/




Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply Ralil-to-Rail I/O0 Op Amps

DC ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +2.7V to +6.5V, VEE = 0V, Vcm = 0V, VouTt = Vcc / 2, Re tied to Ve / 2, SHDN = 2V (or open), Ta = +25°C, unless
otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Vce - Vi 12 20
RL = 100kQ cc - on
MAX4130/ VoL - Vee 20 35
MAX4131 Vce - Vi 240 290
RL = 250Q cc - on
. VoL - VEE 125 170
Output Voltage Swing mV
RL = 100kQ vee - Vou L 30
MAX4132/ | RL= VoL - Vee 5 20
MAX4133/ v v 280 330
MAX4134 | o = 2500 cc - VoH
VoL - VEE 180 230
Output Short-Circuit Current 50 mA
- . Low 0.8
SHDN Logic Threshold MAX4131-MAX4134 - \
High 2.0
SHDN Input Current MAX4131-MAX4134 +1 +3 LA
Operating Supply-Voltage Range 2.7 6.5 \
Supply C t per Amplifi V Vi Vee ! 2 vec =27 500 1050 A
u urrent per Amplifier = =
pply p p cMm = Vourt = Vcc Vee = 5V 1000 1150 2
_ Vee =2.7V 25 40
Shutdown Supply Current SHDN > 0.8V, MAX4131-MAX4134 ce LA
per Amplifier Vee =5V 40 60

DC ELECTRICAL CHARACTERISTICS

(Vcc = +2.7V to +6.5V, VEg = 0V, Vcm = 0V, VouTt = Ve / 2, RL tied to Vcc / 2, SHDN = 2V (or open), Ta = -40°C to +85°C, unless
otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
MAX4130EUK +3.50
MAX4131ESA +0.75
_ MAX4131EUA +4.40
Input Offset Voltage Vem=VeetoVee I 41 32E SAMAX4133ESD w05 | ™
MAX4132EUA +4.70
MAX4134ESD +4.00
Input Offset Voltage Tempco +2 pv/ec
Input Bias Current Vcwm = VEE to Vee +160 nA
Input Offset Current Vcm = VEE to Vee +18 nA
Common-Mode Input VEE - Vce + v
Voltage Range 0.20 0.20
MAX4130EUK 62
MAX4131ESA 76
Common-Mode Rejection Ratio (Vee - 0.2V) < Vem < MAX4131EUA €0 dB
(Vec +0.2v) MAX4132ESA/IMAX4133ESD 74
MAX4132EUA 58
MAX4134ESD 60

MAXIN 3
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Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply Rail-to-Rail I/O0 Op Amps

DC ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +2.7V to +6.5V, VEE = 0V, Vcm = 0V, VouTt = Vece / 2, R tied to Ve / 2, SHDN = 2V (or open), Ta = -40°C to +85°C, unless
otherwise noted.)

MAX4130-MAX4134

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power-Supply Rejection Ratio Vcec =2.7V 1o 6.5V 74 dB
Off-Leakage Current SHDN < 0.8V, VouTt = 0V to Vcc +12 HA

Vour = 0.25V to 2.45V, R = 100kQ 84
Vcec =2.7V
) _ VouT = 0.4V to 2.3V, R = 250Q 66
Large-Signal Voltage Gain dB
Vee = 5V Vout = 0.25V to 4.75V, RL = 100kQ 86
cc= Vout = 0.4V to 4.6V, R = 250Q 68
Vce - Vi 25
RL = 100kQ ce” ToH
MAX4130/ VoL - VEE 40
MAX4131 Vee - V 300
RL=2500 vCC voH 190
Output Voltage Swing oL - VEE mv
RL = 100kQ vee - Vo 35
MAX4132/ L=
VoL -V 50
MAX4133/ VOL VEE =
MAX4134 | o =500 Ccc - VoH
VoL - VEE 250
_ ) Low 0.8
SHDN Logic Threshold MAX4131-MAX4134 - v
High 2.0
SHDN Input Current MAX4131-MAX4134 +3 HA
Operating Supply-Voltage Range 2.7 6.5 Vv
Supply Current per Amplif Vew = Vour = Vee /2 vec =21 1100 A
u urrent per Amplifier = =
pply p p CM ouT = Vce Vec =5V 1200 2
I Vce = 2.7V 50
Shutdown Supply Current SHDN < 0.8V, MAX4131-MAX4134 cc LA
per Amplifier Vce =5V 70
AC ELECTRICAL CHARACTERISTICS
(Vcc = +2.7V to +6.5V, VEg = 0V, SHDN = 2V (or open), Ta = +25°C, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Gain-Bandwidth Product 10 MHz
Phase Margin 62 degrees
Gain Margin 12 dB
Total Harmonic Distortion f = 10kHz, VouTt = 2Vp-p (Av = 1) 0.003 %
Slew Rate 4 Vlius
Settling Time to 0.01% Av =1, Vour = 2V step 2.0 us
Turn-On Time Vce =0V to 3V step, VouT = Vcce/ 2 us
_ - = Enable
SHDN Delay MAX4E31 MAX4134, Vcc = 3V, . us

Vout =Vcc/2 Disable 0.2
Input Capacitance 3 pF
Input Noise Voltage Density f=1kHz 22 nviVHz
Input Noise Current Density f = 1kHz 0.4 pANHz
Capacitive Load Stability Av=1 160 pF

4
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Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail I/O0 Op Amps

Typical Operating Characteristics
(Vcc = +5V, VEE =0V, Vcm = Ve / 2, Ta = +25°C, unless otherwise noted.)

GAIN AND PHASE GAIN AND PHASE POWER-SUPPLY REJECTION
vs. FREQUENCY vs. FREQUENCY (WITH CLoap) vs. FREQUENCY
60 _— MAX4130/34- 180 60 MAX4130/34-02 180 . — — — —
— .
TR D i S S b BB
= Ay = +1000 y s H [l [ { 2
 broan. TITIINEHY I BN 1 A A A AR
i 2?9 LC = 160pF 29 || i || |||\ !!!n il
Ll w
I ¢ g 8 Rl
s T e s 3 hi ° & 8 o [
B i T eE T T
mEi : 2~ St NP T AT
O i S WO a1 a1 Y 1 11 B A
NN T _ o ]
\ m 144 100 [T LI Ol LU L
o L il § _ | RN _ NN A
40 180 40 180
100 1k 10k 100k 1M 10M 100M 100 1k 10k 100k 1M 10M 100M 10 100 1k 10k 100k IM 10M 100M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
OUTPUT IMPEDANCE SUPPLY CURRENT PER AMPLIFIER SHUTDOWN SUPPLY CURRENT
vs. FREQUENCY vs. TEMPERATURE vs. TEMPERATURE
100 = == 1150 T : 50 ‘ 5
FAy = +1 = ! : i
7 1100 ] \V& +6.5V7§ 40 //, V‘CC:‘+6.5\/‘ Z
. ) ~ N —~
S 10 21050 E
:2() E % 30
3 Emoo % . ——
= ! S 950 Vee=r2V—1 32 Voo = *2. 7Y
= A — ~~—__ CC 20
2 & \\ &
5 2 900 e~ z 15
S 010 @ 1 7
i HHH—H 850 5
0.01 800 0
100 1k 10k 100k 1M 10M 440 -25 -10 5 20 35 50 65 80 95 40 25 -10 5 20 35 50 65 80 95
FREQUENCY (Hz) TEMPERATURE (°C) TEMPERATURE (°C)
OUTPUT LEAKAGE CURRENT INPUT BIAS CURRENT INPUT BIAS CURRENT
vs. TEMPERATURE vs. COMMON-MODE VOLTAGE vs. TEMPERATURE
SHDN = OV : 30 [Vee T 2V V- siegy g _ ] g
15 i 2 R cc = 16. s 40 | Vec=+6.5V,Vem=Vegl— 1 | 13
,<; ‘ 7/ E 20 ] g I I L I —
= Vee = 6.5V = 10 =
I Vout SHORT 20 |
& I, 3 | | 3
o 5 4 © -10 © 0
3 Y% 2 | 2
: s o ] 2
< ~ > 30 o T
i 5 VOUTSHORT{V‘CC:TG‘SY/" a 2 W __/ 4 . Ve = #2.V, Vou = Vee -
S Tovee ly Sl R e e
-10 ‘ ‘ ‘ V\CC \+2.7\\/ Z(C)) 0 Vee ‘= +6.‘5V, \(CM :‘VEE \\\\
40 -25 -10 5 20 35 50 65 80 95 o 1 2 3 4 5 6 40 25 -10 5 20 35 50 65 80 95
TEMPERATURE (°C) COMMON-MODE VOLTAGE (V) TEMPERATURE (°C)
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MAX4130-MAX4134

Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail 1/0 Op Amps
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Typical Operating Characteristics (continued)
(Vcc =45V, VEE =0V, Vcm = Ve / 2, Ta = +25°C, unless otherwise noted.)
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Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail I/O0 Op Amps

Typical Operating Characteristics (continued)
(Vcc = +5V, VEE =0V, Vcm = Ve / 2, Ta = +25°C, unless otherwise noted.)

MINIMUM OUTPUT VOLTAGE MAXIMUM OUTPUT VOLTAGE TOTAL HARMONIC DISTORTION
vs. TEMPERATURE vs. TEMPERATURE AND NOISE vs. FREQUENCY

160 " " g 300 — 1 1 1 1 3 0.030 UL
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MAX4130-MAX4134

Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail 1/0 Op Amps

Pin Description

MAX4130 MAX4131 MAX4132 MAX4133 MAX4134 NAME FUNCTION
1 6 — — — ouT Output
2 4 4 4 11 VeE Negatn_ve Supply. Ground for single-supply
operation.
3 3 — — — IN+ Noninverting Input
4 2 — — — IN- Inverting Input
5 7 8 14 4 Vce Positive Supply
— 1,5 — 5,7,8,10 — N.C. No Connect. Not internally connected.
. 8 . o o SHON Shutdown Cont.r_ol. Tie high or leave floating
to enable amplifier.
OUT1,
— — 1,7 1,13 1,7 ouT? Outputs for amps 1 and 2
— — 2,6 2,12 2,6 IN1-, IN2- Inverting Inputs for amps 1 and 2
— — 3,5 3,11 3,5 IN1+, IN2+ Noninverting Inputs for amps 1 and 2
Shutdown Control, independent for amps 1
SHDN1, o )
— — — 6,9 — SHDNG and 2. Tie high or leave floating to enable
amplifier.
OUT3,
— — — — 8, 14 ouT4 Outputs for amps 3 and 4
— — — — 9,13 IN3-, IN4- Inverting Inputs for amps 3 and 4
— — — — 10, 12 IN3+, IN4+ Noninverting Inputs for amps 3 and 4
MNMAXI MAXI
MAX4130 MAX4130
MAX4131 MAX4131
MAX4132 MAX4132
MAX4133 MAX4133
[ > AAAY + MAX4134 N A% + MAX4134
R3 — R3
— - —
R3=R1||R2 P R3=R1||R2 p
VW A% [> A% A%
— RL R2 RL R2
Figure 1a. Reducing Offset Error Due to Bias Current Figure 1b. Reducing Offset Error Due to Bias Current
(Noninverting) (Inverting)
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Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail I/O0 Op Amps

Applications Information

Rail-to-Rail Input Stage
Devices in the MAX4130-MAX4134 family of high-
speed amplifiers have rail-to-rail input and output
stages designed for low-voltage, single-supply opera-
tion. The input stage consists of separate NPN and
PNP differential stages that combine to provide an
input common-mode range that extends 0.2V beyond
the supply rails. The PNP stage is active for input volt-
ages close to the negative rail, and the NPN stage is
active for input voltages near the positive rail. The input
offset voltage is typically below 200uV. The switchover
transition region, which occurs near Vcc / 2, has been
extended to minimize the slight degradation in com-
mon-mode rejection ratio caused by the mismatch of
the input pairs. Their low offset voltage, high band-
width, and rail-to-rail common-mode range make these
op amps excellent choices for precision, low-voltage
data-acquisition systems.

Since the input stage switches between the NPN and
PNP pairs, the input bias current changes polarity as
the input voltage passes through the transition region.

Reduce the offset error caused by input bias currents
flowing through external source impedances by match-
ing the effective impedance seen by each input
(Figures 1la, 1b). High source impedances, together
with input capacitance, can create a parasitic pole that
produces an underdamped signal response. Reducing
the input impedance or placing a small (2pF to 10pF)
capacitor across the feedback resistor improves
response.

The MAX4130-MAX4134’s inputs are protected from
large differential input voltages by 1kQ series resistors
and back-to-back triple diodes across the inputs
(Figure 2). For differential input voltages less than 1.8V,
input resistance is typically 500kQ. For differential input
voltages greater than 1.8V, input resistance is approxi-
mately 2kQ. The input bias current is given by the fol-
lowing equation:

Voipr - 1.8V
2kQ

IBIAS

1k

1k

Figure 2. Input Protection Circuit
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MAX4130-MAX4134

Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail 1/0 Op Amps

Rail-to-Rail Output Stage
The minimum output voltage is within millivolts of
ground for single-supply operation where the load is
referenced to ground (VEg). Figure 3 shows the input
voltage range and output voltage swing of a MAX4131
connected as a voltage follower. With a +3V supply
and the load tied to ground, the output swings from
0.00V to 2.90V. The maximum output voltage swing
depends on the load, but will be within 150mV of a +3V
supply, even with the maximum load (500Q to ground).

Driving a capacitive load can cause instability in most
high-speed op amps, especially those with low quies-
cent current. The MAX4130-MAX4134 have a high tol-
erance for capacitive loads. They are stable with
capacitive loads up to 160pF. Figure 4 gives the stable
operating region for capacitive loads. Figures 5 and 6
show the response with capacitive loads and the
results of adding an isolation resistor in series with the
output (Figure 7). The resistor improves the circuit’s
phase margin by isolating the load capacitor from the
Oop amp’s output.

Vee =3V, RL=10kQ to Vee

VOLTAGE (1V/div)

ouT

TIME (1ps/div)

500
450 ‘
400
350
300
250 \

200
N | L

150

STABLE
100 OPERATING
50 |JRutoVee REGION
o Llour=ve? VT

\ UNSTABLE
OPERATING
REGION

LOAD CAPACITANCE (pF)

0.1 1 10 100
LOAD RESISTANCE (kQ)

Figure 3. Rail-to-Rail Input/Output Voltage Range

Figure 4. Capacitive-Load Stability

VNS Y,
L RL = 10KQ -
CL = 130pF

VOLTAGE (50mV/div)

out

TIME (200ns/div)

Vec=5V
CL = 1000pF.
Rs = 390

VOLTAGE (50mV/div)

OuT |

TIME (500ns/div)

Figure 5. MAX4131 Small-Signal Transient Response with
Capacitive Load

10

Figure 6. MAX4131 Transient Response to Capacitive Load
with Isolation Resistor
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Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail I/O0 Op Amps

Power-Up and Shutdown Mode
The MAX4130-MAX4134 amplifiers typically settle with-
in 1us after power-up. Figures 9 and 10 show the out-
put voltage and supply current on power-up, using the
test circuit of Figure 8.

The MAX4131 and MAX4133 have a shutdown option.
When the shutdown pin (SHDN) is pulled low, the sup-
ply current drops below 25uA per amplifier and the

Rs

CL

1

Figure 7. Capacitive-Load Driving Circuit

<
o
O

VOLTAGE (1V/div)

ouT

TIME (5ps/div)

Figure 9. Power-Up Output Voltage

MAXIN

amplifiers are disabled with the outputs in a high-
impedance state. Pulling SHDN high or leaving it float-
ing enables the amplifier. In the dual-amplifier
MAX4133, the shutdown functions operate indepen-
dently. Figures 11 and 12 show the output voltage and
supply current responses of the MAX4131 to a shut-
down pulse, using the test circuit of Figure 8.

0V TO 2.7V STEP
FOR POWER-UP

TEST; 2.7V FOR
SHUTDOWN *
ENABLE TEST.

out

\/

+ SHDN
o0vVTO 2.7V

STEP FOR
$—1 SHUTDOWN 10k
TEST

[
10Q —©O
SUPPLY-CURRENT |
MONITORING POINT  —

2k

*FOR SHUTDOWN TEST ONLY.

Figure 8. Power-Up/Shutdown Test Circuit

Vee
(1V/div)

leg |
(500pA/div)

i

TIME (5ps/div)

Figure 10. Power-Up Supply Current

11
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MAX4130-MAX4134

Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail 1/0 Op Amps

SHDN |

VOLTAGE (1V/div)

out

TIME (1ps/div)

SHDN :
w/div

SUPPLY | 1 :
CURRENT t - K .
500pA/div

TIME (1ps/div)

Figure 11. Shutdown Output Voltage

Power Supplies and Layout
The MAX4130-MAX4134 operate from a single +2.7V
to +6.5V power supply, or from dual supplies of £1.35V
to £3.25V. For single-supply operation, bypass the
power supply with a 0.1uF ceramic capacitor in parallel
with at least 1pF. For dual supplies, bypass each sup-
ply to ground.

12

Figure 12. Shutdown Enable/Disable Supply Current

Good layout improves performance by decreasing the
amount of stray capacitance at the op amp’s inputs
and outputs. Decrease stray capacitance by placing
external components close to the op amp’s pins, mini-
mizing trace lengths and resistor leads.
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Single/Dual/Quad, Wide-Bandwidth, Low-Power,

Single-Supply, Rail-to-Rail I/O0 Op Amps

Pin Configurations

TOP VIEW
out [ 1]
MAXIM
MAX4130
Vee E
IN+ E
SOT23-5
ve 1] 5] son
| mmam ..
I+ [ 3] 6] our
Ve E El N.C.
SO/UMAX
0UT1|I ) E Vee
- [2] 13] our2
(3] axm [i2] e
Vee[a]  MAx4133 1] e
NC.[5] [10] n.cC.
SoNi 6 | 5] sonz
Ne. [7] 8] NC.
SO

ouTL E E Vee
| M9 (7
N2+ [ 3 ] 6] in2-
Vee E 3 IN2+
SO/UMAX
ourt [1] ) 14] OUT4
- [2] 13] a-
e (2] mascian [2] e
Voo [a]  maxazzs fu] vee
IN2+ E E IN3+
N2- [ 6| [0 ] m3-
out2 [ 7] 6] ours
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MAXIN
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MAX4130-MAX4134

Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail I/O Op Amps

_Ordering Information (continued)

PIN- soT
PART  TEMP.RANGE  pAcKAGE TOP MARK
MAX4132ESA -40°C to +85°C 8 SO —
MAX4132EUA  -40°C to +85°C 8 IMAX —
MAX4133C/D _ 0°Cto +70°C _ Dice* —
MAX4133ESD _ -40°C to +85°C__ 14 SO =
MAX4134ESD _-40°C to +85°C__ 14 SO —

*Dice are specified at Tao = +25°C, DC parameters only.

Chip Information

MAX4130 TRANSISTOR COUNT: 170
MAX4132 TRANSISTOR COUNT: 340
MAX4134 TRANSISTOR COUNT: 680

Chip Topographies

MAX4131

0.036"

(0.914mm)

TRANSISTOR COUNT: 170
SUBSTRATE CONNECTED TO Ve

14

MAX4133
ouUT1 Vee

Vee IN2+

Vce SHDN1
SHDN2

0.053"

o ———————P
(1.346mm)

TRANSISTOR COUNT: 340
SUBSTRATE CONNECTED TO Ve
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Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail I/O0 Op Amps

Package Information

$|b |¢

i
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T
|
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£, P

— D—
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i
h

|
|

DIM MILLIMETERS
MIN MAX
A 0.90 1.45
Al 0.00 0.15
A2 0.90 1.30
b 0.35 0.50
C 0.08 0.20
D 2.80 3.00
E 2.60 3.00
E1l 1.50 1.75
L 0.35 0.55
e 0.95ref
el 1.90ref
o a 0° 10°
* I q_ 21-0057B
e =
FL L[]
c 5-PIN SOT23-5
L — SMALL-OUTLINE

TRANSISTOR PACKAGE

oM INCHES MILLIMETERS
MIN | MAX | MIN | MAX
‘ A | 0036 | 0044 | 001 | 111
| rpre— c o Al | 0.004 | 0.008 | 0.10 | 0.20
[ ] # A g i T i@ B | 0010 | 0014 | 025 | 0.36
[ e R e R e c | 0005 | 0007 | 013 | 0.18
# f A gé%a”:nm T \f D | 0116 | 0120 | 2.95 | 3.05
e ' E | 0116 | 0.120 | 2.95 3.05
—> +—B Al L e 0.0256 0.65
H | 0188 | 0.198 | 478 | 5.03
L | 0016 | 0,026 | 041 | 066
a 0° 6° 0° 6°
{ 21-0036D
E H
d} 8-PIN uMAX
MICROMAX SMALL-OUTLINE
| PACKAGE
«—— D —»
M A 15
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MAX4130-MAX4134

Single/Dual/Quad, Wide-Bandwidth, Low-Power,
Single-Supply, Rail-to-Rail I/O Op Amps

Package Information (continued)

INCHES MILLIMETERS
MIN MAX MIN MAX
A | 0.053 | 0.069 1.35 1.75
Al | 0.004 | 0.010 0.10 0.25
0.014 | 0.019 0.35 0.49
0.007 | 0.010 0.19 0.25
0.150 | 0.157 3.80 4.00

0.050 1.27

0.228 | 0.244 5.80 6.20
0.016 | 0.050 0.40 1.27

DIM

~—————— D ———

JuiminL] B s N

* O 101mm e
0004|n 7
—| o |- —»‘ ‘47 *
Al C
L —

+>¢

—[(I(o |mM|O|m

HE H/ /H BH INCHES  |MILLIMETERS
ﬁ Narrow SO DIM IPINS =0 TvaX | MIN | MAX
SMALL-OUTLINE 8 |0.189 [0.197 | 4.80 | 5.00

j H PACKAGE 14 | 0.337 |0.344 | 855 | 8.75
. 16 | 0.386 |0.394 | 9.80 | 10.00

(0.150in.) ;
HHH//HHHJ 21-0041A

OO0

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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General Description

The MAX427/MAX437 +15V operational amplifiers feature
a superior combination of low wideband noise, and ultra-
low offset voltage and drift; 2.5nVAHz (1kHz) noise, less
than 15uV offset voltage (SpV typ), and less than 0.8uV/°C
drift (0.1uV/°C typ). Voltage gain is 20 million when driving
a 2kQ load o112V, and 12 million with a 600€Q load to +10V.

The MAX427 is unity-gain stable, with an 8MHz gain
bandwidth and a 2.5V/us slew rate. The decompensated
MAX437 has a 60MHz gain bandwidth, a 15V/us slew rate,
and is stable for closed-loop gains of & or greater.

For applications requiring even lower noise and low-
power performance from 5V supplies, see the
MAX410/MAX412/MAX414 data sheet.

Applications
Low-Noise Signal Processing
Threshold Detection

Strain-Gauge Amplifiers
Microphone Preamplifiers

AKXV

Low Noise, High-Precision Op Amps

Features

4 15V Max Offset Voltage
4 0.8uV/'C Max Drift

4 Low Noise Performance:
4.5nV/VHz Max 10Hz;
3.8nV/YHz Max (1kHz

¢ High-Voltage Gain:
7 Million Min (2kQ Load)
3 Million Min (6002 Load)

4 117dB Min CMRR
4 60MHz Gain-Bandwidth Product (MAX437)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX427CPA 0°Cto +70°C 8 Plastic DIP
MAX427CSA 0°Cto+70°C 8S0
MAX427C/D 0°Cto +70°C Dice*
MAX427EPA -40°C to +85°C 8 Plastic DIP
MAX427ESA -40°C to +85°C 8 S0
MAX427MJA -55°Cto +125°C 8 CERDIP**
MAX437CPA 0°Cto +70°C 8 Plastic DIP
MAX437CSA 0°Cto +70°C 880
MAX437C/D 0°Cto +70°C Dice*
MAX437EPA -40°Cto +85°C 8 Plastic DIP
MAX437ESA -40°C to +85°C 8 S0
MAX437MJA -55°C to +125°C 8 CERDIP**

* Dice are specified at TA = +25°C, DC parameters only.
**Contact factory for availability and processing to MIL-STD-883.

Typical Application Circuit Pin Configuration
PRECISION HIGH-GAIN DIFFERENTIAL AMPLIFIER TOPVIEW
™
A
+15V
1k ° Nt
- AMA BAL (1] ] BAL
- (2] mmmam [7] v
MAX427
INPUT e [3] MAX437 6] our
v- [4] [5] ne
1K
+ DIP/SO
™
MAXIMN Maxim Integrated Products 1

For free samples & the latest literature: hitp://www.maxim-ic.com, or phone 1-800-998-8800
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MAX427/MAX437

Ultra-Low Noise, High-Precision Op Amps

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage . ............ ... i 122V Operating Temperature Ranges:
Input Voltage (Note 1) . ........................... 122V MAX427/MAX437C_A ... ................ 0°Cto+70°C
Output Short-Circuit Duration .................. Continuous MAX427/MAXA37E_A . ... -40°C to +85°C
Differential Input Voltage (Note 2) ................... 0.7V MAX427/MAX437TMUA ... .............. -55°C to +125°C
Differential Input Current(Note 2) ................. 125mA Junction TemperatureRange .............. -65°C to +150°C
Continuous Power Dissipation (TA = +70°C) Storage TemperatureRange .............. -65°C to +150°C
Plastic DIP (derate 9.09mW/°C above +70°C) ...... 727mW Lead Temperature (soldering, 10sec) .............. +300°C
SO (derate 5.88mW/'C above +70°C) ............ 471mwW .
CERDIP (derate 8.00mW/°C above +70°C) ........ 640mwW

Note 1: For sup?/%volta%es less than 22V, the absolute maximum input voltage is equal to the supply voitage.
Note 2: MAX427/MAX437 inputs are protected by back-to-back diodes. Current-limiting resistors are not used in order to achieve low
noise. If differential input voltage exceeds +0.7V, the input current should:be limited to 256mA.

Stresses be'yond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional

operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is nof implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vs = +15V, Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Offset Voltage (Note 3) Vos 5 15 uv
Long-Term Vs Stability (Notes 4, 5) | Vos/TIME 0.2 1.0 uvMo
Input Bias Current IB $10 +35 nA
Input Offset Current los 7 30 nA
Input Voltage Range IvR +11.0 +12.5 \
Input Resistance — Common Mode | RiNCM 7 GQ
Input Noise Voltage (Notes 5, 6) enpp | 0.1Hzto 10Hz 0.06 0.13 Wo-p
ise- ; fo=10Hz 2.8 45
En Oltjé ggnse Voltage Density on P oy T n/NFz
ise- ; fo=10Hz 15 4.0
{n olflé L\lgts;) Current Density in f: s Y Y pANAZ
RL 2 2kQ, Vo = £12V 7 20
Large-Signal Voltage Gain Avo RL 2 1kQ, Vo = £10V 5 16 Viwv
RL 2 600Q, Vo = £10V 3 12
) RL 2 2kQ +13.0 +13.8
Output Voltage Swing Vo \
RL 2 600Q +11.0 +125
Open-Loop Output Resistance Ro Vo=0,lo=0 70 Q
Common-Mode Rejection Ratio CMRR | Vom =111V 117 130 dB
Power-Supply Rejection Ratio PSRR | Vs =14Vto+18V 110 130 dB
. ) MAX427, fo = 100kHz 5.0 8.0
Gain-Bandwidth Product (Note 5) GBP MHz
MAX437, fo = 10kHz, AvcL 25 45 60
MAX427, R 2 2kQ 1.7 28
Slew Rate (Note 5) SR MAX437, RL> 2k AvoL 35 7 17 Vius
Power Dissipation PD Vo=0 80 120 mw
Offset Adjustment Range Rp = 10kQ +4.0 mv
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Low Noise, High-Precision Op Amps

ELECTRICAL CHARACTERISTICS

(Vs = £15V, Ta = TMIN to TMAX, uniess otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Offset Voltage (Note 3) Vos 20 50 uv
?&/g{gsgg'%f)fset-Voltage Drift TCVos 0.1 08 Yo
Input Bias Current B $20 160 nA
Input Offset Current los 15 50 nA
Input Voltage Range IvR MAX4_TCTE 105 118 v
MAX4_7M +10.3 115
Large-Signal Voltage Gain Avo P22 VO = £10V 30 140 ViV
RL 2 1kQ, Vo = 10V 20 10.0
Maximum Output-Voltage Swing Vo RL 2 2kQ +12.5 +13.5 Vv
Common-Mode Rejection Ratio CMRR | Vcm = 10V 112 126 dB
Power-Supply Rejection Ratio PSRR | Vs =14.5Vtot18V 104 126 dB
Power Dissipation PD 100 150 mw

Note 3: Ir;put Offset Voltage measurements are performed by automatic test equipment approximately 0.5 sec after application
of power.

Note 4: Long-Term Input Offset Voltage Stability refers to the average trend line of Offset Voltage vs. Time over extended periods
after the first 30 days of operation. Excluding the initial hour of operation, changes in Vos during the first 30 days are
gpically 2.5uV —refer to typical performance curve.

Note 5: Guaranteed by design.

Note 6: See the test circuit and frequency response curve for 0.1Hz to 10Hz tester in the Applications Information section.
Note 7: See the test circuit for current noise measurement in the Applications Information section.

Note 8: The average input offset drift performance is within the specifications unnulled or when nulled with a pot having a range of
8kQ to 20kQ. Contact factory for the availability of a higher-performance, 100% tested drift parameter of 0.4uV/"C max.

MAXIMN 3
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MAX427/MAX437

Ultra-Low Noise, High-Precision Op Amps

Typical Operating Characteristics

(Ta = +25°C, unless otherwise noted.)

INPUT WIDEBAND VOLTAGE
VOLTAGE-NOISE DENSITY NOISE vs. BANDWIDTH (0.1Hz TOTAL NOISE vs. SOURCE
vs. FREQUENCY TO FREQUENCY INDICATED) RESISTANCE
100 10 1000 ey
I"l°=ﬂsv Vs =#15V iihm i 3 s=lt151
Ré:[llll | i i
E) 2 T 0l T AT 1z |
ES [ z Rs2 =H
5 : N=raa@ =
] ] w 1 Rs=Rs1
g 1 . ~ % fori
& pr H AT 10Hz
2 S o1 a 2
g 3 SN z B B HHH—
N [T RESISTOR NOISE ONLY [
[ 1ACORNER=2Hz —T T L [N ]
o L T 001 e T 10T
01 10 10 100 1k “ 100 1k 10k 100k 01 10 10 100
FREQUENCY (Hz) BANDWIDTH (Hz) SOURCE RESISTANCE (£2)
VOLTAGE-NOISE DENSITY VOLTAGE-NOISE DENSITY CURRENT-NOISE DENSITY
vs. TEMPERATURE vs. SUPPLY VOLTAGE vs. FREQUENCY
5 T 5 100 e
Vg=+15V
11T
11
F 4 T 4 T 30
Zz ATIOHz | z %
9 - e} @
X3 2z} 1.0
s T T s —— :
@ L1 L1 AT 1kHz @ fri]
= T = AT 1kHz -3
g2 2 g 2 3 03
| 1/CORNER
120Hz
) 1 o LLLLLIL
50 25 0 25 50 75 125 0 10 20 30 £ " 10 100 1 10k
TEMPERATURE ("C) TOTAL SUPPLY VOLTAGE (V+~V-} (V) FREQUENCY (Hz)
SUPPLY CURRENT vs. WARM-UP OFFSET-
SUPPLY VOLTAGE VOLTAGE DRIFT
4
T
gw Vs =215V
z 3 H25°C =
z 3
= 425°C E
& -55°C %
g2 &
(=4 =
> 25
g 3
2 1 E P L1
:
0 0
5 15 25 35 45 0 1 2 3 4 5
TOTAL SUPPLY VOLTAGE (V) TIME AFTER POWER ON (MIN)
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Low Noise, High-Precision Op Amps

Typical Operating Characteristics (continued)

(TA = +25°C, unless otherwise noted.)

INPUT BIAS CURRENT INPUT OFFSET CURRENT VOLTAGE GAIN vs.
vs. TEMPERATURE vs. TEMPERATURE FREQUENCY
50 50 180
| | I I I l 160 VS‘=t1T5V
Vg =15V V=15V .
_ 4 z 140
s = g A4S
E 30 £ = 100
3 3 S w
2 b & MAX427
= g 2 2 £ &
5 NN = S 4 \
S &N~~ = N \\
= 10 Z 0 - 2 \
I 0 \
0 0 2
50 25 0 25 50 75 100 125 150 75 50 25 0 25 50 75 100 125 00101 1 10 100 1k 10k 100k TM 10M 100M
TEMPERATURE (*C) TEMPERATURE (°C) FREQUENCY (Hz)
MAX427 MAX437
GAIN, PHASE SHIFT vs. GAIN, PHASE SHIFT vs. OPEN-LOOP VOLTAGE GAIN
FREQUENCY FREQUENCY vs. SUPPLY VOLTAGE
40 % 50 0 %
T TTI LIRS
N N Vs =15V 100 ~ Vs =15V 109 RL|=2kn
20 |—N M _ 4« AT w_ A ————
120 8 N @ A wd T
» X ® £ [ & = [
g m % g30 130§ z 15 / I ——
= E = wE 2 ]
31 I 1w B \ w& S0 A ~
GAIN GAIN i 2 4
1 [I 160 % Av=5 FH i 160 £ /
0 170 10 N 170 54
. ' I 180 N 180
10 l |I 190 0 190 0
01 1 10 100 01 1 10 100 0 10 20 3 4 50
FREQUENCY (MHz) FREQUENCY (MHz) TOTAL SUPPLY VOLTAGE (v}
OPEN-LOOP VOLTAGE GAIN MAXIMUM OUTPUT SWING MAXIMUM OUTPUT VOLTAGE
vs. LOAD RESISTANCE vs. FREQUENCY vs. LOAD RESISTANCE
5 T % L S I
s [ vemxiS V=5V }
2w s tr— 12| Posmive |
% & o MAX42 MAX437 s SWING
3 4 = 5 NEGATIVE
% 1 § 16 £ Y/ SWING
= =1
3 =
g 4 / § 12 ot —NK S s
2 =) 3 //
3 ; 8 = /
E s 3 3
o i
y ! ! NI L Vs=£15V
0 L LI
01 10 10 R TR P R T 10M ST k 3K 10k
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Ultra-Low Noise, High-Precision Op Amps

Typical Operating Characteristics (continued)

(Ta = +25°C, unless otherwise noted.)

MAX427 MAX427
SMALL-SIGNAL TRANSIENT LARGE-SIGNAL TRANSIENT
RESPONSE RESPONSE

50mv

2]
-

VOLTAGE (20mV/div)
(=]
VOLTAGE (2v/div)
o

-5omv §

MAX427/MAX437

TIME (500ns/div) ) AvoL=+1VAV TIME (2us/div)
AvcL=+1VV, CL=15pF Vs =115V
Vg=115V
MAX437 MAX437
SMALL-SIGNAL TRANSIENT LARGE-SIGNAL TRANSIENT
RESPONSE RESPONSE
50mv
10V
g :
=] g
- <o
50V -1V

TIME (1ps/div)

TIME (200ns/div)
Vs 15V Vs =15V
AvoL=+5VNV AveL=+5VNV

LOW-FREQUENCY NOISE

s 88

VOLTAGE NOISE (nV)
o

TIME (1sec/div)
0.1Hz TO 10Hz PEAK-TO-PEAK NOISE
NOTE: (OBSERVATION TIME LIMITED TO 10 SECONDS.)
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Low Noise, High-Precision Op Amps

ANAXLM
MAX427 — o
MAX437
500k
YW+
1]
in=[e? - 130nvy’)
NOTE: ALL CAPACITOR VALUES ARE FOR NON-POLARIZED CAPACITORS ONLY. 1MQ X 100
Figure 1. Voltage-Noise Test Circuit (0. 1Hz to 10Hz) Figure 2. Current-Noise Test Circuit
Applications Information

The MAX427/MAX437 provide stable operation with load
capacitances of up to 2nF and £10V output swings; larger
capacitances should be decoupled with a 50Q series W
resistor inside the feedback loop. The MAX427 is unity-
gain stable and the MAX437 is stable at gains of five or ouTRUT

greater.

Thermoelectric voltages generated by dissimilar metals
at the input terminals degrade the drift performance.
Connections to both inputs should be maintained at the
same temperature for best operation.

Offset-Voltage Adjustment

Input offset voltage (VOS) is trimmed at the wafer level. If
Vos adjustment is necessary, a 10kQ trim potentiometer
(pot) may be used and will not degrade TCVOs (Figure
3). Other trim pot values from 1kQ to 1MQ can be used
with a slight degradation (0. 1uV/°C to 0.2uV/"C) of TCVOS.
Adjusting, but not zeroing, VOS creates a drift of approx-
imately (VOs/300)uV/°C. The adjustment range with a
10kQ trim pot is +4mV. For a smaller range, reduce
nulling sensitivity by connecting a smaller pot in series
with fixed resistors; for example, Figure 4 has a £70uV
adjustment range.

MAXIN

Figure 3. Offset Nulling Circuit

47k 500Q2 POT

47

AAA

V+

Figure 4. Alternate Offset-Voltage Adjustment
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MAX427/MAX437

Ultra-Low Noise, High-Precision Op Amps

|
TA=+25C
Vs=215V

VOLTAGE (u¥)
[4,]

CHANGE IN INPUT OFFSET

l/

Yl

0 1 2 3 4 5
TIME AFTER POWER-ON (MINUTES)

0

Figure 5. Warm-Up Offset Voitage Drift

Nolse Measurements

To measure the 60nVp-p noise specification of the
MAX427/MAX437 in the 0.1Hz to 10Hz range, observe
the following precautions:

1. The device must warm up for at least five minutes.
Figure 5 shows how VOs typically increases 4uV with
increases in chip temperature after power-up. In the
10sec measurement interval, temperature-induced ef-
fects can exceed 10nV.

2. For similar reasons, the device must be well-shielded
from air currents, including those caused by motion. This
minimizes thermocouple effects.

3. As shown in Figure 6, the 0.1Hz corner is defined by
only one zero. A maximum test time of 10sec acts as an
additional zero to eliminate noise contributions from the
frequency band below 0.1Hz.

4. A noise-voltage-density test is recommended when
measuring noise on a large number of units. A 10Hz
noise-voltage-density measurement correlates 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.

T Al

g
=
3 o

50

. | TEST TIME OF 10 SEC FURTHER

4 LIMITS LOW FREQUENCY {<0.1) —T

. GAIN

0 N A

001 01 10 10 100
FREQUENCY (Hz)

Figure 6. 0.1Hz to 10Hz Vpp Noise Tester Frequency Response

Unity-Gain Buffer Applications
(MAX427 Only)

Figure 7 shows the circuit and output waveform with Rf <
1009, and the input driven with a fast, large signal pulse
(>1V).

During the fast rise portion of the output, the input pro-
tection diodes short the output to the input, and a current,
limited only by the output short-circuit protection, is
drawn by the signal generator. With Ri2500%, the output
is capable of handling the current requirement (IL < 20mA
at 10V) and a smooth transition occurs.

When Rf 2 2kQ, a pole created with Rf and the amplifier's
input capacitance (8pF) causes additional phase shift
and reduces phase margin. A small capacitor (20pF to
50pF) in parallel with Rt eliminates this problem.

R

e 28Vjs

Figure 7. Pulsed Operation of Unity-Gain Buffer
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Low Noise, High-Precision Op Amps

Comments on Noise

The MAX427/MAX437 are very low-noise amplifiers. They
achieve- outstanding input voltage noise characteristics
by operating the input stage at a high quiescent current.
Input bias and offset currents, which would normally
increase with the quiescent current, are minimized by
bias-current cancellation circuitry. The MAX427/MAX437
have I and 10s of only +35nA and 30nA respectively at
+25°C. This is particularly important with high source-
resistances.

Voltage noise is inversely proportional to the square-root
of bias current, but current noise is proportional to the
square-root of bias current. The MAX427/MAX437 low-
noise advantages are reduced when high source resis-
tors are used.

Total noise = [(voltalge noise)2 + (current noise x Rs)2 +
(resistor noise)2]’

Figure 8 shows noise vs. source resistance at 1kHz. To use
this plot for wideband noise, multiply the vertical scale by
the square-root of the bandwidth. The MAX427/MAX437
maintain low input noise voltage with RS < 1kQ. With Rs >
1kQ, total noise increases and is dominated by the resistor
noise, not the current or the voltage noise. Itis only with Rs
2 20k that current noise dominates. Current noise is not
important for applications with R§ < 20kQ. The
MAX427/MAX437- have lower total noise than the
MAX400/0P07 for Rs < 10kQ. As Rs increases, the cross-
over between the MAX427/MAX437 and the MAX400/OP07
noise occurs in the RS = 15kQ to 40k region.

Figure 9 shows 0.1Hz to 10Hz peak-to-peak noise. Here,
resistor noise is negligible and current noise (in) becomes
important, because in = 1/¥f. The crossover with the
MAX400/OP07 occurs inthe Rs = 3kQ to 5kQ2range, depend-
ing on whether balanced or unbalanced source resistors
are used (at 3kQ the Ig and l0s error can be three times the
Vos specification). For low-frequency applications, the
MAX400/OPO07 are better than the MAX427/MAX437 when
Rs > 3k, except when gain error is important. Figure 10
illustrates the 10Hz noise. As expected, the results fall
between those of the previous two figures.

For reference, typical source resistances of some signal
sources are listed in Table 1.
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Figure 8. Noise vs. Source Resistance (Including Resistor
Noise) at 1kHz

Table 1. Signal Source vs. Source Impedance

' SOURCE
DEVICE IMPEDANCE COMMENTS
Strain Typically used in low-
Gauge <5000 frequency applications.
Low Ig is very important to
Magnetic reduce self-magnetization
Ta gehead < 15000 problems when direct
P coupling is used. MAX427
I8 can be neglected.
Linear .
- Used in rugged servo-feed-
\é?f;gglr?ti ol <1500Q  back applications. Bandwidth
Transformer of interest is 400Hz to 5kHz.
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MAX427/MAX437

Ultra-Low Noise, High-Precision Op Amps
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Low Noise, High-Precision Op Amps

Chip Topography
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MAX427/MAX437

Ultra-Low Noise, High-Precision Op Amps
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Octal, 13-Bit VVoltage-Output DAC

General Description

The MAX547 contains eight 13-bit, voltage-output digital-to-
analog converters (DACs). On-chip precision output ampli-
fiers provide the voltage outputs. The MAX547 operates
from a £5V supply. Bipolar output voltages with up to +4.5V
voltage swing can be achieved with no external compo-
nents. The MAX547 has four separate reference inputs;
each is connected to two DACs, providing different full-
scale output voltages for every DAC pair.

The MAX547 features double-buffered interface logic with a
13-bit parallel data bus. Each DAC has an input latch and a
DAC latch. Data in the DAC latch sets the output voltage. The
eight input latches are addressed with three address lines.
Data is loaded to the input latch with a single write instruction.
An asynchronous load (LD ) input transfers data from the
input latch to the DAC latch. The four LD_ inputs each control
two DACs, and all DAC latches can be updated simultane-
ously by asserting all LD_ pins. An asynchronous clear (CLR)
input resets the output of all eight DACs to AGND _. Asserting
CLR resets both the DAC and the input latch to bipolar zero
(1000hex). On power-up, reset circuitry performs the same
function as CLR. All logic inputs are TTL/CMOS compatible.

The MAX547 is available in 44-pin plastic quad flat pack
and 44-pin PLCC packages.

Applications

Automatic Test Equipment

with Parallel Interface

Features

Full 13-Bit Performance without Adjustments

8 DACs in One Package

Buffered Voltage Outputs

Calibrated Linearity

Guaranteed Monotonic to 13 Bits

15V Supply Operation

Unipolar or Bipolar Outputs Swing to 4.5V

Fast Output Settling (5us to +%,LSB)

Double-Buffered Digital Inputs

Asynchronous Load Inputs Load Pairs of DAC Latches

Asynchronous CLR Input Resets DACs to Analog
Ground

Power-On Reset Circuit Resets DACs to Analog Ground
¢ Microprocessor and TTL/CMOS Compatible

Ordering Information

* S & 6 6 O O > oo

<

Minimum Component-Count Analog Systems
Digital Offset/Gain Adjustment
Arbitrary Function Generators
Industrial Process Controls
Avionics Equipment

PART TEMP. RANGE PIN-PACKAGE (nglé's)
MAX547ACQH  0°C to +70°C 44 PLCC +2
MAX547BCQH  0°C to +70°C 44 PLCC +4
MAX547ACMH  0°C to +70°C 44 Plastic FP +2
MAX547BCMH  0°C to +70°C 44 Plastic FP +4
MAX547BC/D 0°Cto +70°C Dice* +4

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Pin Configurations
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N XIWV Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800
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MAX547

Octal, 13-Bit Voltage-Output
DAC with Parallel Interface

ABSOLUTE MAXIMUM RATINGS

VDD to GND
VSS to GND

Digital Input Voltage to GND ............
.......................................... (AGND_ - 0.3V) to (Vpp + 0.3V)
(Vss - 03V) to (VDD + 03V)

Maximum Current into Any Other Signal Pin ................... +50mA

-0.3V to (VDD + 03V)

-0.3Vto +6V
-6V to +0.3V

MAX547_E_H
Storage Temperature Range
Lead Temperature (soldering, 10sec)

Continuous Power Dissipation (Tp = +70°C)
PLCC (derate 13.33mW/°C above +70°C)
Plastic FP (derate 11.11mW/°C above +70°C)

Operating Temperature Ranges
MAX547_C_H

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress rat-
ings only, and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of
the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(Vpp = +5V, Vgg = -5V, REF_ = 4.096V, AGND_ = GND = 0V, R = 10kQ, C_ = 50pF, Tp = Tyn t0 Tyax, unless otherwise noted.

Typical values are at Ty = +25°C.)

PARAMETER ’ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
STATIC PERFORMANCE—ANALOG SECTION
Resolution N 13 Bits
Relative Accuracy INL MAXSATA =0. 2 LSB
MAX547B + +4
Differential Nonlinearity DNL Guaranteed monotonic +1 LSB
Bipolar Zero-Code Error +5 +20 LSB
Gain Error +1 +8 LSB
o ) AGain/AVpp (Note 1) +0.0025
Power-Supply Rejection Ratio PSRR - %I%
AGain/AVgg (Note 1) +0.0025
Load Regulation R = o to 10kQ 0.3 LSB
REFERENCE INPUT (Note 2)
Reference Input Range REF (Notes 2, 3) AGND_ VbD \
Reference Input Resistance RREF Each REF_ pin (Note 3) 5 kQ
ANALOG OUTPUT
Maximum Output Voltage Vpp - 0.5 \%
Minimum Output Voltage Vss + 0.5 \
DYNAMIC PERFORMANCE—ANALOG SECTION
Voltage-Output Slew Rate 3 Vlius
Output Settling Time To il/z LSB of full scale (Note 4) 5 us
Digital Feedthrough 5 nv-s
Digital Crosstalk 5 nv-s
DIGITAL INPUTS (Vpp = 5V +5%)
Input Voltage High VIH 2.4 \
Input Voltage Low VIL 0.8 \%
Input Current 1IN ViN =0V or Vpp 1.0 HA
Input Capacitance CIN (Note 5) 10 pF

MAXIV



Octal, 13-Bit Voltage-Output
DAC with Parallel Interface

ELECTRICAL CHARACTERISTICS (continued)
(Vpp = +5V, Vgg = -5V, REF_ = 4.096V, AGND_ = GND = 0V, R = 10kQ, C; = 50pF, Tp = Ty t0o Tyax, unless otherwise noted.
Typical values are at Ty = +25°C.)

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS

POWER SUPPLIES

Positive Supply Range Vbp (Note 6) 4.75 5.25 \Y
Negative Supply Range Vss (Note 6) -5.25 -4.75 \Y
Positive Supply Current IpD Ta = TMIN to TMAX 14 44 mA
Negative Supply Current Iss Ta = TMmIN t0o TMAX 11 40 mA

Note 1: PSRR is tested by changing the respective supply voltage by +5%.

Note 2: For best performance, REF_ should be greater than AGND_ + 2V and less than Vpp - 0.6V. The device operates with
reference inputs outside this range, but performance may degrade. For further information on the reference, see the
Reference and Analog-Ground Inputs section in the Detailed Description.

Note 3: Reference input resistance is code dependent. See Reference and Analog-Ground Inputs section in the Detailed
Description.

Note 4: Typical settling time with 1000pF capacitive load is 10ys.

Note 5: Guaranteed by design. Not production tested.

Note 6: Guaranteed by supply-rejection test.

TIMING CHARACTERISTICS
(Vpp = +5V, Vgg = -5V, REF_ = 4.096V, AGND_ = GND = 0V, Tp = Ty to Tyyax, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CS Pulse Width Low 1 50 ns
WR Pulse Width Low 2 50 ns
LD_ Pulse Width Low t3 50 ns
CLR Pulse Width Low ta 100 ns
CS Low to WR Low t5 0 ns
CS High to WR High te 0 ns
Data Valid to WR Setup t7 50 ns
Data Valid to WR Hold tg 0 ns
Address Valid to WR Setup tg 10 ns
Address Valid to WR Hold tio 0 ns

MAXIM 3
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MAX547

Octal, 13-Bit Voltage-Output
DAC with Parallel Interface

Typical Operating Characteristics

(Vpp =5V, Vgg = -5V, REF_ = 4.096V, AGND_ = GND = 0V, Tp = +25°C, unless otherwise noted.)

RELATIVE ACCURACY RELATIVE ACCURACY vs. SUPPLY CURRENT
vs. DIGITAL INPUT CODE REFERENCE VOLTAGE vs. TEMPERATURE
05 3 N : 2
04 5 \ £ 15 —— g
3 02 ’ g’ N S o :
T o2 ' 3 E
&) S \ =
g o1 2 1 g o
2 ) o
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= = o _5
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T 03 4 I
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DIGITAL INPUT CODE (DECIMAL)
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+ NOISE AT DAC OUTPUT + NOISE AT DAC OUTPUT SETTLING TIME
vs. REFERENCE FREQUENCY vs. REFERENCE FREQUENCY vs. LOAD CAPACITANCE
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S 6 [~ 2v100mv \ S 2V £2V = 30
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Octal, 13-Bit Voltage-Output
DAC with Parallel Interface

Typical Operating Characteristics (continued)

(Vpp =5V, Vgg = -5V, REF_ = 4.096V, AGND_ = GND = 0V, Tp = +25°C, unless otherwise noted.)

MAXIM

POWER-SUPPLY REJECTION RATIO
vs. FREQUENCY

POSITIVE SETTLING TIME TO FULL-SCALE STEP
(ALL BITS OFF TO ALL BITS ON)

DIGITAL

e —————— INPUTS
(5V/div)

OUTPUT

e ——— (1mV/div)

2us/div
REF_=4.096V, C = 100pF, R = 5kQ

DYNAMIC RESPONSE
(ALL BITS OFF, ON, OFF)

DIGITAL

(5V/div)

OUTPUT
(2vidiv)

2us/div
REF_ = 4.096V, C_ = 100pF, R = 5kQ

FULL-SCALE ERROR
vs. LOAD RESISTANCE

" [T HHHHI L - M 1]
101 vpp =| vss| = 5v £200mv y i 15 NEGATIVE :
20 | NoLoaAD //? : 10 ULL-SCALE :
= -30 HH' y ': @ 05 e
=3 Vss | 4 i/ Vop = \\5_
g 0 o g 0 7
Y ; i // B s REF_ = 4.006V
ul I
-60 ] // g L0 [~/ TPosiTIvE
2 Al 1s FULL-SCALE
-80 -2.0 ‘
001 01 1 10 100 1000 1 10 100 1000
FREQUENCY (kHz) LOAD RESISTANCE (kQ)

NEGATIVE SETTLING TIME TO FULL-SCALE STEP
(ALL BITS ON TO ALL BITS OFF)

DIGITAL
INPUTS
(5V/div)

OUTPUT
(AmV/div)

2us/div
REF_=4.096V, C_ = 100pF, R = 5kQ

DIGITAL FEEDTHROUGH
(GLITCH IMPULSE)

200ns/div

TOP: DIGITAL TRANSITION ON ALL DATA BITS
BOTTOM: DAC OUTPUT WITH WR HIGH 10mV/div
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MAX547

Octal, 13-Bit Voltage-Output
DAC with Parallel Interface

Typical Operating Characteristics (continued)
(Vpp =5V, Vgg = -5V, REF_ = 4.096V, AGND_ = GND = 0V, Tp = +25°C, unless otherwise noted.)

ADJACENT-CHANNEL CROSSTALK ADJACENT-CHANNEL CROSSTALK

A
5Vidiv

5mV/div

500ns/div 500ns/div
REF_ = 4.096V, C, = 50pF, R, = 10kQ REF_ = 4.096V, C, = 50pF, R, = 10kQ
A: DIGITAL INPUTS, DAC A, DATABITS from ALL Os to OAAANex A: DIGITAL INPUTS, DAC A, DATA BITS from OAAAhex to ALL Os
B: OUTPUT, DAC B B: OUTPUT, DAC B

Pin Description

PIN
NAME FUNCTION
PLCC | frAr
1 39 TR Clear Input (active low). Driving this asynchronous input low sets the content of all latches to
1000hex. All DAC outputs are reset to AGND _.
2 40 AGNDCD | Analog Ground for DAC C and DAC D
41 REFCD Reference Voltage Input for DAC C and DAC D. Bypass to AGNDCD with a 0.1uF to 1uF capacitor.
442 42,36 Vss Negative Power Supply, -5V (2 .pins). Connect both pins_ to the supply voltage. Bypass each pin
to the system analog ground with a 0.1uF to 1uF capacitor.
5 43 VOUTD DAC D Output Voltage
6 44 VOUTC DAC C Output Voltage
7 1 VOUTB DAC B Output Voltage
8 VOUTA DAC A Output Voltage
9,37 331 VoD Positive Power Supply, 5V (2' pins). Connect both pin_s to the supply voltage. Bypass each pin to
the system analog ground with a 0.1pF to 1puF capacitor.
10 4 REFAB Reference Voltage Input for DAC A and DAC B. Bypass to AGNDAB with a 0.1uF to 1uF capacitor.
11 5 AGNDAB | Analog Ground for DAC A and DAC B
12 6 DAB Load Input (active Iow)_. Driving this asynchronous input low transfers the contents of input latches
A and B to the respective DAC latches.
13 7 Hs]elh) Load Input (active Iow)_. Driving this asynchronous input low transfers the contents of input latches
C and D to the respective DAC latches.
14 8 CS Chip Select (active low)
15 9 WR Write Input (active low). WR, along with CS, loads data into the DAC input latch selected by A0-A2.
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Octal, 13-Bit Voltage-Output

DAC with Parallel Interface

Pin Description (continued)

PIN
PLCC kaé:; NAME FUNCTION
16 10 A2 Address Bit 2
17 11 Al Address Bit 1
18 12 A0 Address Bit 0
19-31 13-25 D12-DO Data Bits 12-0
32 26 DEF Load Input (active Iow_). Driving this asynchronous input low transfers the contents of input latches
E and F to the respective DAC latches.
33 27 ibch Load Input (active Iow): Driving this asynchronous input low transfers the contents of input latches
G and H to the respective DAC latches.
34 28 GND Digital Ground
35 29 AGNDGH | Analog Ground for DAC G and DAC H
36 30 REFGH Reference Voltage Input for DAC G and DAC H. Bypass to AGNDGH with a 0.1pF to 1uF capacitor.
38 32 VOUTH DAC H Output Voltage
39 33 VOUTG DAC G Output Voltage
40 34 VOUTF DAC F Output Voltage
41 35 VOUTE DAC E Output Voltage
43 37 REFEF Reference Voltage Input for DAC E and DAC F. Bypass to AGNDEF with a 0.1pF to 1pF capaci-
44 38 AGNDEF Analog Ground for DAC E and DAC F

Detailed Description

Analog Section
The MAX547 contains eight 13-bit, voltage-output
DACs. These DACs are “inverted” R-2R ladder net-
works that convert 13-bit digital inputs into equivalent
analog output voltages, in proportion to the applied ref-
erence voltages. The MAX547 has one reference input
(REF_) and one analog-ground input (AGND_) for each
pair of DACs. The four REF_ inputs allow different full-
scale output voltages for each DAC pair, and the four
AGND _ inputs allow different offset voltages for each
DAC pair.

The DAC ladder outputs are buffered with op amps that
operate with a gain of two. The inverting node of the
amplifier is connected to the respective reference
input, resulting in bipolar output voltages from -REF_ to
4095/4096 REF_. Figure 1 shows the simplified DAC
circuit.

MAXIM

REF_

AGND_

out

Figure 1.

DAC Simpilified Circuit Diagram
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MAX547

Octal, 13-Bit Voltage-Output
DAC with Parallel Interface

Reference and Analog-Ground Inputs
The REF_ inputs can range between AGND_ and Vpp.
However, the DAC outputs will operate to Vpp - 0.6V
and Vgg + 0.6V, due to the output amplifiers’ voltage-
swing limitations. The AGND_ inputs can be offset by
any voltage within the supply rails. The offset-voltage
potential must be lower than the reference-voltage
potential. For more information, refer to the Digital Code
and Analog Output Voltage section in the Applications
Information.

The input impedance of the REF_ inputs is code depen-
dent. It is at its lowest value (5kQ min) when the input
code of the referring DAC pair is 0 1010 1010 1010
(OAAAhex). Its maximum value, typically 50kQ, occurs
when the code is 0000hex. When all reference inputs are
driven from the same source, the minimum load imped-
ance is 1.25kQ. Since the input impedance at REF_ is
code dependent, load regulation of the reference used is
important. For more information, see Reference
Selection in the Applications Information section.

The input capacitance at REF_ is also code dependent,
and typically varies from 125pF to 300pF. Its minimum
value occurs when the code of the referring DAC pair is
set to all Os. It is at its maximum value with all 1s on both
DACs.

Output Buffer Amplifiers
The MAX547’s voltage outputs are internally buffered
by precision gain-of-two amplifiers with a typical slew
rate of 3V/us. With a full-scale transition at its output,
the typical settling time to +%,LSB is 5us when loaded
with 10kQ in parallel with 50pF, or 6us when loaded
with 10kQ in parallel with 100pF.

Digital Inputs and Interface Logic
All digital inputs are compatible with both TTL and
CMOS logic. The MAX547 interfaces with microproces-
sors using a data bus at least 13 bits wide. The inter-
face is double buffered, allowing simultaneous update
of all DACs. There are two latches for each DAC (see
Functional Diagram): an input latch that receives data
from the data bus, and a DAC latch that receives data
from the input latch. Address lines A0, Al, and A2
select which DAC's input latch receives data from the
data bus, as shown in Table 1. Transfer data from the
input latches to the DAC latches by asserting the asyn-
chronous LD_ signal. Each DAC’s analog output
reflects the data held in its DAC latch. All control inputs
are level triggered.

Data can be latched or transferred directly to the DAC.
CS and WR control the input latch and LD_ transfers
information from the input latch to the DAC latch. The
input latch is transparent when CS and WR are low, and

8

Table 1. MAX547 DAC Addressing
A2 Al AO FUNCTION
DAC A input latch
DAC B input latch
DAC C input latch
DAC D input latch
DAC E input latch
DAC F input latch
DAC G input latch
DAC H input latch

PRI O|lO|O|O
PRI O|O|(FRr|FL|IO|O

P O|FRP| O(FR,|O|lFL|O

TO INPUT LATCH OF DAC H

3

TO INPUT LATCH OF DAC G

T

YYYYY

TO INPUT LATCH OF DAC F

TO INPUT LATCH OF DAC E

| ->TOINPUT LATCH OF DAC D
] >TOINPUT LATCH OF DAC C

TO INPUT LATCH OF DAC B

] >TO INPUT LATCH OF DAC A

T
AO@

cs

[

WR

LDGH [ TO DAC LATCHES OF DAC G AND DAC H

LDEF ({70 DAC LATCHES OF DAC E AND DAC G

LDCD {70 DAC LATCHES OF DAC C AND DAC D

LDAB ({70 DAC LATCHES OF DAC C AND DAC B
CIR TO ALL INPUT AND DAC LATCHES

Figure 2. Input Control Logic

the DAC latch is transparent when LD_ is low. The
address lines (A0, A1, A2) must be valid throughout the
time CS and WR are low (Figure 3). Otherwise, the data
can be inadvertently written to the wrong DAC. Data is
latched within the input latch when either CS or WR is
high. Taking LD_ high latches data into the DAC latches.

If LD_ is brought low when WR and CS are low, it must
be held low for t3 or longer after WR and CS are high
(Figure 3).

Pulling the asynchronous CLR input low sets all DAC
outputs to a nominal 0V, regardless of the state of CS,
WR, and LD_. Taking CLR high latches 1000hex into
all input latches and DAC latches.

MAXIMN




Octal, 13-Bit Voltage-Output
DAC with Parallel Interface

Table 2. Interface Truth Table

CLR | LD_ | WR CS FUNCTION
1 0 0 0 Both latches transparent
1 1 1 X Both latches latched
1 1 X 1 Both latches latched
1 X 0 0 Input latch transparent
1 X 1 X Input latch latched
1 X X 1 Input latch latched
1 0 X X DAC latch transparent
0 X X X All input and DAC latches at
1000hex, outputs at AGND_
CS
5 [— —> t
o — ) ——>
WR
to
t1o
A0-A2
t7 tg
DO-D12

A

t3 —>»
[t ——]

NOTES:

1

2.

3.

ALL INPUT RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF
+5V. t, =t = 5ns.

MEASUREMENT REFERENCE LEVEL IS
(Vinm + VINL)/2.

IF LD_IS ACTIVATED WHILE WR IS LOW THEN LD_ MUST STAY LOW
FOR tg OR LONGER AFTER WR GOES HIGH.

Figure 3. Write-Cycle Timing

MAXIM

Applications Information

Multiplying Operation
The MAX547 can be used for multiplying applications.
Its reference accepts both DC and AC signals. The volt-
age at each REF_ input sets the full-scale output voltage
for its respective DACs. Since the reference inputs
accept only positive voltages, multiplying operation is
limited to two quadrants. Do not bypass the reference
inputs when applying AC signals to them. Refer to the
graphs in the Typical Operating Characteristics for
dynamic performance of the DACs and output buffers.

Digital Code and Analog Output Voltage
The MAX547 uses offset binary coding. A 13-bit twos-
complement code can be converted to a 13-bit offset
binary code by adding 212 = 4096.

Bipolar Output Voltage Range (AGND_ = 0V)
For symmetrical bipolar operation, tie AGND_ to the
system ground. Table 3 shows the relationship between
digital code and output voltage. The following para-
graphs give a detailed explanation of this mode.

The DAC ladder output voltage (Vpac) is multiplied by
2 and level shifted by the reference voltage, which is
internally connected to the output amplifiers (Figure 1).
Since the feedback resistors are the same size, the
amplifier's output voltage is 2 times the voltage at its
noninverting input, minus the reference voltage.

VOUT = 2(Vpac)-REF_
where VDAC is the voltage at the amplifier's noninvert-

ing input (DAC ladder output voltage), and REF_ is the
voltage applied to the reference input of the DAC.

With AGND_ connected to the system ground, the DAC
ladder output voltage is:

D D
Vpac = 2—n (REF.) = 2? (REF.)
where D is the numeric value of the DAC’s binary input

code and n is the DAC’s resolution (13 bits). Replace
Vpac in the equation and calculate the output voltage.

VOUT _

2 EZ%E(REF_) - REF_

REF. o2 _10 = REF. A2 __1]
~ B 15 ~Haooe l%

D ranges from 0 (29) to 8191 (213 - 1).

o1 0

1LSB = REF_BME

LYSXVIN
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Octal, 13-Bit Voltage-Output
DAC with Parallel Interface

Table 3. MAX547 Bipolar Code Table

Table 4. MAX547 Positive Unipolar Code Table

(AGND_ = 0V) (AGND_=REE)
INPUT OUTPUT INPUT OUTPUT
4095 8191
111111111 1111 +REF (4096 ) 1111111111111 +REF—( 8192 )
1 10000 0000 0000 +REF_/2
1 0000 0000 0001 +REF
2096 0 0000 0000 0000 ov

1 0000 0000 0000 ov
1
011111111 1111 REF (4096 )
4095
0 0000 0000 0001 REF_ ( 1058 )
0 0000 0000 0000 -REF_
1pF W
Vpp Vbp

REFAB

14F

I|F{ F4»
&

AGNDAB 17
- - VOUTB
N [ AV\Af—IjJV\Ai:l__’>
R2 DACB +

€L NI
MAX547

Vss Vss
1pF 1pF
|
|

Tl

DIGITAL INPUTS NOT SHOWN.

'
o ——g
< »

NOT ALL DACS SHOWN.

Figure 4. Offsetting AGND_

Positive Unipolar Output Voltage Range

(AGND_ = REF_/2)

For positive unipolar output operation, set AGND_ to

(REF_/2). For example, if you use Figure 4's circuit with,

a 4.096V reference and offset AGND_ by 2.048V with

matched resistors (R1 = R2) and an op amp, it results in

a 0V to 4.0955V (nominal) unipolar output voltage,

where 1LSB = 500uV. In general, the maximum current
flowing out of any AGND_ pin is given by:

CREF_ - AGND_U

laGND_ = 50

10

Customizing the Output Voltage Range
The AGND _ inputs can be offset by any voltage within the
supply rails if the voltage at the referring REF_ input is
higher than the voltage at the AGND_ input. Select the
reference voltage and the voltage at AGND_ so the
resulting output voltages do not come within +0.6V of the
supply rails. Figure 4’s circuit shows one way to add posi-
tive offset to AGND_; make sure that the op amp used
has sufficient current-sink capability to take up the
remaining AGND__ current:

CREF_ - AGND_U
5kQ

Another way is to digitally offset AGND_ by connecting
the output of one DAC to one or more AGND_ inputs. Do
not connect a DAC output to its own AGND_ input.

Table 5 summarizes the relationship between the refer-
ence and AGND_ potentials and the output voltage in
the different modes of operation.

laGND_ =

Power-Supply Sequencing
The sequence in which the supply voltages come up is
not critical. However, we recommend that on power-up,
Vgg comes up first, Vpp next, followed by the reference
voltages. If you use other sequences, limit the current
into any reference pin to 10mA. Also, make sure that
Vgg is never more than 300mV above ground. If there is
a risk that this can occur at power-up, connect a
Schottky diode between Vg5 and GND, as shown in
Figure 5. We recommend that you not power up the
logic input pins before establishing the supply volt-
ages. If this is not possible and the digital lines can
drive more than 10mA, you should place current-limit-
ing resistors (e.g., 470Q) in series with the logic pins.

Reference Selection

If you want a 2.5V full-scale output voltage swing, you
can use the MAX873 reference. It operates from a sin-
gle 5V supply and is specified to drive up to 10mA.
Therefore, it can drive all four reference inputs simulta-
neously. Because the maximum load impedance can
vary from 1.25kQ to 12.5kQ (four reference inputs in
parallel), the reference load current ranges from 2mA to
0.2mA (1.8mA maximum load step). The MAX873’s

MAXIMN




Octal, 13-Bit Voltage-Output
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Table 5. Reference, AGND_ and Output Relationships

POSITIVE UNIPOLAR
PARAMETER B'PCZ/L@ESP?FSC)T ION OPERATION CUSTOM OPERATION
-= (AGND_ = REF_/2)
Bipolar Zero Level, or REE
Unipolar Mid-scale, AGND_ (=0V) AGND_ (: T_) AGND_
(Code = 1000000000000)
Differential Reference Voltage REF. REF_/2 REF. - AGND._
(VDR)
Negative Full-scale Output ) B
(Code = All 0s) REF_ ov AGND_ - VDR
Positive Full-Scale Output 4095 8191 4095
REF 8191 ) (Rer v
(Code = All 1s) ( 4096) ( —) ( 8192) ( —) AGND _ + ( 4096 ) ( DR)
. REF_ REF_ VDR
LSB Weight 4096 ( 8192 ) 4096
VOUT_ as a Function of D D D
- -1) (rer REF B___1)(v
Digital Code (D, O to 8191) ( 4096 ) ( —) ( 8192) ( —) AGND _+ (4096 ) ( DR)

load regulation is specified to 20ppm/mA max over
temperature, resulting in a maximum error of 36ppm
(90uV). This corresponds to a maximum error caused
by reference load regulation of only 0.147LSB
[0.1470LSB = 90uV/(5V/8192)LSB] over temperature.

If you want a +4.096V full-scale output swing (1LSB =
1mV), you can use the calibrated, low-drift, low-dropout
MAX676. Operating from a 5V supply, it is fully speci-
fied to drive two REF_ inputs with less than 60.4uV error
(0.0604LSB) over temperature, caused by the maxi-
mum load step.

Reference Buffering
Another way to obtain high accuracy is to buffer a refer-
ence with an op amp. When driving all reference inputs
simultaneously, keep the closed-loop output imped-
ance of the op amp below 0.03Q to ensure an error of
less than 0.1LSB. The op amp must also drive the
capacitive load (typically 500pF to 1200pF).

Each reference input can also be buffered separately
by using the circuit in Figure 6. A reference load step
caused by a digital transition only affects the DAC pair
where the code transition occurs. It also allows the use
of references with little drive capability. Keep the
closed-loop output impedance of each op amp below
0.12Q, to ensure an error of less than 0.1LSB. Figure 6
shows the op amp’s inverting input directly connected
to the MAX547’s reference terminal. This eliminates the

MAXIM

Vss Vss

NAXIM
MAX547

1N5817

GND

SYSTEM GND L

Figure 5. Optional Schottky Diode between Vss and GND

influence of board lead resistance by sensing the volt-
age with a low-current path sense line directly at the
reference input.

Adding feedback resistors to individual reference
buffer amplifiers enables different reference voltages to
be generated from a single reference.
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_Ordering Information (continued)

INL

PART TEMP. RANGE PIN-PACKAGE (LSBs)
MAX547AEQH -40°C to +85°C 44 PLCC +2
MAX547BEQH -40°C to +85°C 44 PLCC +4
MAX547AEMH -40°C to +85°C 44 Plastic FP +2
MAX547BEMH -40°C to +85°C 44 Plastic FP +4

Figure 6. Reference Buffering

Power-Supply Bypassing and

Ground Management

For optimum performance, use a multilayer PC board

with an unbroken analog ground. For normal opera-

tion, when all AGND_ pins are at the same potential,

connect the four AGND_ pins directly to the ground

plane or connect them together in a “star” configura-

tion. The center of this star point is a good location to

connect the digital system ground with the analog
ground.

If you are using a single common reference voltage,
you can connect the reference inputs together using a
“star” configuration. If you are using DC reference volt-
ages, bypass each reference input with a 0.1uF to 1pF
capacitor to AGND _.

12
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Functional Diagram

Vop REFAB REFCD REFEF  REFGH
9,37 10 3| w|  m
NV T_
i & voura
—N weut —N  pac :>| DACA X i
— LATCH/‘\ —— LATCH/;\ A o 1 aonDaB
i 1 T_ vous
LN weut —N  pac :>| DACE B -
—| LATCHB —| LATCHB A
% == Wy Wv—‘
i 6 vourc
L\ weur —N DAc :>| DACC N ;
—/ LATCHC‘ —/| LATCHC A e 2 AGNDCD
y i 1 5 voun
LN weut —N  pac DACD N i
—| LATcHD —/] LATCHD A
% == AN — ij
012—00/ DATA BUS L_»
a
o VOUTE
LN NPUT |—N  DAC :>| DACE .
—| LATCH E‘ /| LATCHE A o 4 \GNDEF
i 1 0 voute
—N INPUT —N  DAC DACE B ;
—/| LATCHF —| LATCHF A
<~ <% | "—MN_T/VW_J
- 39
o VOUTG
—N NPUT  —N  DAC :>| DACG 4
—| LATCHG —] LATCHG A 5 AGNDGH
7~ 4 =~ 1 ‘M
\ - 38
o VOUTH
LN et —N  DAC :>| DACH B
/| LATCHH ——/] LATCHH A
o MAXIM
os— CONTROL MAX547
WR LOGIC
16,18 1213 | 3233 1 4,4 34‘
L L
A0-A2 LDAB CR Vs GND
LDCD
LDEF
LDGH

Pin numbers shown for PLCC package.
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Chip Topography

VOUTC
VOUTD
AGNDCD
AGNDEF
VOUTE
VOUTF

REFAB
AGNDAB

.242"
7mm)

0.199"
(5.055mm)

TRANSISTOR COUNT: 8987
SUBSTRATE CONNECTED TO Vpp
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Package Information

DIM INCHES MILLIMETERS
MIN MAX MIN MAX
A2 A | 0.165 | 0.180 4.19 4.57

Al | 0100 | 0.110 | 2554 | 2.79
A2 | 0.145 | 0.156 | 368 | 3.96
A3 | 0.020 _ 0.51 _
* B | 0.013 | 0.021 | 0.33 0.53
1 Bl | 0026 | 0032 | 066 | 081
e Cc | 0009 [0011 | 023 | 028
7 D | 0685 | 0.695 | 17.40 | 17.65
D1 | 0.650 | 0.655 | 16.51 | 16.64
D2 | 0590 | 0.630 | 14.99 | 16.00
Bl B D3 0.500 REF 12.70 REF

* e 0.050 REF 1.27 REF
21-350A

| e s I e Y Y e N e Y e e Y N e I |

[}

N VA

Ty

A1
| NNy NN [y NNy N [ NN [ N [ Ny N N S i |
I L ——
=
B e E— e
)}
N

pg———»] L 44-PIN PLASTIC
-~ LEADED CHIP
- 5 A CARRIER
PACKAGE
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General Description

The MAX764/MAX765/MAX766 inverting switching regu-
lators are highly efficient over a wide range of load cur-
rents, delivering up to 1.5W. A unique, current-limited,
pulse-frequency-modulated (PFM) control scheme com-
bines the benefits of traditional PFM converters with the
benefits of pulse-width-modulated (PWM) converters.
Like PWM converters, the MAX764/MAX765/MAX766 are
highly efficient at heavy loads. Yet because they are PFM
devices, they use less than 120uA of supply current (vs.
2mA to 10mA for a PWM device).

The input voltage range is 3V to 16V. The output volt-
age is preset at -5V (MAX764), -12V (MAX765), or -15V
(MAX766); it can also be adjusted from -1V to -16V
using two external resistors (Dual Mode™). The maxi-
mum operating VIN - VourT differential is 20V.

These devices use miniature external components; their
high switching frequencies (up to 300kHz) allow for less
than 5mm diameter surface-mount magnetics. A stan-
dard 47pH inductor is ideal for most applications, so no
magnetics design is necessary.

An internal power MOSFET makes the MAX764/MAX765/
MAX766 ideal for minimum component count, low- and
medium-power applications. For increased output drive
capability or higher output voltages, use the
MAX774/MAX775/MAX776 or MAX1774, which drive an
external power P-channel MOSFET for loads up to 5W.

Applications

LCD-Bias Generators

Portable Instruments

LAN Adapters

Remote Data-Acquisition Systems
Battery-Powered Applications

Typical Operating Circuit

INAKXI WV

-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

Features

High Efficiency for a Wide Range of Load Currents
250mA Output Current

120pA Max Supply Current

5pA Max Shutdown Current

3V to 16V Input Voltage Range

-5V (MAX764), -12V (MAX765), -15V (MAX766),
or Adjustable Output from -1V to -16V

Current-Limited PFM Control Scheme

* & & o oo o

>

¢ 300kHz Switching Frequency
¢ Internal, P-Channel Power MOSFET

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX764CPA 0°C to +70°C 8 Plastic DIP
MAX764CSA 0°C to +70°C 8 SO
MAX764C/D 0°C to +70°C Dice*
MAX764EPA -40°C to +85°C 8 Plastic DIP
MAX764ESA -40°C to +85°C 8 SO
MAX764MJA -55°C to +125°C 8 CERDIP**
MAX765CPA 0°C to +70°C 8 Plastic DIP
MAX765CSA 0°C to +70°C 8 SO
MAX765C/D 0°C to +70°C Dice*
MAX765EPA -40°C to +85°C 8 Plastic DIP
MAX765ESA -40°C to +85°C 8 SO
MAX765MJA -55°C to +125°C 8 CERDIP**

Ordering Information continued on last page.
* Dice are tested at Tp = +25°C, DC parameters only.
**Contact factory for availability and processing to MIL-STD-883.

Pin Configuration

INPUT
3VTO 15V
I "
— LX

MAXIV
MAX764

OUTPUT
-5V

ON/OFF »———] SHDN

REF out

IREN

TL

@
=
o

11—

TOP VIEW
P
out
II INAXIM EI s
o le) e v
MAX765
sion [3] MAX766 o] v+
REF [4] 5] oo
DIP/SO

MAXIN

Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.
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-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

ABSOLUTE MAXIMUM RATINGS

VA0 GND .. -0.3Vto +17V
OUT to GND +0.5V to -17V
Maximum Differential (V+ to OUT)
REF, SHDN, FB to GND ..........

LX 0 VAo +0.3V to -21V

Continuous Power Dissipation (TA = +70°C)
Plastic DIP (derate 9.09mW/°C above +70°C) ............ 727mW
SO (derate 5.88mW/°C above +70°C)
CERDIP (derate 8.00mW/°C above +70°C)

Operating Temperature Ranges
MAX76_C_A
MAX76_E_A ...
MAX76_MJA

Maximum Junction Temperatures

0°C to +70°C
..-40°C to +85°C
-55°C to +125°C

_C_ ....+150°C
MAX76_MJA reeerennn#175°C
Storage Temperature Range -65°C to +160°C
Lead Temperature (soldering, 10S€C) ........ccccceereerrurennns +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

MAX764/MAX765/MAX766

(V+ =5V, ILoaD = OmA, Crer = 0.1uF, Ta = TmMIN to TmaX, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX |UNITS
MAX76_CIE 3.0 16.0
V+ Input Voltage Range V+ Vv
MAX76_M 35
Supply Current Is V+ =16V, SHDN < 0.4V 90 120
V+ =16V, SHDN > 1.6V 2 HA
Shutdown Current ISHDN
V+ =10V, SHDN > 1.6V 1 5
FB Trip Point 3V<V+ <16V -10 10 mV
MAX76_C +50
FB Input Current IFB MAX76_E +70 nA
MAX76_M +90
MAX764, -4.8V < Vour < 5.2V 150 260
Output Current and Voltage our MAX765C/E, -11.52V < Vour < 12.48V 68 120 A
(Note 1) MAX765M, -11.52V < Vour < 12.48V 50 120
MAX766, -14.40V < VourT < -15.60V 35 105
MAX76_C 1.4700 1.5 1.5300
Reference Voltage VREF MAX76_E 1.4625 15 1.5375 Vv
MAX76_M 1.4550 1.5 1.5450
i MAX76_C/E 4 10
REF Load Regulation OpA < IRer < 100pA - mV
MAX76_M 4 15
REF Line Regulation 3V<V+ <16V 40 100 uviv
Load Regulation (Note 2) OmA < ILoaD < 100mA 0.008 %/mA
Line Regulation (Note 2) 4V <V+ <6V 0.12 %IV
Efficiency (Note 2) 10mi’-\ < ILOAD < 100mA, | VouT = -5V 8 %
VIN =5V Vour = -15V 82
SHDN Leakage Current V+ =16V, SHDN = 0V or V+ +1 HA
SHDN Input Voltage High VIH 3V<V+ <16V 1.6 \
SHDN Input Voltage Low ViL 3V<sV+ <16V 0.4 \
2 NAXIV




-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

ELECTRICAL CHARACTERISTICS (continued)

(V+ =5V, ILoaD = OmA, Crer = 0.1uF, Ta = TmIN to TmAX, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX |UNITS

MAX76_C +5

LX Leakage Current ILX| + (V+) < 20V MAX76_E +10 MA
MAX76_M +30

LX On-Resistance IVoutl + (V+) = 10V 1.4 25 Q

Peak Current at LX IPEAK IVoutl| + (V+) = 10V 0.5 0.75 A

Maximum Switch On-Time toN 12 16 20 us

Minimum Switch Off-Time tOFE 1.8 2.3 2.8 us

Note 1: See Maximum Output Current vs. Supply Voltage graph in the Typical Operating Characteristics. Guarantees are based on
correlation to switch on-time, switch off-time, on-resistance, and peak current rating.
Note 2: Circuit of Figure 2.

Typical Operating Characteristics

(V+ =5V, Vout = -5V, Ta = +25°C, unless otherwise noted.)

MAX764 MAX765 MAX766
EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
100 B 100 p—r—rrrrm M 100
AL V=8V i
90 |- V+=5V Q) 90
- —
80 i) = 80 % 80
//’ > 0 A 0 el

g b g’ Vi =5y g’ V4 =5V

60 60 60
S Ve = 10V S <]
& 50 AT & 50 o 50
o o (xRl L S . °
] V4 = 15V ] [

30 30 30

20 20 20

0 CIRCUIT OF FIGURE 2 10 CIRCUIT OF FIGURE 2 10 CIRCUIT OF FIGURE 2

Vour = -5V 4% ouT = -12V 4% Vour = -15V 4%
0 1 I A e W AT 0 1T AT AT 0 [T B AR AR NRET]
0.1 1 10 100 1000 0.1 1 10 100 1000 0.1 1 10 100 1000
LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (MA)
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MAX764/MAX765/MAX766

-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

Typical Operating Characteristics (continued)
(V+ =5V, Vout = -5V, Ta = +25°C, unless otherwise noted.)

MAXIMUM OUTPUT CURRENT NO-LOAD SUPPLY CURRENT NO-LOAD SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE vs. TEMPERATURE
600 —T—T—T—T—TT 3 100 110 e
CIRCUIT OF FIGURE 2 g B 2 105 g
3 gl E Z :
<< 2 = E = H
E 500 . > - % 3 100
% Vour =-5V \‘5// E g E o5 V+ = 15V
2 & LT &
T 400 x — T 90
=) LA 5 85 S
o o L+ o 85
5 300 % 8o ] Z 80 -
= & & T ~
3 /| B 75 3 ° Vi =5V
3 a0 [/ 2 g
s LT N vour=-12v S 70 S 6
2 100 (24 ] 2 2
= “l 1 Z 65 =
Vour = -15V 55
0 | 60 50
3456 78 91011121314 1516 3456 78 91011121314 1516 60 -40 20 0 20 40 60 80 100 120 140
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
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-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

Typical Operating Characteristics (continued)
(V+ =5V, Vout = -5V, Ta = +25°C, unless otherwise noted.)
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MAX764/MAX765/MAX766

-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

Typical Operating Characteristics (continued)
(V+ =5V, Vout = -5V, Ta = +25°C, unless otherwise noted.)

TIME TO ENTER/EXIT SHUTDOWN LOAD-TRANSIENT RESPONSE

EoEEEREETE

ov

2ms/div 5ms/div
CIRCUIT OF FIGURE 2, V+ = 5V, I 0ap = 100mA, Vour = -5V CIRCUIT OF FIGURE 2, V+ = 5V, Vour = -5V
A Vour, 2Vidiv A: Vour, 50mV/div, AC-COUPLED
B: SHUTDOWN PULSE, OV TO 5V, 5V/div B: I.0AD, OMA TO 100mA, 100mA/div

DISCONTINUOUS CONDUCTION AT
LINE-TRANSIENT RESPONSE HALF AND FULL CURRENT LIMIT

e —— el

5ms/div Sps/div
CIRCUIT OF FIGURE 2, Vour = -5V, ILoap = 100mA CIRCUIT OF FIGURE 2, V+ = 5V, Vour = -5V, Ioap = 140mA
A: Vour, 50mV/div, AC-COUPLED A: OUTPUT RIPPLE, 100mV/div
B: V+, 5V T0 10V, 5V/div B: INDUCTOR CURRENT, 500mA/div

C: LX WAVEFORM, 10V/div
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-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

Typical Operating Characteristics (continued)
(V+ =5V, Vout = -5V, Ta = +25°C, unless otherwise noted.)

DISCONTINUOUS CONDUCTION AT CONTINUOUS CONDUCTION AT
HALF CURRENT LIMIT FULL CURRENT LIMIT

Sps/div Sps/div
CIRCUIT OF FIGURE 2, V+ = 5V, Vo = -5V, ILoap = 80mA CIRCUIT OF FIGURE 2, V+ =5V, Vour = -5V, ILoap = 240mA
A: OUTPUT RIPPLE, 100mV/div A: OUTPUT RIPPLE, 100mV/div
B: INDUCTOR CURRENT, 500mA/div B: INDUCTOR CURRENT, 500mA/div
C: LX WAVEFORM, 10V/div C: LX WAVEFORM, 10V/div
Pin Description
PIN NAME FUNCTION
1 ouT Sense Input for Fixed-Output Operation (VFB = VREF). OUT must be connected to Vour.
2 B Feedback Input. Connect FB to REF to use the internal voltage divider for a preset output. For adjustable-
output operation, use an external voltage divider, as described in the section Setting the Output Voltage.
Active-High Shutdown Input. With SHDN high, the part is in shutdown mode and the supply current is less
3 SHDN .
than 5pA. Connect to ground for normal operation.
4 REF 1.5V Reference Output that can source 100pA for external loads. Bypass to ground with a 0.1pF capacitor.
5 GND Ground
Positive Power-Supply Input. Must be tied together. Place a 0.1uF input bypass capacitor as close to
6,7 V+ . .
the V+ and GND pins as possible.
8 LX Drain of the Internal P-Channel Power MOSFET. LX has a peak current limit of 0.75A.

MAXIN 7
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MAX764/MAX765/MAX766

-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

1

COMPARATOR
/NAXIMN
MAX764
REF . MAX765
SHON ERROR MAX766
] COMPARATOR o _A4—*
AN out

15V

REFERENCE

Q TRIG
ONE-SHOT

L

’\EOM V+
| P

L/

TRIG Q R
ONE-SHOT

‘. |
CURRENT FROM OUT

COMPARATOR - LX

CURRENT

0.1v

(FULL (HALF

CONTROL CIRCUITS

CURRENT) CURRENT)

FROM V+

GND

Figure 1. Block Diagram

Detailed Description

Operating Principle
The MAX764/MAX765/MAX766 are BICMOS, inverting,
switch-mode power supplies that provide fixed outputs
of -5V, -12V, and -15V, respectively; they can also be
set to any desired output voltage using an external
resistor divider. Their unique control scheme combines
the advantages of pulse-frequency modulation (pulse
skipping) and pulse-width modulation (continuous puls-
ing). The internal P-channel power MOSFET allows
peak currents of 0.75A, increasing the output current
capability over previous pulse-frequency-modulation
(PFM) devices. Figure 1 shows the MAX764/MAX765/
MAX766 block diagram.

The MAX764/MAX765/MAX766 offer three main
improvements over prior solutions:

8

1) They can operate with miniature (less than 5mm
diameter) surface-mount inductors, because of their
300kHz switching frequency.

2) The current-limited PFM control scheme allows efficien-
cies exceeding 80% over a wide range of load currents.

3) Maximum quiescent supply current is only 120pA.

Figures 2 and 3 show the standard application circuits
for these devices. In these configurations, the IC is
powered from the total differential voltage between the
input (V+) and output (VouT). The principal benefit of
this arrangement is that it applies the largest available
signal to the gate of the internal P-channel power MOS-
FET. This increased gate drive lowers switch on-resis-
tance and increases DC-DC converter efficiency.

Since the voltage on the LX pin swings from V+ (when the
switch is ON) to |VouTl plus a diode drop (when the

MAXIN




-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

switch is OFF), the range of input and output voltages is
limited to a 21V absolute maximum differential voltage.

When output voltages more negative than -16V are
required, substitute the MAX764/MAX765/MAX766 with
Maxim’s MAX774/MAX775/MAX776 or MAX1774, which
use an external switch.

ViN
L[ :
—_— —] out v+
c1 C2
120pF 0.1uF MAXIMM
20V 3 MAX764 6
' ] maxzes v
= MAX766
2 8 D1
FB LX IN5817 Vour
4
REF
GND c4
c3 68F
0.1pF T 5 47pH 200 |+
= OUTPUT INPUT
PRODUCT VOLTAGE (V) | VOLTAGE (V)
MAX764 -5 3to 15
MAXT765 -12 3t08
MAX766 -15 3t05
Figure 2. Fixed Output Voltage Operation
ViN
(o3
120pF c2 1 7
20V |+ 0.1uF out V+
P —
MNAXIMN 6
SHON MAX764 v+
MAX765
MAX766 . Vour
D1
FB X 1N5817 11\2\1;:
REF
GND u N
68pF =—
5 47uH zsv T

Figure 3. Adjustable Output Voltage Operation

MAXI

PFM Control Scheme
The MAX764/MAX765/MAX766 use a proprietary, cur-
rent-limited PFM control scheme that blends the best
features of PFM and PWM devices. It combines the
ultra-low supply currents of traditional pulse-skipping
PFM converters with the high full-load efficiencies of
current-mode pulse-width modulation (PWM) convert-
ers. This control scheme allows the devices to achieve
high efficiencies over a wide range of loads, while the
current-sense function and high operating frequency
allow the use of miniature external components.

As with traditional PFM converters, the internal power
MOSFET is turned on when the voltage comparator
senses that the output is out of regulation (Figure 1).
However, unlike traditional PFM converters, switching is
accomplished through the combination of a peak cur-
rent limit and a pair of one-shots that set the maximum
on-time (16us) and minimum off-time (2.3us) for the
switch. Once off, the minimum off-time one-shot holds
the switch off for 2.3us. After this minimum time, the
switch either 1) stays off if the output is in regulation, or
2) turns on again if the output is out of regulation.

The MAX764/MAX765/MAX766 limit the peak inductor
current, which allows them to run in continuous-con-
duction mode and maintain high efficiency with heavy
loads. (See the photo Continuous Conduction at Full
Current Limit in the Typical Operating Characteristics.)
This current-limiting feature is a key component of the
control circuitry. Once turned on, the switch stays on
until either 1) the maximum on-time one shot turns it off
(16us later), or 2) the current limit is reached.

To increase light-load efficiency, the current limit is set to
half the peak current limit for the first two pulses. If those
pulses bring the output voltage into regulation, the volt-
age comparator holds the MOSFET off and the current
limit remains at half the peak current limit. If the output
voltage is still out of regulation after two pulses, the cur-
rent limit is raised to its 0.75A peak for the next pulse.
(See the photo Discontinuous Conduction at Half and Full
Current Limit in the Typical Operating Characteristics.)

Shutdown Mode
When SHDN is high, the MAX764/MAX765/MAX766
enter a shutdown mode in which the supply current
drops to less than 5pA. In this mode, the internal biasing
circuitry (including the reference) is turned off and OUT
discharges to ground. SHDN is a TTL/ICMOS-logic level
input. Connect SHDN to GND for normal operation.
With a current-limited supply, power-up the device while
unloaded or in shutdown mode (hold SHDN high until V+
exceeds 3.0V) to save power and reduce power-up cur-
rent surges. (See the Supply Current vs. Supply Voltage
graph in the Typical Operating Characteristics.)

99/ XVIN/GIOLXVIN/YILXVVIN



MAX764/MAX765/MAX766

-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

Modes of Operation
When delivering high output currents, the MAX764/
MAX765/MAX766 operate in continuous-conduction
mode. In this mode, current always flows in the induc-
tor, and the control circuit adjusts the duty-cycle of the
switch on a cycle-by-cycle basis to maintain regulation
without exceeding the switch-current capability. This
provides excellent load-transient response and high
efficiency.
In discontinuous-conduction mode, current through the
inductor starts at zero, rises to a peak value, then
ramps down to zero on each cycle. Although efficiency
is still excellent, the output ripple may increase slightly.

Design Procedure

Setting the Output Voltage
The MAX764/MAX765/MAX766’s output voltage can be
adjusted from -1.0V to -16V using external resistors R1
and R2, configured as shown in Figure 3. For
adjustable-output operation, select feedback resistor
R1 = 150kQ. R2is given by:

Vout

R2 = (R1) ‘

VREF
where VRer = 1.5V.
For fixed-output operation, tie FB to REF.

Inductor Selection
In both continuous- and discontinuous-conduction
modes, practical inductor values range from 22uH to
68uH. If the inductor value is too low, the current in the
coil will ramp up to a high level before the current-limit
comparator can turn off the switch, wasting power and
reducing efficiency. The maximum inductor value is not
critical. A 47uH inductor is ideal for most applications.

For highest efficiency, use a coil with low DC resis-
tance, preferably under 100mQ. To minimize radiated
noise, use a toroid, pot core, or shielded coil.
Inductors with a ferrite core or equivalent are recom-
mended. The inductor’s incremental saturation-current
rating should be greater than the 0.75A peak current
limit. It is generally acceptable to bias the inductor into
saturation by approximately 20% (the point where the
inductance is 20% below the nominal value).

Table 1 lists inductor types and suppliers for various
applications. The listed surface-mount inductors’ effi-
ciencies are nearly equivalent to those of the larger-
size through-hole inductors.

10

Diode Selection
The MAX764/MAX765/MAX766’s high switching fre-
quency demands a high-speed rectifier. Use a
Schottky diode with a 0.75A average current rating,
such as the 1N5817 or 1N5818. High leakage currents
may make Schottky diodes inadequate for high-temper-
ature and light-load applications. In these cases you
can use high-speed silicon diodes, such as the
MURZ105 or the EC11FS1. At heavy loads and high
temperatures, the benefits of a Schottky diode’s low for-
ward voltage may outweigh the disadvantages of its
high leakage current.

Capacitor Selection

Output Filter Capacitor
The primary criterion for selecting the output filter
capacitor (C4) is low effective series resistance (ESR).
The product of the inductor-current variation and the
output filter capacitor's ESR determines the amplitude
of the high-frequency ripple seen on the output voltage.
A 68pF, 20V Sanyo OS-CON capacitor with ESR =
45mQ (SA series) typically provides 50mV ripple when
converting from 5V to -5V at 150mA.

Output filter capacitor ESR also affects efficiency. To
obtain optimum performance, use a 68uF or larger,
low-ESR capacitor with a voltage rating of at least
20V. The smallest low-ESR surface-mount tantalum
capacitors currently available are from the Sprague
595D series. Sanyo OS-CON series organic semi-
conductors and AVX TPS series tantalum capacitors
also exhibit very low ESR. OS-CON capacitors are
particularly useful at low temperatures. Table 1 lists
some suppliers of low-ESR capacitors.

For best results when using capacitors other than those
suggested in Table 1 (or their equivalents), increase
the output filter capacitor's size or use capacitators in
parallel to reduce ESR.

Input Bypass Capacitor
The input bypass capacitor, C1, reduces peak currents
drawn from the voltage source and reduces the amount
of noise at the voltage source caused by the switching
action of the MAX764-MAX766. The input voltage
source impedance determines the size of the capacitor
required at the V+ input. As with the output filter
capacitor, a low-ESR capacitor is highly recommended.
For output currents up to 250mA, a 100uF to 120uF
capacitor with a voltage rating of at least 20V (C1) in
parallel with a 0.1uF capacitor (C2) is adequate in most
applications. C2 must be placed as close as possi-
ble to the V+ and GND pins.
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-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

Reference Capacitor
Bypass REF with a 0.1uF capacitor (C3). The REF out-
put can source up to 100pA for external loads.

Layout Considerations
Proper PC board layout is essential to reduce noise
generated by high current levels and fast switching
waveforms. Minimize ground noise by connecting
GND, the input bypass capacitor ground lead, and the

Table 1. Component Suppliers

output filter capacitor ground lead to a single point (star
ground configuration). Also minimize lead lengths to
reduce stray capacitance, trace resistance, and radiat-
ed noise. In particular, keep the traces connected to
FB and LX short. C2 must be placed as close as pos-
sible to the V+ and GND pins. If an external resistor
divider is used (Figure 3), the trace from FB to the resis-
tors must be extremely short.

Miniature Through-Hole RCH895 series

PRODUCTION METHOD INDUCTORS CAPACITORS DIODES
Sumida Matsuo
CD75/105 series 267 series )
Nihon
Coiltronics Sprague EC10QS02L (Schottky)
Surface Mount CTX series 595D/293D series
Coilcraft AVX EC11FS1 (high-speed silicon)
DT/D03316 series TPS series
Sumida Sanyo

OS-CON series (very low ESR) | Motorola

1N5817, 1N5818, (Schottky)

Low-Cost Through-Hole 2i;gg4 corios Eli_cgi;g; MUR105 (high-speed silicon)
SUPPLIER PHONE FAX
AVX USA: (803) 448-9411 (803) 448-1943
Coilcraft USA:  (708) 639-6400 (708) 639-1469
Coiltronics USA:  (407) 241-7876 (407) 241-9339
Matsuo USA: (714) 969-2491 (714) 960-6492
Japan: 81-6-337-6450 81-6-337-6456
Motorola USA:  (800) 521-6274 (602) 952-4190
Nichicon USA:  (708) 843-7500 (708) 843-2798
Japan: 81-7-5231-8461 81-7-5256-4158
Nihon USA:  (805) 867-2555 (805) 867-2556
Japan: 81-3-3494-7411 81-3-3494-7414
Renco USA:  (516) 586-5566 (516) 586-5562
Sanyo OS-CON g:;gn: E;611-322%G710_-61803055 53(311-322606716-11015754
Sprague Electric Co. USA:  (603) 224-1961 (603) 224-1430
Sumida USA: (708) 956-0666 (708) 956-0702
Japan: 81-3-3607-5111 81-3-3607-5144

MAXI
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MAX764/MAX765/MAX766

-5V/-12V/-15V or Adjustable,
High-Efficiency, Low IQ DC-DC Inverters

_Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE
MAX766CPA 0°C to +70°C 8 Plastic DIP
MAX766CSA 0°C to +70°C 8 SO
MAX766C/D 0°C to +70°C Dice*
MAX766EPA -40°C to +85°C 8 Plastic DIP
MAX766ESA -40°C to +85°C 8 SO
MAX766MJA -55°C to +125°C 8 CERDIP**

* Dice are tested at Tp = +25°C, DC parameters only.

**Contact factory for availability and processing to MIL-STD-883.

Chip Topography

0.145"
(3683um)
FB v+
V+
SHDN
REF GND Y
0.080"
(2032um)

TRANSISTOR COUNT: 443
SUBSTRATE CONNECTED TO V+

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600
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