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CD22413, CD22414 Types

CMOS Pulse Code
Modulation Sampled —
Data Filters

The RCA-CD22413 and CD22414 are
sampled-data, switched-capacitor fiiters
Intended for use in PCM CODEC systems
or other telecommunication systems re-
quiring band limiting. Transmit and receive
tilters in both devices are 5-pale elliptical
types, operating ata sample rate of 128 kHz,
In addition, the CD22413 contains a 3-pole
Chebyshev high-pass filter in the transmit
saction that provides 50/60 Hz and 15 Hz
rejaction. Both devices also include two op-
eratlonal amplifiers which may be used as
building blocks in a system.

A 50% duty-cycle clock on the convert--
clock input (CCl) determines the cutoff
frequencles for the filters. The cutoff fre-
quency (fo) is glven by the equation; f, =
0.02422 X Clock Frequency. Normally, the
clock frequency is 128 kHz for a cutoff fre-
quency of 3100 Hz. The master sync Input
(MSI) should be 8 kHz and have it's low-to-
high transition coincide with each new
PAM sample recelved at Receive-Filter-In
(RXI1). RXI wili accept 18% to 100% duty
cycle PAM at 8 kHz.

Timing and synchronization signals (CCI
and MSI) may be made elther TTL- or
CMOS-compatible through use of the
Logic-Shift Voltage (VLS) input. Specific
Input conditions are listed in the table of
Loglc-Shift-Voltage inputs. The analog
ground (VAG) should be held at approxi-
mately (Voo-Vss)/2, If VAG is within one volt
of Vooz the chip will be powered down. The
CD22413 is pin-compatible with the
MC14413; the CD22414 is pin-compatible
with the MC14414,

The CD22413 and CD22414 are supplied in
16-lead hermetic duai-in-line ceramic
packages (D and F suffix), 16-lead dual-in-
line plastic packages (E suffix), and chip
form (H suffix).
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TERMINAL ASSIGNMENTS

Preliminary Data

Features:
s Single supply (10V-16V) or dual supply oparation
® Transmit bandpass and receive low

pass filters (CD22413)
® Transmit and receive low pass lilters (CD22414)
u 30 mW (lyp.) operating power

Vop'!é Veg'® WM@sl
stcs-eear

FUNCTIONAL DIAGRAM

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo)

(Voltages referanced t0 Ves TEIMINGI) ..uvvveeerrerrreererrerraresssrorrosrisesees ~0.5t0+18YV
INPUT VOLTAGE RANGE, ALL INPUTS ....iviiiiiiivinrnnrsiansesssseesensess—=0510 Voo +05V
DC INPUT CURRENT, ANY ONE INPUT Verraerissrisasasiessaseiiiiaeriensianseensss 210 MA
POWER DISSIPATION PER PACKAGE (Po)

For Ta=-4010 +60°C (PACKAGE TYPEE) +vvvvvvvirriiicreerreriossssvsersensssnnss. 500 MW

For Ta = +60 to +86°C (PACKAGE TYPE E)............ Derate Linearly at 12 mW/°C to 200 mW

For Ta=~55 to +100°C (PACKAGE TYPES D, F) vuvuiecrennenrannes veeene cerreerensss . 500 MW

For Tao= +100 to +125°C (PACKAGE TYPES D, F) ..... Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)........c.ecer... 100 mW
OPERATING-TEMPERATURE RANGE (Ta)

PACKAGE TYPES D, F, H 1vuieiiriicaniinnnuninurusssaencinneresnensensseresss =55 to +125°C

PACKAGE TYPE Evvvvuviivinninnnriinsnunecsesssonseinesnannns tearienasararsess —40 to +85°C
STORAGE TEMPERATURE RANGE (Tug) +.vvvreenners Cererrerieiaianns TP v.«—65 to +150°C
LEAD TEMPERATURE (DURING SOLDERINQG):

At distance 1/16 £ 1/32 Inch (1,59 £ 0.79 mm) from €ase for 10 S MAX....veererrrseeess+265°C

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operatihg conditions should be selected so that operationis
always within the following ranges:

Terminal LIMITS
CHARACTERISTIC Designation| min, Typ, Max. | UNITS
DC Supply Voltage Voo - Vss 10 12 16 Vdc
{For Ta = Fuil Package
Temperature Range) i
Convent Clock Frequency CCl 50 128 400 kHz
Master Sync Frequency MSI — 8 32
TXI O__‘—" TRFAIETQE%W - o LF 4i4)
40 ™ — > -O T%0(c022413)
+A O—{+
A0 Or—eem——— | BIAS Q vae
AND
80 O—————— Sown
-B o___
+8 O— RECEIVE < O rul
FILTER
< 153
o O— 3 —_
Vpp O——— [— -0 wsT
TINING LEVEL SHIFT
Vgg OQ———oren——ro ~OvLs  s2cs-ssze

Fig. 1 - Block diagram of CD22413 and CD22414,
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CD22413, CD22414 Types
DIGITAL ELECTRICAL CHARACTERISTICS (Vss =0V, Ta =25°C)

i Voo LTMITS
CHARACTERISTIC Vde | Min. Typ. Max. | UNITS
Operating Current 1§12 - 25 3.5 mA
Power-Down Current, (PDI =Vss) lpo | 12 - 10 50 uA
Input Capacitance Cw | 12 —_ 5 7.5 pF

MODE CONTROL LOGIC LEVELS
) Voo CTMITS
CHARACTERISTIC Vde | Min. Typ. Max. | UNITS
VLS Power-Down Mode Vim | 12 11 - - v
15 14 — -
VLS TTL Mode 12 2 - 10 v
15 2 - 13
VLS CMOS Mode Vi | 12 - - 0.8 v
15 - — 0.8
VAQ Power-Down Mode Ve | 12 11 - — v
16 14 — —
VAQ Analog-Ground Mode Vi | 12 - - 8 v
18 — — 11
CMOS LOGIC LEVELS (VLS = Vgs)
Voo LIMITS
CHARACTERISTIC Vde | Min. Typ. Max. UNITS
Input Current Iin
CCl 12 = +0.00001 +0.3 A
MsI T Level | — | — 30 - .
(Internal Pulldown Resistors) 0" Level | — - -0.00001 -03
fnput Voltage CCl, MSI
"0" Level Vi 12 - 5.25 3.6
15 — 6.75 4 v
1" Level Vi | 12 8.4 6.75 -—
15 1 8.25 —
TTL LOGIC LEVELS (VLS =6V, Vas =0 V)
Voo LIMITS
CHARACTERISTIC Vdc | Min, Typ. Max. UNITS
Input Current lin
CCl 12 — +0.00001 +0.3
MSI 1" Level | — —_ 3 — UA
(Internal Pulidown Resistor) "0” Level | — — -0.00001 -0.3
input Voltage CCl, MSI
"0" Level Vie | 12 — — VLS +0.8 v
“1" Level Vih | 12 [VLS+2 — -
677
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CD22413, CD22414 Types
ANALOG ELECTRICAL CHARACTERISTICS (Voo = 12 V, Ta = 25°C)
LIMITS
CHARACTERISTIC Min. Typ. Max. | UNITS 4
Input Current, (RXI, TXI, VAG) I — +0.00001 | +0.03 Iy -
AC Input Impedance Zin :5
(1 kHz) (RXI, TXI, VAG) — 2 —_ MQ T:-,
Input Common Mode Vicr s, N
Voltage Range N
(TXI, RXI, +A, -A, +8, -B) 15 — 105 v
Input Offset Current lo ' _ L
(+A to-A, +B to -B) — +10 _— . |:,= 1EuT FREQUENEY e stes 35238
input Blas Current lie nA
(+A,-A, +8B,-B) - +0.10 1
Input Offset Voltage Vio Fig. 3 - Receive filter typical and minimum par-
(+A to ~-A, +B to ~B) — +10 + 95 mV formance for CD22413 or CD22414 with
Output Voltage Aange Vor sinx x corraction included.
(AQ, BO, TXO, LPO, RX0)
(R. = 20 kQ to VAG, Ra = =) 1.5 - 10.5 v
(R. = 600 Q to VAG, Ra = 1.6 kQ to Vap) 43 — 7.9
(R. = 900 Q2 to VAG, Ra = 1.8 kQ to Voo) 4 - 8.2
Small Signal Output Z
Impedance (1 kHz) (TXO CD22413) —_ 50 -
(LPO CD22414) - 50 - Q
(RX0) — 50 —
Output Current
{Vou = 11V). fou
(TXO, LPO, RXO, AO, BO) —_ -400 —_ HA
(Vo = 1V) lov
(TX0, LPO, RXO, AQ, BO) — 5 — mA
RECEIVE FILTER SPECIFICATIONS (Voo - Vee 12V, GGl = 128 kHz, MS! = 8 kHz.
Includes sinx x correction, Vis = 0 dBm0, full scale = +3 dBm0, 7 Ven Ta=25°C)
LTS
CHARACTERISTIC Min. Typ. Max. | UNITS | _
Galn (1020 Hz) -0.2 0 +0.2
Passband Ripple - 0.24 0.3 o /. Z
(60 Hz to 300 Hz) .
Out of Band Rajection See Note 1 dB8 L 1 \
3400 Hz - -0.8 -1.5 £ ° \‘
4000 to 4600 Hz -14 ~18.5 - 5
4800 to 64 kHz -30 -33 - > s
Qutput Noise See Note 2 - 10 15 dBrnc0 a
(RX! = VAG) )
Dynamic Range 78 83 — dB
Differential Group Delay o Theur rcauencr-e S
1160 to 2300 kHz Delay ' - 12 - 22 us
1000 to 2500 kHz Delay —_ 25 35
800 to 2700 kHz Delay — 31 41 Fig. 4 - Receive lilter typical and minimum

Note 1: Referenced to passband minimum. Note 2: Referenced to 8000.

passband performange for CD22413 or
CD22414,
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CD22413, CD22414 Types

TRANSMIT FILTER SPECIFICATIONS (Vop-Vee = 12V, CCl = 128 kHz
MSi = 8 kHz, Vis = 0 dBmO, full scale = +3 dBmO, 7 Vp-p, Ta = 25°)
LIMITS / & N
CHARACTERISTIC Min. Typ. Max. | UNITS g .
Gain (1020 Hz) -0.15 — +0.15 Z
Passband Ripple - 0.22 03 % / 98
(300 Hz to 3000 Hz) ) > nes
Rejection See Note 1 /
60 Hz CD22413 only -20 -24 —_ dB /
180 Hz CD22413 only — ~-0.6 -1
3400 Hz - -08 -15 Ot WeUT FREQUENGE He
92¢8- 33230
4000 to 4600 Hz -4 -155 - Fig. 5 - Transmit filter typical and minimum
4600 to 64 kHz ~-32 -33 - parformance for CD22413 or CD22414
Output Noise CD22413 - - - using Figs. 11 and 12.
(300 to 3400 Hz) CD22414 - 8 12 dBrncO
Dynamic Range - 81 87 - dB
(7 Vpp Max) o £
Differential Group Delay
1150 to 2300 kHz Delay - 12 22 us s A
1000 to 2500 kHz Delay — 25 35 | 25
800 to 2700 kHz Dslay — 31 41 1 \*
Note 1: Referenced to passband minimum, . E S
SWITCHING CHARACTERISTICS (Vop - Vas = 10 V, Ta = 25°C) 2

00 8 1%
fiN HPUT FREQUENCY-Hz
LIMITS Fig. 6 - Transmit filter typical and m:';;r:;:: .
CHARACTERISTIC Min. Typ. Max. | UNITS passband performance for CD22413 or
Input Rise and Fall Time, t, & CCl, Ms!i — — 4 us CD22414 using Figs. 11 or 12.
Pulse Width, twu CCl, MXI 100 50 — ns
Clock Pulse Frequency, fc [e]e]] 50 — 500 kHz
Set Up Time, tsy ‘an VIaVi 2028
MSI Rising Edge to CCl Rising Edge -3 - +3 us 7
{CClI = 128 kHz)* | X §
‘Specifications assume use of 50% duty cycle for clocks. 3 o Z
3 7
e 777 P a| I
I

+igy tsy 1 oheuT rrequency-He
S2Ce-30100
CCI (CONVERT c!m_ Bt Flg. 7 - Tranamit fliter typical and minimum

passband performance for CD22414,

4 /
MSE [MASTER SYNC) 7/////[6
92CM-33542 z
Flg. 2 - Switching characteristics wave forms. r@g
. - Y (/)
¥ 7
s a7
tE f 2 2L L v 44
> 4 I
7 N
LOGIC SHIFT VOLTAGE INPUTS 4 N
VLS PIN LOGIC INPUT (CCI AND MSI)
‘ts
VSS < VLS < VSS + 0.8V CMOS s vwur eazaursitn scs-11ms
VDD -1V < VLS < VDD POWER DOWN Fig. 8 - Transmit filter typical and mini
VSS + 2V < VLS < VDD - 2V | TTL (VLS + 0.8V < INPUT < VLS + 2V) O o Ferformine for Sbaaarey minlmum
679
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CD22413, CD22414 Types

i LRI PSR
o— S ot ,.r“# EQUIVALENT) L
Vouff ::mh
vin] s
18 +6
. €D22413 CD22407 —I
ﬁ»—'— vas  vpp S LIvae  voo |24 .

L2044 Rxr (S 2lamor  cerpid — 126 kHz
34-a mxo |4 2000 —2dcri pofEE 1w Ax DATA
E a0 xz 2 ol I fee 12! RX ENABLE

Eloc o |2~ 2000_—czi  Roc ﬁ-——q— DATA CLOCK
E: -8 cox (Ll 128 Kz "; Tfdcza  yoc |2
48 M e 8 KHz IMM__.’ Rt o0 HE TX DATA
F ves  vis|-2 ; 8 {r2 Toe HT —t- TX ENASLE
ne =24, wszHE 8 kHz
-e e e O laco  pox | ~ FOWER DOWR
4000 ptlmt ot Tpep 14
176CD4088 PPE R 4coe  vog 2y
-8
*Ra CAN BE RODED FOR 600 7T OR300 T0AD 7o TNGRERSE S0URE CURRENT.
92CM-~33229

Fig. 9 - Typlcal circuit configuration using the CD22407 CODEC and CD22413 filter (split supply).

+i2v | ["Mcia0s
OR

1uf_L equivALENT)
vou-,-[c * |a : 30k
Vin
IO I';:“ +i2
CD22413 CD22407 _I
T e
L2 4a RXI AL cor - 128 kHz
240 mxo 4 2000 —2{cx1  gop [22 - RX DATA
E Ao X1 T4 Ree [24 —— §X ENABLE
I:: 80 ™0 -fr 2000 J_-—':— ez ROG Zlg -~ DATA CLOCK
-2 CCT, f— - 128 kHz "7 1'—7 cz2 Toc _]m
+8 MSI [~ g kHz A1 00 X DATA
8 fves  vispe2 lt Rz Toe [HL -4~ TX ENABLE
1 ne =24 wmsriE - 8 fHr
1 faoo  pox 2 - FOWER GOWN
. g (g
s otk L Tl [ R —

IC PACKAGES.
Flg. 10 - Typlcal ¢ircuit configuration using the CD22407 CODEC and CD22413 filtar (single supply).

e AAA———
vrx ?l' ?f . TX LOW PASS
~{} 13 p—a= AD!
HIGH 2y 7V pTOp $ J L
H2 ¢ R3g R4S
VAG VAG

LOWZouUT ?7vpTOp

RX LOW PASS
VRX 14 5 i3

[ ADO

g}. C2,C8  4700pF 1%

0.2 uF -20% +80%
Al 1122knuW 1%
A2 620kN%UW 1%

A3 23kNUW 1%
R4 100N YW  10%

92CK-33231

Flg. 11 - Filter schematic for CD22413 with 60-Hz reject filter.

VAG — (Analog Ground) This pin should
be held at approximately (Voo-Vemz Al
analog inputs and outputs are referenced to
this pin. If this pin is brought to within ap-
proximately 1V of Voo, the chip will be pa-
wered down.

+A Non-inverting input of op-amp- A.
-A Inverting input of op-amp A.

A0 Output of uncommitted op-amp A
B0 Output of uncommitted op-amp B
-B inverting input of op-amp B

+B Non-inverting input of op-amp B

Vss This is the most negative supply pinand
digital ground for the package.

VLS (Logle Shift Voltage) The voltage on
this pin determines the logic compatability
for the CCI and MSI inputs. if VLS is within
0.8V of Vas, the threshalds will be for GMOS
operating between Vop and Vaa. If VLS is
within 1 V of Vp, the chlp will power down.
If VLS I8 between Voo -2 V and Vas 2V, the
thresholds for fogic Inputs at CCt and MS|
wiil be between VLS + 0.8V and VLS + 2V
for TTL compatabiliity.

CClI (Convert Clock Input) Normally, a 128
kHz clock signal should be applled to this
plin to operate both filters at f, = 3100 Hz.
For other break frequencies use the follow-
ing equation: f, = 0.02422 f clock,

MS| (Mastor Sync Input) This pin should
recelve a low-to-high transition concurrent
with each new PAM sample receivad at the
receive filter input, ADI. A new transmit fil--
ter output sample will be presented at this
time.

TXO (Transmit Bandpass Output —
CD22413) This Is the output of the transmit-
bandpass filter. Itis 100% duty cycle PAM at
8 kHz,

LPO (Transmit Lowpass Oufput —
(CD22414) This is the output of the
transmit-lowpass filter. itis 100% duty cycle
PAM at 128 kHz,

TX{ (Transmit Input) This is the transmit-
filter input.

RXO (Recelve Output) This pin is the out-
put of the receive filter. Itis 100% duty cycle
PAM at the same frequency as the CCl pin,
normally 128 kHz.

RXI (Recelve Input) This Is the recsive tilter
Input. it will accept 3/16 to 100% duty cycle
PAM at 8 kHz.

Voo Nominally 12 voits,

NOTE: Both VAG and VLS are high-
Impedance units.
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CD22413, CD22414 Types

R
AAA—
TX LOW PASS
[ BTSN ce .
T } 2
:: ) H AD!
Z|ye9000 cl |
VN MAX= 4+3dBm < <
N JRi0 R3 [ SRé
VAG
Zour= 9004 X LOW PASS
Vour MAX+ 3dBm RX LOW
s wapo
A A S
Ril
C1,C2,C3  ATO0pF  ii% RS 200 KNYW 1%
c4 0.2 uF  -20% +80% RS 1S9 kN VW 1%
Rl 238KkDUW 1% A7 24kNUW 1%
A2 204 kit VW 1% RS Bk YW 1%
K] 223k LW 1% [il] 1.8 KO HW  10%
R4 100 k0 W 106% A10 000 UW 1%
At WO NYW 1%
92CM-33232
Flg. 12 - Filter schematic for CD22414 with 60-Hz rejection and 900-Q termination.
: +12
i 2 o= cozseona 2
VAG €8T | EQUIVALE! 3 VAG  Vpol ot
HP2SSIA 3 *—4\5\/‘ ADX  CCI[E 128 kHz CLOCK
VRX | €l —=czi RDO RECEIVE DATA
HP33sie ﬂ c12 RCE! FROM SIMILAR
cs ce o= 8l rocll 1] ToO
™ e efe
}tw =2 @Tczz To¢
He ] Al T TRANSMIT
—1»-'\3:/\;- CABlee ol DATA TO SIMILAR
12 V3l por ] /D0
€79 1a00  mszi> 8 kHz CLOCK
L]0 Iper(Ta
c3 =] 02 "S.L_
A2
VWA,
DIGITAL GND
'FILTER BLOCK DIAGRAM
__c|5 & —_1 ca
ANALOG IN o7
e N 10 802
3.5 VP IN*+3dBm0 [
RS S R R3
]
ANALOG GND 70 VAG
3,9 VPOUT«+43 d8 mO
ANALOG OUT 18 D_ S e FROM 400
WITH SINwS
ci,¢2 2000 pF  -20% +80% X7R
3900 B -20% +40% X7A
0.24F  -20% +80% XTA
C5,C8,C7 4700 pF 1% NPO
cs, co* 01 aF  ~20% +60% X7R
Rt ak 1%
R2 30K %
R3 24k 10%
/4 112k 1%
RS 620k 1%
Ré 2k 1%

*C8 and C9 should be physically closs to the
CD22414 and CD22407/4 respactively.

92CL - 33219

Flg. 13 - Analog transmiasion test circuit for CD22414 PCM fliter and CD22407/CD22404 PCM CODEC.
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CD22413, CD22414 Types
TYPICAL END TO END PERFORMANCE OF RCA CODEC & FILTER g
All measurements made using HP3779B PCM Test Set. See Fig. 13. ;
Performance of Bell System CCITT H
CD22407/4 D3 Voice Freq. G7.12 4
CODEC & Requirements Volce Freq. 2
SPECIFICATION CD22414 Fliter PUB 43801 Requirements R
Channel Saturation +3 dBm0 +3 dBm0 +3 dBm0 4
Gain Tracking with 1 kHz tone ?,
+3 to -40 dBm0 +0.3dB =+05d8"° <+05dB
~40 to -50 dBmO +06 dB <#1 dB <+1 dB T e e e e 10 © 48m0
-55 dBm0 +2 dB =<+3 dB =+3 dB 92¢3-33212
Quantizing Distortion @ 1 kHz . " ‘
. .10~ r o lor
f 335 tge_;:g dBmo gz :g zﬁ g: ; 22 gg g 1 oy ad Ch22414, (See Fig. 12
—-40 dBmo 31d8 =227 d8 =27d8
-45 dBm0 26 dB =22 dB =22 dB
Idle Channel Noise with )
VTX = VAG 17 dBrnc0 =23 dBrncO <-64 dBmOP
Quiet Code Noise (all 1's at
decoder {(RDD) Input) 15 dBrncO <15 dBrnc0 =-75 dBmOP
Selective Response @ See Frequency
multiples of 8 kHz -60 dBm0 Response =-50 dBm0
Frequency Response @
0 dBm0 input
50 Hz gain -26 dB — <-24dB
60 Hz gain -22dB <-20dB -
200 to 300 Hz ripple 45 dB =0.6 dB =1 dB
3400 Hz gain -1.6d8 >-3 dB =-1.8d8
4000 Hz gain -35 dB. =-28dB =-28 dB
=4600 Hz gain <-62 dB . =<-60dB =<-60dB
Single Frequency Spurious
Response
In band with input 1 kHz
@ 0 dBm <-44dB =-40dB =-40dB
Qut of band with input 0
to 12 kHz @ 0 dBm =-32,5d8 =-28 dB =-25d8
Differential Delay Distortion
1150 to 2300 58 us =60 us -
1000 to 2500 72 us <100 us -
900 to 2700 91 us =200 us —_

"INPUT LEVEL (dBm) REZFERENCED T0 0 ¢BmO

kHz

Py -80 -40  -30° -20  -l0 0 +0
: A b .
§ 10,5 +0.8
& © 0
COMPOSITE_EEl 29 d8

Z-05 -0.8 D3AND ceifr6rid | P2
3 ) SPECIFICATION Z

S - -

RCA PERFORMANCE BAND .. . V\/\ -0 dB s2c8-3520
Fig. 15 - Galn tracking error for CD22407 and Fig. 16 - Frequency response of CD22407 and
CD22414. (See Fig. 13.) CD22414 CODEC and lilter. (See Flg. 13.}
682
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Dimensional Qutlines

Dual-In-Line Welded-Seal Ceramic Packages

@ (D) SUFFIX {JEDEC MO-001-AD) (D) SUFFIX (JEDEC MO-001-AE}
i 14-Lead Dual-In-Line Welded-Seat 16-Lead Dual-In-Line Welded-Seal
¥ Caramic Package Ceramic Package
Ty ) ILLIMET|
t Isvusm INCHES NoTE |MILLIMETERS
MIN. | MAX. MIN. MAX.
) L SYMBOL INCHES NOTE MILLIMETERS
MIN. | maX. MIN. | MAX. A 0.120 | 0.160 3.05 4.06
t A 0.120 | 0.160 3.06 4.08 Ay 0.020 | 0.065 0.5t 1.65
:‘ ::‘: :g ::6 ;; 8 | 0014 | 0.020 0.356 | 0.508
’41 ulu A:n , 8 0060 | 0088 127 1:‘ By 0.035 | 0.085 0.89 1.66
— =¥ e T 0.008 | 0012 1 | o206 | o304 ¢ |[oo08 | 0.012 v 0204 | 0.304
[ f f f o 0745 | 0770 1893 | 1956 D | 0746 | 0.785 18.93 | 19.93
“OTYOM VIEW & o E 0.300 | 0.326 7.82 8.25 E 0.300 | 0.325 7.62 8.25
L Uﬂu —_— | Er ] o240 | 0260 s | seo E; | 0240 | 0.260 810 | 660
s, a L] 0.100 TP 2 2.54 TP
A 0.300 TP 2,3 7627TP ey 0.100 TP 2 254 7P
NOTES: L 0.126 | 0.150 3.18 381 L7 0.300 TP 2,3 7.627TP
Refer to Rules for Di i (JEDEC Publication No. 95} L 0.000 | 0.030 0.000 | o076
for Axial Lead Product Outlines. az PR T +T5 T L 10125 | 0.150 318 | 381
1. When this device is supplied solder-dipped, the d lead N < 5 L, | 0,000 | 0.030 0.000 | 0.76
thickness (narrow portion) will not exceed 0.013" {0.33 mm). ¥ 4 a ® 159 2 ® prr)
2. Leads within 0.005” (0.12 mm) radius of True Position (TP) at N1 o 6 0
gauge plane with maximum material condition-and unit installed. [} 0.050 | 0.085 .27 2.15 N 16 5 16
3. e, applies in zone Ly when unit installed. s 0.065 0.090 1.66 228 Ny o] [ 0
4. a applies to spread leads prior to installation.
5. N is the maximum quantity of lead positions. * 1Rz 01 0.050 | 0.085 1z 215
6. Ny is the quantity of allowable missing leads. S 0.015 | 0.060 0.39 1.62
9265-4286R5
° (D} SUFFIX (JEDEC MO-015-AG) (D) SUFFIX (JEDEC MO-015-AH)
24-Lead Dual-In-Line Welded-Seal 28-Lead Dual-In-Line Welded-Seal
C ic Package Cearamic Package
INCHES MILLIMETERS INCHES MILLIMETERS
SYMBOL |miN,max.| 'O F |WiN._TMAX. SYMBOL g, [maX|VOTE [WiN. [ MAX.”
A 0.090] 0.200 2.29 §.08 A 0.030 [0.200 2.29 5
A 0.020{ 0.070 051 | 178 A1 0 _lo070] 2 0 1.77
1 - - - - B 975 [0.020 0381 | 0508
B 0.015] 0.020 0.381 | 0508 By | 0.015 {0.085 039 | 139
81 0.045] 0.055 1.143 | 1.397 C 0.008 {0012 1 0204 | 0.
C 0.008] 0.012 1 0.204 0.304 D 1.380 | 1.420 35.06 36.06
D 116 | 1.22 29.21 | 30.98 E 0.600 10.625 15.24 | 15.87
E 0.600] 0625 1524 | 15.87 Eq 0.485 [0.515 12.32 | 13.08
Eq 0.480] 0.520 1220 |13.20 o1 0.700° TP < 2547TP
P 0.100 TP 2 2547P of 5 0.600TP | 23 5 ;5.24 T;
i eA 0.600 TP 23 15.24 TP L, o |0.030 0 0.76
NOTE:se' Rules or Dimensioning [JEDEC Publicaion No. 95) L 0.100 | 0.180 254 | 457 + TP
Refer ul F 0.
for Axial Lead Product Outlines. L2 |0.000] 0.030 000 | 076 N 28 5 28
1. When this device is supplied solder-dipped, the i a © 150 4 [ 159 Nq 0 6 0
lead thickness (narow portion} will not exceed 0.013" N 24 5 24 [+7] o.ﬁ)"’d?ﬁﬁ 0.51 177
{0.33 mm).
2. Leads within 0.005” (0.12 mm) radius of True Position 31 0020 0 0,080 6 051 0 203 s 0.040 {0.070 102 177
{TP) at gauge plane with maximum material condition 1 . . . .
and unit installed. i s 0.020 | 0.060 0.51 152 92CM-20250R2
3. 8p appliesin zone L2 when unit installed.
4. a applies to spread leads prior to installation. 92CS-19948R4
5. N is the maxi quantity of lead positi
6. N1 is the quantity of allowable missing teads.
TO‘B Style PaCkaw . SYMBOL INCHES NOTE MILLIMETERS
(T} SUFFIX (JEDEC MO-006-AG) MIN. | MAX. MIN. | MAX]
12-Lead Metal Package a 0.230 2 5.84 TP NOTES:
— g0 —=f A1 ° i 0 9 1 . 1.Refer 10 Rules for Dimensioning Axist Lead Product Out-
to— g0; ] Ay 0.165 | 0.185 4.19 4.70 lines.
L) 0.016 | 0.09 3 0407 | 0482 2. Leads at gauge plane within 0.007" {0.178 mm) radius of
981 0 [ [} 0 True Position {TP) at maximum material condition.
¢B2 0.016 [ 0.021 3 0.407 0.533 3. ¢8 applies between L1 and L2. ¢B2 applies between L2
oD 0.335 | 0.370 ‘851 9.39 and 0.500" (!2.70 mm) from seating rfhm. Diameter is
0y 0305 | 0.3% 775 8.50 uncontrolled in L1 and beyond 0.500 (12,70 mm).
3 0.020 | 0.040 0.51 101 4. Measure from Max. ¢D.
j 0.028 | 0.034 0.712 0.863 §. N1 is the quantity of allowsbls missing leads.
k 0.029 | 0.045 4 0.74 1.14 6. Nisthe { q ity of lead
Ly 0.000 | 0.050 3 0.00 1.27
L2 0.250 | 0.500 3 64 127
L3 0.500 | 0.562 3 122.7 14.27
a 30° TP 30° TP
N 12 6 12
Ny 1 5 1
92¢s-19774
702
P v
T - el
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Dimensional Outlines (Cont'd)

DUAL-IN-LINE SIDE-BRAZED CERAMIC (D) SUFFIX (D) SUFFIX
PACKAGES 18-Lead Dusl-in-Line 22-Lead Dual-In-Line
Side-Brazed Ceramic Package Side-Brazed Ceramic Package
0
s SYMBOL INCHES | nore|MILLIMETERS ILLIM
a-‘%.{.":L { N | MAX MIN. | MAX SYMBOL ["min. | MAX I NOTE [Fhin T —max.
5 A .085_[1.100 27.05 | 27.94
A 108900915 22.606 | 23241 g g‘g 13'333 ::. g-g
- c - 0200 = 5.080 F Q40 REF. | 1 | 102 AEF.
{ D 0.015] 0.021 0.381 | 0533 G 100 BSC 1 2,54 8SC
: F F__ | 0054 REF. | 1 1.371_REF. 4100w O — 9.18 1
v G | 01008sc 1 254 BSC K J0.125 [0.176 318 | 445
H 0.035 | 0.065 0.889 | 1.651 L 0380 ]0420 | 2 [9.65 | 10.67
. J 000810012 3 | 0.203] 0304 M — 7 -_| 70
NOTES: . ) - 0.050 064 | 127
1. :’.eaﬂs within 0.005” {0.13 mrln)w:ggu_s of True K 0.1250.150 3175 | 3.810 N 2 22
'osition at maximum material condition. £
2. Dimension “L" to center of leads when formed L 0.290 | 0.310 2 7.366 7874 92CS$-25186R
parallel. M 00 150 [ 150 2
3. When this device is supplied solder-dipped, the
maximum lead thicknass {narrow portion) will not P 0.025 | 0.045 0.635 1.143
exceed 0.013” (0.33 mm}), N 18 18
92CS-27231R1
(D) SUFFIX (D) SUFFIX
24-Lead Dual-in-Une 40-Lead Dual-In-Line
Side-Brazed Ceramic Package Side-Brazed Ceramic Package
SYMBOL INCHES |, . [MILLIMETERS SYMBOL INCHES | noTE|MILLIMETERS
" ':’"1':0 :‘;‘2’; '2“9":; ;“;‘ Min. I max.)  [vin | max.
= ooes | o016 216 | 368 A 1.980| 2.020 50.30 | 51.30
) 0015 | 0023 0.39 0.68 Cc 0.095/ 0.155 243 3.93
F 0.040 REF, 1.02 REF. D 0.017| 0.023 043 | 056
G 0.100 BSC 1 2.54 BSC F 0.050 REF. 1.27 REF.
H 0.030 | 0.070 077 [ 77 G 0.100 8SC 1 2.54 BSC
J 0.008 [ 0012 3 1021 0.30 H 0.030] 0.070 0.76 1.78
K 0.125 | 0.175 318 1 444 f 0.008]0012] 3 | o020 [ 030
"; 0.580 °-:f° 2 1474 ‘57-3‘ K 0.126] 0.175 318 | 445
3 o0 T o050 oY) 3 L 0580|0620 | 2 [14.74 | 15.74
N 24 24 M = 7 - 79
92CS.30986R1 P 0.025] 0.050 0.64 127
N 40 40
92CM-27029R2

Duali-In-Line Plastic and Frit-Seal Ceramic Packages

(E) SUFFIX (JEDEC MO:001-AN) INCHES MILLIMETERS
8-Lead Dual-in-Line Ptastic SYMBOL NOTE
{Mini-DIP) Packa MIN. |MAX. MIN. MAX.
ni-
e A 0.155 | 0.200 3.94 5.08
Ay 0.020 | 0.050 0.508 127
o —————a X
- = 8 0.014 [0.020 0356 | 0508 NOTES: -
T ] -] 0.035 | 0.065 0.883 1.85 Reler to Rules for Dis ing {JEDEC Publication No. 95)
st ros 2 L Py 5 7 o303 o308 for Axial Lead Product Qutlines.
c .008 | 0.012 . ..
WaTwg PLave L1 _—'- i i o 0.370 10.400 940 |10.6 1. When this davice is supplied salder-dipped, the maximum lesd
Py ! a 3 ) ' - . {narrow portion) will not exceed 0.013".
ey - ] ¥ € 0.300 |1 0.325 762 | 825 2. Leads within 0.005” {0.12 mm) radius of True Position (TP) at
- " ! [y Ey 0.240 | 0.260 8.10 6.60 guage plane with material di and unit nstath
oy 0.100 TP 2 254 TP 3. e applies in zone L, when unit installed.
¢ wotx ster A 03007 |23 762 1P 4. a applies to s‘puad leads !)ﬂﬂl to msullal»lon.
- /. s 5. Nis the of lead
3\ L 0.125 10.150 318 s 6. Ny 13 the quantity of allowable missing leads.
T “ T f L2 0.000 | 0.030 0.000 0.762
i sormou {m- LN a [} 15 4 [} 15
IR f { N 8 5 8
= FuUoua Ny o o o
Qq 0.040 }0.076 1.02 1.90
S 0.015 | 0.060 0.381 1.52
92CS5-24026R!1
703
3895 E~12 . -
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Dimensional Qutlines (Cont'd)

Duai-In-Line Plastic and Frit-Seal Ceramic Packages (Cont'd)

T-90-30

(E) and (F) SUFFIXES (JEDEC MO-001-AC)

N & (E) and (F)} SUFFIXES (JEDEC MO-001-AB)
-~ 14-Lead Dual-In-Line Plastic or 16-Lead Dual-In-Line Plastic or
[Py i [} Frit-Seal Caramic Package Frit-Seal Ceramic Package
4 .
AT AL —t INCHES ] MILLIMETERS
INCHES MILLIMETERS
. TE
o k [ “ - SYMBOL i T wax] VTN, wax. ISVMBOL Min. | max, | V0 MIN. | MAX.
B kL N M A |0 | ome 394 | 508 A | 0.185 | 0.200 384 | 508
" A1 | ooz | oos0 081 | 121 Ay |0.020 | 0050 051 | 127
s :‘ ppindl b ecis ppoad I 8 | 0014 | 0020 0.356 | 0.508
= Ammmam == c 0008 | 0012| 1] 0204 | o3 8y | 00% | 0068 089 [ 165
i {f f D 0745 | 0770 1893 | 1956 C o008 | 0012 | 1 |0z04 | 0.304
i '°"°".["“' 'i i E 0300 [ 0.325 762 | 825 D |0745 | 0.785 18.93 | 19.93
4 Uedvoo B £ 0.240 | 0260 810 | 660 € | 0300 | 0.326 762 | 8.26
RS . 0.1c0P 2 el gy | 0240 | 0.260 610 |e60
NOTES: A dx00 TP 23 7e2 TP 100 TP 2 254 TP
Retar to Rutas for D 9 1JEDEC No. 95) L 012 | 0.150 318 | 381 * o -
for Axial Lead Product Qutlinas. L2 0.000 | 0.030 0.000 | 0.76 LT 0.300 TP 2,3 ?-52 TP
1. When this davica 1s supplied solder dipped, tha maximum lead a 0o 160 4 ['nd 150 L 0.125 | 0.150 318 3.81
thickness (narrow poruon} will not exceed 0.013 {0.33 mm). N 4 5 4 L 0000 | 0.030 0.000 | 0.78
2. Leads within 0.005" {0.12 mm} radius of Trua Position {TP) N1 Q [] [1] 2 . - s .
at gauge plane with maximum matenal condition and unit Qay 0.040 0.075 1.02 1.90 a 0° 150 4 Q° 159
nitalled. ) s 00685 | 0.090 166 | 228 N ] 5 ]
3. 8 applies in zone L whan unit installed. 9255 4296R3 N 0 6 0
4. a applies to spread leads prior to installation. \
5. N1 the o y of lesd Q; | 0.040 | 0.076 1.02 1.90
8. Ny is the quantity of allowable missing leads., s 0.015 | 0.080 0,39 1.52
92CM-15967R4
(E) SUFFIX (E}) SUFFIX {F) SUFEIX (JEDEC MO-001-AG)
18-Lead Dual-in-Line 22-Lead Dual-In-Line 16-Lead Dual-in-Line
Plastic Package Plastic Package Frit-Seal Caramic Package
SYMBOL INCHES NOTE | MILLIMETERS SYMBOL m NOTE N':'I:.NLIMETME:)? SYMBOL MmI‘Nc;:'in NOTE m:hLIMELEAF;?
MIN. | MAX. MIN. | MAX. : : e : : - :
A 0.155 1 0.200 394 | 508 A 0.165[ 0.210 420 | 533
A 0.166 | 0.200 3.94 5.08 Aq 0.020 | 0.050 0508 | 127 A 0,015 | 0.045 0381 | 114
Ay 0.020 | 0.050 0508 | 1.27 B 0.015 | 0.020 0.331 | 0508 1 e : :
8 0.014 ] 0.020 0.356 | 0508 B4 0.035 | 0.065 0.89 1.65 8 .015 { 0.020 0.381 0.508
84 0.035 | 0.065 0.89 165 T 0.008 | 0.012 1 0.208 | 0.304 B1 0.045 | 0.070 1.16 1.77
< 0008 5.012 T T o504 | 5308 D 1120 C 0.009|0.011| 1 | 0228 | 0.279
D 0.845 | 0.886 2147 | 2247 E 0.390 |0.420 991 | 10.66 2] 0.750 | 0.795 19.05 | 20.19
€ 0.2400.260 510 | 660 G103 10395 ) 877 | on E  |0295(0.325 750 | 8.25
1 - 2547P € 0.245 | 0,300 623 | 7.62
o 0.100TP | 2 254 TP oA 0.400 TP 2,3 | 1016TP 1 : : . : :
oA 0300TP | 23 7627TP L 0.125 0,150 338 | 381 ) 0.100TP | 2 2547p
0.125]0.150 318 | as L2 0_|0.030 0| o762 oA 0300TP | 2,3| 7.627TP
e o | 15° n g 15° a 20 159 4 20 159 t 0.120 | 0.160 3.05 4,06
N 22 3 2
T I N s jomojomo| _|oso ) 0%
N1 o ] o [+ 0.055 ]0.085 1.40 215
s 0015 [0.060 039 | 152 s |o0.015 |0.060 0381 | 127 m 1: 2 1:
1 .
9205 -30630 92Cs-30830 Gy  |0.050]0.080 127 | 203
» S 0.010 0.060 0.254 1.62
. % R l N 92CM-22284R1
I'_ I (E} and (F) SUFFIXES (JEDEC MO-015-AA) (E) SUFFIX
TG L o 1 24-Lead Dual-In-Line Piastic or 40-Lead Dual-In-Line
i : }  Frit-Seal Ceramic Package o Plastic Package
¢ INCHES MILLIMETERS
- Y INCHES
" SYMBOL . [max- | "OTE min. [ max. SYMBOLSin. [ MAX | VOTE [MIN. | MAX.,
A 0.120| 0.250 3.10 | 6.30 A 0.120 | 0.250 3.10 6.30
l Ay 0.020| 0.070 051 j1.77 Ag 0.020 | 0.070 0.51 1.77
€ B 0.0160.020 0.407| 0.508 B 0.01610.020 0.407 | -0.608
8y |0.028(0.070 0.72 | 177 By |0.028]0.070 072 1.77
view “ € |0o008[0012| 1 | 0204 0.304 ¢ [9ocgjoo12] 1 | 0204} 0.304
5 1120|129 30.48| 32.76 D | 2.0002.0%0 150.80 | 63.00
‘L st Tosas e Ey | 06160580 13.09 | 14.73
- - - - o 0.I00TF | 2 254 TP
€1 0.515 | 0.580 13.09) 14.73 oa 0.600 TP 23 1524 TP
.1} 0.100 TP 2 254 TP L 1.100 ] 0.200 358 500
orEs 8 0.600 TP 23 | 15.247TP Ly {0.000}0.030 0.00 0.76
Rate to Rules Jor Dumenuaning (JEDEC Publicaian No. 96) L 0.100 [ 0.200 2.54 | 5.00 a 0%_ 150 4 0o 150
1 e . .
e ot o tz_|osoloos| |00 |7 N N N
thickniess (narrow portion) will not sxcaed 0.013", a 00 160 4 Q0 150 1
2. Leads within 0 005 10 12 mm} radhus of True Pontion {TP) at N 24 5 24 Q4 0.065]0.095 | 1.66 241
3 T o o 3t Ny 0 6 0 s | 0040|0100 102 | 284
4. a apples 10 tpread laads preor 10 installanon, -
5. N s the mamimum quanuty of lead potitions. Q1 0.04010.075 1.02 | 1.90 92CSs-30959
6. Ny 13 the quantity of alowable misung leady. S 0.040{0.100 1.02 | 254
92C$26938R2
704
3896 E-13
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Dimensional Outlines (Cont'd)

Ceramic Flat Packs

(K) SUFFIX (JEDEC MO-004-AF)

14-Lead
TERMINAL “N*
INCHES MILLIMETERS
SYMBOL T
M M r r r ' MIN. | MAX. NoTE MIN. | MAX.
’ A |0.008 | 0.100 021 | 2.64
L 8 loois | 0019 1 |0381 | 0482
1 l T |0003 o.o:s T |0077 | 0.152 NOTES:
R r1t3 e 00s0T 2 1.277F 1. Refer to JEDEC Publication No. 95 for Rules for
T E 0200 | 0.300 5.1 76 Dimensioning Peripheral Lead Outlines.
H 0.600 | 1.000 15.3 25.4 2. Leads within 0.0056" (0.12 mm} radius of True
€ 2 H L 0.150 | 0.350 39 B8 Position (TP) at maximum material condition.
| sz oex l N 14 3 14 3. N is the maxi ity of lesd positi
‘ ) / ___j Q 0.005 | 0.050 0.13 1.27 4. Z and Z1 determine a zone within which all body
w-4d- - s 0.000 | 0.0s0 0.00 127 and lead irregularities lie,
‘ ’ 1 | r F3 0.300 q 782
' [ |1 L Z 0.400 4 10.16
1 Lz 3 l 92554300R3
4 s o f=B . H—s P
S I |
Lt} —~=t A (e BASE AND
SEATING
PLANE
(K) SUFFIX (JEDEC MO-004-AG) (K) SUFFIX (K) SUFFIX
16-Lead 24-Lead 28-Lead
INCHES MILLIMETERS INCHES | MILLIMETERS INCHES | MILLIMETERS
SYMBOL N T woe | "°TE i MAX, SYMBOL -G [ max] 0T ["min. [MAX. SYMBOL g T max] 'O E[ MIN. [ MAX.
A |0.008 | 0.100 021 | 254 A 0.075] 0,120 1.91 3.04 A 0.075| 0.120 191 | 304
B8 [0.015 | 0019 1 |o0381 | 0.482 B 0.018] 0022] 1 | 0458 | 0568 [ 0018] 0022] 1 [ 0458 | 0.568
C | 0.003 | 0.006 1| 0077 |o0.152 C 0004[0007] 1 | 0102 [ 0977 c 0.004] 0.007] 1 | 0102 [ 0.177
e 0.050 TP 2 1277TP e 0.050 TP 2 1.27 TP [ 0.050 TP H V27 1F
E 0.200 | 0.300 51 76 E 0.6001{ 0.700 15.24 17.78 E 0.600 | 0.700 15.24 17.78
" 0600 | 1.000 15.3 2%.4 H 1.150 | 1.350 2021 34.29 H 1.150 | 1.350 29.21 34.29
- M d - L 0.225 ] 0.325 572 8.25 L 0.225 ] 0.325 5.72 8.25
L |0.150 | 0.350 39 8.8 N 24 3 2 N 28 3 28
N 16 3 6 a 0.035] 0.070 0.89 177 Q 0.035 ] 0.070 089 | 177
Q |0005 | 0050 013 | 127 s o.oeol 0110] 1 | 183 % 279 ] 0 Jooso] v [ 0 153 |
s |oooo | 002 000 | 063 z 0.700 4 17.78 £ oo : I
Z 0.300 4 7.62 1 0.750 4 19.05 1 : - -
Zy 0.400 4 10.16 ! - 92¢5-20972
92CS-19949R2

92C5-17271R3

SR e e R
.‘§/“a&ﬁ a i ¢
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