ANALOG
DEVICES

6 and 4 Channel, “Clickless” Serial Input
Balance/Master Volume Controls

SSM2160/SSM2161

FEATURES
Digitally-Controlled “Clickless” Level Adjustment
SSM2160: Six Channels
SSM2161: Four Channels
Master Control has 128 1 dB Steps
Each Channel has 32 1 dB Steps
Step Sizes Can Be Changed Using External Resistors
High Gain Accuracy
00 dB Gain Range
RPewexOn Mute

Hz, , Unity Gain)
1 kHz)
Dperatio
APPLICATION
Dolby* Pro-Logic Master VO ce\Cp

Home THXT Systems
DSP Soundfield Processors
Automotive Audio Systems
HDTV Audio Systems

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION
The SSM2160 and SSM2161 allow digital control of volume for
six and four channels, respectively, with a master level control.
“Clicking” normally encountered with resistor-ladder attenua-
tors is eliminated by using high performance Voltage Controlled
Amplifiers (VCAs) in the signal path. The VCA control ports
are driven by DACs with controlled output rate-of-change to in-
sure noiseless volume changes. Each channel is controlled by a
dedicated 5-bit DAC, providing 32 steps of adjustment. In addi-
tion, a master 7-bit DAC feeds every control port, with 128
steps. Therefore, a balance can be achieved among all channels
over a 32 step range, and the master control allows adjustment
over its entire range while maintaining the desired channel-to-
channel balance. Master and channel step sizes are nominally
1 dB; master step sizes can be reduced by an external resistor.
Approximately 80 dB of attenuation and up to 20 dB of gain is
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TO ADDITIONAL CHANNELS
SSM-2160: SIX CHANNEL
SSM-2161: FOUR CHANNEL

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
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SSM2160/5SM2161—-SPECIFICATIONS

(VS ==5 V, Av =0 dB, 0dBu=0.775 VrmS, VIN =0 dBU, fAUDIO =1 kHZ, fCLK =250 kHZ, R|_ =10 kQ,
—40°C < T, < +85°C, unless otherwise noted. Typical specifications apply at T, = +25°C.)

ELECTRICAL SPECIFICATIONS

Parameter Conditions Min Typ Max Units
AUDIO PERFORMANCE
Noise Vin = GND, 20 kHz Bandwidth -100 dBu
Headroom Clip Point = 1% THD+N +10 dBu
Total Harmonic Distortion Plus Noise 2nd and 3rd Harmonics Only
Ay=0dB 0.008 TBD %
A, =-10dB 0.02 TBD %
Channel Separation Any Channel to Another 80 dB
ANALOG INPUT
Input Offset Voltage 10 mV
Input Impedance 10 kQ
AyMASTER =0 dB to -60 dB 1.0 dB
AyCHANNEL =0 dB to +20 dB 1.0 dB
tive to Same Channel
Q :FVMASTER =0dB 0.25 dB
AVMAS FER 2 0.25 dB
vMALTE \OR 1 dB
M4£ 2 dB
Gain Match Error & Chranne e JLeyel Setting %
vMASVTER 0.25 dB
AMA / dB
A/MAS 6'dB, /AJCH = +20 d % 25
AyMASTER =-40 dB [ 1 dB
AyMASTER = -60 dB % 2 dB

4
Power On Mute Attenuation V|n = +10 dBu -10 [%
ANALOG OUTPUT L &
Output Impedance 5 %
Mute Output Impedance 5 Q
Output Current 2 mA
Minimum Resistive Load Drive 1 kQ
Maximum Capacitive Drive TBD pF
Offset Voltage Channel Muted 10 mV
CONTROL SECTION
Logic Input LO 0.8 \%
Logic Input HI 2.0 V
Logic Input Current Logic LO or HI 1 PA
Clock Frequency 1 2000 kHz
Timing Characteristics See Timing Diagram
ANALOG COMMON OUTPUT
Output Voltage See Note 1 -5 +5 %
Output Impedance 5.0 Q
POWER SUPPLIES
Supply Voltage Range Dual Supply 4 +15 \%
Single Supply +8 +15 \Y
Supply Current Positive 17 28 mA
Negative 17 28 mA
Power Supply Rejection Ratio Dual Supply TBD dB
NOTES

1Analog Common Output is used in single supply applications. It is nominally half the voltage between V+ and V-, e.g.,

Specifications subject to change without notice.

V+-(V-)
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SSM2160/5SM2161

ABSOLUTE MAXIMUM RATINGS! PIN CONFIGURATIONS
Supply Voltage
Dual Supply . ... +18V 24-Lead Epoxy DIP and SOIC
SingleSupply ... . +18V
Analog InputVoltage .. ........... ... ... i +Vg U
Analog OUtput VOItAgE .. ..o .ot oo +Vs v+ [1]e 24 chiseT
Logic InputVoltage . .............. ... ... Vs acnp [2] 23] msTR ouUT
Operating Temperature Range . .. .......... -40°C to +85°C acom [3] 22] wsTR sET
Storage Temperature ................... -65°C to +150°C vout1 [4] 21] vout2
Junction Temperature (T)) . ....vovvnerneennnnn. +150°C vint[s] o BV
Lead Temperature (Soldering, 60 Sec) .. ........... +300°C vouTs [6] 7opvigw [19 vouTs
VIN3 E (Not to Scale) E VINA
THERMAL CHARACTERISTICS vours [ 8] |17] vouTs
Thermal Resistance? vins 3] [t6] vine
24-Pin Plastic DIP (SSM2160) WRITE [19] [15] pATA
60°C/W D [ l14] cLk
30°C/W v- [12] l13] bGND

71°C/W
23°C/wW

20-Lead Epoxy DIP and SOIC

GND |2

3

ESD RATINGS vour1 [4]

883 (Human Body) Model ..................... TBD kV =
EIAIModel ....... ... ... . TBD V

Vou

NOTES vins [7]

IStresses above those listed under "Absolute Maximum Ratings" may cause perma- WRITE E

nent damage to the device. This is a stress rating only and functional operation of B E
the device at these or any other conditions above those indicated in the operation

section of this specification is not implied. Exposure to absolute maximum rating V= @

conditions for extended periods may affect device reliability.
20, is specified for worst-case conditions, i.e., 8,4 is specified for device in socket
for P-DIP and device soldered in circuit board for SOIC package.

ORDERING GUIDE

Model Temperature Range | Package Option
SSM2160P -40°C to +85°C 24-Lead Plastic DIP
SSM2160S -40°C to +85°C 24-Lead SOL
SSM2160S-REEL | —40°C to +85°C 24-Lead SOL
SSM2161P -40°C to +85°C 20-Lead Plastic DIP
SSM2161S -40°C to +85°C 20-Lead SOL
SSM2161S-REEL | -40°C to +85°C 20-Lead SOL

CAUTION

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

accumulate on the human body and test equipment and can discharge without detection. WARNING! @
Although the SSM2160/SSM2161 features proprietary ESD protection circuitry, permanent “

damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper
ESD precautions are recommended to avoid performance degradation or loss of functionality.

ESD SENSITIVE DEVICE
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SSM2160/5SM2161

1
01 MASTER DAC: 0000000 -127dB
1111111 0dB
N I
0.010 — /
CHANNEL DACs: 00000 +31dB
11111 0dB
0.001
0.0005
0 0.1 1 10
o D vs. litude (Gain =0 dB, Vsy =+5V) Figure 2. Data Settings for DACs
M L$B MSB LSB
L/ —/— ADDRESS IOpE / ‘ DAJANMODE
LKCTION
{ aoorgsy [ /] b
~—~——
7-BIT MASTER DAC N %{ X // /6 0 L
5-BITCHANNELDAC1 |1 \\{Z}/ 0 1o a| x| LT
5-BITCHANNELDAC2 |1 X | X[X|X|o0|f1{fQ]o0|1]X —~—J
5-BITCHANNELDAC3 |1 |X|X|[X|X]| 0 ‘k\o‘j X
5-BITCHANNELDAC4 | 1| X [ X|X|X |1 |0 |00y xZ .
5-BITCHANNELDACS5 | 1| X | X|X|X|[1]o|1|o|1|XT ]
5-BITCHANNELDAC6 | 1 |X | X|Xx|x|21|2]o0o]o|21]|X \3
NO DAC SELECTED X[ x|x|x|2|l1]2]o|l1|x
X = "DON'T CARE" T— 0 = MUTE,
SHADED AREA IS DATA 1= UN-MUTE

Figure 3. Interface Characteristics, DAC Address/Data Decoding
Truth Table
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SSM2160/5SM2161
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Figure 4. Timing Diagrams : i { :

NOTES Table I. Timing Description
1. Anidle HI (CLK-H) or idle LO (CLK-LO) clock may be used. Data is latched
on the negative edge. L Timing Typical
2. For SPI or microwire three-wire bus operation, tie LD to WRITE and use Svmbol | Descriotion Time (ns
WRITE pulse to drive both pins. (This generates an automatic internal LD y P (ns)
signal.) ;
3. If an idle HI clock is used, tcy and ty, are measured from the final negative fer ngtSCIOCk1I3U|Se Width $SB
transition to the idle state. tos ata Setup _'me
4. Thefirst data byte selects an address (MSB HI), and subsequent MSB LO states ton Data Hold Time TBD
set gain levels. Refer to the Address/Data Decoding Truth Table. tew Negative CLK-LO Edge to End of Write | TBD
Z. ?ﬁtasrgll:j;kl)gosfsnStI\TZSlilﬂrs'til ith all ch | output ted, th tw End of Load Pulse to Next Write T8D
. The will power up with all channel outputs muted, thus .
preventing "start-up blasting." To insure a smooth start-up, data should be sent two Start of Wr_‘lte to Data TBD
to first initialize the Master DAC, then to set the individual channel DAC levels. L End of Write t_O Start of Load TBD
L Load Pulse Width TBD
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SSM2160/5SM2161
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Figure 5. SSMZ2160 Functional Diagram (SSM2161 Same but with
Channels 5 and 6 Omitted)
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SSM2160/5SM2161
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igure 6. wer Supply Connections
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To change step sizes: Master DAC:
*Use formula Ry = 1400X/(1-X):
where “X” equal desired step size in dB.
Note: Step sizes indicated are approximate.

Figure 7. Typical Application Circuit (Dual Supply)
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